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TOM TAT

Luan an nay trinh bay nghién ctu cai thién chat lwong cua ki nap dong co
diesel 1 xi-lanh phun truc tiép 16,5 HP théng qua viéc thiét ké lai toan bd hinh dang

hinh hoc cia cum hong nap (bén trong lan bén ngoai nap xylanh).

Déi va6i phan bién dang hong nap (bén ngoai nap xylanh): Véi sy hé trg cua
phan mém md phong chuyén dung AVL BOOST va ANSYS FLUENT, cac phuong
an cai tién hinh dang hong nap (bén ngoai ndp xylanh) di dugc kiém tra dé nhan
dang cac wu khuyét diém cua tirng phuong an. Tir cac két qua mo phong, hai phuong
an tt nhat cd kha ning @ng dung thuc té da duoc ché tao danh gia thuc nghiém va so

sanh véi hong nap (bén ngoai nap xylanh) hién hiu.

Dbi v6i phan bién dang hinh hoc hong nap xoan dc (bén trong ndap xylanh):
Phan bién dang nay duoc tham sb hoéa (sir dung 5 tham s6) dua trén cac kich thudc
ciia ban v& thiét ké va ché tao cua dong co dang nghién ctu. Sau do, xay dung va
thuc hién qui trinh tu dong tinh todn mé phong ki nap — nén cia dong co VIKYNO
RV165-2 bang phan mém Ansys - Fluent véi hai gia tri khao sét 1a: hé s nap va hé
s6 x0dy. Trén co sé dit liéu mé phong thu thap duoc, tac gia st dung phuong phap
mang no-ron nhan tao (ANN) va phuong phap t6i wu tién hoa vi phan (DE) dé tim ra
phuong an hong nap xoin 6c¢ (bén trong Nép xylanh) tét nhat.

Toan bd cum hong nap cai tién méi (bén trong ldn bén ngoai nap xylanh)
dugc ché tao va thuc nghiém dé danh gia so sanh véi thiét ké hong nap nguyén thay.
Cac dac tinh 1am viéc caa dong co nhu: cong suat max, suat tiéu hao nhién liéu &

cong suat dinh mic 1a céc tiéu chi duoc quan tam trong qua trinh thuc nghiém
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ABSTRACT

This dissertation represents research on improving the intake of a direct
injection 16.5 HP diesel engine by redesigning the geometric shape entire of intake

manifold/intake valve (inside and outside of cylinder head).

For the intake manifold profile (outside of the cylinder head): With the
support of the dedicated simulation software AVL BOOST and ANSYS FLUENT.
Improvement options of intake manifold profile (outside of the cylinder head) have
been tested to identify the advantages and defects of each option. From the
simulation results, the two best options that are capable of practical application have
been manufactured to experimentally evaluated and compared with the current intake

manifold (outside of the cylinder head).

For the helical intake geometry profile (inside of the cylinder head): This
profile is parameterized (5 parameters) based on the dimensions of the design and
manufacturing drawings of the engine. Then, building and implementing the
automatic process of calculation for the charging - compression simulation of
VIKYNO RV165-2 engine with Ansys - Fluent software with two survey values:
volumetric efficiency and swirl coefficient. Based on the simulation results, the
author used the method of artificial neural network (ANN) and the optimal
evolutionary differential method (DE) to find the best helical intake (inside of the

cylinder head).

The whole new improved intake manifold/ intake valve (inside and outside of
the cylinder head) is manufactured and experimented to evaluate with the current
manifold/intake valve. Working characteristics of the engine such as max power,
specific fuel consumption at the norm power are the criteria to be considered in the

experimental process.
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DANH SACH KY HIEU KHOA HQC/CHU VIET TAT

Céc ky hiéu khoa hoc

§, 1 van toc di chuyén trung binh cua piston
A, : dién tich dinh piston

a, : 1a hé s6 luu luong

Rpm: VVong/phat hay v/p

Hp: Horse power (Ma luc)

SI: Bong co danh Itra cudng buc

T: Chiéu cao hong nap

R: Chiéu rong goc xoan

VKN: VIKYNO

KH&CN: Khoa Hoc va Cong Nghé
Max: Maximum (16n nhat)

Min: Minimum (nho nhat)

: Vi tri cua cac goc bit dau tao xoay
DOHC: Double Overhead Cam

CAD: Computer Aided Design

CAM: Computer Aided Manufacturing
CAE: Computer Aided Engineering
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Chuong 1
TONG QUAN

1.1. Pit véin dé

Truéc bdi canh ning luong c6 ngudn goc hoa thach ngay cang can kiét va van
dé nong Ién toan cau do hiéu tng nha kinh ma nguyén nhan chinh 1a do phét thai khi
nha kinh (cha yéu la CO2) trong cong nghiép, ndng nghiép va giao thong, nén cac van
dé st dung hiéu qua nang lugng va giam phat thai 6 nhiém la yéu cau hét stc cap
thiét duoc dat ra d6i véi tat ca cac qudc gia trén thé gisi va Viét Nam khong la ngoai
16. Pong co dot trong str dung trén phuong tién giao thong, ciing nhu cac ung dung
tinh tai tiéu thu phan 16n nhién liéu hda thach va 1a mot trong cac ngudon phat thai 6

nhiém chinh yéu can duoc nghién ciu giam thiéu.

Nganh céng nghiép dong co dbt trong non tré caa Viét Nam véi nong cot 1a
Tong cong ty May Bong luc va May nong nghiép Viét Nam (VEAM) cung cép ra thi
trudng 48.000 dong co, may nong nghiép mdi ndm. Trong d6 cdng ty TNHH MTV
Pong co va May nong nghiép Mién Nam (SVEAM) cung cap khoang 45.000 dong
co. Cong ty TNHH MTV Pong Co va May Nong Nghiép Mién Nam (SVEAM) dugc
hop nhat tir cong ty VIKYNO va VINAPPRO, la doanh nghiép dimg dau trong linh
vue ndng ngu co tai Viét Nam. SVEAM san xuit cac dong dong co Diesel cong suat
tir 5 dén 30 ma lyc va dong co xang tir 5 ¢én 13 ma luc dung trong ndng, ngu nghiép
va cho may phat dién. San pham caa SVEAM d4 c6 mit tai hon 20 quéc gia & Chau
A, Chau Phi, Trung — M¥ va Trung Dong nhu: Malaysia, Philippine, Lao, Indonesia,
Théai Lan, Singapore, Nhat Ban, Myanmar, Srilanka, Han Quéc, Iran, UAE, Iraq,
Yemen, Nigeria, Madagascar, Guatemala, Panama, Cong hoa Dominica, Costa Rica,
Chile ... Tuy nhién, viéc cac nudc dang timg budc nang cao tidu chuan phat thai doi
V6i dong co @6t trong l1a thach thirc thuc su cho SVEAM trong nd luc maé rong thi

truong. Dé vuot qua thir thach ndy, SVEAM can dau tu mot cach cin co cho hoat



d6ng nghién ctu phét trién nhim ning cao tinh ning k¥ thuat cia dong co va giam
thiéu phat thai 6 nhidm cua cac dong dong co ctia minh dé dam bao tinh canh tranh
S0 Véi cac san pham cua cac Cong ty cac nudc tién tién khac, dic biét 1a Nhat Ban va

Trung Qudc va dat mirc phét thai 6 nhidm cua cac thi treong muc tiéu caa cong ty.

Tt mot nha may chuyén lap rap dong co va may nong nghiép theo thiét ké cua
cdng ty Kubota va Yanmar (Nhat ban). Nhitng nim gan day, SVEAM di but pha tré
thanh mét trong nhitng doanh nghiép dimg dau cua nganh co khi ché tao may dong
lwc va may nong nghiép Viét Nam. Nam 2005, dong co Diesel RV165-2 (cé cong
suat toi da 16,5 ma lyc) do SVEAM tu thiét ké, ché tao vai ty 1 noi dia hoa dat trén
90% duoc ban ra thi trudong, danh ddu mot cot mdc quan trong, mang tinh budc ngoat
trong lich str phat trién cia SVEAM (xem Hinh 1.1). Céc théng sb k¥ thuat va dac
tinh k¥ thuat cua dong co RV165-2 dugc trinh bay trén Bang 1.1 va Hinh 1.2.

o —
i
b
L]

Hinh 1.1: Pong co RV165-2 do SVEAM san xuét.



Bang 1.1: Cac kich thude co ban cia dong co VIKYNO RV165-2 tuong ting
trong hinh 1.1.

A/'B C D E F G H 1 J K L
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
795 | 274 | 563 | 233 124 263 | 760 496 484 165 78 388
M N O P Q R S T U |V W
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

210 1 350 405 | 56 # 85 | 90 | 147 | 168 | 205 180 | 10

Bang 1.2: bac tinh k¥ thuat dong co RV165-2.

KIEU Muc tiéu thiét ké
Loai 4 ky, 1 xylanh, nam ngang
buong kinh x hanh trinh piston (mm) 105 x 97
Thé tich xylanh (cm®) 839
Cong suat toi da (Ma lyc/vong/phut) 16,5/2400
Cong suat dinh mac (MA luc/vong/pht) 14/2200
Moment cuc dai (KG.m/vong/phut) 4,9/1800
Ti s6 nén 20
Nhién liéu Dau Diesel
Thé tich thang nhién liéu (lit) 11
SUAt tiéu thy nhién ligu (g/Ma luc/gio) 206
Ap suat mé voi phun (Kg/cm?) 220
Hé thong dot nhién lidu Phun tryc tiép
Thé tich nuéc lam mat (lit) 2,6
Trong lugng (kg) 132
Kich thuéc: Dai x Rong x Cao (mm) 759 x 388 x 496
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Hinh 1.2: P4 thi dic tinh ki thuat dong co RV165-2.

Dé c0 thé phat trién cac dong co méi c6 tinh nang canh tranh véi cac dong co
ctia cac cong ty tién tién nhu Kubota hay Yanmar, SVEAM can phai tap trung dau tu
phét trién tiém luc nghién ctu va phét trién ciia minh. Trén tinh than d6, nim 2008
SVEAM da thanh 1ap Trung tam nghién citu va phat trién véi nhan su 1én dén gan 25
cén bo nghién ctu. Kinh nghiém tich lity duoc trong qua trinh gan 35 nam phat trién
ciia Cong ty c6 y nghia quyét dinh cho sy thanh cong cia SVEAM trong viéc phét
trién cac san pham méi ma tiéu biéu 1a dong co RV165-2. San pham méi nay cua
SVEAM thuc chat dugc phat trién dyua trén nén tang thiét ké co s¢ ciia Kubota véi
mot sb cai tién duya trén kinh nghiém va thuong thi hiéu qua ciia cac giai phép cai tién
khong duoc kiém nghiém day du do han ché vé diéu kién vat chat ky thuat cling nhu
nang lyc thir nghiém, danh gia. Dé phét trién thanh cong cac dong dong co maéi, ¢O
tinh ning canh tranh, SVEAM mot mit can dau tu trang thiét bi thir nghiém phuc vu
hoat dong kiém nghiém danh gia thiét ké mai, mat khac can nhanh chéng nam bat va
ap dung céc cong nghé tinh toan md phong vao qua trinh tinh toan, thiét ké san pham

méi. Ap dung céng nghé tinh toan mé phong, véi do chinh xac va do tin cay ngay



cang cao gop phan nang cao tinh ning, rat ngin thai gian, giam chi phi phét trién san
pham mai.
Chung ta biét rang su phat trién cua linh vuc dong co dbt trong duoc thiic day

boi céac yéu té sau:

= Tiéu chuan phat thai & nhiém ngay cang nghiém ngat (bao gom khi

doc va tiéng on);

= Giam thiéu tiéu thu nhién liéu (gitp giam phat thai COy);

= Nang cao cdng suat riéng (power density);

= Nang cao do bén (durability) va d6 tin cay (reliability);

= Canh tranh vé gia;

= Sy canh tranh caa cac hé thong dong luc khac...

Nap hiéu qua
Nhién liéu Khéng khi
Giam tiéu thu nhién li¢u
> - giam lwong CO2 thai

| NAP-NEN

ra moi troeong

Bé loc khi thai

Hinh 1.3: Cac huéng nghién ctru trong linh vuc dong co dét trong.

Giam khi thai dgc

Pé giam thiéu tiéu thy nhién liéu (vi vay dan dén giam thiéu phét thai CO2 ra

moi trudng) va nang cao cong suat cua dong co, can c6 cac giai phap nang cao hiéu



qua nap nhién liéu va khdng khi (hodc hdn hop nhién liéu / khong khi déi véi dong
co xdng) vao dong co va tdi wu héa qua trinh chay xay ra bén trong dong co (xem
Hinh 1.3). Dé nap hiéu qua nhién liéu vao dong co, cac giai phap nhu phun truc tiép
(direct injection), phun nhién liéu & &p suit cao (high pressure injection), phun da
diém (multipoint injection) hay common rail,... dugc sir dung. Dé nap téi da khong
khi vao dong co, cac giai phap nhu dong co vdi da hong nap (multi-valves intake),

tang ap (turbocharger),... dugc st dung.

Doi v6i dong co Diesel 4 thi, hiéu qua nap cua dong co duoc dic trung bai hé
s6 nap (volumetric efficiency), duoc dinh nghia bang ti s cua luu luong thé tich
khéng khi nap vao bén trong xylanh va téc do thay doi thé tich quét tao boi su dich
chuyén cua piston:

m 2m 2m, 4

77\/ = a = a = a . — (1.1)
pa,ivh /Oa,ivhn pa,i Apsp

Trong d6, m, 1a khéi lugng khong khi hit vao xylanh; m, 1a luu luong khoi
luong khéng khi nap vao trong xylanh trong mét chu trinh c6ng tac ctia dong co (tinh
trung binh cho mat chu trinh cong tac ctia dong co); V, la thé tich cong tac caa xylanh;
n 1a toc d¢ quay cua dong co; p,,1a khdi lugng riéng cta khdng khi & phia truéc cua
hong nap dong co; A, la dién tich dinh piston; S, 1a vén toc di chuyén trung binh cua
piston. Néu p, , dugc lay Ia khéi lugng riéng cia khong khi trong moi trudng, thi hiéu
suit thé tich twong Gmg danh gia hiéu qua nap cua toan bo hé théng nap cua dong co.
Néu p, ;1a khéi lugng riéng ctia khong khi & hong nap (inlet manifold) thi hé s6 nap
tuong (tng chi danh gia hiéu qua nap ctia cum hong nap va xdpap (ddi voi dong co
xing). Gid tri cta 7, doi véi dong co nap tu nhién thay doi tir 80% dén 94%. H¢ s6
nap cua hé théng nap cua dong co Diesel thudng cao hon hé s6 nap cua hé thong nap
cua dong co xang (do su can tré cua buém ga ¢ dong co xang).

Hiéu qua cua qué trinh nap moi chat cong tdc méi c6 anh huang truc tiép dén

tinh ning cua dong co ddt trong va nd lyc nang cao hiéu qua qua trinh nap (nap day



Vvé6i ton hao ning lugng thap nhét) ludn dugc quan tdm trong suét chiéu dai lich st
phét trién ctia nganh dong co d6t trong [1]. Tuy nhién, do tinh phic tap caa chuyén
dong cua khong khi bén trong hé thng nap cia dong co, nén dén nay van dé téi uvu
qua trinh nap cua dong co nhim ning cao tinh ning ctia dong co van con giit nguyén
tinh thoi su cia nd. Do tinh gian doan caa qué trinh nap khong khi trong dong co dét
trong 4 ky, su phirc tap caia hinh hoc va su twong tac cua khi nap véi cac bd phan ciu
thanh hé thdng nap, dic biét 1a sy thay doi do mé cua xUpap theo thoi gian dan dén
chuyén dong cua khong khi (hay hdn hop khong khi va nhién liéu déi véi dong co
xdng) trong hé thong nap caa dong co rat phic tap, dugc dic trung bang tinh khéng
dirng (unsteady), bién thién theo ba chiéu khong gian (three dimensional flow). Pong
thoi, chuyén dong caa khong khi trong hé thdng nap cé tée do cao va tinh nén duoc
(compressible) cua khong khi vi vay can phai duge tinh dén. Nhiing thap nién gan
day, nho vao sy phat trién ciia may tinh hiéu niang cao, ky thuat tinh toan mé phong
s6 va cac giai thuat tinh toan t6i uu, hé thong nap cta dong co ddt trong ngay duoc

thiét ké tdi vu hon.



Xay dung hinh hoc hong nap

{

Tao ludi cho mé phong sd

{

M6 phong chuyén dong trong hong nap

{
Khong tét
Panh gia
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Tao mau hong nap

|
, Khong tét
banh gia
TA

| ot

Ché tao thtr nghiém trén dong co

Hinh 1.4: Tinh toén thiét ké hong nap cua dong co sir dung

k§ thuat tinh toan mé phong sé.

Céc dic trung vi md (nhu chuyén dong xody quanh truc cua xylanh (swirl
flow) hay chuyén dong xody quanh truc vudng goc véi truc cia xylanh (tumble flow)
va vi mo (dic trung khong gian va thoi gian cua chuyén dong réi) cua khdng khi
chuyén dong bén trong xylanh & cudi qua trinh nap c6 anh huong truc tiép dén chat
lwong hinh thanh hdn hop nhién liéu/khdng khi trong xylanh va do d6 c6 tac dong rat
I6n dén hiéu qua qua trinh chay, cong suét va phat thai 6 nhiém cua dong co, dic biét
1a d6i voi cac dong co Diesel phun truc tiép (direct injection Diesel engine). Chuyén
dong cua khdng khi bén trong xylanh bi chi phdi boi dic trung hinh hoc cia cum
hong nap va vi tri twong ddi cua ching so voi dudng tdm cua xylanh. Ung dung tinh
toan s6 dong luc hoc luu chét két hop véi céc giai thuat tinh toan tbi wu trong thiét ké

t6i vu cum hong nap dic trung boi hé s6 luu lugng (flow coefficient) 16n, dong thoi



c6 kha ning tao ra cac chuyén dong xody (swirl/tumble) c6 cudong d6 nhat dinh trong
xylanh (c6 y nghia quan trong d6i véi qua trinh hinh thanh hdn hop va do d6 hiéu qua
qua trinh chay, phat thai 6 nhiém) la mot trong nhitng noi dung nghién ciu duge dic
biét quan tdm trong nhitng nim gan day. Cac cong cu ty dong hoa qué trinh thiét ké
cai tién cum hong nap vi vay da duoc nghién ctu phét trién gitp giam thiéu dang ké
thoi gian va chi phi phat trién dong co. Quy trinh tinh toan thiét ké hong nap cua dong
co str dung tinh toan md phong sé duoc trinh bay trén Hinh 1.4. R6 rang, thoi gian va
chi phi thiét ké hong nap c6 thé dugc cat giam bang cach ty dong hoa cac budc cua
quy trinh nay, dong thoi tich hop vao quy trinh mot giai thuat tinh toan téi wu
(optimizer) [2].

1.2. Cac nghién cwu lién quan
1.2.1. Nghién ctru trong nwéc

- Nghién ctru cia Nguyén Hiru Huong, Vuong Nhu Long. Truong Pai Hoc
Béach Khoa Thanh Phé H6 Chi Minh [3]: “Nghién ctru nang cao hiéu suét va cong
suat dong co Diesel 1 xylanh RV195”. Nbi dung: Ung dung phuong phap mé phong
nham thiét ké cai tién cac loai dong co Diesel ¢& nho san xuat tai Viét Nam. Cac qua
trinh nghién ctu tinh toan phan 16n dua trén phan mém BOOST. Cac phuong an: thay
d6i kich thudc duong ong nap, thay do6i bién dang cam va goc phéi khi. Két qua mo
phong sau khi téi uu hoa két cau hong nap, hé sé nap dong co 1a 0,8, ting 8,92%,
cong suat 21,16 ma lyc, ting 10,2%. Han ché cua nghién ctu 1a chi ding lai ¢ mic
mod phong trén phan mém AVL — BOOST, bién dang hong nap don gian va phuc

thugc hoan toan vao céac tham sé trong chuong trinh phan mém BOOST.

- Nghién ctru ctia Bui Vin Ga thuoc Truong Pai Hoc Da Nang [4]: “Su dung
biogas dé chay dong co Diesel ¢ nho” . Noi dung: Nghién ciu tng dung khi biogas
trén dong co ddt trong danh lira cudng bic ¢& nho bang phuong phéap thuc nghiém.
Dé tai tién hanh tinh toan hé thdng cung cip nhién liéu biogas va phan tich cac phuong
an diéu toc khac nhau dbi véi dong co dual-fuel biogas/Diesel duoc cai tao tir dong

co Diesel dé @& xuat mot kiéu diéu tbc phu hop véi dong co nay. Két qua: dat dugc



tir thuc nghiém cac phuong an diéu téc kiéu dién tir va kiéu co khi, luong khi thai
khdng chira bd hong, thanh phan CO, HC thap. Tuy nhién, dung tin hiéu dién 4p may
phat dién dé diéu chinh téc do dong co 1a giai phap don gian nhat nhung chi ph hop

véi trueong hop bién do dao dong cua tai bén ngoai nho.

- Nghién cttu “Ti wu hoa qua trinh cung cép biogas cho dong co tinh tai sir
dung hai nhién liéu biogas - dau mo” ciia Bui Vin Ga, Tran Vin Quang, Truong Lé
Bich Tram, Nguyén Phi Quang. (2008). Tap chi Khoa hoc va Cong Ngh¢, Pai Hoc
Pa Nang [5]. Noi dung: Cac thdng sé co ban ciing nhu quy luat van hanh caa van
cung cap biogas dugc nghién ctu nham tbi wu hoa qua trinh cung cap nhién liéu cho
cac dong co tinh tai chay bang biogas-diu mo bang phuong phéap thuc nghiém. Két
qua dat dugc: mic do phét thai 6 nhiém cia dong co giam 100 lan d6i véi khi CO,
10 lan di v&i HC. Tuy nhién, qué trinh chay khong hoan toan nén thuc té phai cung
cap luong nhién liéu Ion hon dé dam bao cong suat tinh toan. Tir d6 nhan thay cac
nghién ciru trong nudce da cé nhitng phuong an cai tién vé dong co nhung van chua

c6 hoat dong cai tién hong nap/thai, nang cao hé sé nap.

- Nghién ctiru “Mb phong téi uu hoa hé thdng nap khi trong dong co Honda
Future 125 cc” cua Ly Vinh Dat, L& Thanh Quang (2017). Truong Pai Hoc Su Pham
K§ Thuat Thanh Phd H6 Chi Minh [6]. Vi noi dung: sir dung két hop cac phan mém
Catia — Ansys Fluent va Matlab dé tinh toan va mé phong qua trinh nap khong khi
vao bén trong dong co Future 125 mm? (cc). Dya trén két qua md phong, dé xuat ra
phuong 4n t6i wu hoa thiét ké hong nap. Két qua dat dugc: bang phuong phap mo
phong, qué trinh tinh toan thiét ké va thir nghiém tiét kiém duoc rat nhiéu chi phi va
thoi gian. Sy bién thién cua ty s6 xody theo goc nghiéng la phi tuyén tinh. Han ché
cua nghién ctu 1a chi ding lai & mirc 6 md phong bang phan mém ma chua thyc

nghiém kiém chtng.

- Nghién ctru: “M0 phong nang cao tinh nang lam viéc cho dong co diesel 1
xylanh bang thiét ké cai tién hong nap” ctia V& Danh Toan, Nguyén Thanh Tuén, Lé
Viét Hung, Luong Huynh Giang, Huynh Thanh Cong. Tap chi phét trién KH&CN,
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tap 16, s K3 — 2015 [7]. Noi dung: nghién ctru cai tién hong nap cho dong co Diesel
1xylanh VIKYNO RV165-2 nhiam ting hiéu suat nap va nang cao tinh ning lam viéc
théng qua md hinh héa va mé phong trén phan mém chuyén dung AVL BOOST. Céc
phuong an cai tién dugce dé xuat va danh gia so véi md hinh hong nap hién hitu. Biéu
kién md phong ban dau duoc dua trén két cau cua dong co va thong sé diéu kién van
hanh tir thuc nghiém. Céc thdng sé vé dic tinh céng suit, sy chay va khi thai duoc
lya chon 1am tiéu chuan danh gia. Két qua nghién ciru thé hién rang, bang phuong an
cai tién hong nap da tang hiéu suat nap, kha ning hoa tron hdn hop nhién liéu va
khong khi, gitp qua trinh chay tt hon, ting cong suit dong co, giam suat tiéu hao
nhién liéu va khi thai. Han ché cua nghién cau 1a chi ding lai & viéc mé phong ma
chua kiém chiing bang thyc nghiém. Chi nghién cttu phan hong nap bén ngoai nap

xylanh ma chwa nghién cttu phan hong nap quan trong bén trong nip xylanh.

1.2.2. Cac nghién ctru ngoai nuéc

Trén thé gigi da co nhiéu cong trinh nghién ciru nham nang cao hé sb nap cua

dong co. Mot sé dé tai tieu biéu nhu sau:

- Nghién ctiu cua Puzinauskas va K. C. Midkiff voi dé tai “Téi wu hoa thiét
ké hong nap cho dong co SI” [8]. Pé tai nghién ciu vé sy anh huang cia thiét ké
hong nap di vai dong chay trong xylanh. Trong d6 chuyén dong dong khi nap trong
xylanh 1a yéu t6 rat quan trong d6i véi hiéu suat cia dong co SI. Mot md hinh dong
khi nap thich hop trong xylanh c6 thé 1am ting cuong mirc do chuyén dong vao thoi
diém danh ltra, do d6 tang su 6n dinh cia qua trinh chay, giam khi thai va tiét kiém
nhién liéu. B6 xoay ton tai & phia trén caa hong nap dong co SI trong qua trinh hut,
s& lam giam ca do rdi va hé sé nap. Mot thay doi nho trén hong nap duoc tién hanh
dé loai bo do xoay va tang d6 réi ma van gitt nguyén duoc hé sé nap. Két qua sy ting
do roi trong md hinh thiét ké méi lam tang thém 20% do bay hoi nhién liéu. Trong
nghién ciru ndy, ca hai phan mém KIVA va STAR-CD duoc st dung dé md phong

cac dong co dong chay lanh, ICEM CFD va es-ice duoc sir dung dé tién xir Iy nhitng
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phtec tap vé hinh hoc. Két qua mé phong tir KIVA va STAR-CD dugc phan tich va

S0 sanh.

(b) Fuel droplet distribution

(b) Fuel droplet distribution

Hong nap ban dau

Do bay hoi nhién liéu
0 400° GQTK

D0 bay hoi nhién liéu
0 540° GQTK

Hinh 1.5: M6 hinh phan tich hong nap ban dau [8].

(b) Fuel droplet distribution

(b) Fuel droplet distribution

Hong nap cai tién

D0 bay hoi nhién li¢u

¢ 400° GQTK

D9 bay hoi nhién li¢u
0 540° GQTK

Hinh 1.6: M hinh phan tich hong nap sau khi thiét ké t6i wu hoa [8].
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Két qua phan tich dy tinh duoc & 540° g6c quay truc khuyu, 68,9% nhién liéu
bay hoi ¢ hong nap ban dau, trong khi d6 90,1% nhién liéu bay hoi & hong nap sau
khi cai tién. Tuy nhién, muc tiéu ban dau caa nghién ciru nay 1 téi wu héa thiét ké
hong nap cho dong co SI nhung két qua cua bai chua chi ra dwgc ham muc tiéu cudi

cuing cho bai toan téi wu.

- Nhém nghién ctu caa treong D.Y.Patil Colleage of Engineering & An D6
V6i dé tai “Téi wu hoa thiét ké hong nap d6i dang xoan 6¢ va phan tich st dung CFD”
[9], str dung md phong CFD dé mé phong dong khi qua cum hong nap, xtpap nap va
so sanh véi két qua thuc nghiém. Mot mé hinh tinh toan CFD bao gom mét ban cau,
cb nap, xUpap nap, xylanh va mot mat phang cat ngang than va vuéng goc vai xylanh
dé xac dinh ty s6 xody. Két qua thu dugc 1a hé sé luu lwong va ty s6 xody & cac do
nang xupap khac nhau.

Hé s6 Iuu lugng va ty s6 xody cho ca hai truong hop bang mé phong CFD va
thue nghiém co gia tri gan bang nhau. 6 nang xdpap cang 16n thi hé sb leu lwong va
ty s6 x0dy cang l6n. Két qua ciia md phong CFD phuy thudc vao rat nhiéu yéu té nhu
luGi chia cho md hinh, mé hinh vat ly, diéu kién bién,... Vi vay mé hinh tinh toan
bang CFD cho cum hong nap va xdpap nap trén dung vai tng xu caa dong khi thuc

té qua cum hong nap, x(pap nap.

«—Mit phang do chuyén dong xody

Hinh 1.7: M6 hinh hong nap [9].
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Hinh 1.8: M0 hinh tinh toan phén tich [9].
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Két qua tinh thir nghiém ty s6 xody va hiéu qua dong chay qua tinh toan phan
tich CFD dugc trinh bay trong bang 1.2, két qua khi do thuc nghiém duoc trinh bay
trong bang 1.3.

Bang 1.3: Hé s6 luu lwong va ty s xody bang md phong CFD [9].

P§ nang xupap (mm) | Heé s6 lwu lwong | T s6 X0ay
1 0,101 0,296
2 0,278 0,798
3 0,429 1,289
4 0,503 1,391
5 0,631 1,498
6 0,718 1,719
7 0,749 1,737
8 0,803 1,598

Bang 1.4: Hé s6 luu lugng va ty s6 xody qua thuc nghiém [9].

Po nang xupap (mm) | Hé s6 luu lwong | Ty so xody
1 0,139 0,201
2 0,338 1,082
3 0,476 1,184
4 0,562 1,431
5 0,701 1,652
6 0,771 1,765
7 0,794 1,712
8 0,833 1,664

Nghién ciu cho thay két qua thyc nghiém va phan tich bang CFD chénh léch
kha it, két hop chit ché v6i nhau. Phuong phap mé phong thuc hién cho cac hong nap

duogc tdi wu hoa moment x0dy, nang cao hiéu suat téi da cho dong co. Tuy nhién,
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nghién ctiu chi dirng lai & viéc khao sét & cac goc nang xdpap nap ¢ dinh va rai rac,

khoéng mang tinh lién tuc theo tirng goc quay truc khuyu.

- Nghién cru cua S.K. Sabale va S.B. Sanap voi dé tai: “Thiét ké va phan tich
hong nap dang xodn ¢ cua dong co Diesel nhim dat dugc gia tri hé sé xody mong
mudn” [10]. Bang cé4ch sir dung phan mém md phong CFD va tién hanh quéa trinh
thue nghiém trén thiét bi do hé sé xoay cua dong khi dé phan tich. Bong thdi, so sanh
gitta két qua co duoc trén md phong CFD va thyc nghiém. Muc dich chung dat duoc
hé s khi mong mudn 1a 1,8. Nhitng théng s6 hinh hoc lién quan dén hong nap dang
xo3n dc nhu 1a vi tri theo khong gian ba chiéu cua hong nap, dién tich mit cat ngang

& cac mat cat tao v6i nhau mot goc 15°, bé rong ciing nhu chiéu cao caa hong nap.

Bang 1.5: Céc thdng sb hinh hoc caa hong nap nghién ciu [10].

Bién tao xoan (Scroll) S,R,W, B
Bién cira vao (Inlet) S, 0
Bién toa 6 hong nap (Throat) T,XY

Hinh 1.9: Cac thong s hinh hoc cta hong nap dang xoan 6c¢ [10].
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Hinh 1.10: C4c mit phang cat ngang hong nap nghién ciu [10].

Bang cach thay doi dién tich & nhitng mat cat ma mat phang cat ngang, 8 mau
hong nap duoc hinh thanh, cac két qua nhu van téc dong khi, ludng khdng khi va khoi
lugng khi nap vao c6 dugc trong qué trinh md phong CFD. Clng véi d6 van tée dong
khi va ludng khong khi ¢ nhitng thoi diém dong xtpap va xapap mé cuc dai duoc

phan tich dé nham xac dinh duoc hé sb xoay.

Luong khong khi vao Van tc dong khi vao .
Van toc xoay
xylanh xylanh

Hinh 1.11: Mét sb két qua dat duoc [10].
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Tir cac két qua phan tich co su twong dong gitra cac két qua c6 duoc tir mod
phong CFD va cac két qua thu dugc tir qua trinh thuc nghiém. Bong thoi, hé s6 xoady
¢ duogc tir mau hong nap duoc chon dat duoc hé s xody nhu da dit ra tir trude do.
Cac két qua dat dugc nhan manh mét didu ring c6 mdi quan hé giira viéc ting hé sb
X04y Vi viéc giam ti s6 T/R (ti s6 giira chiéu cao hong nap va chiéu rong goc xoin).
Trong trudng hop ti s6 T/R giam thi ¢ nhiéu ludng khong khi di doc theo thanh
xylanh tir 6 san sinh ra hé sé xody cao hon. Con nguoc lai, néu ti s6 T/R ting, mot
phan 16n ludng khi di thang vao tam xylanh tir d6 tao ra dong khi véi hé sé xoay nho
hon. Tuy nhién, nghién ciu chi quan tam t&i gia tri cua hé s xody ma bo qua su thay

d6i caa hé sé nap khi thay ddi cac truong hop hong nap.

- Nghién ctu cua truong Vidyavardhaka College of Engineering, An Do véi dé
tai: “M6 phong dong khi di vao trong dong co @6t trong” [11], sir dung phan mém
CATIA V5R20 dé xay dung mo hinh 3D, chia lugi bang phan mém chuyén dung
Hyper mesh va md phong dong khi vao trong dong co bang phan mém Ansys Fluent
cu thé 1a ICE Cold Flow. Két qua thu duoc la van toc cia dong khi vao xylanh tng
Véi tirng goc quay truc khuyu (tir 0° dén 720°). Tir d6 phan tich va du doan dugc qué
trinh hinh thanh hén hop hoa khi trong xylanh.

Hinh 1.12: M6 hinh déng co [11].

Cac két qua mo phong cho thay van téc dong khi ¢ cac do nang xtpap nhé cu

thé 12 & 6 nang xapap 0,1 mm va 0,2 mm.
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Truong van toc (Velocity contours 0,2 mm) [11]

Hinh 1.13: So sanh van téc dong khi vao

gitra hai do nang xdpap 0,1 mm va 0,2 mm.

140

= J,1 mm
—_— 0, 2mm

Velocity (m's)

0 500 1000
Crank Angle (deg)

Hinh 1.14: So sanh van téc dong khi [11].
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Két qua nghién ctru twong dbi don gian, chi danh gia van téc dong khong khi
nap tai cac goc quay truc khuyu cia mot ddi twong nghién ciru va khong duoc danh

gia thuc nghiém dé kiém chuang.

- Nghién ctru cua Padmesh Mandloi, Gunjan Verma véi dé tai: “Tdi wu hoa thiét
ké hong nap cua dong co Diesel mot xylanh” [12]. Muc dich cta dé tai 1a tdi wu hoa
tai nhitng khu virc ¢6 anh huong 16n dén dong chay cua dong khi vao xylanh dong co
dé suat tiéu hao nhién liéu chi thi dwoc t6i wu nhét. Viéc tdi vu héa viéc thiét ké hong
nap néu sir dung cac phuong phap thuc nghiém truyén thong s&é mat kha nhiéu thoi
gian ciing nhu tién bac, nhung d6i véi nghién ciru nay sir dung cac phan mém hién
¢4 trén thi truong dé viéc thiét ké cling nhu viéc tdi wu hong nap duogc thuc hién trong
thoi gian ngan va it tbn kém. Phan mém Ansys Fluent gilp viéc md phong qué trinh

duoc chinh x4c va nhanh chong hon.

Nghién ctu trinh bay ba théng sé chinh dugc diéu chinh dé t6i wu hoa hong nap

cta dong co va cac thong s nay duoc xac dinh theo nhitng diy nhu sau:

Bang 1.6: Céc thong s6 thiét ké chinh [12].

Cé&c thong so thiét ké Gia tri nhé nhat | Gia tri lén nhat
G6c x0an (do) 50 70
Ban kinh xoan (mm) 30 50
Chiéu dai hong nap (mm) 50 65
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Hinh 1.15: Mot s6 mé hinh dugc xay dung [12].
Hinh 1.15 miéu ta mot s mé hinh dugc dung bing phan mém Catia nam trong
day thong sb thiét ké duoc néu ¢ bang 1.5
Két qua co duoc tir md phong Ansys xuit ra két qua dudi dang mat phang 3D
phan anh su anh huéng cua ba thdng sb thiét ké vai thé tich dong khi cé ich trong

hong nap cuia dong co Diesel.

Hinh 1.16: Két qua dudi dang mat phang 3D xuat ra tir Ansys [12].
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Dang thoi, bai nghién ctu cling chi ra mac do anh hudng caa céc thdng sé hinh
hoc khi thay d6i dén phan thé tich dong khi ¢ ich.

ot )

baseline | mid-range

Hinh 1.17: Biéu dd do nhay cuc bo (Local sensitivity charts) [12].

Véi viéc thay doi ba thong sb hinh hoc dugc ké dén o trén thé tich dong khi
c6 ich da duogc phén tich va dén murc cao nhat ciing chinh 1a myc tiéu chinh cua nghién
ctru nay. Nghién ctru dugc thuc hién mot cach logic, két qua nghién ciru phong phu.
Tuy nhién, bién dang hong nap trong nghién ctru twong dbi don gian va sé luong cac

tham sé ding dé thé hién hinh dang con kha it.

- Nghién ctru caa Jun-ichi Kawashima véi dé tai: “Nghién ctu chuyén dong
xoay cuia dong khi ciia dong co Diesel toc do cao phun truc tiép vai 4 xtpap” [13].
Véi viéc str dung phuong phap thuc nghiém cu thé 1a nhitng chu trinh do dong khi 6n
dinh, tac gia da chi ra nhitng anh huang ctia hong nap d6i voi cac dic tinh caa dong
khi cu thé 1a ti s6 xoay dac biét 1a dbi véi dong co co hai hong nap. Trong d6 mot
hong nap co ban s& duoc két hop vai mét hong nap khac véi vai tro 1a diéu khién do
xoay cuia dong khi khi di vao xylanh (hong nap dang xoan éc). Cac két qua s& dugc
so sénh véi 2 loai hong nap co ban d6 1a hong nap dang tiép tuyén véi hong nap c6

hinh xoan ¢ vé myc do xoay rdi trong xylanh ma dic trung cho no 1a hé sé xoay.

Dué6i ddy 1a mot sé mau thiét ké ma tac gia da dé xuét dé tién hanh viéc thyuc

nghiém:
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Xylanh véi hai hong nap [13]. Hong nap dang xoan 6c¢ [13].

Hinh 1.18: Cac mau thiét ké hong nap bai bao dé suat

Trong qué trinh thuc nghiém mot sé két qua da duoc tac gia néu ra trong bai
nghién cau cu thé 13 biéu do so sanh gitra hé s xoay va hé sé nap cua ca ba mau hong

nap.
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Hinh 1.19: Biéu db hé sé xoay va hé sé nap [13].
Dong thoi, chi ra cu thé viéc so sanh ty sé xody va hé sé nap giita cac mau

hong nap dang xoan &c, giita hong nap dang xoan ¢ véi dang tiép tuyén, va cua
xylanh c¢é 2 hong nap.

&
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Hinh 1.20: So séanh ti s6 xody gitta cac hong nap dang xoén 6c [13].
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Hinh 1.21: So sanh gitra hong nap xoan Hinh 1.22: M6 hinh
oc va dang tiep tuyen [13]. véi hai hong nap [13].

Nghién cau rat ra mot sé két luan quan trong lién quan dén sy rdi cua dong
khong khi trong xylanh: déi véi hong nap dang xoan 6¢ néu vi tri dat hong nap gan
Vvé6i thanh xylanh ca dong co s& cho ra ti s6 xoay cao hon céc vi tri khac. Vai hai hong
nap maot dang tiép tuyén va mot dang hinh xoan éc ciing lc két qua vé ti so xody sé
dat duoc vuot qua khoang tir 3,5 dén 10. Qua trinh thuc nghiém caa nghién ciu nay
rat cong phu va phuc tap. Két qua nghién cau rat phong phd, nhitng két qua thu duoc

V6i d6 tin cay cao. Tuy nhién s luong truong hop duoc khao st con kha it.

- Nghién ciru véi dé tai “Anh huong caa bién dang hinh hong nap cua dong co
1 xylanh t&i sy hanh thanh Soot va hiéu suat dong co” ciia nhdm tac gia Usame Demir,
Ozan Cetinkaya, Anil Can Turkmen, Cenk Celik. Trong bai nghién cru ndy, nap may
dugc san xuat véi 3 hong nap véi kich thudc hinh hoc khac nhau cho dong co 1
xylanh duoc tién hanh thuc nghiém dé danh gia anh hudng téi céng suat, moment va

suat tiéu hao nhién liéu cia dong co.
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Hinh 1.23: Hinh anh b4 tri thuc nghiém [14].

Bang 1.7: Thong s6 ki thuat dong co Antor 3 LD 510 [14].

Thong sb Gia tri
S6 xylanh 1
Thé tich xylanh 520 cm?
Duonh kinh xylanh 85 mm
Chu trinh lam viéc 90 mm
Ty s6 nén 175:1
Téc d6 dong co 3000 Rpm

Cong suat 12 BG (= 16,272 Kw)
Moment 3,35 N.m/1800 Rpm
Thung nhién liéu 5,51 it

Suat tiéu hao nhién lidu 190 g/BG.h = 257,64 g/Kw.h
Dau bi tron 1,75 lit

Khéi luong 60 kg
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Hinh 1.24: Cac mau hong nap d¢ suat [14].

Tir cac két qua cua bai nghién ciu nay thi céc thiét ké hong nap déu cho cac
két qua tich cuc vé mat cong suat, moment va suat tiéu hao nhién liéu cua dong co.
Nghién ctu cho thy gia tri suat tiéu hao nhién liéu, hiéu suat chay bi anh huong truc
tiép bai hinh hoc cua hong nap. Han ché caa nghién ctru ndy 1a cac mau duogc chon
la thuc nghiém duoc lya chon mét cach ngau nhién, két qua nghién ciu chi phd hop
Vv6i ddi tuong ma tac gia chon dé khao sat, khdng mang tinh tiéu biéu cho cac loai

dong co 1 xylanh c6 cong suat max twong dong.

- Pé tai nghién cau “Anh hudng cua hé sé xody dén su hoa tron cua nhién
nhién liéu (khi ty nhién) va khong khi trong dong co bang mé phong CFD” cua
Suleeporn Sombu, Krisada Wannatong va Tanet Aroonsrisopon [15]. V&i ndi dung:
phan tich qué trinh tao xody rdi ciia dong khéng khi trong xylanh dwa trén mé phong
CFD. biéu kién lam viéc cia dong co ¢ tai thap (moment xap xi 30 N.m) hoat dong
& toe @6 1500 vong /phat. Céc két qua tir md phong dong on dinh chi ra rang: hé sé
x0ay 16n hon s& la tién dé dé hdn hop nhién liéu va khong khi duoc hoa tron tét hon.
Hon hop s& ddng nhat hon néu géc bat dau tao xody hep hon. Hon hop duoc hoa tron
t6t hon s& dan dén nhimng thay do6i vé diéu kién chay va phat thai hydrocacbon cua

dong co.
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= Hong nap

Hinh 1.25: M6 hinh lugi cum hong nap trong nghién cau [15].

Cac thong so6 ky thuat vé dong co duoc dung trong md phong. G mé phong

nay nhién liéu duoc dung 1a khi tu nhién thay vi nhién liéu diesel truyén thong.

Bang 1.8: Thong s6 ky thuat dong co Toyota 2KD-FTV [15].

Pong co Toyota 2KD-FTV
S6 xylanh 4 xylanh thang hang
Thé tich 2,494 mm? (cc)
Chu trinh lam viéc 93,8 mm
buong kinh 92 mm
Chiéu dai thanh truyén 158,5 mm
Ty s6 nén 18,5:1
S6 xupap 16 xupap (DOHC)

G6c mé xupap xa

30 do trude diém chét daoi

Goéc dong xupap xa

0 do trude diém chét trén

G6c mé xupap nap

2 36 trude diém chét trén

Goc dong xupap nap

31 d6 sau diém chét duéi
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Céc diéu kién 1am viéc ctia dong co ciing nhu cac tham sé dugc nhap vao trong

m& hinh m6 phong nhu sau:

Bang 1.9: Cac truong hop mo phong hong nap dong co Toyota 2KD-FTV [15].

Toc do dong co Moment Vi tri ctia cac goc bat | Ap suat dau vao
(vong/pht) (N.m) diu tao xoay () (bar)
1500 60 22°,52°,82°,102° 1,0268

Hong nap tiép tuyén

: Daura
Hong xoan oc

Hinh 1.26: Céc thdng sb thiét ké hong nap duoc dé xuat cho
dong co Toyota 2KD-FTV [15].

Két qua cho thay riang ¢ nhirng géc bat dau tao xody, néu goc nho thi ¢ hé sé
x0ay 16n nhung luu lwong khdng khi vao trong xylanh s& nho dong thoi d6 chinh 1a
tién dé dé tao nén sy gia ting van tdc ciing nhu niang luong rdi cho dong khi tir d6

tang duoc su hoa tron nhién liéu.
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Bang 1.10: Bang két qua md phong CFD qué trinh nap cta dong co
Toyota 2KD-FTV [15].

& 0.057 —— Hong xo0an dc
[=] -5 z
=, 0044 /F\\ - --- Hong tiép tuvén
[=1n]

i f A
E 0.03 /
u8 /
ﬁ 0.02 1

g

. 0.01
i AN

SN SRR

T T T 1

— 0 50 100 150 200

Goc quay truc khuyu

n

-Bn = -
=4, 0.03 4 ——Hong xodn dec
=11} =5 =
g ﬁ\ - -—-Hong tiép tuyén
A 002-

.E .

; 0.01

= 1

g [J : T T T 1

— 0 50 100 150 200

Goc quay truc khuyu

Két qua luu luong theo goc quay truc
khuyu khi d6 nang xtpap nap cé dinh ¢ vi
tri 30 d¢ tinh theo gdc quay truc khuyu

Két qua Iuu lwong theo goc quay truc
khuyu khi d6 nang xtpap nap cé dinh ¢ vi

tri 60 do tinh theo goc quay truc khuyu

-

B ..
<4 0037 ——Hong xoan ¢
g . ----Hong tiép myén
2 002 SN

e Jl.r L

3 /

b1 0.01 - S

g_ / -L_h\

‘E |i.r .

g 0 L T T T - 1

— 0 50 100 150 200

Goéc quay truc khuyn

1.6
1.4
1.2

i
& 0
[}

]

EOO0O
W e

0.8+
0.6 1
0.4
0.2+

Tv sb xoay

Két qua luu lwong theo goc quay truc
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Két qua hé sb xoay

Qua nghién ctu, co thé thay rang hinh dang hong nap c¢6 anh hudng rat dang

ké téi gia tri cua hé s6 nap va hé sé luu luong. Viéc tim ra mot bién dang hong nap

hop ly c6 thi ¥ nghia rat 16n d&én chit luong hoat dong ciia dong co. Nghién ciru sé& tot
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hon nira néu tac gia chi ra duoc quy luat bién thién cia hé sb xoay va hé sb nap khi

thay d6i hinh dang hong nap cta dong co nghién ctu.

- Nghién ctu cua Frantisek SEDLACEK va Michal SKOVAIJSA véi dé tai
“Tbi uu hoa hong nap cia dong co bang phuwong phap mé phong s6”. Muc dich cua
nghién ctru 1a tim duoc giai phap tt nhat cho viéc phan b dong khéng khi vao tirng
xylanh riéng biét, nhung van dam bao thich (ing véi kha ning lam viéc cua dong co.
Diéu khé khan nhat trong nghién ciru 1a phai dam mo phong trén diéu kién dong khi
nén duoc va co toc do cao di vao trong hé théng nap, sy giam ap va su thay doi nhiét
d6. Nghién cuu s dung md phong dong trong Siemens NX Advanced (Siemens NX:
tén trude day 1a NX Unigraphics hay thuong dwoc viét tat 1a U-G, 13 mot goi phan
mém CAD/CAM/CAE duoc phét trién dau tién boi Unigraphics) dé tdi uu hoa dugc
hinh dang caa hong nap. Mé hinh 1D cua dong co duoc xay dung dé tim ra duoc
nhiing dit liéu dau vao cho md phong CFD. Céc gia tri vé ap suat va nhiét do cua tirng
xylanh c6 dugc nho mé hinh mé phong 1D va nhirng gia tri nay duoc st dung cho

mo phong CFD.

Xac dinh chiéu dai va thé tich ctia dwong nap
Xac dinh cac théng s6 dau vao va xay dung mé hinh 1D

Thiét ké hinh dang co ban ctia dwong nap

Kiém tra va toi tru cac phwong an bang cach sit dung CFD

Thoa man duoc yéu cau

Phurong 4n t6t nhat

Hinh 1.27: So do gia thuat cia nghién ctu caa Frantisesk SEDLACEK va
Michal SKOVAJSA [16].
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Budc dau tién, dé c6 duoc thdng sé dau vao caa md hinh 1D, cac thong sb
hinh hoc caa hong nap, duong xa, budng dét , xlpap,.... duoc do tir md hinh thuc té

cua dong co voi do chinh xac cao. Dudi day la cac thong s6 cua dong co:

Bang 1.11: Théng s ky thuat cia dong co Yamaha YZF-R6 [16].

Thé tich 599 mmd (cc)
Ty sb nén 13,1:1
S6 xtpap 4
buong kinh va chu trinh lam viéc 67 x 42,5 mm
Chiéu dai thanh truyén 90,5 mm
Toc do thi da 16000
Goc nghiéng dé xupap 11,5° xtpap nap / 12,25° xdpap thai
Thé tich budng dt 12,38 mm?® (cc)
buong kinh xupap nap 27 mm
buong kinh xupap thai 23 mm
buong kinh than xupap nap 4,5 mm
buong kinh th&n xupap thai 4,5 mm
Do nang xupap nap tbi da 8,5 mm
Do nang xupap thai téi da 7,7 mm
Thoi gian dong mo xupap nap
M trude diém chét trén 39°
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Pong sau diém chét dudi 65°

Goc lam viéc 284°

Thoi gian dong mao xUpap thai

M trude diém chét dudi 64°
Pong sau diém chét trén 24°
Goc lam viéc 268°

Hinh 1.28: Pong co Yamaha YZF-R6 [16]. Hinh 1.29: Cum budng d6t va hong nap
[16].

Sau d6, mo hinh 1D cua dong co dugc xay dung dua trén chuong trinh LES
(Lotus Engine Sinulation: chuwong trinh mé phong 1D ki nap cta dong co). Tat ca cac
thong sé vé hinh hoc c6 dugce déu dugce dua vao mé hinh 1D. Cudi cing, cac théng
s6 vé thoi diém dong mo xUpap nap va xa, ty s6 nén duoc xac dinh dwa vao mé hinh
1D.
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Két qua md phong van téc, &p suét va luu luong cua dong co Yamaha YZF-

R6 dugc thé hién trong cac db thi bén dudi:

&,
L)
O
b

Goc quay truc khuyu (60)
Xilanh 1 Xilanh 2 Xilanh 3 Xilanh 4
Hinh 1.30: Biéu db van téc theo géc quay truc khuyu
cua dong co Yamaha YZF-R6 [16].

Ap sudt [bar]

a L0 40 50 380 00 730
Goc quay tryc Khufu (45
—Xilanh 1 Hilznh 2 Hilanh 3 Hilznh 4

Hinh 1.31: Biéu d6 ap suat theo goc quay truc khuyu
cua dong co Yamaha YZF-R6 [16].
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Lars g [kg's]

0000 120,000 240,000 360000 &RD,000 B0, D0 T
Groc guay truc khuyu (48

—Hilanh]l — Hilanhd — Hilanh3 Hilzanh 4
Hinh 1.32: Biéu d luu luong theo géc quay truc khuyu
cua dong co Yamaha YZF-R6 [16].

Nhiéu thiét ké co ban cua hong nap duoc xay dung duya trén mé hinh mé phong
1D. Dya trén két qua md phong, cac mau thiét ké hong nap thich hop duoc chon va

phaét trién 1én thanh md hinh 3D:

Hinh 1.33: M6 hinh 3D hong nap cta dong co Yamaha YZF-R6 dugc
dua vao mo phong [16].
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Cac thong s6 hinh hoc co ban cua hong nap khi tién hanh xay dung mé hinh

3D:

alpha [deg]

- F - edp [ de] s

FL [ ]

-.h__----.'-'r---"'ﬂ-___
=i B

— - |
gamma [deg) 11 [

i

h¥ [mmi]

Il [rn]

- [ | min | -

Hinh 1.34: Mé hinh tham s6 hong nap dong co Yamaha YZF-R6 [16].

Bang 1.12: Bang tham sb hong nap dong co Yamaha YZF-R6 [16].

Thoéng sb Gia tri
Anpha (d9) 7
Beta (d0) 2
Gamma (do) 112
hl (mm) 150
h2 (mm) 256
rl (mm) 19

Van téc cua dong khong khi twong tng véi goc quay truc khuyu 1a 0 do, 90 do
va 120 do ¢ toc d6 vong quay 12000 vong /phlit:
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Hinh 1.35: Két qua mo phong truong van téc cua dong co Yamaha YZF-R6 [16].

Két qua mo phong truong ap suat ¢ 0 o va 216 do theo goc quay truc khuyu
cua dong co Yamaha YZF-RG6:
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. 0.000
! 0.034

Hinh 1.36: Két qua mo phong truong ap suat cua dong co Yamaha YZF-R6 [16].

Cudi cung, tac gia dua ra dugc mot mau hong nap téi vu duoc lra chon dya

trén cac két qua co dugc tir mé phong

Locgio

Buom gio

Cim bisn vi tri buom gio

Vi tei hep

Phan trén cla duong fizp
Cimbisn 3p sust vanhidt 80
Phin deoi cis duong nzp
Buong din

Ongtichip
Kimphun

Hinh 1.37: Két qua hong nap téi wu theo két qua md phong caa
dong co Yamaha YZF-R6 [16].

Nghién ciu tiéu biéu cho viéc tng mé phong va tinh toan sé trong viéc thiét

ké céc chi tiét phuc tap. Thong qua két qua mod phong, cac qué trinh dong luc hoc

39



duoc tinh toan va dua bao mot cach chinh xac 1am tién dé cho viéc ché tao va thuc
nghiém. Tuy nhién két qua nghién ctu sé& tot hon nita néu trinh bay thém cac gia tri

dic trung cho qua trinh nap nhu: hé s6 luu lwong va hé s xoay, ...

Ngoai ra, trén thé giéi con nhiéu nhitng nghién ctu khac vé hinh dang hong
nap nhu cua Shojaeefard, Sohrabiasl va Sarshari & Iran véi “Nghién ctiru anh huong
cua thiét ké hong nap dén dic tinh dong co va mac khi thai” [17], nghién ciu cua
Yungjin Kim, Yongtaek Han va Kihyung Lee véi dé tai “Anh huong cua hinh dang
hong nap sinh ra dong khi xody trong dong co Diesel phun truc tiép ¢& nho” [18],
nhoém nghién ctu tir cac trudng dai hoc Trung Qudc vai “Phan tich dong chay on
dinh va md phong sé héa CFD Vé ci tién dong co Diesel ¢6 hong nap kiéu xoan 6¢”
[19], ... Piéu d6 cho thay thiét ké cai tién hong nap 13 mot trong nhitng yéu té quan

trong trong nghién ctiru nang cao hé s nap.

1.2.3 Nhan xét

Trong qua kht, viéc tim ra loi giai tudng minh cho cac bai toan co hoc luu
chat phuc tap giong nhu su chuyén dong va bién doi khong ngirng ciia dong khong
khi nap bén trong xylanh dong co gan nhu l1a diéu khong thé. Theo thoi gian, ciing
Vi su phat trién cua khoa hoc may tinh va cac phan mém mé phong chuyén nghiép
thi viéc mo phong dé tim ra loi giai gan dang cho céac bai toan co hoc luu chat phuc

tap tré nén don gian di rat nhiéu.

Pong hanh cling sy phat trién d6, ¢ Viét Nam ciing nhu trén toan thé gioi da
va dang c6 cac cong trinh nghién ctu tinh todn md phong trong tat ca cac linh vuc k§
thuat. Van dé tinh toan mé phong dong khong khi nap chuyén dong trong 16ng xylanh
dong co ciing dugc nhiéu nha khoa hoc & nhiéu nudc trén thé gigi quan tdm va nghién
ctru. Nhung phan 16n trong s d6, ddi twong nghién ciu 1a cac dong co st dung hé
thdng nhién ligu tién tién Common rail. Piéu nay lam cho ¥ nghia cta cac két qua
nghién cttu vé hong nap caa dong co khong thé hién mot cach dam nét nhat. Vai luan
an nay, dbi tuong nghién ciu la mot dong co nong nghiép thé hé cii (VIKYNO

RV165-2), véi hé thong cung cap nhién liéu thuan co khi. Bén canh viéc tham khao
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va tiép thu nhitng thanh tyu nghién ctru trude ddy, thi trong luan an nay, tac gia ciing
dua ra nhirg huéng tiép can hoan toan méi nhu: tham sé hda mé hinh 3D cum hong
nap dang xoan dc, xay dung va hién thuc hoa qua trinh ty dong tinh toan mé phong
ki nap cua dong co VIKYNO RV165-2 véi két qua muc tiéu 1a nang cao tbi da hé sb
nap, xay dung giai thuat tdi vu hoa bién dang hinh hoc hong nap véi gié tri muc tiéu
la hé sb nap , chi ra mdi quan hé gitra hé sé nap va hé sé xody (swirl ratio) caa dong
co VIKYNO RV165-2 théng qua qua trinh md phong bang phan mém Ansys - ICE.
Ché tao, thir nghiém danh gia san pham cai tién cudi ciing, ang dung vao thyc té san
XUét tai SVEAM.

1.3. Muc tiéu nghién ctru

Muyc tiéu cua nghién ctu 1a: cai tién hong nap dong co mot xylanh dé nang cao
t61 da gia tri hé sb nap, dua ra thiét ké cai tién cu thé, ché tao va tng dung san xuat
hang loat tai céng ty SVEAM.

1.4. Pdi twong va pham vi nghién ciru cia dé tai

Déi tuong nghién ctru cua dé tai 1a cum hong nap dong co VIKYNO RV165-

Trong pham vi cua dé tai thi hong thai va ¢6 nham bé mit cua chi tiét duoc bo

qua va xem nhu khong thay doi trong tat cac truong hop nghién cau.

Hinh 1.38: Cum hong nap déng co VIKYNO RV165-2.
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Cac két qua thuc nghiém cua nghién ctu ndy duoc thuc hién tai:

> Phong Thi Nghiém Trong Diém Pong Co D6t Trong - Pai Hoc Béch
Khoa - Dai Hoc Quéc Gia Thanh Phé H6 Chi Minh: thuc nghiém do
hé s6 nap cua phuong 4n hong nap tdi wu déi chiéu véi két qua mod
phong Ansys — Fluent.

» Vién Co Khi Bong Luc — Dai Hoc Bach Khoa Ha Noi: do dac duong
dic tinh ngoai, suét tiéu hao nhién liéu & cdng suat dinh muc, cong suat
max, moment max cua dong co VIKYNO RV 165-2 hién htu.

> Coéng Ty SVEAM: do dac kiém chang céc gié tri thuc nghiém tai Vién
Co Khi Bong Luc — Dai Hoc Bach Khoa Ha N6i va lam thuc nghiém.
Cac sb liéu thuc nghiém tai cong ty SVEAM déu c6 kiém dinh cua
Tong cuc tiéu chuan do luong chat lwong — Trung tam ky thuat tiéu
chuan do luong chat luong 3.

1.5. Phwong phap nghién ciru
Nghién ctru xuat phét tir nhu cau thyc tién nang cao hiéu qua khai thac cac loai
dong co Diesel thé hé cii va cac giai phap cai thién tinh ning cua dong co da duoc
thuc hién & Viét Nam va thé gidi.
Phuong phéap nghién ctiu Iy thuyét két hop véi thuc nghiém duoc st dung
Xuyén sudt trong nghién ciu nay:
> Nghién ciiu trén co sd ly thuyét dong luc hoc luu chat, cac cong cu vé
3D va md phong chuyén sau nhu Solidworks, AVL - Boost, Fluent,
Ansys, Matlab. .. duoc st dung trong qua trinh tinh toan ly thuyét va
phan tich.
> Ung dung tri tué nhan tao (ANN) va giai thuat tién hoa vi phan (DE)
dé tim ham muc tiéu cua bai toan va két qua hé sé nap tot nhat caa bai
toan toi bién dang hong nap.
> Bién dang hong nap sau khi duoc thiét ké t6i vu dugc ché tao va lam
thue nghiém kiém chiing. Qua trinh thuc nghiém duoc tién hanh tai

phong thi nghiém cua céng ty SVEAM dé danh gia kha nang cai thién
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tinh ning kinh té, k§ thuat cia dong co trudc va sau khi cai tién. Kiém
tra két qua tai tong cuc tiéu chuan do luong chat lwong - trung tam Ky

thuat tiéu chuan do luong chat lwong 3.
1.6. Y nghia khoa hoc va thyc tién

Nghién cau cai tién toan b cum hong nap dong co VIKYNO RV165-2 (ca

bén trong 13n bén ngoai nap xylanh).

Tham sé hdéa mé hinh 3D cum hong nap dang xoin éc cia dong co VIKYNO

RV165-2 bang cac bién va ham toan twong minh.

Xay dung va hién thuc quy trinh tu dong tinh toan cai tién cum hong nap dong
co VIKYNO RV165-2 véi myc tiéu 1a nang cao hé s nap.

Xay dung giai thuat toi wu bién dang hinh hoc cum hong nap dong co
VIKYNO RV165-2 véi gia tri muc tiéu la hé sb nap.

Phéac hoa mdi quan hé gitra hé s6 nap va hé sb xoay (swirl ratio) cho dong co
VIKYNO RV165-2 ndi riéng va cac dong dong co Diesel cia SVEAM noi chung.

Lan dau tién ¢ Viét Nam, nghién cau két hop gita mé phong véi thuc
nghiém trén cac thiét bi hién dai, ddng bo dua ra duoc giai phap kha thi va phd hop
vé6i diéu kién ky thuat cdng nghé thyc té & Viét Nam dé nang cao tinh ning k§ thuat
va kinh té cua dong co Diesel VIKYNO RV165-2 thé hé cii bang phuong phép cai
tién cum hong nap. Luan an mang tinh thuc tién rat cao, khi két qua nghién ctu duoc

&p dung vao thuc té san xuat caa cong ty SVEAM.

Cac két qua cua luan an gop phan dinh hudng giai quyét nhu cau nang cao tinh
nang van hanh va kinh té cia cac loai dong co Diesel thé hé cii. Quy trinh tinh toan
cai tién tu dong va giai thuat tdi uu co thé ap dung cho tit ca céc loai dong co Diesel
ciia SVEAM, ciing nhu phuong phap thiét ké &p dung cho cac dong dong co mai s&

duoc phat trién trong tuong lai.
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1.7. C&c ndi dung chinh trong dé tai
Thuyét minh cua dé tai trinh bay cac phan nhu sau:

% Chuong 1. Tong quan vé van dé nghién ciu

% Chuong 2. Co so |y thuyét cai tién cum hong nap dong co Diesel mot
xylanh

% Chuong 3. Nghién ctru cai tién cum hong nap dong co Diesel 16.5 Hp
(Pong co VIKYNO RV165-2)

% Chuong 4. Két qua nghién cau

% Chuong 5. Két luan va huéng phat trién

1.8 Luu do thé hién cac van dé nghién ciu trong luan an
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Chuong 2

CO SO LY THUYET QUA TRINH CAI TIEN CUM
HONG NAP PONG CO VIKYNO RV165-2

2.1. Co s& ly thuyét vé dong co dét trong

2.1.1. Cong suat co ich ciia dong co (N,)

Cong suit cd ich cua dong co 1a mot chi tiéu ky thuat duoc goi 1a tinh hiéu
qua, néi lén yéu cau dong luc cua may cong tac ma ta sir dung. Muyc tiéu caa nha
thiét ké 1a ting cong suit dong co ché tao ma van giit nguyén kich thudc cia dong
co. Va tim céch nang cao cong suat ¢ ich cua dong co 1a mot trong nhitng phuong

phap ma cac nha san suat thuc hién dé giai quyét van dé trén.

Cong suat co ich, Ne la cong suat truyén dén may cong tac va dan dong may
cong tac hoat dong. Cong suat co ich Ne ludn nho hon cong suét chi thi Ni cua dong
co bai vi tiéu tén ma sat va dan dong cac thiét bi phu ciia dong co. Tong tat ca cac
loai t6n that cdng suat noi trén tinh trong mot don vi thoi gian duoc goi 1a cong suat
co gioi: Nm

N, =N, ~N_ [20] (2.1)

Theo [21] ta c0:

. N
N, =p.V,Q,.Fn,n.n,i—— (2.2)
7/2

Trong do:
o, . mat do6 khong khi nap (kg/m?3)
V, : thé tich cong tac.

Q, : nhiét tri thap caa nhién liéu (kJ/kg nhién ligu)
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m
F :m—f: ty 1& nhién liéu trén khong khi

n, . hidu suat nap.

n,: hiéu suét cia sy chay nhién ligu.
n,.: higu suat co gioi.

i : s6 xylanh.

n: toc do dong co.

7 : 56 ky cua dong co.

Tir phuong trinh (2.2). Ta c6 thé thay ta c6 nhiéu phuong phap dé ting cong
Suat cd ich caa dong co nhu: cai thién hiéu suat co gidi 7, , ting s6 s6 xylanh, ting
hiéu suat chay caa nhién liéu 7_,... va ting hiéu suat nap cia dong co 1a mot trong
nhitng phuong phap do.

2.1.2 Qua trinh nap va hiéu suat nap

Qua trinh nap-thai 12 qu4 trinh thay d6i MCCT.

Qua trinh nap c6 lién quan téi qua trinh thai: thai cang sach, nap cang day ,
cho phép ting lugng nhién liéu cung cap cho mdi chu trinh nén nhiét phat sinh cho
chay nhién liéu ting, két qua cong gidn no ting va cong suat co ich phat ra ting
(Ne).

Chat luong ky nap cua dong co bdn ky hon hin dong co hai ky vi thoi gian
nap cta dong co bon ky dai hon (goc quay truc khuyu danh cho nap-thai & dong co
bén ky khoang 440 + 550 GQTK, trong khi dong co hai ky vao khoang 120 + 150
GQTK. Mit khac dién bién qua trinh nap cta ching ciing khac nhau vi ap suat dau
qua trinh nap trong xylanh ciia dong co bén ky luén nho hon ap suat khi quyén (dbi
V6i dong co khong ting 4p), cOn & dong co hai ky va dong co bén ky ting ap thi

nguoc lai.
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Qua trinh nap cua dong co bon ky duoc chia 1am ba giai doan:
= Chuan bj nap: xdpap nap mé twong tng véi goc ¢, = 10 + 35 GQTK
tao tiét dién luu thong xUpap nap du Ion, giam ton that khi dong luc.
= Nap chinh: nap tu nhién do chan khong trong xylanh.
= Nap thém: xdpap nap tiép tuc mé twong ung véi goc ¢, = 40 + 65
GQTK sau PCD, nhd quén tinh caa dong khi nap lam ting khoi
lwong va ap suat khi cudi qua trinh nap (p,).

Nho hiéu ing dao dong ap suat khi trong duong nap, dong co co ¢, hop Iy
s& lam tang luong khi nap méi tir 10 + 15%. Tuy nhién khi dong co hoat dong & s6
vong quay thap n<n,, nap thém giam dan, & n__ c0 thai xay ra hién tuong thai
nguoc vao duong nap.

Dé danh gia lugng khi nap thém nguoi ta str dung hiéu suat nap thém 4, (4=
0 khi khéng c6 nap thém).

Luong khi nap mai thyc té vao xylanh vao cudi qué trinh nap thuong nho
hon lugng khi nap day Iy thuyét vao (v,). Nguyén nhan la do:

= Trong xylanh con lai mét lugng khi sét ciia chu trinh trudc chiém chd
= T6n that khi dong lec trén duong nap va x(pap nap nén &p suat cudi
ky nap p, < p,.

DPé danh gia chét luong cua ky nap cua dong co, ngudi ta dung khai niém
hiéu suat nap (z,) .

Hiéu suat nap (,) [21] 1a ty s6 phan tram giita lugng khi nap thuc té vao
xylanh (M,) & dau qué trinh nén so véi luong khi nap ly thuyét (M,) c6 thé nap
day vao thé tich cong tac & diéu Kién trudc xdpap nap: (p,)va (T,) (4p suat va nhiét
do trudc xupap nap) .

_9a:M, _ G, (2.3)

u
M, PV

48



Trong do:

G, : la khdi lugng khi nap thuc té vao xylanh trong mdi chu trinh (kg/chu
trinh).

V. : la thé tich khi nap mai chira trong xylanh quy dan vé p,va T,

p, - khdi luong riéng cua khong khi o diéu kién chuan.

Véi dong co da ché tao, thé tich 1am viéc cua xylanh da biét. Khdi luong
riéng khong khi nap tinh duoc trén co sé do truc tiép ap suat, nhiét do khong khi
tredc xapap nap. Hiéu suat nap 1a thdng sb kho xac dinh ngay ca trong diéu kién thu
nghiém. Do vay hiéu suat nap chi duoc tinh gan dung. Khi viét phuong trinh hiéu
Suit nap ta gia thiét qua trinh nap két thac tai diém a (thoi diém piston & diém chét
dudi). Theo [21]:

T, 1 P. P

=—K = (=21 2.4
g T +AT 5—1(8 P, pk) (2:4)
Trong do:

p, : &p suat khi xot
£ty sb nén
T, : nhiét do khong khi trudgc xdpap nap.

Dbi voi dong co Diesel khong tang ap: 7,= 0,8 + 0,94. Hiéu suat nap cao hay
thap phu thudc vao:

= Loai nhién liéu, ty I1¢ A/F (ty 1€ khong khi va nhién li¢u), kha nang hoa
hoi cta nhién liéu (fraction of fuel vaporized), hay noi cach khéac la
nhiét 4n hoa hoi cua nhién liéu.

= Mic d6 say ndng caa khi nap mai trén duong nap

= Ty sdnén

» T dod dong co

= Bién dang hong nap/hong thai

49



= K&t c4u van nap va thai, kich thuéc hinh hoc va d6 nang van

= Thoi gian dong mé xUpap nap/thai (goc phdi khi)

2.1.3 Anh hwéng cia hinh dang heng nap dén hiéu suit nap va dic tinh

cia dong khong khi nap trong dong co Diesel.
2.1.3.1 Anh hwéng caa hinh dang hong nap dén hiéu suit nap

M6t yéu té quan trong trong qua trinh nghién ctu phat trién cua dong co dét
trong 1a cai thién chat luong dong khéng khi nap trong xylanh. Luu lwgng caa dong
khong khi qua x(pap nap va chuyén dong réi duoc tao ra bai dong chay nay anh
huong dang ké dén chit lwong hinh thanh hdn hop cua dong co, dic biét 1a trong
dong co Diesel. Mot trong nhitng chi tiét chi phéi dén ca qua trinh trén 1a hinh dang

caa cum hong nap.

Tinh chat cua truong khéng khi trong budng dbt tai thoi diém phun nhién
liéu anh huong truc tiép t6i qua trinh chay va 1a nhan to chi phdi dén hiéu suat, muc
phét thai 6 nhiém cua dong co Diesel phun truc tiép. Két hop chinh xéac cac thong
s6 phun nhién liéu, hinh dang dinh piston, ty s6 nén va hinh dang hong nap la nhiing

can nhéc quan trong trong viéc thiét ké dong co méi.

Dong khong khi dugc nap vao trong xylanh nho chuyén dong di xuéng BCD
cua piston. Vé mit khi dong hoc, dong khéng khi s& chuyén dong tir noi c6 &p suat
cao dén noi co 4p suit thap, chuyén dong cua piston di tao ra sy chénh léch 4p suat
trong hong nap va xylanh. Theo phwong trinh Bernoulli [22], d6 chénh léch ap suat
cang 16n dan dén d6 chénh léch van téc cang lén, ma theo phuong trinh bao toan
dong Iugng thi do chénh léch nay la ti 1€ thuan véi luu luong nap dugc. Nhu vay, ap
suit truge xapap nap (p,), va &p suat cudi qué trinh nap (p,) 1a hai thdng s6 co ban
danh gia khéi lugng khi nap mai vao trong xylanh ciing nhu hiéu suat nap cia dong

CO.
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Ta

IVO- diém md van nap: 10 - 35"
IVC- diém dong van nap: 40" - 65’

c) EVO- diém md van xa: 30" : 75
Loy 1 EVC- diém dong van xa: 10" + 40

d} Bce RCT PCD goc quay truc khuju

\p,.- 18n thit ap sudt loc go: \p, - 16n that ap suat dong nap qua
busm ga {duong nét lidn); \p,,- 16n that ap suit tai mat cat,
buom ga {dudng nat dit); \p,,,- 190 that ap sudt tar mat cat van nap

Hinh 2.1: Dién bién qua trinh nap dong co bon ky.
Ap suat truéc xUpap nap: P = P, —AP,. Vi Ap, la ton that ap suat do can
loc khdng khi va ton that khi dong luc trén dudng nap. Gia tri Ap,= 0,02 + 0,04
kG/m2.
Ap suat cudi qua trinh nap (p,): 1a &p suat nap méi trong xylanh khi piston

6 BCD cua qua trinh nap: p, = p, —Ap, hoac p, =p,—Ap,
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Trong d6 Ap, la ton that &p suat trong qua trinh nap xac dinh trén co sé

phuong trinh Bernoullie cho dong chay dirng khéng chiu nén:

Apa = ﬂz +§kn

Trong do:

B hé s6 xét anh huong cua giam toc dong khi nap

&, - hé sb (ton that) can ctia hong nap quy dan vé toc do khi nap.

Trén thuc té trong dong co do luu dong cia dong khi trong dudng ong nap
cling nhu dudng 6ng thai 1a khong 6n dinh, va dap trong dudng dng nén ap suat khi

bién doi trong sudt qua trinh nap ciing nhu trong sudt qué trinh thai va ap suat tai

moi vung trong xylanh cling khac nhau.

Néu gia thiét cac thong s trong hiéu suat nap 1a hang s, trir cac théng sé
dic trung gian tiép cho ton that thuy luc tai co cdu nap, thi phuong trinh hiéu suat

nap co dang:

n=Bra (2.5)
Py

Ap suat mdi chat trong xylanh tai diém a nho hon ap suat khi trugc xdpap

nap bang ton that thay luc Ap,
Pa =P — AP, (2.6)
Dbi voi dong co bon ky khong tang ap thi: Ap, = (0,03 + 0,18) p,

Trén co s¢ phuong trinh Bernoullie cho dong chay dung khong chiu nén.
Ton that thay luc Ap,,Ap, phu thugc rat 16n vao bién dang hinh hoc cia hong nap,
tiét dién, d6 nham bé mit hong nap, ciing nhu téc do dong khi chuyén dong qua

ching.
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Hinh 2.2: Hong nap dong co VIKYNO RV165-2.
Ton that thay luc Ap,,Ap, do hai nguyén nhan hai dang ton that co ban:

= Ton that doc duong ong: Khi mét dong chay chuyén dong trong 6ng
thi ludn lubn sinh ra sy mat mat ning luong do sy ma sat giira dong
khi véi thanh 6ng hoac gitra cac phan tir chat khi véi nhau. Sy ton that
ning luong cang 16n khi quing duong di chuyén trén duong dng cang
dai, do d6 su tiéu hao ning luong nay duoc goi 1a su ton that ning
lugng doc duong va dugc ky hiéu Ia hg. Tuy nhién quang duong dong
khi nap di chuyén trong duong 6ng nap la khong dai nén ta cé thé bo

qua su ton that nang luong doc dudng 6ng.

= T6n that cuc bo trong dudng dng: Ngoai ton that nang luong doc theo
dong chay, trén duong 6ng con c6 nhitng ton that cuc bo xay ra tai
nhitng vi trf c6 tiét dién dng thay dbi, tai nhitng chd uén cong hoic tai
cac van. Thong thuong, d6i véi mot duong ong dai thi ton that cuc bo
khong dang ké ddi voi ton that doc duong, nén co thé bo qua. Tuy
nhién, d6i véi nhimg dudng 6ng ngan thi ton that cuc bo anh huang

dang ké dén ton that trén duong ong.

Nhu vay, bién dang hinh hoc cia hong nap dong co ¢ anh huéng rat 16n dén

gi4 tri cua ap Suat truéc xdpap nap (p,) Va &p suat cudi qué trinh nap (p,). Bién
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hang hong nap tét gilp giam ning luong hao ton trén duong dng, gop phan ting
khéi lwgng khi nap méi vao trong xylanh, nang cao hiéu suat nap cua dong co.

2.1.3.2. Anh hwéng ciaa hinh dang heng nap dén tinh chit dong khéng
khi nap

Dong luu chat chuyén dong vao xylanh dong co trong qua trinh nap vai van
tdc cao, nén trang thai cua no 1a chay réi. Dong chay réi duoc xac dinh nhu 13 sy
chuyén dong ngau nhién cua cac phan tir khong khi bén trong dong luu chét.

Chuyén dong roi trong xylanh c6 gia tri cao trong qua trinh nap va giam dan
khi piston chuyén dong vé Diém Chét Duéi (BCD). [23]

Chuyén dong rdi cao gan diém chét trén thi s& rat cd lgi cho viéc chay khi co
su danh lra xay ra. N6 gitp qua trinh lan truyén man lira nhanh hon rat nhiéu lan.

Nhitng chuyén dong réi chinh trong dong co dét trong 1a chuyén dong xoay
quanh truc ma song song Vvéi truc xylanh (xody doc (Swril ratio: S,)) va chuyén
dong xoay quanh tryc ma vudng goc vai truc xylanh (xody ngang (Tumble:T,)).
Trong thyc té, khong thé sinh ra xody doc ma khong bao gém viéc tao nén xoay
ngang dugc, nhung nguoc lai dong lwu chét c6 thé tao nén nhiing chuyén dong xoay
ngang ma khong tao ra xody doc. Xoay doc va xody ngang hay su két hop gitra hai
chuyén dong xoay nay la dai dién cho nhitng chuyén dong chinh cta dong luu chat
trong xylanh, ngoai ra con ¢ nhitng chuyén dong phuc tap cé thé sinh ra ¢ ti 1é nho

hon.

a. Hé so xody doc (Swirl ratio: S,)

Chuyén dong quay caa dong khi bén trong xylanh quanh truc doc duoc goi la
hé s xody theo phwong doc (S,). Hé sb xody nay gitp ting cuong sy hoa tron cua

khong khi va nhién liéu thanh mot hdn hop dong nhat trong mot thoi gian ngan. N6

cling 1a co ché chinh dé ngon lira lay lan nhanh chéng trong qua trinh chay.
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Hé s6 xody doc (S,) c6 thé tao ra bang cach xay dung cau truc hong nap
cung cap maot thanh phan tiép tuyén véi dong khi nap di vao xylanh. Diéu nay dugc
thue hién bang cach tao hinh dang va duong vong quanh hong nap, ranh hat va mat

piston.

Hinh 2.3: Hé s6 xoay theo phuong doc [24].

Anh hudng ciia xo4y theo phuong doc dbi véi qua trinh hoa tron khong khi —
nhién liéu: trong dong co Diesel, thoi gian hoa tron giita khong khi — nhién liéu dién
ra trong thoi gian rat ngin. Gia ting swirl (hay ting S,) trong budng chay s& lam
day nhanh qua trinh hoa tron khong khi — nhién liéu trong xylanh. Qua d6, 1am giam
lugng SOOT sinh ra trong qua trinh gidn nd, giam tiéu hao nhién liéu. Tuy nhién,
tang swirl cling 1am ting su phan b dong déu cua nhién lidu trong budng chay, 1am
tang nhiét d6 budng chay. Su ting nhiét do nay 1a didu kién thuan loi dé ting luong

NOx sinh ra do qua trinh chay.

Ty s6 xody: 1a mot thong s khong co6 thir nguyén, dung dé xac dinh sb luong

chuyén dong quay trong xylanh, va dugc xac dinh theo hai cach khac nhau:

S, :g_i [25] 2.7)
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C, 1a van téc tiép tuyén cta dong khi trong xylanh

C, la van tdc hudéng truc cuia dong khi trong xylanh

c, = Vu 2.8)
Dz~
4
Trong do:

V, : Van toc dong khong khi thuc té vao trong xylanh

D : duong kinh cua xylanh

b. Hé sé xody ngang (Tumble ratio: T, )
Xoay ngang la chuyén dong xody véi truc xoay vudng goc véi truc xylanh.
Chuyén dong xody nay thuong xay ra & bién dang dinh 16m cua piston.
Chuyén dong xoéay ngang trong xylanh phu thugc rat nhiéu tir hinh dang cua
dinh piston, vi tri ctia d6 16m dinh piston, bién dang hong nap, ti s6 nén, téc do dong

o, ...

Hinh 2.4: Hé s xody theo phuong ngang [24].
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2.1.4 Tinh toan qua trinh nap dong co VIKYNO RV165-2

Qua trinh nap caa dong co VIKYNO RV165-2 dugc tinh toan chi tiét trong
phu luc 1

2.2 Co s& ly thuyét vé dong luc hoc lwu chit va tinh toan md phéng
trong Ansys — Fluent

2.2.1 Cac phwong trinh bao toan

M6 phong dong luc hoc luu chit (CFD) 1a phuong phéap sé dé giai cac bai
toan cua dong luu chat khdng 6n dinh va chuyén dong rdi. Céac bai toan véi dong
chuyén dong da chiéu luon duoc giai dya trén hé phuong trinh vi phan cua cac
phuong trinh bao toan khdi luong, dong luong va ning luong theo thoi gian va
khong gian. Pé don gian hda, trong phan nay ta chi xét dong chuyén dong mot pha,
mét thanh phan.

2.2.1.1 Phwong trinh bio toan khéi lhrgng

Xét phan tir ¢d thé tich dV =dx dx,dX, nhu hinh 2.5

Trong d6: X,, X,, X,: 1a chiéu dai, rong, cao caa khoi khdng khi hinh lap
phuong.

Gia dinh phan tir nay ¢ dinh trong khong gian, con dong luu chat di chuyén
vao va ra khoi phan tir. Khdi lugng trong phan tir dugc xem xét sé tang néu khoi

lwong vao Ion hon khéi lugng ra va nguoc lai.

Can bang khdi lugng:

£ (e i) =cm, +dm, +dm, (2.9)
Trong do6:
dm, =m, —m, g, =dx,dx, ( ,0191)X1 —dx,dx, ( ,0191)X1+ " (2.10)

Va twong tur Vai c&c s6 han con lai.
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X3 X, :f \
Lo/ "

X1, d 1 (i)
(), s

Hinh 2.5: Phan tir khong khi

Khai trién chudi Taylor cho sb hang trong phuong trinh (2.9):

(10‘91) i =(P'91) +i(10’91) dx, (2.11)
X+ X OX X

Thay phuong trinh (2.10) vao phuong trinh (2.9)

0
dm, =—dx,dx, &( ,0191)Xl dx, (2.12)

Va twong tur cho cac s6 hang con lai.

Két hop (2.9) va (2.12), dang tong quat cua phuong trinh bao toan khoi

luong la:
op O

Theo quy tic Einstein:
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op O op 0 0 0
Ep+&i(pn9i)ng"'&(p‘gl)"'gz(p‘gz)"'g(p‘gs) (2.14)

3

Bién d6i phuong trinh (2.13) thanh:

= 2.15
ot ok ox (2.15)
Véi luu chat khong bi nén, ta c6 p =const :

6\ _ 03 _
duv(9)=8—xi_o (2.16)

2.2.1.2 Phuong trinh bio toan dong luwgng

Phuong trinh bao toan dong lugng dugc xay dung cho ting phuong X, X,
Va X,, theo nguyén tac: su thay d6i dong lugng theo thoi gian s& bang tong ngoai

luc tac dong 1&n phan tir dang khao sét . Phuong trinh ¢6 dang:

o(p8) 4 0(r%)

= — + =+ F., :1’2,3 2.17
T ok ox P (217)
[P T g
Trong d6 ;; la tensor ing suat: z; =| 7y, Tyy, Ty, (2.18)
Do Txe Ty
F, langoai luc: F =F,=0,F,=-g (2.19)
L 09 .
Theo Stokes (1845): 7, = i %+—‘ —5”3 94 (2.20)
ox, o 3" ox

Trong d6 d;; la ham delta Kronecker, d; =0 khii # j, d; =1 khii =

V6i luu chit khong nén duoc ? =0, phuong trinh (2.16) trd thanh:
X .

]
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89, 09 ap 029, .
pl =2+ Jj:— +u—s+pF, j=12,3 (2.21)
{ ot X ox; " ox .

2.2.1.3 Phuong trinh bao toan niang luwgng

Cung véi phuong trinh bao toan khéi lugng va dong lugng, phuong trinh bao
toan ning luong gilp md ta sy phan b van tdc, nhiét do va ap suat trong dong luu
chat. Dang tong quét cia phuong trinh ning luong cho thé tich kiém soat cb dinh
trong khong gian:

E_

o E,—E +Wg +Wp +W_+Q,, — Q. (2.22)

out

Bo6 qua thé niang, st dung quan hé h=u+ p/ p, phuong trinh nhiét nang viét

lai dudi dang:
oh oh
pdxldXZdXS (E + I9| &Ij = Qin - Qout +Wdiss (223)
W, cong thém vao thé tich kiém soat do tiéu tan, thuong bo qua trong phan

I6n bai toan.
Gia thiét nhiét truyén chi do tiép xdc, bo qua truyén nhiét buc xa, thi nhiét

truyén theo hudng x s& la:

. . o0
Qxl.in - Qxl.out = _dxldXB aq—xi(l dxl (224)
oT
=-k— 2.25
-2 (2.25)

k: hé s dan nhiét, 1a hang s6

Thay vao (2.21), phuong trinh nhiét nang tré thanh:

oh oh o°T
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Néu luu chat c6 thé mé ta bang phuong trinh trang thai khi 1y twéng:

oT oT o°T
c [, | 2T 2.27
p“(aﬁ 'GXJ ox’ (2.27)

2.2.1.4 Phuong trinh Navier-Stokes

Phuong trinh Navier — Stockes [26+44] la hé cta cac phuong trinh bao toan
lwu lwong khéi luong, dong luong va ning luong. Phuong trinh Navier-Stockes viét
cho trudng hop dong chuyén dong ba chiéu, cé nhét, khong trao d6i nhiét va khong

c6 ngoai luc khéi tac dung c6 thé viét dudi dang sau:
a. Trong hé toa do Descartes

U E(U) oF(U) a6U)_, (2.28)
ot ox oy oz

Trong d6 U, E, F, G dugc xac dinh nhu sau:

U=[p pu pv pw ,oE]T (2.29a)
_ . _
pUZ+p—1,
E= puv—1,, (2.29b)
PUW—T,,
puH —uz, —vr,, —wr,, +0q,

ol
P -1,
F = pV2 +Pp _Tyy (2290)
PUW—T,,

_va —Uur,, —Vzr,, —Wr,, + qy_
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PW
PUW—T,,
G= PW—T,, (2.29d)
POW +p—1,,

pWH —uz,, —vr,, —Wr,, +0,

Dong tht nhat ciia phuong trinh (2.28) tuong ng V6i phuong trinh lién tuc;
dong tht 2 dén thir 4 twong tng véi phuong trinh dong luong chiéu lan luot trén ba
phuong x, y, z; dong thir 5 la phuong trinh nang luong. Trong do6 u, v, w la cac
thanh phan vector van tc cua van toc V. Cac thanh phan gy, q,, g, 1a thong lugng
dan nhiét chiéu trén ba phuong X, y, z cua hé quy chiéu Descartes;
s Txyr Tz Tyoor Tyys Tyzr Tzr Tay T2z 12 thanh phén ciia tensor ¢mg suét nhot:

Txx Txy Txz

=Ty Ty Ty (2.30)

Tox Ty Tz

Ki hiéu 7;; dugc quy wéc la thanh phan Gng suat vudng goc véi truc i theo
huéng cua truc j. Cac thanh phan ,,,T,,, 7., 1a (tng suat phap tuyén va cac thanh
phan con lai caa tensor (ng suat 1a tng suat truot. Gid tri ung suat nhot phu thuoc
vao tinh chat khi dong hoc ciia méi trudng. DI voi chat long, khong khi hay nudc,
Newton cho rang ching phu thudc vao gradient van téc do d6 nhiing luu chét nhu
vay goi 1a luu chat Newton. Tuy nhién ciing c6 vai chat long cu xtr ngoai 1é nhu

méu hay nhya néng chay goi la chat 16ng phi Newton.
b. Trong hé toa do tru:

Phuong trinh Navier-Stokes theo phuong r:

ou, ou, U,ou  ou op 10( ou ) 10%, 0%, 231
_r —r 40 r = |==Z ol r=|+= f .
p[at+ur o "rae i m )T Ta v ar ST ae T TP (2:31)

Phuong trinh Navier-Stokes theo phuong 6
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ou ou ou ou 0 o, 0%u, o4
p[#wra_fw"a_nga_zaj:_ﬁw[ar29+6929+ azzg}rpff’ (2:32)

Phuong trinh Navier-Stokes theo phuong z:

ou ou, Uu,aou au op 10( ou,) 10%, o4u
z 2, “oYY, z | _YF - z —_ "z Z f 233
p[at”f ar Trae T 6zj ar“‘[rar(r arJ+r2 ot [t (239)

2.2.2 M0 hinh Cold Flow Analysis trong module IC Engine ctiia Ansys

Phan tich “Cold Flow” lién quan dén md hinh dong khong khi va cé thé phun
nhién liéu trong chu ky dong co lién tuc ma khéng c6 phan tng xay ra [27]. Muc
dich 1a d& nam bat qua trinh hinh thanh hdn hop bang céch tinh toan chinh xac sy
tuong tac cua chuyén dong hinh hoc véi dong luc hoc chét long cua quéa trinh hoat
dong. Cac dic tinh thay d6i cua dong khi vao trong xylanh véi sy xody 16¢ qua cac
van nap va van thai dong c6 thé duoc xac dinh. Thong tin nay rat hiru ich dé dam
bao rang cac diéu kién trong xylanh & cudi qué trinh nén 1a phi hop cho qua trinh
d6t chay va lan truyén ngon lira. Do x0ay 16¢ cao tao diéu kién thuan lgi cho viéc
lan truyén ngon ltra nhanh chéng va qua trinh chay hoan toan trong ky sinh cong.
Mot hdn hop va do xoay 16c¢ tot 1a rat quan trong dé dam bao ty 1¢é khong khi - nhién

licu phd hop trong sudt qua trinh dot chay.

Thiét 1ap mo hinh CFD dé phan tich Cold Flow lién quan dén viéc phan b
c4c thdng tin can thiét dé tinh toan chuyén dong cua xUpap va piston ngoai cac diéu
kién bién, md hinh réi va céac thdng sb khac. Biéu nay bao gom viéc xac dinh hinh
dang xupap va piston, cing véi do nang xdpap va cac dic tinh hinh hoc dong co dé
tinh toan vi tri cia ching nhu 1a mot ham cua goc quay truc khuyu. Bai vi khoi
luong khi trong xi lanh thay doi hinh dang trong suét cac qua trinh cho nén luéi
phai thay doi cho phu hop. Cac phuong phap khac nhau dé ty dong sira doi luéi

trong qua trinh chuyén dong ciing can duoc xac dinh
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Viéc xir Iy hinh hoc ciing rat quan trong bao gém viéc khai bao thanh phan di
dong va thanh phan di chuyén ciing nhu 13 4p dung ting loai ludi cho ting bo phan
dé thich hop voi phuong phap giai. Bat ky 16i nao trong buéc ndy ciing déu co thé

dan dén thit bai trong viéc bat dau tinh toan.
2.2.3 Mb hinh dong chay rdi

Giai phap dua trén phuong phap thé tich hiru han. Céac giai phap thuét toan
cho phép str dung linh hoat trong bat ky ludi phi cau triic bao gom lu6i khéi da
dién. Cac ma lénh code giai quyét dong chay khong nén va dong chay nén, bao gom
ca dong chay siéu &m. M6 hinh chay rdi hién dai dugc thuc hién dé tinh toan chinh
xéac cac dong chay réi. M6 hinh chay rdi 1a nén tang trong cong nghiép md phong
dong chay chinh xac. Hau hét cac van dé trong mo phong dong chay chét luu gip
phai 12 dong chay rdi. Do d6, mé phong chinh xac chuyén dong chay réi 1a vo cing
quan trong, va lam co s dé c6 thé mo phong chinh xac dong chay thyc. Piéu nay 1a
dic biét can thiét, chuyén dong roi khong chi xac dinh chi tiét cua dong chay, ma

con anh hudng dén nhiéu qua trinh vat 1y va hoa hoc c6 thé dién ra [28].

Céc mo hinh chay roi:

M®& hinh Spalart Allmaras
MO hinh k —¢

. Mo hinh g suat Reynolds
M6 hinh chay réi Hybrid
. M6 hinh k — ¢ — f

Trong d6 mé hinh k — & dang duoc ing dung nhiéu hon. M hinh chay réi k-
& gdm phuong trinh xac dinh ning lugng rdi k va phuong trinh x4c dinh d6 phéan tan
dong nang rdi e dé dong kin hé phuong trinh trung binh thdi gian cua dong gdm

phuong trinh lién truc va phuong trinh Navier-Stokes Reynolds.

* Phuong trinh lién tuc dong chuyén dong chiu nén:

+ +
oX oy oz

o(ps,) 2(rY) 8(p92) ap_, (2.34)
o
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* Phuong trinh Navier-Stokes Reynolds:

ot o ox | \ox, ox 3 Uax

i i 1 J

0 0 _op 0| [eu ou 2 _ou |l dpf —
_(pui)+&(puipuj)_——+—[y( +—-=4 _j]+_x(_’0uiuj) (2.35)

* Phuong trinh x4c dinh ning luong réi k:

5 8 op( u ok
E(Pk)“‘&(/?kui):&[O_—tg]"‘zﬂtEuEij - pe (2.36)
. | o, ox,

i J
* Phuong trinh xac dinh do phan tan dong nang réi e:

0 0
a(/?g)Jf&(PgUi):

op| H 08
k

2
& &
+C,—2uE.E —pc—-C, p— 2.37
axj O'g anJ le lut ij —ij p ng k ( )
Trong do:
u;: van toc theo cac phuong
p: khéi lugng riéng
kZ
ue = pCy, — do nhét
E;;: bién dang trung binh cta phan tir luu chét
Cac hiang sb hiéu chinh: €, = 0,09; C,, = 1,44; C,, = 1,92; 0} = 1,00;
o, = 1,30.
2.3 Co sé ly thuyét mang no-ron nhan tao (ANN)

Mang no-ron nhan tao (ANN) la mot phuong phap may hoc, c6 kha nang
tinh toan va du bo gia tri cua bién dau ra khi biét thdng tin cua cac bién dau vao
[29]. M6t mang no-ron nhan tao thuong duoc cau thanh bai cac thanh phan: nat
(no-ron), cac 16p (layers), cac trong sb va cac ham kich hoat.

2.3.1 Nut

Trong mang no-ron, cac nut chira cac gia tri dau vao, cac gia tri trong qua

trinh tinh toan va két qua dau ra. Cu thé hon, cac nut dau vao nhan cac gia tri cua
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bién doc lap (bién thiét ké), qua qua trinh xur ly, cac gié tri nay duoc bién di va
duoc chuyén dén cac ndt trong I6p an. Cac ndt an nhan dau ra tir cac no-ron dau
vao, tinh toan cac dau ra méi va chuyén ching sang céc 1op ké tiép nhau hoic lop

dau ra.
2.3.2 Lop

Lép chta cac ndt, gidp truyén thdng tin trong mang no-ron. Cac nit thudng
duoc chia thanh nhiéu 16p khéc nhau, véi mdi 16p tng véi mot ham kich hoat nhat
dinh. C6 t6i thiéu hai I6p trong mang than kinh: Lop dau vao va dau ra. Cac 16p

khac ngoai |op dau vao va dau ra goi 12 16p an.
2.3.3 Trong so

Trong s6 1a mot thanh phan quan trong trong mang no-ron, cac trong sé duoc
tng dung dé tinh gi4 tri dau ra tai mot no-ron tir cac gié tri dau vao cua né. Cu thé

hon, cac gia tri tai 16p dau vao s& tac dong dén cac no-ron khac trong cac 16p an
]

thong qua t6 hop tuyén tinh D wx +b,, voi i=1n,, j=1n, trong d6 no, n: lan
i=1

luot 12 sb bién dau vao va sb no-ron tai 16p an tha nhat. Tai cac l6p an, tin hiéu caa

I6p vao s& dugc xir Iy bang mot ham kich hoat va truyén dén cac 16p an khac théng
qua té hop tuyén tinh iV\/i.rxi. +by wiij v6i i'=1n,, j=1n,,, trong d6 ni, N lan
i1
luot 14 s6 nut tai 16p an tha k va k+1. Cudi cing, thong tin tir 16p an s& duoc téng
hop truyén qua lép dau ra théng qua to hop tuyén tinh ivvi..jxi“ +by.j véii"=1n,,
i-1
j=1n,,, trong do mi, Nis1 1an luot 12 sé nt tai 16p an thie | va 16p 4n cudi cling.
2.3.4 Ham kich hoat
Tai mdi 16p tha k, ham kich hoat ¢6 nhiém vu lam tron tru hodc chuan hoa
c4c gid tri cua to hop tuyén tinh iwi,j.xi. +b, tai Mot nut trude khi n6 duoc truyén
=

dén cac nat khac trong 16p tiép theo. Mot s6 ham kich hoat théng dung gém:
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Ham tuyén tinh:

Xj =C(Zk:vvi,j.xi.+bj.]
i'=1

(2.38)
véi ¢ 1a hing sé.
Ham sigmoid:
1
Xi' = g
—[Zwi.j.xi.+bj‘]
l+e ™ (2.39)
Ham Tanh:
le = nk2 —1
Z[Zwi,j,xi.+bj,]
l1+e 7 (2.40)

Mot s6 ham kich hoat thong dung khac gdm ham Relu va Softmax
2.3.5 Qua trinh lan truyén thing ciia mang no-ron

Nhu vay, véi viéc thiét 1ap cac nit, cac 16p, cac bo trong sé va cac ham kich
hoat twong ng, ta c6 thé tinh duoc gia tri dau ra khi dua vao bo gia tri dau vao bat

Ky. Qua trinh trén goi la qué trinh lan truyén thang va duoc tém tat boi Hinh 2.6,
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Lép diu vio ipa Lop diura

| Ham kich
" hoat1

Ham kich
hogt 3

Ham kich
hoat 2

-

Hinh 2.6: Qua trinh lan truyén thang cia mang no-ron [30].
2.3.6 Qua trinh lan truyén ngwoc ciia mang no-ron

Thong qua qua trinh lan truyén thang, tir mot bo gia tri dau vao x, ching ta
c6 thé du doan mot gié tri dau ra ypred bat ky. Nhiém vu con lai 1a diéu chinh b
trong sé6 w va léch (bias) b sao cho céc gia tri du bao ypred gan véi gié tri thuc té
nhat y cd thé. Viéc danh gia mirc do gan xa cua cac gia tri du bao so vai gia tri thuc
té duoc thuc hién théng qua sai s6 binh phuong (MSE) trén tap huan luyén. Hay noi
cach khac, ta can ti thiéu hoa sai sb binh phuong MSE trén tap huan luyén, voi
MSE duoc tinh bang:

N N

Z(ypredi —Yi )2 Z( f (Xi1W1b)_ Yi )2
MSE (w,b) ==— =12 N = MSE(2) (2.41)

Trong cdng thac trén, N 1a s6 phan tir trong tap huan luyén; z la véc-to chta
cac trong s6 w va b. G mdi lan lan truyén nguoc, qua trinh diéu chinh z nham téi

thiéu hoa MSE dugc thuc hién thdng qua thuat toan Gradient Descent vai:
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Z,., =2, —NVMSE(z,), trong d6, z,,2,,, lan lugt 1a gia tri cua bo tham so tai
vong lap k va k+1; y la mot sb thuc duong di nhé va VMSE(z,) 13 véc-to gradient
cia MSE duoc tinh taiz, .

2.4 Giai thut tién héa vi phan

Giai thuat toan tién hoa vi phan DE [31] 1a mot phuong phép tdi wu toan cuc
duogc thiét ké danh cho ca dix liéu lién tuc 1an roi rac. Pay 1a mot thuat toan tbi wu
pho bién, hiéu qua, duoc wng dung rong rai trong nhiéu linh vuc [32+33]. Goi f(x)
la ham muc tiéu can tbi wu, trong d6 X 1a mot véc-to N chiéu. Giai thuat DE tim
kiém cac giai phap toi wu qua cac thé hé (vong lap). Trong mdi thé hé, DE tim cach
phét trién bo dan sé gom NP cé thé, trong d6 mdi cé thé, twong ang véi mdi loi giai
kha thi 12 mot véc-to x N chiéu, mdi chiéu duogc goi 1a mot gene, chira théng tin cua
mot bién thiét ké cu thé. Thuat toan DE, bao gom céac budc khoi tao, dot bién, lai
tao va chon loc, dugc tom tit ngan gon nhu sau:

2.4.1 Qua trinh khéi tao

NP c4 thé duoc khai tao ngiu nhién, trong d6, mdi ca thé duoc tao bai cong
thirc sau:

X ; =X +rand[0,1]x(x —x}) i=12,..,NP; j=12,..,N (2.42)

Véi x! and x! 1a gi6i han duéi va gi¢i han trén cta bién thiét ké x;; rand
[0,1] 1& mét s thuc c¢6 phan phdi déu trén [0,1] va NP 14 s6 cé thé can khdi tao.
2.4.2 Qua trinh dot bién

Trong giai doan nay, mdi cé thé xi trong bd dan s6 ban dau sé& tao thém maot véc-
to dot bién vi thdng qua toan tir dot bién. Mot vai toan tir dot bién théng dung duoc trinh

bay nhu sau:

- rand/1: Vi =X +Fx(x, =x,) (2.43)
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Vi =X, Fox(x, =% )+ Fox(x, =x,) (2.44)

- rand/2:

- best/1: Vi = Xpes + F (X, =) (2.45)
- best/2: Vi =Xpe +Fx (X, =X, )+ Fx(X, =X, ) (2.46)
- current-to-best/1: Vi =X P O =) + P 06, =) (2.47)

Vi 11, 12, I3, Ia, s 1a nhitng s6 nguyén duwong duoc lya chon ngau nhién tir
tap {1,2, ..., NP} Xrest 12 c& thé tét nhat trong bo dan sé hién tai; va F 1a mot sé
thue duoc chon ngau nhién trong doan [0,2] dong vai trd kiém soat “do dai budc dot
bién”. Trong luan an nay, toan tar dot bién rand/1 duoc st dung. Tir cong thuc cua
toan tir rand/1, ta co thé thay rang khi F = 0 thi véc-to dot bién v, s& bang mot véc-
to khac dugc chon ngau nhién trong dan so, nguoc lai v, s& bang mot to hop tuyén
tinh cua 3 véc-to trong dan sb. Viéc lya chon gia tri caa F phu thudc nhiéu vao kinh
nghiém ctia ngudi sir dung va van dé can nghién ciru. Tuy nhién, théng thuong, khi
F nho, DE s& khong thé kham pha khong gian tim kiém maot cach c6 hiéu qua, do
d6, khong thé dat dugc giai phap t6i wu khi thuat toan két thuc. Nguoc lai, khi F
I6n, cac gia tri dot bién duoc tao ra thuong cé su bién dbi manh so véi gia tri goc,
diéu nay dan dén hién twong cac gia tri tim kiém chi dao dong xung quanh gia tri toi
vu chir khdng hoi tu vé gia tri toi vu khi thuat toan gan hoi tu. Theo cac khao sat

ctia [32+33], gia tri v; €[0.7,1] thuong cho cac két qua mang tinh 6n dinh cao hon.

2.4.3 Qua trinh lai tao

Trong giai doan ndy, c4c cé thé x; tiép tuc tao thém cac véc-to thir ui bang
cach thay thé ngau nhién mot sé thanh phan (gen) cua xi boi cac thanh phan tuong
ung cua vi thdng qua toan tu lai tao:

1

v. ifrand[0,1]<CR
" | %, otherwise

(2.48)
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V6i ie{1,2,..., NP}; je {1,2,...,N} va CR la tham sé diéu khién duoc chon
ngiu nhién trong doan [0,1]. P4i véi tham sb diéu khién chéo CR, cac véc-to thir ui
s& ¢6 xu hudng gidng vai véc-to dot bién vi khi CR — 1 va gan giéng véi véc-to
gdc xi khi CR — 0. Theo [32], CR tét nhat trong roi vao khoang [0,3; 0,7].

2.4.4 Qua trinh chon loc

Trong giai doan nay, ta so sanh cac véc-to thir Ui vai cac véc-to X; tuong tng
va chon véc-to c6 ham muc tiéu tot hon vao thé hé ké tiép.
2.4.5 Piéu kién dirng caa giai thuat DE

Thong thuong diéu kién dé giai thuat DE dirng khi thoa mot trong hai diéu

Kién sau:
« Qg=lterm (2.49)

- A :‘ fmean,g —f

ot (2.50)
Trong d6, g 1a s6 vong lp hién tai va Iterm 1a sé vong lip téi da duoc nguoi

dung thiét 1ap, A €{107,0 | 1a mot s6 dwong rat nho duoc chon 1am gié tri ngudng;
g P

f la gia tri trung binh cta cac ham muc tiéu (ng véi loi giai kha thi tai vong lap

mean, g

tha g; f,.. . & gia tri ham muc tiéu tt nhat tai vong lap th g.

best,g
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Chuong 3
NGHIEN CU'U CAI TIEN CUM HONG NAP

3.1. Po dac, danh gia tinh nang hoat dong cua dong co VIKYNO
RV165-2 hién hiru.

Nham ting tinh chinh x4c va kiém chiing nén qua trinh do dac, danh gia cac
thong s6 k¥ thuat cua dong co VIKYNO RV165-2 hién hitu duoc thuc hién dong
thoi ¢ hai noi: tai phong thtr nghiém trung tim R&D cua SVEAM va Vién Co Khi
bong Luc tai Bai Hoc Bach Khoa Ha Noi. Muc dich cua viéc danh gia nay 1a xac
dinh céc tinh ning hoat dong cua dong co VIKYNO RV165-2 hién hiru dé lam co s

so sanh cho qua trinh cai tién sau nay.
3.1.1 Thuc nghiém danh gia
3.1.1.1 So' @b thuc nghiém

So db bb tri thuc nghiém:

-T—Lﬂ

"
Ban diéu khién *
4

- u&é\

—_— nhien N AvL
; >_3|'53

T ----+ Bgm

[ Bgaied |—T Eu _lu;:_-'___ e i

khign tay ga Le==ti= s ._____.: ........ < Khéng khi nap
THA 100 MY

Hinh 3.1: So d6 b tri thuc nghiém do tinh ning k§y thuat caa dong co.
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Hinh 3.3: Pong co sau khi lap dat xong trén bang thir.

3.1.1.2 Giéi thiéu so lwoc cac thiét bi ding trong qué trinh thwc nghiém

Trén céc hinh 3.1, 3.2 va 3.3 thé hién hé thong thir nghiém bao gom cac thiét
bi chinh sau: Phanh dién APA 100; Thiét bi do tiéu hao nhién liéu AVL 733S; Bo 6n
dinh nhiét d6 nhién liéu AVL 753; Bo diéu khién tay ga THA 100 va céc thiét bi phu

tro khac.
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a. Phanh dién APA 100

Hinh 3.4 thé hién so do nguyén ly 1am viéc cta phanh dién APA 100 sir dung
trong phong thtr. Phanh nay c6 thé hoat dong duoc & ché d6 phanh dién va dong co
dién. Tac dung twong hé gitra luc tir cia stator va rotor s& tao ra tai trong cho dong
co hoic kéo dong co ddt trong quay. Vo stator do duoc dat trén hai gbi d& nén ciing
c¢6 xu huéng quay theo. Mot cam bién luc (loadcell) giir vo stator ¢ vi tri can bang va
xéac dinh gié tri luc twong hd nay. Thay doi gia tri cua luc nay bang cach thay doi
cudng do dong dién vao bang thir. Téc d6 quay cia bang thir dugc xac dinh bang cam
bién toc d6 kiéu dia quang. Cong suat 16n nhat cia bang thir ¢ ché do dong co dién
1 200kW, ¢ ché d6 phanh dién 1a 220kW trong dai téc do tir 2250 dén 4500 v/ph, toc
d6 cuc dai 8000 v/ph. Bing thir duoc trang bi cac hé thong diéu khién, xt Iy s6 liéu
ty dong va hién thi két qua. M6 hinh hoa nhu PUMA, EMCON 300, Concerto va
ISAC 300 gitip cho qua trinh diéu khién duoc dé dang va bao dam két qua thir nghiém

chinh xac.

AAL

NAAAASANNAAN
'

Hinh 3.4: So d6 nguyén ly lam viéc cta phanh dién APA 100.

T truong tuong hd gitra rotor va stator tao ra moment can vai rotor va can
bang véi md men dan dong tir rotor (rotor 1a cum phanh dugc ndi véi truc dan dong
tir dong co). Cudng do tir trudng twong hd gitta rotor va stator duoc diéu chinh dé
tang hoac giam mo men can trén truc dan dong tir dong co. Kha ning thay d6i moment

phanh thich hop cho viéc diéu khién tu dong & cac ché d6 thir cua dong co.
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Cum phanh c6 chirc ning lam viéc & ché 46 may phat (phanh d6i véi dong co)
va ché do dong co (kéo dong co quay) nén c6 thé dung dé chay ra nguoi va thuc
nghiém dong co trén cing mot bang thir. Ngoai ra cong suat dong co duoc hap thu
va bién d6i thanh nang luong dién trong thiét bi (phanh). Dong dién nay qua bo bién
tan va dugc dua ra ngoai. Pic biét phanh APA 100 con cd chirc ning md ta CAC StcC
can 1én dong co nhu dong co dang 1ap trén 6 t6 chay trén duong bing phan mém
ISAC.

b. Thiét bi do tiéu hao nhién liéu AVL Fuel Balance 733S

Hinh 3.5 thé hién so d6 nguyén ly 1am viéc cua can nhién liéu (Fuel balance
733S) st dung trong hé thdng thiét bi thir nghiém. Thiét bi nay thuc hién theo nguyén
1y do kiéu khéi luong, c6 vai trd quan trong quyét dinh dén do chinh xac lugng nhién
liéu tiéu thu cia dong co.

Can nhién liéu 733S ding cam bién do luu lwong nhién liéu tiéu thy cung cap
cho dong co bang cach can lugng nhién lidu trong binh chira. Can nhién liéu 733S
ding cam bién do luu luong dé xac dinh luong tiéu thu nhién liéu. Yéu cau cam bién

phan &ng vai toc do nhanh, d6 nhay va do chinh xac cao.

10

Ji X

-
-
-

. f”- -
Bé a& thiét-bi cdf ‘g,,. =5 =
11 dinh : =

12 s

Hinh 3.5: So d6 nguyén ly hoat dong cua thiét bi can nhién liéu 733S.
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1. Nhién liéu cdp vao thimg do; 2. Nhién liéu t&i dong co; 3. Nhién liéu hoi tir déng
co; 4. Ong théng hoi; 5. Cdac ong néi mém; 6. Thing do; 7. Thanh can; 8. Lo xo 1&; 9.
Can bi; 10. Cam bién heu lwong; 11. Thiét bj giam chdn, 12. Van dién tir dwong nap
Bit ddu qua trinh do, nhién liéu duoc cap diy vao thung do 6. Luc nay luc ti
lén cam bién Iuu luong 12 16n nhat. Van dién tir 12 déng lai ngian khong cho dong
nhién liéu vao thung do trong khi dudng cip vao dong co van ma. Bang thoi véi qua
trinh d6 bo phan dém thoi gian hoat dong. Khi nhién liéu trong thung chay hét dong
nghia véi lyc ti 1én cam bién luu lwong bang O tirc 1a qua trinh do da két thic. Dya
vao cac két qua thu duoc, ECU s& tinh ra lugng nhién lidu tiéu thu cua dong co.

c. B¢ on dinh nhiét dg nhién ligu AVL 753

Nhiét do nhién liéu trong hé théng khdng giéng nhu nhiét do nhién liéu trén
duong cung cap do c6 duong nhién liéu hoi mang nhiét tir dong co. Do d6 mat do
nhién liéu thay ddi lam sai léch két qua do. Thiét bi AVL 753 ¢6 nhiém vu diéu hoa
nhiét do nhién liéu déng thoi dam bao cung cap on dinh luu lwgng nhién liéu cho

dong co.

Thiét bi AVL 753 dung nudc vong ngoai 1am mat lwong nhién liéu da duoc
dinh sin tir can nhién liéu. Luu lwong nhién lidéu dugc dam bao bang mot bom trén

duong nhién liéu cung cp cho dong co.
3.1.1.3 Nguyén ly do va quy trinh thuc hién qua trinh thwc nghiém
a. Ldp dat va hiéu chinh déng co trén bang thir

Pong co VIKYNO RV165-2 dugc lap dit trén bang thir dong thoi hé thdng
nhién liéu cia dong co duoc hiéu chinh theo céc thdng sé ky thuat caa nha san xuat.
Hé théng 1am mat va boi tron duoc gitr nguyén dé thé hién nguyén trang dong co.
Hinh 3.2 thé hién qua trinh ldp dit dong co VIKINO RV165-2 1én bang thir. Sau khi
hoan thanh cac cong viéc ldp dat va hiéu chinh, dong co duoc chay ra ngudi & toe do
1000 v/ph; chay ra néng & cac ché do khéng tai, 50% tai/1400 v/ph, 75%
tai/1800v/ph. Thai gian chay & mdi ché d6 1a 30 phat. Sau khi két thic thoi gian chay

ra, thuc hién do cac thong sb van hanh cia dong co.
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b. Do dac tinh dong co

Céc duong dac tinh thé hién tinh niang kinh té ky thuat ciia dong co biéu thi
qua céc gia tri cong suit, suat tiéu hao nhién liéu & cac ché do hoat dong khac nhau.
CAc gia tri Moment, cdng suét, suat tiéu hao nhién liéu va cac thdng sé khac cua dong
co dugc do trén bang thtr, bao gém cac budc sau:

= Thir nghiém xay dung dic tinh ngoai (moment, téc d6 va tiéu hao nhién
liéu) tng Vi 5 gid tri toc do tir 1800 dén 2400 (v/ph) véi bude thay doi
téc do 1a 200 (v/ph)

= Thir nghiém do sudt tiéu hao nhién liéu cia dong co RV165-2 tai cong
suat dinh mac : Ne = 14 Hp tai s6 vong quay 2200 (v/p)

3.1.1.4 Két qua thyc nghiém do cac thng s6 van hanh caa dong co

Thir nghiém xay dung dic tinh ngoai, gom: moment (Me), cdng suat (Ne) va
tiéu hao nhién liéu (ge) tng vai 4 gia tri toc do tir 1800 dén 2400 (v/ph)

—e— Moment

—m— Cbng suat

—a— STHNL
5.2 17.0 370
- r— " lhes 360
2 ®
\ 6.0 350
s 519 Q  pao G
d 15.5 =
=, & 830 2
< 5.10 150 £ =
g = 320 né
145 T
S 5.05 = o
2 S 310 =
gl \ B 300
A\ s 290
4.95 2 13.0 P80

1800 1900 2000 2100 2200 2300 2400
Téc d6 (rpm)

Hinh 3.6: Dac tinh Me, Ne va ge theo téc do dong co.
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Két qua dudi dang bang:

Bang 3.1: Két qua do cac thong sb dic tinh ngoai cua dong co.

n (rpm) Ne (Hp) M. (KG.m) ge (9/Hp.h)
1800 13,12 5,22 365,38
2000 14,52 5,2 305,60
2200 15,85 5,16 296,09
, 2400 16,5 4,98 288,40
Suat tiéu hao nhién li¢u
& cong suat dinh muc 206 (g/Hp.h)

Thuc nghiém cho thay cong suit max, moment max va suat tiéu hao nhién liéu
& cong suat dinh muc do dong co sinh ra diing nhu nha san xuat céng bé. Thap hon
26 g/Hp.h (gan 15 %) so véi dong co cd cong sudt tuong duong cia KUBOTA (la

mot nha san xuit may kéo va thiét bi ning co tru so tai Osaka, Nhat Ban).

3.2 Cai tién hong nap bén ngoai niap xylanh (cé ndi b loc giod)

C6 khé nhiéu cac phuong an hong nap bén ngodi nap xylanh cua dong co
VIKYNO RV165-2 (30 phuong an) dugc xay dung dé mé phong trén AVL-Boot.
Céc phuong an co két qua hé sé nap, cling nhu cac théng s van hanh cua dong co
(cOng suat max, mo-men max,...) cao dugc cong b trong tap chi Phét trien KH&KT
tap 16, s6 K3-2015: “Mo phong va nang cao tinh nang lam viéc cho dong co Diesel
1 xylanh bang thiét ké cai tién hong nap” [7]. Hai trong bay phuong 4n (Phuong an
02 va Phuong 4n 04 trong bai bao) duoc lua chon ché tao thuc nghiém dua trén cac
tiéu chi sau: két qua mé phong tét, y kién déng gop cua cac chuyén gia trong nganh,
va kha ning cong nghé dé tng dung cho viéc san xuat hang loat. Bong thoi dé nang
cao tinh so sanh va ddi chimg thi hai phuong an thay doi thiét ké hong nap dong co
VIKYNO RV165-2 don gian (ngiu nhién) va chua qua md phong cung lic duoc ché
tao dé lam thi nghiém va thuc nghiém so sanh vai hong nap caa dong co hién hiu.
Nhu vy, ¢6 5 phuong an duoc ché tao dé tién hanh qué trinh thuc nghiém nhu trong

bang sau:
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Bang 3.2: Cac phuwong an thir nghiém cai tién bién dang hong / xtipap nap

bén ngoai nip xylanh dong co.

Phwong an Hinh anh

Hinh 3.7: Phuwong dn
hong ngp hi¢n hizu theo

dong co

Hinh 3.7: M6 hinh 3D phuong an hién htu [7].

Hinh 3.8: Phuwong dn
ngau nhién
Phuong 4n ngau nhién 1:

Thing 180°

Hinh 3.8: Phuong 4n ngau nhién 01.
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Hinh 3.9: Phuong dn

ngau nhién 2:

Cong 90°

Hinh 3.9: Phurong 4n ngau nhién 02,

Hinh 3.10: Phurong dan cai
tien 01:

Phuong an 02 trong [7]:
Phuong 4n nay co6 do
cong theo 6ng sb 8 (trong
mo6é hinh BOOST) Ila
90mm, so v&i ¢6 ndi hién

htru 1a 40mm.

Hinh 3.10: Phuong 4n cai tién 01 [7].
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Hinh 3.11: Phuong dn cai
tién 02

(Phuong an 04 trong [7]:

Phuong 4n nay c6 duong
kinh éng 2 (mé hinh
BOOST) la 60mm, so vai
¢ ndi hién hitu 12 49mm,
duong kinh éng 8 (trong
mo6é hinh BOOST) Ila

49mm, so véi ¢b ndi hién

hitu 13 44mm. Hinh 3.11: Phuong an cai tién 02 [7].

Bai todn mé phong dong khi nap trong ca hong nap dong co VIKYNO RV165-
2 (bao gdbm phan hong nap bén trong 13n bén ngoai nap xylanh) 1a bai toan 16n. Doi
hoi rt nhiéu tai nguyén may tinh ciing nhu thoi gian mé phong cho mét truong hop.
Vi vay, tac gia chia nghién ctru nay lam hai giai doan nghién ctru: phan mét 1a cai
tién phan hong nap bén ngoai nap xylanh, phan hai 1 nghién ctu cai tién phan hong
nap bén trong nap xylanh. Két qua nghién ciru caa phan mot sé 1a diéu kién dau vao
cung phan hai.

3.2.1 So' @b thuc nghiém va nguyén Iy van hanh

DPong co dugc bd tri va lap dit trén bang thir tai thuc té tai cong ty SVEAM.
Cac cam bién va thiét bi do nhiét do, &p suat, va khdi luong khong khi nap duoc b
tri nhu hinh 3.12 Cac phwong 4n hong nap lan lugt duogc thay thé vao dong co dé chay
thuc nghiém va danh gia cac thong sé ki thuat: cong suat, moment, suat tiéu hao

nhién lidu).
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Thiét bi do

Thiét bj do
luu lugng

d6 mo khoi
khi nap
Thict bi do
e va phin tich
'1:Ine.t~b1, do khi thai T
suat tiéu hao Thist by
nhién liéu do nhiét do
Thiét bi do
cong suat

Hinh 3.12: So d6 bé tri thi nghiém.

Hinh 3.13: Thyuc nghiém danh gia tinh nang hoat dong va hé sé nap
cta dong co VIKYNO RV165-2.

3.2.2 Céc thiét bj thi nghiém tai cong ty SVEAM

Cac thiét bi do dac tai cong ty SVEAM: thiét bi tao tai bang thay luc
(Hydraulic dynamometer. Model: PTB — 100 RH — B) va b hién thi tin hiéu (Model:
FLA — 102RV DIGIAL LOAD INDICATOR), cam bién do sb vong quay, thiét bi do

suat tiéu hao nhién liéu da duoc tong cuc tiéu chuan va do ludng chét luong TRUNG
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TAM KY THUAT VA DO LUONG CHAT LUQNG 3 do kiém va chang nhan (phu
luc 2)

3.2.3 Phwong phap do va xir Iy s6 liéu
3.2.3.1 Phuong phap do

bdi véi tung phuong an thiét ké hong nap. Ta thuc hién phép do tuan ty nhu

Sau:

» Chay ra khong tai dong co 15 phut.
» Chay danh gia duong dac tinh ngoai:
> Kéo can ga max dé dong co dat s6 vong quay cuc dai 2550v/ph
> Bit dau dat tai vao dong co (moment) dé s6 vong quay caa dong
co giam dan toi cac diém do 1a: 2400, 2200, 2000, 1800,
1600v/ph
> O mdi diém do ta ghi nhan lai cac thong sé: nhiét do va ap suat
dong khong khi nap, nhiét do va ap suat khi quyén, khéi luong
dong khdng khi nap, mé men, suat tiéu hao nhiéu liéu.
= Chay danh gia diém c6ng suat dinh marc (cong suat = 14 Hp (10,29kW)
tai s6 vong quay = 2200 v/ph). Biém cong suat nha cung cap khuyén
cao nguoi tiéu dung su dung):
> Cai dat dong co hoat dong ¢ s6 vong quay 2200 v/ph va moment
kéo cua dong co 1a 44,6 (N.m) twong @ng voi cong suat 1a 14Hp
(10,29 kW).
> O diém do nay ta cling thu thap nhitng s6 liéu nhiét do va &p suat
dong khong khi nap, nhiét do va ap suat khi quyén, khéi luong
dong khdng khi nap, suat tiéu hao nhiéu liéu.

> Mbi diém do duoc thyc hién 03 lan dé lay gia tri trung binh.
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3.2.3.2 Phuong phap xir ly sé li¢u

Cac thong sb nhiét do, ap suat caa dong khi nap va khéi lugng cua dong khdng
khi nap dugc do nham muc dich tinh toan hé s6 nap cua timg phuong 4n theo cong
thuac:

Vae _ P

== 3.1)
Valt VaIt

Vi

1, : hé s6 nap (%)

V ait : 1 thé tich nap 1y thuyét (m?)

M, : khéi lwong khong khi nap thuc té (kg/h)
Py :1a khdi luong riéng cua khong khi trén dudng nap (kg/m?)

Déng thot khi ta phan tich Oy, ta dugc phuong trinh nhu sau:

_ P T
Px = Po D, .To (3.2)
Trong do6:

P, :12 khéi lwong riéng cta khong khi ¢ diéu kién binh thuong (kg/cm?)
Py Po :14n luot 14 ap suat ciia khong khi & dng nap va cua khi troi (bar)
T.. T, :1an luot 14 nhiét do ctia khong khi trén duong nap va cua diéu kién

binh thuong (K)
Thé tich khong khi nap 1y thuyét theo thoi gian, khi phan tich ta dugc:
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V,  =-h__h """
At 30 120 (3.3)

Trong do:

V, :1a thé tich cong tac cua dong co VIKYNO RV165-2 (m3)

7 :la s6 ky cua dong co (t = 4 do st dung dong co diesel 4 ky)

n :1a s6 vong quay cua dong co (vong/phit)

Pé khai trién phuong trinh (3.1), thay dong thoi ca 2 phuong trinh (3.2) va
(3.3) vao (3.1), ta duogc:

120.m,

]7 =

! 3.4

[popk'-rkj'\/h'n ( )
Po To

Véi: V, = 839 (cm?)= 839 .10°¢ (m?)
77, :1a hé s nap
Po: 12 hang s6, py= 1,29 (kg/m?3).

Px» Py :duoc do thong qua thi nghiém nho thiét bi do 4p suét (bar).

M, duoc do thong qua thiét bi do khoi lwong khong khi nap (kg/h).
T Ty dugc do thong qua cac cam bién nhiét do (K).

3.2.4 Két qua cai tién hong nap bén ngoai nap xylanh (cé ndi bd lec gid)

(Phu luc 3)
3.2.4.1. Bac tinh lam viéc cia dong co

a. Cong suat
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18 —®— P/a hién hiru
1 ®  Pfa cditién 1
171 |—*—Placditién2
¥ P/angiu nhién 1
| Pfa ngdu nhién 2| - "':
16 7] i <
£ 157
\‘E T
= 147
< 1
e
137
127
11 T v T v T d T v 1
1600 1800 2000 2200 2400

Téc do (vip)

Hinh 3.14: D6 thi so sanh cdng suat cac phuong an thuc nghiém.

Hinh 3.14 cho thay phuong 4n cai tién hong nap (co néi bo loc gi6) s 2 cho
két qua tot hon cac phwong an con lai. DAy cdng sut tang tir trai déu tir van toc 1600
+ 2400 vong/phat. Céng suat max ting 2,61% tir 16,5 Hp 1&n 16,93 Hp so véi phuong

an hién htru.

b. Moment
6.4+
1 |7 P/a hi¢n hiu
6.0 —*— P/a cdi tién 1
T A —rh i i€n 2
1 |—¥— P/a ngiu nhién 1
56 |—¢—pn ngiu nhién 2
x - ‘\\ i ——
T 4.8+ %
£
o J
=
4.4 <
4.0
36 T T T T T T T T I
1600 1800 2000 2200 2400

Téc do (vip)

Hinh 3.15: D6 thi so sanh moment cac phuong an thuc nghiém.
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Hinh 3.15 cho thiy phuong an cai tién hong nap (c6 ndi bo loc gid) s6 2 ciing
cho két qua tot hon cac phuong an con lai. Dy moment tang tir trdi déu tir van tdc
1600 + 2400 vong/phut. Moment max tang 2,32% tur 5,22 Kg.m 1én 5,3 Kg.m so vai

phuong an hién hiru.

c. Sudt tiéu hao nhién liéu tai cdng sudt dinh mirc (Cong suat = 14,5Hp tai sb

vong quay 2200 vong/phut)

221 Pin hidn him
cri P edionidn 1
240 =20 Ph i i 2
1 = Pra ngdin nhién 1
220 o PR ngin nlién 2
E. 200 B
(=% &
I
H&.-i" 180 <
= E
=
I 1604
l_
i3]
140 =
120 4
100 . , - . — )

Hinh 3.16: So sanh suat tiéu hao nhién liéu tai cong suat dinh mirc cac
phuong an thuc nghiém.
Hinh 3.16 cho thay phuong 4n cai tién hong nap sé 2 cho két qua suat tiéu
nhién liéu & céng suat dinh mic thap nhat. Két qua giam 10,56 g/Hp.h so vai phuong

an hién hiru theo dong co.
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3.2.4.2 Hé s6 nap

85
=—&—P/a hién htru
——P/a cdi ti€n 1
80 4 —&—P/a cdi ti€n 2
—— P/a ngéu nhién 1
a —<+—P/a ngdu nhién 2
=
E 75 =
S
EA
w
'S 704
k>
S
= 654
Z
<
~ 60 -
55

T v T v T v T v 1
1600 1800 2000 2200 2400
Tée do (v/p)

Hinh 3.17: So sanh hé sé nap cac phwong an thuc nghiém.

Hinh 3.17 cho thay su vuot troi vé gia tri cua hé sé nap cua phuong 4n cai tién
hong nap s6 2 so véi cac phuong an con lai. Hé s6 nap tang trii dai trén cac ving van
téc 1600 + 2400 vong/phut. Hé sb nap ting trung binh 5,42% so véi phuong an hong

nap hién hitu tai cac diém do.

3.2.5 Nhan xét két qua cai tién hinh dang hong nap bén ngoai nip xylanh
(Co ndi bd loc gid)

Cac dac tinh 1am viéc quan trong cia dong co nhu: céng suat, moment, suat
tiéu hao nhién liéu va hé sé nap cua 05 phuong an hong nap (bén ngoai nip xylanh)
khac nhau da duoc tién hanh danh gia thuc nghiém. Két qua nghién ciru ¢6 duoc nhu
sau:

= Céc hong nap (bén ngoai nap xylanh) véi bién dang hinh hoc khéc nhau
c6 anh huong dang ké dén dic tinh nang lam viéc (cong suat, moment,
suit tiéu hao nhiéu liéu) va khi thai dong co Diesel 1 xylanh, phun truc

tiép. Sy thay doi cac bién dang hinh hoc tir viéc ting duong kinh cho
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t6i viéc kéo dai hong nap cho ta c6 cai nhin téng quan vé bién dang
hong nap phu hop cho dong co VIKYNO RV165-2 nham muc dich
nang cao hé s nap, cai thién dic tinh 1am viéc cua dong co VIKYNO
RV165-2.

Két qua thuc nghiém cho thiy phuong an cai tién 02 cho cac gia trj vé:
hé s6 nap, cdng suat, moment, suét tiéu hao nhién liéu tai cac thoi diém
dugc nang cao hon dang ké so voi phuong an hién hiru. Hé sé nap tang
trung binh tang 5,42% & tat ca cac diém do thyc nghiém, So voi phuong
an hién hitu theo dong co thi cong suat max ting 2,61%, moment max
sinh ra tang 2,32% va suat tiéu hao nhién liéu & cong suat dinh muc
giam 5,13% (tr 206 g/Hp.h xudng con 195,44 g/Hp.h). C6 nghia la: néu
dé dong co hoat dong ¢ céng suat dinh mac mdi ngay 08 gio trong 01
nam thi luong nhiéu lidu it tiéu ton 1a 520 lit (chi phi van hanh giam
gan 9.063.00 triéu ddng néu gi4 dau Diesel 1a 16.940 nghin dong 01 lit,
gia dau Diesel tai thoi diém thang 07 ndm 2019).
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3.3 Cai tién bién dang heng nap bén trong nip xylanh
3.3.1 Tham s6 hoa cum hong nap déng co VIKYNO RV165-2
3.3.1.1 Xac dinh tham sé

Trong dong co Diesel néi chung va dong co VIKYNO RV 165-2 ndi riéng thi
hong nap 12 mot trong nhiing chi tiét ¢ bién dang hinh hoc phtc tap nhat. Vi thé cho

nén dé dién ta duoc no bang ban v& ky thuat 1a diéu khong don gian.

90



N2,

43

10z0m
—
525 525 m. 65
§ - M104.3
585 A 3
NiE 3 14 WEooA,C 8 a2
£ o | = 17 o <3 2
7 "'l [ L2 - = -
k TFFFFN o m———t - A%
* = - .
5 D N st b :
232 ]

Sy
X
\\
|
¥ 1\
) 74
| Az
- -
59
U
ORI RGN,
g
:f:
VT S
B )
l H
" 4
o"
bl
1-
3
ke
/4
1

&5
[ |
3]
53,510
[]
2%
10
45
[é‘
e
32

10

:’ 228 %5 3dms
. | 53 0sa:m12

4 © s — {--\ * o
E 1 w | b3

<l | 133

38

g

53,5

20

(//1

il

il

J
=]
AN L
"
-
p
[ Fe
1‘-‘ Jl
THE
45!

% 15
ba: R
E:a
7 Ja | ]

E
\4\*

=

2 ]

10
i
32
]
T

é A

161 52 Jag
e

2s

1]
1]
58,5
| 60,5
1]
"

83

A ¥
5
L
d
F_\__/\
i
o
il s
-
\.
63
225
8
o
2|2

2
fanY
3

U:
g
i LN‘
E

ow
17 B3| 25 31 17 \\iiloogg_gg Ii' c 10
P ) m3t H3170-29 44 34

&
5
Beefinas

1
A

* HH o)
| RS
REI] ‘l/ EE
T i
3 = 1]
g ST T: 5

o

|

T

. Pham U din 53 b0 pheép cha bR diy thanh 13 +0.3

| Thi X5 SMgTom ). 49NF

Tt c2 c3c D8 M3t phdi deKC 1am S3ch, Khn CO ahdh) phot DY ¢ b cac & dle

Lus § G 09tng 4 thong b

4 DonNtt ki g b 100 va 3 23t 10¢gTom: 10.98 MP3 nin khonp dse 8. dat

4 D3 vao 3o M ea ode hd v mén.

6 U teo o dp ot hinh w2

7. Pndn kY higw o PN PhaN BiCh Manh pidn Km i, SO, Chep 300 Kim tong

& V3t B gdng theo y&u cu 00 Déa kéo 26gNmmiR 2746 MFa) V3t ide <0 thém
v200.3-0.3 %o

¥
)
&

|,\§l|

o

9. Hinh dang d4n) AP Dhai B heo ding Ban 2
10. S3u Wi phun &0 haah son it
11. Cic kith thadC kh0ng ghi dang 53l dt ¢ i x3c 11 heo TW

DAT HANG CONG TY DISOCO
iy o del RS2

NN

4
2 STEEERTRRRRRRY

N

2727 7 - |
i

7 'r/////////////»
10 4

SN

A5

E-E s MPXYLM b
~ o 11

oy Te.01 E&w-02
| = il C6ng ty VIKYNO

Hinh 3.18: Ban vé ché tao nap xylanh dong co VIKYNO RV165-2 caa SVEAM/1
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Hinh 3.19: Ban vé ché tao nap xylanh dong co VIKYNO RV165-2 caa SVEAM/2
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C6 gan 120 kich thuéc thiét ké cum hong nap dong co VIKYNO RV165-2

phuc vu cho viéc gia cong ché tao. Bé thuan loi cho viéc tinh toan mé phong va cai
tién hoa thi cum hong nap dong co VIKYNO RV165-2 thi cac kich thudc trong yéu

duoc tham sé hoa bang ham sé va céc bién nhu sau:

/|
Dubing tim ndp xy lanh
P4 |

i
13

N

Dutng tam 18 xi pap /

Phuong trinh dubng tron 1:
-’ + @ -b? =X

[34]

Phuong trinh dudng xoén 6c 2:

s

p:
2

x= )& X cos(t) X cos (2—) + é X sin (t) X sin (——Z’—)
t 3 3
{ t ; Sm 251 [35]

X X
y= Tz X cos(t) x sin (%) - Tz X sin (t) X cos (T

Hinh 3.20: Ham sé thé hién cac duong sinh cua hong nap

Hinh 3.21: Céc kich thugc hinh hoc quan trong.
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Cac tham sb va diéu kién bién cua cac tham sé dugc thong ké trong bang sau

bén dudi:

Bang 3.3: Céac tham s thiét ké cum hong nap dong co VIKYNO RV 165-2.

STT

Cac
tham so
(bién
thiét ké)

Gia tri

higén hitu

Piéu rang buac
(Diéu kién khong
pha v két cu

dwong nap)

Dién giai

X1

17

15 <X1<18

Ban kinh phuong trinh duong tron
01: Gia tri can dudi va can trén dam
bao rang khi hinh dang hinh hoc caa
hong nap thay doi theo tham sé thi
két cAu ban dau cuaa nap xylanh van
khong thay d6i. Ban kinh phuong
trinh duong tron 01: Gia tri can dudi
va can trén dam bao rang khi hinh
dang hinh hoc ciia hong nap thay d6i
theo tham s6 thi két cAu ban dau cua
nap xylanh van khong thay doi. (cac
hé s6 a ,b trong phuong trinh duong
tron 1 la toa d6 tdm cua duong tron
nay va co thé thay doi khi X thay
d6i nhung phai dam bao diéu kién
tiép tuyén & vi tri giao nhau cua cac

cung tron).

X2

103

102 <X2<105

Hé s6 phuong trinh duong xoan 6c¢
2: Gia tri can dudi va can trén dam
bao rang khi hinh dang hinh hoc cua

hong nap thay doi theo tham sé thi
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két cau ban dau cua nap xylanh van

khéng thay doi.

12,5 do

11:12:13

Géc nghiéng trén: Gia tri can dudi
va can trén dam bao rang khi hinh
dang hinh hoc caia hong nap thay d6i
theo tham s6 thi két cAu ban dau cua

nap xylanh van khong thay doi.

3,5 (d9)

2:3:4

Goc nghiéng dudi: GOc nghiéng
thoat khudn trong qué trinh duc,
thuong la cac gia tri nguyén duong,
va anh huong khéng lon toi qua

trinh nap

40 (mm)

40 ;41 ; 42

Puaong kinh 16 xtpap:

» Phai la gia tri nguyén duong
dé dam bao vé mit cong nghé
gia cong

=  Giatri can dudi dam bao luu
luong khong khi toi thiéu dé
dam bao cong suat ti da cua
dong co 1a 16,5Hp

= Gia tri can trén dam bao
khong pha v két cau cua nap

xylanh hi¢n htru

3.3.1.2 So sanh md hinh 3D cum hong nap dung bang phwong phap hién

hitu va phwong phap tham sb

a. Md hinh 3D dung bang phwong phdp hién hitu

V61 phuong phap hién hitu ma Cong Ty SVEAM dang st dung:
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= Khau thiét ké 2D: Budng nap xoan ¢ duoc md ta bang nhidu mit cat
tai cac vi trf khac nhau va cac mit cit nay ndi véi nhau béi cac duong

cong nam trén mat phan khuén trén va mat phan khuén duéi.
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Hinh 3.22: Thiét ké 2D duong nap xoin ¢ dong co VIKYNO RV165-2 [35].
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Khau md hinh hda 3D bang Solidworks: Vi cach thiét ké 2D nhu trén.
Chung ta chi c6 mot phuong phap dung hinh 3D duy nhét 12 st dung
lénh LOFT dé ndi cac mat cét lai v6i nhau. Han ché cua viéc dung hinh
nay 1a phu thugc rat nhiéu vao céch noi suy caa phan mém khi tao khoi

cac mat cat lai véi nhau.

Cac mit cat

Hinh 3.24: Duong nap xoin ¢ dung bang phuong phap cii (phuong

phap ndi cac mat cat lai vai nhau).
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b. M hinh 3D dung bang phirong phdp tham sé

= Khau thiét ké 2D: Giir nguyén kich thudc pha bi va cac kich thuéc
khong duoc tham sb hoa. Thay thé bién dang cac mit cat bang cac bién
da dugc tham sd.

= Khau thiét ké 3D: Bién dang ciia duong nap xoin éc hoan toan duoc
kiém soét bang céc bién thiét ké bing cach két hop céc Iénh: Extruded,
Extruded—Cut va VarFillet trong Solidworks. Han ché t6i da sir dung

lénh Loft tir ¢6 giam di rat nhiéu viéc noi suy tir phan mém.

Hinh 3.25: Pudng nap xoin ¢ dung bing phuong phap tham sd.

c. Ddnh gid két qua

Su khac biét vé thé tich ctua duong nap xoan ¢ dung bang phwong phap tham
s6 khdng qué 1,5 % so véi dudng nap nguyén thay. Hon nira, viéc dong bo cac tham
s6 thiét ké véi lénh “Design Table” trong phan mém Solidworks gitp cho viéc thay
dbi hinh dang caa cac mé hinh hong nap tuong (ng véi ting bo tham sé dién ra lién
tuc va gan nhu ngay 1ap tac ma khong can vé lai mé hinh 3D trong Solidworks. Tir
do, thiic day qué trinh cai tién hinh dang hong nap dién ra lién tuc, va c6 thé thuc hién
nhiéu phép thir bang phuwong phap mé phong, 1am co sé dir liéu cho viéc xay dung
giai thuat toi wu hoa bién dang hong nap hinh xoin ¢ cua dong co nay trong tuong

lai.
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Phén thé tich léch nhau

Hinh 3.26: So sdnh m6 hinh 3D cua hai phuong an.

Puong nap xoin éc dung bang phuong phap tham sb tron muot, nhan va

thong suét hon han so voi dudng nap cii :
Nhiing phan dién tich

c6 khuyét diém

Hinh 3.27: Hong nap dung bang phuong phap tham s
va phuong phap hién hiru.

3.3.2 Xay dwng - hién thuc quy trinh tw dong tinh todn md phéng ky nap
va nén ciia dong co VIKYNO RV165-2 va thuc nghiém doi chirng

3.3.2.1 Xay dwng — thuc hién quy trinh tw dong tinh toAn md phéng Ky
nap va nén cia dong co VIKYNO RV165-2

a. Piéu kién bién va céc thong sé thiét 1gp mé hinh mé phdng sé trong Ansys-

Fluent
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Piéu kién bién va cac thdng so thiét 1ap mé hinh md phong Ky nap va nén cua
dong co VIKYNO RV165-2 duoc trinh trong bay trong bang bén dudi:

Bang 3.4: biéu kién bién va thong s thiét 1ap mé hinh trong Ansys-Fluent

STT Thong s6 Gia tri/Lwa chon
1| Loai md phong M6 phong luu chat
(Cold Flow Simulation)
2 | Chiéu dai thanh truyén 158 mm
3 | Ban kinh quay truc khuyu 48,5 mm
4 | Hanh cua piston 97 mm
5 | Co cau truc khuyu thanh truyén giao tam 0 mm
6 | Do nang van tbi thiéu 0,2 mm
7 | Kich thude ludi nho nhat 0,334 mm
8 | Kich thuéc luéi lon nhat 1,5 mm
9 | Toc do quay cua dong co 2200 vong/phut
10 | Nhiét d6 ¢ dau vao hong nap 313 °K
11 | Ap suat & dau vao hong nap 80 kPa
12 | Nhiét 46 ¢ dau duong thai 333 °K
13 | Ap suat & dau duong thai 100 kPa
14 | Nhiét do ¢ piston 480 °K
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Nhiét 46 3000K

Nhiét 46 3139K
Ap suat 80 kPa
Khéng khi —— | Nniétddo 3330k
ngkhi — —
. | Pressure 100 kPa
|
I R
Nhiétdd 3000K | | T glormm 2200 véng/phi |
: dwge chia hudi dong |
| |
i e s o i J

Hinh 3.28: Biéu kién bién cho md hinh mé phong ky nap-nén cia dong co
VIKYNO RV165-2 trong Ansys-Fluent.

Lwong nang van

[l ]

ey
[l ] 1
[l

Ll

gy

¢ M & & K M I 1 0 L Db D0 38 M0 M0 Mo Eb Bsi MO 0 &0 &b 580 480 480 300 0 I8 B60 SB0 00 D 48 BE0 6RO OO TR MO N
e B e

Hinh 3.29: D6 nang xupap nap va thai theo goc quay truc khuyu.

102



b. Qua trinh thyc hién quy trinh ti déng tinh toan moé phong ky ngp va nén
ciia dong co VIKYNO RV165-2 ( Matlap gii vai trd 1a phan mém nén).

MATLAB:

Déng - mé Solidworks.

Diéu khién Macro Solidworks

Téng hop Macro Solidworks va Java Script Ansys-Fluent

Lép ma trin tham sb céc truomg hop hong nap va lya chon truéng hop.
Doéng-md Ansys-Fluent

M¢é SolidWorks

SolidWorks:

(M3 hinh hong nap khéng tén tai)

M5 hinh héa bién dang hong nap.
Cép nhat bd tham s6 do Matlab
cung cip.

Xuét ra file mé hinh hong nap
dudi dang “igs”.

Pung ‘
(M6 hinh hong nap ton tai)
Déng SolidWorks

M¢ Ansys-Fluent

Ansys-Fluent:

Java Script: nhap mé hinh vao Ansys Design Modeler, chuyén tiép mé
hinh qua ICEM CFD.

Python Script: Import Geometry, xac dinh cac mat, cai d3t thude tinh cia
cac mit, cai dat cac thong s6 va chia leéi.

Code C#: nhip phurong trinh van téc piston, nhip phuong trinh vén toc
xupap.

UDFs FILE: nhéap code C#, lap thwr vién chuyén vi, nhép dang bai todn va
tao ludi dong (dynamic mesh).

Code TUT: nhép file mesh, cai dat diéu kién bién, chon giai thuit.

Java Script: tong hop Python, Java, C#, UDFs, TUI code, thiét lap ty dong
hoan toan trén Workbench.

Xuit két qua mé phong.

Déng Ansys-Fluent

Hinh 3.30: Luu d6 thuc hién quy trinh tinh toan ki nap va nén cia dong co
VIKYNO RV165-2.

103



» Su dung Solidworks:

Xay dung md hinh 3D cum hong nap dong co VIKYNO RV165-2
bang cac tham sé da xay dung. Pam bao rang khi tiy chinh cac tham
s6 trong giGi han bién trén va bién dudi thi mé hinh van ton tai
(khong béo 13i).

Viét file Macro dé tly chinh cac tham sé

Lap ma tran tham sb dé lya chon cac truong hop

» Sur dung Code Java Script ( Phu luc 4)

Dé nhap (import) md hinh hong nap “.igs” vao trong Ansys Design
Modeler.
Pé chuyén tiép md hinh vao md — dun ICEM CFD trong Ansys lam

tién dé cho viéc chia luéi va dat diéu kién bién.

» Sur dung Code Python Script ( Phu luc 5)

Nhap md hinh hinh hoc hong nap vao trong Fluent (import
geometry).

Xac dinh va dat tén cac mat trong mé hinh.

Cai dat cac thudc tinh cua cac mat.

Cai dat cac thudc tinh ludi va thuc hién qua trinh chia luéi tu dong.

» Sur dung Code C# (Phu luc 6)

Viét phuong trinh van téc cua Piston

Viét phuong trinh van toc caa xdpap

» Sur dung UDFs File (Phu luc 7)

Nhap code C# vao chuong trinh Fluent.

Lap thu vién chuyén vi caa Piston va xtpap

Nhan dién bai todn va tu dong chia ludi dong (Dynamic Mesh) cho
mo hinh. Pén ddy mé hinh cum hong nap da duoc chia ludi thanh
cong. Hay noi cach khac file hinh hoc ¢6 dinh dang “X1 - X2 — X3 -
Xa- Xs - . igs ” dd chuyén thanh file c6 dinh dang “Xi - X, — X3 -
X4 - Xs-.mesh”
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» Sur dung Code Text User Interface (TUI) (Phu luc 8)

»= Nhap file “X1 - X2 — X3- Xs- Xs-.mesh” Ansys — Fluent

= Cai dat diéu kién bién cho bai toan.

= Chon giai thuat dé giai quyét bai toan.
» Sur dung Code Java Script (Phu luc 9)
= Téng hop cac code Python, Java, C#, UDFs, TUI.
= Thiét 1ap chuong trinh hoan toan ty dong trén Ansys Workbench
» Sur dung Matlab (Phu luc 10)

= Thuc hién viéc dong mo phan mém Solidworks

= Piéu khién Macro Solidworks. Ung véi timg treong hop hong nap

ctia mot bo tham s nhat dinh, Matlab s& luu lai thanh mat file co

dinh dang “X1 - X2 — X3 - Xs- Xs-.igs” trong mdt folder duoc

dinh san.

= Thyc hién viéc dong mé phan mém Ansys — Fluent

= Pam bao cac vong lap dién ra lién tyc.

c. Két qua qua trinh ti dong tinh toan mé phdng bang Ansy-Fluent

Trong pham vi nghién ciru nay, ban dau tac gia chon 100 bo tham sé dé tién

hanh md phong. Cac bo tham s6 nay dugc chon trén nguyén tic: lua chon cac diém

nam & goc va chon theo phan phdi déu & bén trong nham dam bao bo dir liéu co thé

phu duoc hau hét cac diém dir liéu khac can nai suy.

Bang 3.5: Két qua chay mé phong tu dong bang Ansys — Fluent.

s6 Tham s6 , _ Vaitro
thi Héso | 1: mau huan quén.
tw X1 X2 X3 Xa Xs nap 2: m@u d?lph gia chéo.
’ 3: mau kieém tra.
1 15,75 102,75 11,50 | 2,50 | 40,00 | 76,800 1
2 17,25 102,75 11,50 | 2,50 | 40,00 | 79,418 1
3 15,75 104,25 11,50 | 2,50 | 40,00 | 78,150 1
4 17,25 104,25 11,50 | 2,50 | 40,00 | 78,735 1
5 15,75 102,75 12,50 | 2,50 | 40,00 | 77,954 1
6 17,25 102,75 12,50 | 2,50 | 40,00 | 78,864 2

105




sb Tham s6 ~ Vaitrd
thie H¢so | 1: mau huan Igyén.
tur X1 X2 X3 Xa Xs nap 2: mau dfiph gia chéo.
: 3: mau kiém tra.
7 15,75 104,25 12,50 2,50 | 40,00 78,082 3
8 17,25 104,25 12,50 2,50 | 40,00 77,830 1
9 15,75 102,75 11,50 3,50 | 40,00 77,847 3
10 17,25 102,75 11,50 3,50 | 40,00 78,089 1
11 15,75 104,25 11,50 3,50 | 40,00 79,273 3
12 17,25 104,25 11,50 3,50 | 40,00 | 78,062 2
13 15,75 102,75 12,50 3,50 | 40,00 74,692 1
14 17,25 102,75 12,50 3,50 | 40,00 77,562 1
15 15,75 104,25 12,50 3,50 | 40,00 | 78,086 2
16 17,25 104,25 12,50 3,50 | 40,00 77,652 3
17 15,75 102,75 11,50 2,50 | 42,00 78,120 2
18 17,25 102,75 11,50 2,50 | 42,00 78,112 3
19 15,75 104,25 11,50 2,50 | 42,00 77,814 1
20 17,25 104,25 11,50 2,50 | 42,00 78,141 1
21 15,75 102,75 12,50 2,50 | 42,00 78,157 1
22 17,25 102,75 12,50 2,50 | 42,00 78,119 1
23 15,75 104,25 12,50 2,50 | 42,00 78,265 1
24 17,25 104,25 12,50 2,50 | 42,00 78,119 3
25 15,75 102,75 11,50 3,50 | 42,00 78,386 2
26 17,25 102,75 11,50 3,50 | 42,00 77,996 2
27 15,75 104,25 11,50 3,50 | 42,00 78,069 2
28 17,25 104,25 11,50 3,50 | 42,00 78,163 1
29 15,75 102,75 12,50 3,50 | 42,00 78,122 1
30 17,25 102,75 12,50 3,50 | 42,00 78,099 2
31 15,75 104,25 12,50 3,50 | 42,00 78,445 1
32 17,25 104,25 12,50 3,50 | 42,00 78,143 2
33 16,50 103,50 12,00 3,00 | 41,00 78,108 2
34 17,80 104,93 12,77 2,02 | 40,00 78,403 1
35 17,76 104,87 12,98 2,05 | 40,00 78,023 1
36 17,72 104,54 12,52 3,87 | 40,00 78,076 1
37 15,00 102,03 12,89 2,00 | 40,00 77,996 3
38 15,00 102,00 11,00 2,00 | 40,00 78,239 1
39 18,00 102,00 11,00 2,00 | 40,00 78,779 1
40 15,00 105,00 11,00 2,00 | 40,00 80,666 1
41 18,00 105,00 11,00 2,00 | 40,00 79,076 1
42 15,00 102,00 13,00 2,00 | 40,00 78,107 1
43 18,00 102,00 13,00 2,00 | 40,00 78,107 1
44 15,00 105,00 13,00 2,00 | 40,00 78,061 1
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sb Tham s6 ~ Vaitrd
thie H¢so | 1: mau huan Igyén.
tur X1 X2 X3 Xa Xs nap 2: mau danh gia cheo.
’ 3: mau kiém tra.
45 18,00 105,00 13,00 2,00 | 40,00 78,186 1
46 15,00 102,00 11,00 4,00 | 40,00 78,073 2
47 18,00 102,00 11,00 4,00 | 40,00 | 77,909 3
48 15,00 105,00 11,00 4,00 | 40,00 78,302 3
49 18,00 105,00 11,00 4,00 | 40,00 78,121 2
50 15,00 102,00 13,00 4,00 | 40,00 | 78,184 1
51 18,00 102,00 13,00 4,00 | 40,00 77,924 1
52 15,00 105,00 13,00 4,00 | 40,00 | 77,935 1
53 18,00 105,00 13,00 4,00 | 40,00 | 78,202 1
54 15,00 102,00 11,00 2,00 | 42,00 78,208 1
55 18,00 102,00 11,00 2,00 | 42,00 | 77,918 3
56 15,00 105,00 11,00 2,00 | 42,00 78,056 2
57 18,00 105,00 11,00 2,00 | 42,00 78,131 1
58 15,00 102,00 13,00 2,00 | 42,00 | 78,120 3
59 18,00 102,00 13,00 2,00 | 42,00 78,127 1
60 15,00 105,00 13,00 2,00 | 42,00 | 78,142 1
61 18,00 105,00 13,00 2,00 | 42,00 78,199 1
62 15,00 102,00 11,00 4,00 | 42,00 78,124 1
63 18,00 102,00 11,00 4,00 | 42,00 78,188 3
64 15,00 105,00 11,00 4,00 | 42,00 78,133 1
65 18,00 105,00 11,00 4,00 | 42,00 78,112 2
66 15,00 102,00 13,00 4,00 | 42,00 77,829 3
67 18,00 102,00 13,00 4,00 | 42,00 78,010 1
68 15,00 105,00 13,00 4,00 | 42,00 78,120 2
69 18,00 105,00 13,00 4,00 | 42,00 78,124 3
70 15,12 104,59 12,38 2,09 | 41,00 78,120 1
71 15,91 105,00 13,00 4,00 | 42,00 78,164 2
72 18,00 102,00 11,23 2,00 | 41,00 78,111 1
73 17,90 102,00 12,59 2,06 | 42,00 78,106 1
74 18,00 102,10 11,00 4,00 | 40,00 78,198 3
75 15,00 105,00 11,00 3,88 | 40,00 78,144 2
76 18,00 102,49 12,80 3,24 | 40,00 78,103 1
77 17,84 105,00 11,00 3,00 | 40,00 77,895 1
78 18,00 105,00 12,27 4,00 | 42,00 77,861 3
79 15,00 102,99 11,00 2,00 | 41,00 78,621 3
80 15,00 105,00 11,00 3,88 | 40,00 77,940 3
81 18,00 104,71 12,28 4,00 | 40,00 78,114 1
82 17,85 105,00 11,00 3,00 | 40,00 78,188 2
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sb Tham s6 ’ ~ Vaitrd

thie H¢so | 1: mau huan Igyén.

tur X1 X2 X3 Xa Xs nap 2: mau danh gia cheo.
’ 3: mau kiém tra.

83 18,00 105,00 12,70 3,92 | 42,00 78,225 1

84 18,00 105,00 12,29 4,00 | 42,00 78,118 3

85 15,00 102,01 12,39 2,00 | 41,00 78,126 1

86 18,00 105,00 12,71 3,93 | 42,00 78,183 1

87 18,00 105,00 12,70 4,00 | 42,00 78,099 2

88 18,00 105,00 12,90 4,00 | 42,00 | 78,123 1

89 18,00 105,00 12,00 4,00 | 42,00 79,021 3

90 18,00 105,00 13,00 400 | 42,00 | 78,124 1

91 18,00 105,00 12,99 400 | 42,00 | 77,667 1

92 18,00 105,00 12,99 4,00 | 42,00 78,118 1

93 18,00 105,00 12,95 400 | 42,00 | 78,117 1

94 18,00 105,00 12,27 4,00 | 42,00 77,861 2

95 18,00 105,00 12,26 4,00 | 42,00 78,093 1

96 18,00 105,00 | 12,287 | 4,00 | 42,00 | 78,018 1

97 18,00 105,00 | 12,271 | 4,00 | 42,00 78,118 1

98 18,00 105,00 | 12,269 | 4,00 | 42,00 | 78,033 2

99 17,25 104,25 12,50 3,50 | 40,00 77,652 1

100 | 18,00 105,00 | 12,713 | 3,931 | 42,00 78,146 1

101 | 17,00 103,00 12,50 3,50 | 40,00 78,140 Phuong an hién hiru

3.3.2.2 Thuc nghiém ddi két qua chirng mé phéng trong Ansys-Fluent

Tac gia lva chon m6 hinh hong nap hién htru ctia dong co VIKYNO RV165-
2 dé tién hanh do dac d6i chitng hé s6 nap véi két qua md phong trong Ansys-Fluent

nham nang cao do tin cay cia két qua md phong.

a. Tén mau: Pong co VIKYNO — RV165-2.

b. S6 lwong mau: 01.

c. Mb ta mau: Pong co VIKYNO — RV165-2, sé6 may: 6556, khdi lugng:
132,2 kg, nap xylanh va c6 ni bo loc gié theo may (hong nap hién hiru).

d. Noi thir nghiém: Phong Thi Nghiém Trong diém Pong Co Bét Trong —
Pai Hoc Bach Khoa — Dai Hoc Québc Gia Thanh Phé Hb Chi Minh.

e. biéu kién thir nghiém: 27+5 C°

f. Phuong phap thir nghiém:
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Hinh 3.31: Thyuc nghiém do kiém chang hé s6 nap.

= So dd nguyén ly: hinh 3.31 trinh bay so d6 thi nghiém do hiéu suat
nap thuc té cia dong co RV165-2. Pong co diesel 165-2 dugc din
dong bang dong co dién thong qua co cau truyén dong banh dai va
day dai. Cam bién toc 6 Rotary encoder lp vao truc khuyu théng
qua banh da dong co RV165-2 s& nhan tin hiéu sé vong quay guri vé
cho may tinh va hién thi rd rang trén man hinh. Pong co dién duoc
diéu khién bang bién tan. Biéu nay gilp ta cd thé d& dang diéu khién

s6 vong quay cua dbi tugng nghién ctu theo y muén. Cam bién tiém
can duoc 1ap vao bé thir dong co dé xac dinh thoi diém cudi ky nap

dugc danh dau trén banh da ctia dong co.
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Hinh 3.32: So d6 nguyén 1y do thuc nghiém do hé s6 nap cia dong co
VIKYNO RV165-2
= Ca4c thiét bj thuc nghiém:
» Dong co RV165-2

Hinh 3.33: Bong co RV165-2 trén bang thir

> Thiét bj do s6 vong quay truc khuyu (encoder)
Encoder dugc tién hanh Iip ghép va st dung trén truc khuyu cua
dong co diesel, thiét bi nay s& gui tin hiéu tro vé may tinh tir o

hién thi duoc toc do quay cua dong co khi ta didu khién bién tan.
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> Bién tan
Bién tan co thé thay dbi tan sb (nho cap dién tir ngudn dién 3
pha) tly theo bo diéu khién tir d6 co thé diéu khién dong co dién

quay theo sb vong quay yéu cau.
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Hinh 3.34 Bién tan
> Thiét bi do luu lwong khdng khi nap:
Dé xac dinh sy thay doi cua luu lugng khong khi nap, thiét bi
do luu lugng chuyén dung Flowmeter ctia hdng AVL va thiét
bi hién thi Sensyflow cia ABB. Thiét bi do luu lugng khong
khi nap dugc gan trén dudng nap cia dong co. Pon vi do

dugc tinh 1a kg/h.
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Thiét bi hién thi luu lugng khi

S
s s u

| B

Thiét bi do luu luong khong khi nap

Hinh 3.35: Thiét bi do luu lwong khong khi nap
> Thiét bi do nhiét d6 va Graphtec
Thiét bj do nhiét d6 dung dé do nhiét d6 dong khdng khi tai hong

nap va khi troi. Bé thu duoc sb liéu chinh xéc thiét bi nay gdm

mot cam bién do nhiét do vai do chinh xac cao duoc két ndi voi

man hién thi (Graphtec), cam bién nhiét d6 dugc gan truc tiép

vao khéng gian can do, sau d6 tin hiéu s& duoc gui vé Graphtec

dé ngudi 1am thi nghiém co thé 1y dugc sb liéu can do.

Hinh 3.36: Graphtec
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> Thiét bi do ap suat TOYOTA 89420-20300 va cam bién &p suat
véi do nhay cao

Ap suit caa dong khi nap vao xylanh dugc do bang mot cam bién

do ap suat dugc lap tryc tiép vao 6ng nap caa xylanh. Thiét bi nay

bao gom mot cam bién do ap suit va mot mach chuyén d6i tin hiéu

dé hién thi s6 liéu do dugc trén man hinh may tinh.

Hinh 3.37: Cam bién do 4p suat TOYOTA 89420-20300.

Hinh 3.38: Cam bién ap suét dap tng toc do cao

> Thiét bi chuyén dbi tinh hiéu: Chuyén ddi tin hiéu dau ra caa

cam bién &p suat tir 4-20mA sang 0-5 V
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Hinh 3.39: Thiét bj chuyén doi tin hiéu

> Cam bién tiém can: Xac dinh vi tri cudi ky nap duoc danh dau

trén banh da.

Hinh 3.40: Cam bién tiém can

= Nguyén ly do:
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> Thi nghiém duoc tién hanh sau khi da thiét lap duoc thdng sé on
dinh nhu toc do cua dong co.

» Khai dong dong co dién

> Quan sat man hinh may tinh hién thi sé vong quay cua dong co,
ddng thoi diéu chinh bién tan dé dong co RV165-2 quay dung van
téc 2200 vong/phdt.

> Tién hanh Iy sé liéu: Khi cam bién tiém can xac dinh duoc thoi
diém cudi ky nap dugc danh dau trén banh da thi may tinh sé& diéu
khién cam bién ap suat ghi nhan gia tri: Ap suat dong khéng khi
nap (p,), va ap suat khi quyén (p,). Cac gia tri dugc quan sat va

ghi nhan lai 1a: Khéi lwong thuc té dong khi nap vao qua dung cu

do luu luvong Flowmeter (Ma) Nhiét do: khi nap (T,), nhiét do
khi troi (T,) bang cac cam bién nhiét do va duoc hién thi trén
Graphtec.

> Mbi lan do dugc thuc hién trong 10 gidy dé lay gia tri trung binh

ctia mdi gid tri do va duoc thyc hién 03 lan.

= Phuong phap xu ly s6 liéu thuc nghiém gidng nhu phan 3.2.3.2

= Két qua thuc nghiém:

Bang 3.6: Két qua thuc nghiém ddi chang hé sé nap.

Khi Nhigt
wgng | [ dO b .
khong | Apsuat | khong | Apsuat | Nhiét
.. . | Khi nap cuoi ky Khl' khl do kvhl' Hé sé nap
Glatri |\ 16| nap |cubiki| quyén | quyén (%)
) P, (bar) | nap Po (bar) | To(KO)
Ma T,
(kg/h) (KO)
Lan01 | 46,2 0,87626 330 1,1016 303 76,76%
Lan 02 | 45,7 0,87524 331 1,1016 303 76,25%
Lan03 | 45,9 0,87976 333 1,1016 303 76,65%
Két qua md phong tir Ansys-Fluent 78,14%
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Két qua thuc nghiém do hé sé nap so véi két qua md phong tir
Ansys-Fluent c6 su khac biét khong 16n. Sai léch 16n nhat 1a: 2,42%
va sai léch nho nhat so véi két qua md phong 1a 1,77%. Diéu nay
cho thay két qua md phong hé sd nap tir Ansys-Fluent c6 do tin cay
cao. Tur d6 co thé, chay md phong tu hang loat lam co sé di liéu
cho viéc ung dung mang no-ron nhan tao (ANN) va giai thuat tién
hoa vi phan (DE) dé téi wu hoa hong nap déng co VIKYNO RV 165-
2.

3.3.3 T6i wu héa cum hong nap dong co VIKYNO RV165-2 bing phuong

ph&p mang no-ron nhan tao va phwong phap téi wu tién hdoa vi phan
3.3.3.1 Qué trinh thygc hién

Trong phan nay, luan an s& xay dung mot hudng tiép can nham téi wu hoa hé
s6 nap cta dong co bang phuong phap sir dung mang no-ron nhan tao (ANN) va giai
thuat tién hoa vi phan (DE). Pau tién, ta xay dyng tap dit liéu huan luyén cho mé hinh
ANN biang cach mé phong 100 bo tham s bang phan mém ANSYS-FLUENT. Céc
bo tham sb nay duoc chon trén nguyén tac lua chon cac diém nam ¢ goc va chon theo
phan phéi déu & bén trong nham dam bao cho tap huan luyén cé thé phu duoc hau
hét cac diém dix liéu khac can noi suy. Bo dit lieu gom 100 diém nay duoc trinh bay
trong bang 3.5. Tiép theo, luan an s& st dung ANN nham xap xi md hinh thé hién
mdi quan h¢ y = f (X)vai y 1a bién phu thugc (hé s6 nap) va x la mét véc-to nhidu
chiéu, chtra thdng tin cua bién thiét ké. Thao tac trén giup chiing ta mé hinh héa duoc
mbi quan h¢ giita bién doc lap va bién thiét ké. Tir d6 gitip cho qua trinh tinh toan try
nén nhanh hon, 1am giam di cac chi phi khong thuc sy can thiét tir viéc md phong va
thuc nghiém. M6 hinh nhan duoc tir ANN tiép tuc duoc sir dung nhu 1a mot ham muc
tiéu, thong qua giai thuat tién hoa vi phan, ta cé thé tim duoc bo tham sb x chira thong

tin caa cac bién thiét ké sao cho y hay hé sé nap (ham muc tiéu) 1a cuc dai.
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Bit dau

Dirhéu: & X, X, ., X, X., T 1=1:100

Chia dif litu thinh cic tip huin luyén, dinh gid vi kiém tra

Thiét 13p sd 16p an va sb no-ron trén moi 16p

Vong lap ;=0

Khéi tao b trong s6 w va nhidu 2

Tinh MSE trén tip huin luvén va danh gia

Cip nhit w_ va 5 _ bang thuit toan lan truyén nguoc

Hinh 3.41: Lugc do giai thuat mang no-ron nhan tao (ANN).
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Vong 1ap =0

Ehdi tao NP bd: 1,1, 1,

Ungvéi moibd: ¥, ¥, %, . X,.%.. I i=1:NP, tao mdt ca thé dot
hign o =i chign firone 1o

Tao NP ci thé lai tao bing cich ghép chéo cic chifu gifta ca thé gdc
va ca thé dbt bién.

Tinh todn ham muc tiéu I (hé sb nap) cia cic ci thé goc va cd thé lai
tao. Chon lua NP ci thé t6t hon 13 NP ca thé goc mdi

Sal

Hinh 3.42: Lugc do giai thuat phuong phap tién hoa vi phan (DE).

Céc két qua chi tiét duogc trinh bay trong phan sau.
3.3.3.2 Két qua
a. Mo hinh mang no-ron nhan tao

Trudc tién, ta thiét 1ap mé hinh mang no-ron nhan tao nham xap xi méi quan
hé gitra bién dau ra Y (hé s6 nap) va cac bién dau vao Xi, Xz, Xs, X4 va Xs. CAu tric
ctia mang no-ron duoc sir dung bao gom 01 16p dau vao c6 05 no-ron chira théng tin
ctia 05 bién thiét ké, 01 16p an c6 05 no-ron va 01 I6p dau ra c6 01 no-ron chira thong

tin cua hé sé nap nhu Hinh 3.43.
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Hinh 3.43: Két cdu mang no-ron duoc st dung.

Pé tim bo tham sé w, b ta tién hanh huan luyén mé hinh. Thong thuong ta
huan luyén mang no-ron bang thuat toan lan truyén nguoc véi muc tiéu 1a sai sé binh
phuong, MSE, thip hon mét ngudng muc tiéu nao d6, chang han 10 hoic 107 thi
dirng qué trinh huan luyén. Tuy nhién ngudng muc tiéu trén khong cé dinh va tly vao
bai toan cu thé. Chang han nhu trong bai toan du doan chiéu cao cia mot ngudi
(centimet), d6 sai léch 1 cm =10° duwoc xem 1 tét, con trong bai toan du béo dan sb
ctia mot qudc gia (nguoi), do sai léch tir khoang 1 triéu nguoi=108 da dugc xem I
t6t. Thong thuong dé danh gida mire d6 tot xau cia mot du bao, ngodi viéc xem xét
MSE, ta con xem xét chi s6 MAPE (phan trim sai sd tuyét d6i trung binh) dé danh
gia sai sb trén quy mo do cua ca thé. Do d6 bude dau, luan an tién hanh huan luyén
md hinh ANN trén toan bo 100 dix liéu trén 1000 vong lip dé danh gia sai s6 o thé

xay ra. Qua trinh huan luyén nay dugc mo ta boi Hinh 3.44.
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Sai sot tot nhat trén tip huan luyén la: 0,019363 tai vong lap thir 1000

Hulim kol
Tot nhat
My tilu

Sai 50 trung binh

100 00 b0 400 B0 &0 TO0

1000 vong lap

Hinh 3.44 Qua trinh huan luyén ANN trén toan bo 100 diém dix liéu qua
1000 vong lap.

Tir hinh 3.44 ta thiy MSE caa ANN héi tu vé khoang 102 qua 1000 vong lap.
Trong bai toan dy bao hé sé nap, cac quan sat thuong co gia tri tir 70 dén 80, viéc du
bao véi d6 sai léch binh phuong khoang 0.01 14 hoan toan c6 thé chap nhan duoc.
Luén an cling d3 kiém tra phan tram sai s6 tuyét doi trung binh MAPE caa mé hinh,
két qua MAPE=9,7586.10", nghia 1a trung binh mét du béo chi léch 0,09% so Vi
gia tri thuc. Do d6, c6 thé thay viéc sir dung mang no-ron dé Xap Xxi cac gia tri mo
phong tir ANFIS 12 kha thi.

Ngoai ra, dé loai bo hién twong overfitting, 100 b dir liéu da thu thap tiép tuc
duoc chia ngau nhién thanh céc tap huan luyén, tap danh gia chéo va tap kiém tra voi
ti 1& lan luot 12 0,6; 0,2 va 0,2. Cach chia dir liéu thanh 3 tap nhu da néu rat pho bién
va da duoc sir dung trong qua trinh huan luyén mang no-ron trong rat nhiéu nghién
ctru: [36+40] . Cac mau cu thé duoc dung dé huan luyén danh gia chéo va kiém tra
duoc trinh bay chi tiét trong cot cudi cung cta Bang 3.5 véi ky hiéu 1, 2, 3 lan luot
la mau huan luyén, mau danh gia chéo va mau kiém tra. Trong do, tap huan luyén
dung dé huan luyén mé hinh, tap danh gia chéo nham kiém tra hiéu qua du doan céac
diém nam ngoai dir liéu mau va nham ngan chan hién tuong hoc qua muc (over-

fitting, 1a hién twong md hinh rit dung trén tap huan luyén nhung sai trong thuc té)
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trong qué trinh huan luyén (tap kiém chang duoc chay trong qua trinh huan luyén
ANN nhung khong tham gia vao viéc xay dung cac bo hé sé w, b ma chi dung dé
tinh sai s6 nham dirng md hinh khi xay ra hién twong hoc qua muc), tap kiém tra dong
vai trd nhu dit liéu thuc té dugc dung dé kiém tra hiéu qua cia mé hinh 1an cubi. Qua
trinh huan luyén mé hinh dugc md ta théng qua hinh 3.45

Hiéu suat dinh gia chéo tot nhat 1a 0.11145 tai vong 13p 3

10°

Tap hudn hrvén
Tip danh gid chéo
l"z}jp kiép’t tra

- Totnhat

-
=]

-
=1
T

Trung binh sai s0 binh phirong (mse)

1

-
=]

I|

[=Jr

Vong lap

Hinh 3.45 Qua4 trinh huan luyén mang no-ron nhan tao.

Hinh 3.45 md ta quéa trinh huan luyén mang no-ron nhan tao. Qua do, ta c6 thé
thay sai s6 trén tap huan luyén (duong mau xanh duong) giam dan qua cac vong lap.
cung voi do, sai sb trén tap danh gia chéo (dudng mau xanh 18) giam dan tir vong lap
dau tién dén vong lap thtr 03 va tang trd lai tir vong lip thi 04. Bidu nay cho thay
hién tuong over-fitting bat dau xuat hién ¢ vong lap the 04. Do do, ta sir dung mo
hinh ¢ vong Iap thir 03 1a md hinh cubi ciing. Két qua sai sé trén tap kiém tra (duong
mau d6) ciing cho thay két luan trén 1a thich hop. Sai s6 caa mé hinh trén, tap danh
gia chéo va tap kiém tra tai vong lap thir 03 dugc thé hién boi bang 3.7. Két qua nay

cling cho thidy mé hinh sir dung la pht hop.
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Bang 3.7: Két qua chay ANN trén tap danh gia chéo.

Y Y Sai Sé
X1 X2 X3 X4 Xs binh

(ANSYS-FLUENT) | dy dodin (ANN) | [hirone

17,25 | 102,75 | 12,50 | 2,50 | 40 78,864 77,91337 0,903704
17,25 | 104,25 | 11,50 | 3,50 | 40 78,062 78,23337 0,029369
15,75 | 104,25 | 12,50 | 3,50 | 40 78,086 78,10324 0,000297
15,75 | 102,75 11,5 2,50 | 42 78,12 77,83983 0,078496
15,75 | 102,75 115 3,50 | 42 78,386 78,09497 0,084696
17,25 | 102,75 11,5 3,50 | 42 77,996 78,12395 0,016371
15,75 | 104,25 115 3,50 | 42 78,069 78,13496 0,004351
17,25 | 102,75 12,5 3,50 | 42 78,099 78,02691 0,005196
17,25 | 104,25 12,5 3,50 | 42 78,143 78,09915 0,001923
16,5 | 103,50 | 12,00 | 3,00 | 41 78,108 78,19415 0,007422
15,00 | 102,00 | 11,00 | 4,00 | 40 78,073 77,46657 0,367763
18,00 | 105,00 | 11,00 | 4,00 | 40 78,121 78,14104 0,000401
15,00 | 105,00 | 11,00 | 2,00 | 42 78,056 78,04351 0,000156
18,00 | 105,00 | 11,00 | 4,00 | 42 78,112 78,2305 0,014043
15,00 | 105,00 | 13,00 | 4,00 | 42 78,12 78,09359 0,000697
15,91 | 105,00 | 13,00 | 4,00 | 42 78,164 78,00238 0,026121
15,00 | 105,00 | 11,00 | 3,88 | 40 78,144 78,65991 0,266162
18,00 | 105,00 | 12,70 | 4,00 | 42 78,099 78,2649 0,027523
18,00 | 105,00 | 12,27 | 4,00 | 42 77,861 78,39756 0,287899
18,00 | 105,00 | 12,269 | 4,00 | 42 78,033 78,39774 0,133037

Sir dung md hinh mang no-ron trén cho toan bo 100 diém dit liéu, ta nhan duoc

C4C gi4 tri trong s6 w va léch b (bias) thé hién bai bang 3.8 va bang 3.9

Bang 3.8: Bang hé sé chuyén tiép tir 16p dau vao dén 1p an.

Nt 4n 1

NGt 4n 2

NUt 4n 3

NGt an 4

NUt 4n 5

Nt vao 1

Wo11=3,160

Wo12=-7,297

Wo13=1,679

Wo14=2,652

Wo15=0,106

Nt vao 2

Wo21=0,084

Wo22=-0,354

Wo23=0,539

Wo24=0,004

Wo25=0,118

Nt vao 3

Wo31=-0,092

Wo32=3,656

Wo33:5,212

Wo34=-2,689

Wo35:-2,115

Nt vao 4

Wo41=3,719

Wos1=-1,464

Wos3=4,935

Wo44=0,395

Wos5=0,016

Nt vao 5

Wo51=0,884

W052:-1,185

W053:-2,188

Wo54=0,090

W055:-3,195

Léch

bo1=0,9547

bo2=0,3521

bo3=-2,4649

bo4:1,8758

bos=2,2422
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Bang 3.9: Bang hé sé chuyén tiép tir 16p an dén 16p dau ra.

NGt an 1

NGt an 2

NUt an 3

NUt an 4

NUt an 5

Léch

Nt ra

w111=0,302

wi21=-1,039

W131=0,227

W141:0,103

wi151=-0,182

b11=0,1775

Str dung cac hé sé thu duoc cing cac ham truyén Sigmoid va tuyén tinh ¢ hai
giai doan, ta c6 dugc mo hinh xap xi Y=f(X1, X2, X3, Xa, Xs), V&i Y 1a hé sb nap.

b. Toi wu héa hé so nap bang phiong phdp tién hda vi phan DE

Dé tién hanh thuat toan tién hoa vi phan DE, mdi bo tham sé {X1, X2, X3, Xa,
Xs} s& dugc ma hoa dudi dang céc ca thé, mdi ca thé ang véi mot gia tri ham muc
tiéu Y. Y 1a hé s6 nap duoc xap xi bang mé hinh mang no-ron nhan tao. Quéa trinh ma
hoa dugc thé hién béi hinh 3.46.

Ham muc tiéu

Cathél: | Xu | X2 | Xa3 | Xu | Xis -> Y1
Ca thé 2: Xor | Xoo | Xoz | Xoa | Xos - Y2
Ca thé NP: | Xnp1 | Xnez | Xnps | Xnpa | Xnes -> Ynp

Hinh 3.46: M4 hoa céac 10i giai thanh dang nhiém sic thé.

Sau khi ma hoa céc loi giai, xac dinh ham muc tiéu Y=Ff(X1, X2, X3, X4, Xs) (M0
hinh duoc xap xi bai ANN), ta c6 thé sir dung thuat toan DE dé téi wu hoa ham muc
tiéu, cu thé Ia tim bo tham s6 {X1, X2, X3, X4, X5} nham cuc dai hé $6 Ymax. T0an b
qua trinh két hop ANSYS-FLUENT, ANN va DE duoc thé hién boi Hinh 3.45. Trong
qua trinh t6i vu DE, su bién doi caa cac gia tri Ymax qua ting vong liap duogc luu lai
va thé hién ¢ Hinh 3.46. Qua do, ta thiy gié tri t5t nhat caa ham muc tidu Yeest, tirc hé
sb nap, ting dan déu qua céc vong lap va gan nhu hoi tu ¢ vong lap the 50. Cudi
cuing, khi thuat toan hoi tu, ta nhan duoc Ymax=81,062 twong wng véi by tham sé
{X1 X2 X3 Xa Xs}={18,000 104,707 12,273 4,000 40,000}.
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« M6 phong 100 bd sé voi 5 bién X=[X1,

X2,..,X5] va H& s6 Nap Y

« Xay dung ham s6 Y=f(X)

* Tim X=[X1, X2,...,X5] sao cho Y cuc dai.

Hinh 3.47: Qua trinh thuc hién két hgp ANSYS, ANN va DE

81.8

816 -

81.4 -

81.2 -

Hé sb nap

81

80.8 -

80.6 -

1

80.4

20

40

60
Vong lap

80

100

120

Hinh 3.48: Qua trinh tim kiém va hoi tu caa giai thuat tién hoa vi phan.

Cubi cing, dé kiém tra lai tinh chinh xac cua qua trinh tinh toan bang mé hinh
mang no-ron nhan tao va diém ti vu tim thiy boi DE, ngoai 100 diém di liéu d3 mo
phong, luan an tién hanh md phong lai diém téi vu da tim thiy va 13 diém ngau nhién
khac bang phan mém ANSYS-FLUENT. Két qua mé rong nay (114 diém) dugc thé

hién boi bang 3.9.

Bang 3.10: Két qua md phong mé rong.

X r Tham so .
So thir tw X, % X3 X X Hé so nap
101 15,00 102,94 11,00 2,00 | 41,00 78,119
102 18,00 | 104,707 | 12,278 | 4,00 | 40,00 78,038
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103 18,00 102,00 11,00 | 4,00 | 40,00 77,909
104 18,00 105,00 11,00 2,00 | 40,00 79,076
105 18,00 102,01 11,00 3,99 | 40,00 77,859
106 18,00 102,01 11,00 | 3,999 | 40,00 77,426
107 18,00 | 104,707 | 12,273 | 4,00 | 40,00 81,073
108 18,00 105,00 | 12,725 | 3,94 | 42,00 77,914
110 15,75 102,75 12,50 2,50 | 40,00 77,954
111 18,00 | 104,708 | 12,274 | 4,00 | 40,00 78,138
112 18,00 | 104,706 | 12,272 | 4,00 | 40,00 78,109
113 17,842 | 105,00 11,00 | 2,992 | 40,00 78,215
114 18,00 | 104,527 | 13,00 | 3,729 | 41,00 78,054

Nhac lai, hé s nap tdi wu duoc tim thdy boi ANN va DE cé gia tri
Ymax=81,062, twong tng Véi bo tham s {X1 X2 Xs X4 Xs}={18,000 104,707 12,273
4,000 40,000} . Biém nay khi md phong lai bang phan mém ANSYS - Fluent cho két
qua 13 Ymax=81,073, gan nhu tring khép so véi két qua xap xi bang mang no-ron.
Diém nay ciing 1a diém tbt nhat trong bo dit liéu ma rong trong bang 3.9. Do do, ta
c6 thé tin tudng thiét ké dugc tim thay 1a mot thiét ké ti wu, hoac it nhat cling c6 thé

cai thién hé s6 nap mot cach dang ké.
3.3.4 Xay dwng mai quan hé giira hé s6 nap va hé sé xoay

Phan trudc cia luan an trinh bay phuong phap tim thiét ké t6i wu cho hé sb
nap cia dong co. Phan tiép theo, luan an s& tién hanh tinh cac hé sé tuong quan cua
hé s6 xoay d6i vai hé so nap. Néu ton tai su tuong quan thuan giira hai hé s6 nay,
viéc toi wu hé sé nap sé& 1am cho hé s xody tang theo. Do gidi han vé thoi gian tinh
toan (mdi bo dir liu can thoi gian tinh toan 1a 10 ngay dé cho két qua cua 1 hé sb

X04y), nén luan an chi thyuc hién tinh toan & 26 diém.

Hinh 3.49 thé hién db thi phan tan cua 26 diém dit liéu theo hé sb nap va hé sb
xoay, qua d6 budc dau ta thay hé sd xody dudng nhu ting theo hé sé nap. Nhan dinh
nay duoc kiém chirng bang viéc tinh cac hé sé twong quan va kiém dinh & bang 3.10
cho thay cac h¢ s6 twong quan déu duong, diéu nay thé hién mbi quan hé tuong quan
thuan giira hé sb nap va hé sé xody, hay néi cach khac, khi hé sé nap tang thi hé sb

X04y sé& tang theo. Tuy nhién, cic gid tri p cho cac kiém dinh déu kha lén, diéu nay
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cho thay cac chting ctr van chura dit manh dé két luan vé mot hé sé twong quan duong.
Nguyén nhan la do ¢& mau khao sat kha nho, chi vai 26 diém dit liéu. Can ctr vao cac
két qua trén, véi giéi han thoi gian trong viéc thuc hién luan 4n, bude dau ta co thé
dat gia thuyét vé su tuong quan thuan gitra hé s6 nap va hé sé xody nhung gia thuyét

nay can duoc tiép tuc kiém chiing & nhitng nghién ctu tiép theo véi ¢d mau khao sat

|6n hon.
280 L -
& L ]
L ]
..
- e
o 260
= .
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=T} .
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= 240 .
=]
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E' . . ™
270 . * .
L]
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H
L ]
L]
2.00
I I I ] L I I
76.00 77.00 78.00 79.00 80.00 B1.00 82.00
Heé s0 nap

Hinh 3.49: D6 thi Scatter thé hién méi quan hé giira hé s6 nap va hé sd xoay.

Bang 3.11: Két qua mot s6 loai hé sb trong quan va kiém dinh.

Loai hé sé twong quan Gia tri hé sé twong quan | Giatrip
Hé sb twong quan tuyén tinh Pearson 0,143 0,486
Hé sb twong quan hang Kendall 0,168 0,233
Hé so twong quan hang Spearman 0,254 0,210
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O mét goc nhin khac, tir hinh 3.49, ta cé thé thdy rang tng véi mdi gia tri hé
sb nap, 6 thé ton tai nhiéu gia tri hé s6 xo4y khac nhau, do d6 viéc xac dinh mot md
hinh ¢6 do phi hop cao khi sir dung dit liéu gbc da thu thap duoc la kha khong kha
thi. Do d0, thay vi viéc xac dinh mdi quan hé gitta Hé s xoay (Y2) theo hé sé nap
(Y1), ta s& xac dinh méi quan hé giira trung binh hé s6 xoay theo tirng gié tri cua Hé
s6 nap E(Y2|Y1). Mt khac, nham tinh gon va lam tron d6 thi ciing nhu 1a loai bo
nhidu cd thé xay ra, ta can tién hanh phan nhém Hé s6 nap Y1 thanh k nhém khéc
nhau, xép theo th tu tang dan. Hinh 3.50 thé hién két qua phan nhém dir liéu thu
duoc theo Hé sb nap (str dung thuat toan k-means véi k=5). Ta c6 thé thay rang dix
licu duoc sap xép thanh cac nhom theo thir tu ting dan cua Hé sé nap. Trong tam cua

cac nhom nay duoc thé hién bai bang 3.11.

Heé so nap
2 B0
C1.00
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o= .
2.20 ™
]
L]
8
L
2,00
I ] I I T I I
76.00 77.00 78.00 79.00 80.00 B1.00 82.00
Hé so nap

Hinh 3.50: Két qua phan nhém dit liéu thu duoc theo hé s6 nap véi k = 5.
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Bang 3.12: Trong tdm cua cdc nhom.

Nhom | Trong tdm hé s6 nap
1,00 76,8000
2,00 77,9849
3,00 78,2326
4,00 79,2557
5,00 80,8695

Tiép theo, ta tién hanh tinh trung binh caa Hé sb xoay Y2 theo cac nhoém hé sb
nap. Két qua duoc thé hién bai hinh 3.51.

300

trung binh

€ s0 Xody

1.00]

~

H

Hé sb nap
Hinh 3.51: Trung binh hé s6 xoay theo cac nhém cua hé sé nap.

Tir hinh 3.51 ta thay rang trung binh cia Hé s6 xody c6 xu hudng ting theo hé
sb nap ¢ 04 nhom dau tién, khi hé sé nap nho hon 79,26. Tuy nhién, gia tri hé sb xoay
lai c6 xu hudng giam khi hé sb nap ting cao hon 79,26. Hinh dang d6 thi nay phu
hop v&i mot méi quan hé phi tuyén hon 1a mot méi quan hé tuyén tinh (két luan nay
cling phu hop véi viéc kiém dinh mdi twong quan tuyén tinh & phan trén); va do do,
nghiém t6i wu cta hé hé sé xoay s& khong tring vaéi nghiém téi wu cua hé s6 nap. Van

dé toi wu ca hé sb nap va hé sb xody can duoc giai quyét thong qua bai toan téi wu da
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muc ti€u, cling chinh la mot trong nhitng dinh huéng nghién ciu mo rong cua luan

an.

129



Chuong 4
KET QUA NGHIEN CUU

Toan b cum hong nap cai tién mai (bén trong I1An bén ngoai nap xylanh)
dugc md phong lai bang phan mém Ansys—ICE vai mic d6 hoi tu 1a nho hon 1074,
cling nhu duoc ché tao va mang di thuc nghiém dé danh gid so sanh vai thiét ké
hong / xUpap nap hién hitru cua dong co. Cac dac tinh lam viéc cua dong co nhu:
cdng suat max, suat tiéu hao nhién liéu ¢ cong suat dinh murc 1 céc tiéu chi duoc

guan tam trong qua trinh thuc nghiém.

CONOIBO LOC GIO i

Hinh 4.2: Chi tiét cum hong xdpap / nap sau khi cai tién mai
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4.1. So sanh két qua mo phéng bang phan mém Ansys—ICE

Viéc xay dung md hinh va cai dat diéu kién bién cho qua trinh mé phong ki
nap — nén cua déong co VIKYNO RV165-2 trong Ansys—ICE duoc trinh bay trong
phan phu luc 11

4.1.1. Hé sb nap
4.1.1.1. Phwong phap xir ly sé liéu

Trén thuc té, phan mém md phong Ansys—ICE khong xuit ra truc tiép két

qua hé s6 nap (volumetric efficiency).

Hé s6 nap (volumetric efficiency) dugc xac dinh theo cong thuc:

1, = 2 L 100% (%) [21] (4.1)
Viy thuyst
Trong do:

V iy thuyet: 12 thé tich ma khdng khi cé thé nap tdi da vao bén trong xylanh
Péi vai dong co VIKYNO RV165-2 thi V iy iuyé = Vi = 839. 10 (m?)

Vinee t : 12 thé tich khong khi thuc té dwoc nap vao bén trong xylanh tai thoi
diém cudi ki nap — dau ki nén.

Trén thuc té, két qua md phong Ansys - ICE khong xut ra truc tiép gié tri
cta Vine 2. Nhung bang cach, Iy tich phan luu luong khéng khi nap thuc té vao
xylanh dong co theo thoi gian (két qua cé duoc tir viec mé phong Ansys—ICE),

chling ta hoan toan c6 thé xac dinh duoc gié tri cua Vinge 6

Vinge ts = fot v(t).dt (4.2)
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v(m3/s) —

v(t)

Vthuc té

,

t bt tiz b o t(s)

Hinh 4.3: Tich phan luu lugng theo thoi gian
L4y tich phan xap xi phuong trinh (4.2) bang phuong phap hinh thang
[41].Ta duogc:
t p [Py n-1
Vingete = fo v(t).dt = =1 [7. (Wjo + 2. X421 Vjie + vjn] (4.3)
Thay phuong trinh (4.3) vao phuong trinh (4.2). Ta dugc cng thirc xac dinh

hé s6 nap 7,,:

Z?=1[%.(vjo+2.zz;i vjk+v]-n]
N, = * 100% (%) (4.4)

Vi

Trong do:

A;: timestep (S)

v: luu lwong thé tich (m3/s) tir két qua md phong Ansys—ICE (phu luc 12)
p: s6 khoang c6 timestep khong bang nhau

4.1.1.2 Két qua hé sé nap

Tir két qua md phong Ansys—ICE két hop véi thé tich khong khi nap thuc té
vao xylanh dong co c6 dugc tir phuong phéap 14y tich phan xap xi. Ta c6 két qua nhu
sau: thiét ké cum hong nap cai tién cho két qua hiéu sut nap cao hon han thiét ci.
Tang 8,8% tir 80% Ién 88,8%. Pat duoc két qua nay la do hinh dang hinh hoc cua
cum hong nap cai tién duoc thiét ké bang phuong phap tham sb nén tron, muot hon

han hong nap dung hinh bang phuong phép cii, ciing nhu thiét ké méi nay da duoc
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tinh toan ti uu hoa hé sb nap. Chinh sy tron muot tai c&c vi tri chuyén tiép gitra céc
mat cit khi hong nap dugc dung bang phwong phap tham sb da 1am giam ton that
nang luong cuc b trong duong dng nap, tir d6 ting thé tich khong khi nap vao

xylanh dong co.

1006

80,0

o
Q

Hiéu suat nap (%)
(2]
O

B
(@]

20

Phuong an hién httu ~ Phwong an cai tién
Hinh 4.4: Biéu d6 so sanh hé sé nap cua hai phuong an
4.1.2 Két qua hé sé xoday (swirl ratio)

Déi vé6i hé sb xody, cum hong nap sau khi cai tién ciing cho két qua tich cuc
hon thiét ké hién hitu. Hé s6 xody trung binh trong toan bo ki nap — nén ciia phuong
an cai tién 12 2,11 tang hon 17,88% so thiét ké cii 12 1,79. Két qua nay c6 thé dugc
giai thich la do:

= Bé& mat tron, muot ciia hong nap xoan 6¢ méi di lam giam di ton that
nang luong cuc bo trén dudng 6ng nap.

= Hinh dang hong nap xoin ¢ méi ¢ bién dang xoan ¢ hop 1y hon,
phu hop vai thiét ké cua xGpap nap va dinh piston cua dong co dang

nghién cuu .
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4.1.3 Truwdng van téc, ap suat va nhiét do

€ 50 xoay

H

—=#— Phuong dn hién hitu
—&— Phuong 4n céi tién

350 400 450 500 550 600 650 700

Gdce quav truc khuvu

Hinh 4.5: Biéu do biéu dién hé sé xody trong qua trinh nap — nén

cua hai phuong an

Trong sudt quéa trinh nap, mat do dong khéng khi trong ca hai phuong an

hong nap phan b kha twong ddng, nhung phuwong an hong nap cai tién ¢ van téc

chuyén dong cua truong khong khi nap 16n hon, diéu nay ciing gop phan ly giai vi

sao phuong an hong nap cai tién c6 hé sb xoay trung binh cao hon phuwong 4n hién

hitu. Trudng phan bd &p suat va nhiét do cua dong khdng khi nap bén trong xylanh

cua ca hai phuong an mé phong duoc thé hién ¢ hinh bén dudi:

Phuong an cai tién

GQTK Phuong an hién hitu
:
(e} 34301 | #
366 A EL A XL
14401
520+00 . d .
# ‘s
Contours of Velocity Magnitude (m/s) (Time=1.4394e-03) Sep 20,2018 Contours of Velocity Magnitude (m/s) (Time=9.8485e-04) Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=365.90(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

Crank Angle=366.00(deg)
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398°

2814002
343002
8280002

1820402
1443002
1269002
! 1.089102

2039001
1228001

0008400

1 Contours of Velocity Magnitude (m/s) (Time=3.8636e-03) Sep 27,2018
AN

| Crank Angle=398.00(deg) ISYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

| Crank Angle=397 .90(deg)

2724402
2529002
2318402

0002400

Contours of Velocity Mag

nitude (ms) (Time=3.4091e-03) Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

414°

2402
3.782002

2798402
2502407

0008400

| Contours of Velocity Magnitude (mis) (Time=5.07586-03) Oct 15,2018
| Crank Angle=414.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

4078402

e

2070101
Z o
0.00s400
Contours of Velocity Magnitude (ms) (Time=4.6212e-03) Aug 13,2018
| Crank Angle=413.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

430°

2212407

2579102
2419002
4402
2082402

1.928002

0008400

| Contours of Velocity Magnitude (mis) (Time=6.2879e-03) Oct 18,2018
| Crank Angle=430.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

2422407

8.0
2918002
2745102

2429001
1118001
0002400

Contours of Velocity Mag
Crank Angle=429.90(deg)

nitude (ms) (Time=5.8333e-03) Aug 13,2018
) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

446°

2125402
197402

1520002

| 8089001

7

01
o1
4540001
2030101
1518101
0.00s400

1 Contours of Velocity Magnitude (ms) (Time=7 5000e-03) Oct 23,2018
| Crank Angle=446.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

5402101
183001

4.700701
3430001
1578001
0002400

Contours of Velocity Magnitude (ms) (Time=7 04556-03)
| Crank Angle=445.90(deg)

*

Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
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462°

238402

I 0008400

Contours of Velocity Magnitude (ms) (Time=8.7121e-03) Oct 24,2018
Crank Angle=462.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

1418402
1.279102
1138002
9865401
o1
1048001
4101
o101
2820001
1418001
0002400

Contours of Velocity Magnitude (ms) (Time=8.2576e-03) Aug 13,2018
Crank Angle=461.90(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

478°

I 0008400

Conlours of Velocity Magnitude (m/s) (Time=9.9242e-03) Oct 25,2018

'
0002400

Contours of Velocity Magnitude (m/s) (Time=9.4697e-03) Aug 13,2018

Crank Angle=478.00(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient) Crank Angle=477.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
1978402 2028402
1.939+02
1879402
1.579+02
1485402 2
1289402 1328402
1.189402 1.229402
1.028402
8.5 140001
494° . 10488
3 7118401
9 £.080101
Odgr01
29 4065401
20501
1.979+01 20301
€.840400 1.020001 .
0002400 0002400
Contours of Velocity Magnitude (m/s) (Time=1.1136e-02) Oct 29, 2018 Contours of Velocity Magnitude (m/s) (Time=1.0682e-02) Aug 13,2018
Crank Angle=434.00(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient) Crank Angle=433.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
1878402 1888402
1.769+02
i 12 1.709402
1808402
1.519+02
1.269402 1418402
1099402 1228402
1.130+02
1048402
o1
5 1 0 o ABo101
€.709 153001
e E.582401
01
o1
3.1res01
28201
1879401 188001
8379000 CA4290000
0002400 0002400
Contours of Velocity Magnitude (m/s) (Time=1.2348e-02) Oct 30,2018 Contours of Velocity Magnitude (m/s) (Time=1.1894e-02) Aug 13,2018
Crank Angle=510.00(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient) Crank Angle=509.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
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o
526 4
E
L
I ol - 1
0008000
Contours of Velocity Magnitude (ms) (Time=1.3561e-02) Oct 30, 2018 | Contours of Velocity Magnitude (mis) (Time=1.31068-02) Aug 13,2018
Crank Angle=526.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) | Crank Angle=525.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
542° k G ’
ol - 1
Contours of Velocity Magnitude (ms) (Time=14773e-02) Oct 30, 2018 | Contours of Velocity Magnitude (mis) (Time=14318-02) Aug 13,2018
Crank Angle=542.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) | Crank Angle=541.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
° ' g @
558 LY
ol - 1
Contours of Velocity Magnitude (ms) (Time=15985e-02) Nov 01,2018 | Contours of Velocity Magnitude (mis) (Time=1.55306-02) Aug 13,2018
Crank Angle=558.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) | Crank Angle=557.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

Hinh 4.6: Truong van tc caa hai phuong an.

Cac két qua vé trudng van téc ang vai ting goc quay truc khuyu ¢ phuong
an hién hiru va phuong an cai tién cho thay rang ¢ phwong 4n cai tién trudng van
téc cua dong khong khi tap trung vao vung trung tdm cua xylanh (su thay d6i dé
nhan thay nhat 1a & goc quay truc khuyu 462° va 526°) & cudi qua trinh nap 1a mot

tién dé dé hoa tron luong hdn hop nhién liéu va khong khi tét hon.
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GQTK

Phuong an hién hiru

7
HP

Phuong an cai tién

366°

1456404
187e00¢
1286004
1208404
111004
1036004
94Ber02
8626002
7776003
683002
60902
525103
a4%e002 ‘
as7es02
2730403
1890003
10564003
2120002
-6.289102
-1473003
2318003

Contours of Static Pressure (pascal) (Time=14394e-03) Sep 20,2018
Crank Angle=366.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

-1 1Ba+03

-0.789403
1088404

2278004

Contours of Static Pressure (pascal) (Time=9.8485e-04)

Crank Angle=365.90(deg)

'i,:l'

Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

398°

4578802
456903
8iai03
-1.288004

1582104
2108004
2518004

3268004

Contours of Static Pressure (pascal) (Time=3 8636e-03) Sep 27,2018
Crank Angle=398.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

-8.008404

Conlours of Satic Pressure (pascal) (Time=34091e-03)

Crank Angle=397.90(deg)

Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

414°

9 E0es02

o
-1.569104
2068404

£.030104
6509104
1088004
7.500004
8109004 .

#

8500104
8108004

430°

Contours of Static Pressure (pascal) (Time=5 0758e-03) Oct 15,2018 Contours of Static Pressure (pascal) (Time=4 6212e-03) Aug 13,2018
Crank Angle=414.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=413.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
140001

2069004
2488004
-2 89404
3309104
ERAET)
ER )
4530104
499004

#

2879-03) Oct 18,2018
ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

Contours of Static Pressure (pascal) (Tim
Crank Angle=430.00(deg)

9839903
RE P
1530104
2269004

Contours of Static Pressure (pascal) (Time=5.8333e-03)

Crank Angle=429.90(deg)

Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
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446°

-1 Bas03

I 7928004

328403
6429103
6538403
REC

| st
I 2328004

Contours of Static Pressure (pascal) (Time=7 50006-03)
ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, tran:

Crank Angle=446.00(deg)

Oct 23,2018
nt)

Contours of Static Pressure (pascal) (Tim

Crank Angle=445.90(deg)

7.04556-03) Aug 13, 20
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

462°

-2.758408

-1.250004
RECT)
207804
-2 38004

2769104
3148004
2528004
-2.909104
4289004
4858004
5.030004
S419004
5. 199004
BATor04
6540104
6928004
7308004

T

-1 328403
498003
533403
-1.238004
-1.5G91(4

[

]
4159004
4528404
-1.588401
BRI

Conlours of Static Pressure (pascal) (Time=8.7121e-03)

Crank Angle=462.00(deg)

ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, tran:

Oct 24,2018
nt)

Contours of Static Pressure (pascal) (Tim

Crank Angle=461.90(deg)

25768-03) Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

478°

3076002
1826002

2178003
5888408
-8.500103
RECET)

I 5248004
5528004

.8

Conlours of Static Pressure (pascal) (Time=9.9242e-03)
AN

Crank Angle=478.00(deg)

O«
ISYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, tran:

ct 25,2018
nt)

Contours of Static Pressure (pascal) (Tim

Crank Angle=477.90(deg)

03) Aug 13, 20
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

494°

336402
1590002
-7.388402
2078403
5402103
-1.138403
101801
-1 a0t

BRI
RESET)
RECE]
27004
-2418004
-2 Bta 0
2870004
21904
3380
3570004
2810004
4349004
4278004

T

324403
3743403
6155403
8560403
1109104
-13ta004
Sasei
-1 704
2069004

! 2308404
2558004
2780104
3038004
2278004
3510004
375104
3996004
4230004
4480104
4128004
4 968404

Conlours of Static Pressure (pascal) (Time=1.1136e-02)
AN

Crank Angle=434.00(deg)

ISYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, tran:

Oct 29, 2018
nt)

Contours of Static Pressure (pascal) (Tim

Crank Angle=493.90(deg)

0682e-02) Aug 13, 20
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
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510°

3 Fdes02
162e003
1 gHer02
-1.538403
-3.250103
4988103
6708403
842003

-1.020004
RECE
BRI
1530104
RESET]
-1.588004

2.050004
2220004
2396004

2570004
PRI
2919004
2088004

-1 32403
-3.339+03
-5.339003
-7.338403
-0.330103
REEET)
-1.338004
RE-
)

| sz
2138001
2330104
2588004
2730004
2939004
2139004
2338004
3530004
3789004
2945004
BRI

Contours of Static Pressure (pascal) (Time=1.2348e-02) Oct 30,2018 Contours of Static Pressure (pascal) (Time=1.1894e-02) Aug 13,2018
Crank Angle=510.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=509.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
2726408 -1 32403
947602 3089103
3260402 454403
-1, 402403 6302403
2879103 -8.369103
4148103 -1.01a04
“sAta03 ERT)
-6 30403
7969103 .
-6.280403
<3501
5260 180004 2070004 ' [
1408004 2240004 ! '
-1 aza01 zAza0
1.560+04 2500004
1590004 27704
-1sta0r zataon
1.9¢0004 2420004
2070004 3309104
2208004 sara01
25200 “2asa01
Contours of Static Pressure (pascal) (Time=1.3561e-02) Oct 30,2018 Contours of Static Pressure (pascal) (Time=1.3106e-02) Aug 13,2018
Crank Angle=526.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=525.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
1182408 2
1478002 271
2908402 :
-1 92403
2969103 6899103
4008403 -8.289003
504403 874403
-6 04403
08
-&.164403 i
2198003 i
5 4 2 o 1020004 -
1120004 1.8 .
1280004 1
1330104
42e004 22
154001 256
1.5¢0004
1750104 28t
1858104 218804 L
-1 a0t zataor

Contours of Static Pressure (pascal) (Time=14773¢-02)
Crank Angle=542.00(deg) AN

Oct
ISYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=541.90(deg)

30,2018 Conlours of Static Pressure (pascal) (Time=14318e-02)
AN

Aug
ISYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, tra

13,2018
nt)

558°

1626402
1016002
405002
204002
8149102
1428103
20238403
2303
3.259003

3869003
£ 474403
-5.080103
5599003
-6.304403
£.919103
-1.528003
2138003
8740403
-0.340003
-8.959003
REC

-1 32403
-2.343403
-3.369003
4398403
5410103
6428103

7458403
g 47403
0489103

-2179404
Contours of Static Pressure (pascal) (Time=15985¢-02) Nov 01,2018 Contours of Static Pressure (pascal) (Time=15530e-02) Aug 13,2018
Crank Angle=558.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=557.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

Hinh 4.7: Truong ap sut cua hai phuong an.

Cac két qua vé truong ap suat cia hai phuong an cho thay ring & phuong an

- 7

hién hitu truong ap suat ¢ cudi qua trinh nap (twong wng 558° goc quay truc khuyu)
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cling nhu & cac do nang xUpap khac nhau (d& nhan thay nhét l1a ¢ goc quay truc

khuyu 478° ,510° va 542°) cao hon so voi phuong an cai tién. Tir d6 cho thy,

phuong 4n cai tién c6 do chéch ap so véi ap suat khi quyén 16n, nén luu lwong

khong khi s& dugc hat vao xylanh nhiéu hon.

GQTK

Phuong an hién hitu

Phuong an cai tién

366°

Contours of Static Temperature (k) (Time=1.4394e-03)

Crank Angle=366.00(deg)

|
‘%

Sep 20,2018
ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

2039002
3019002
2994402

Contours of Static Temperature (k) (Time=9.8485e-04

Crank Angle=365.90(deg)

|
‘%

) Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

398°

Contours of Static Temperature (k) (Time=3.8636e-03)

Crank Angle=398.00(deg)

&\

‘%

Sep 27,2018
ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

2407

Contours of Static Temperature (k) (Time=3.4091e-03)

Crank Angle=397.90(deg)

Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

414°

2402

Contours of Static Temper

Crank Angle=414.00(deg)

rature (k) (Time=5.07586-03) Oct 15,2018
ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

02
2505402
02

Contours of Static Temperature (k) (Time=4.6212e-03)

Crank Angle=413.90(deg)

|
‘%

Aug 13,2018
ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
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430°

3350402
3329002
3.286002
328002
3210002
3188002
2148402

3112002

079102

| 20tei02
200402
2970102 ' 1
2928002 ‘
2305402 4 —~
, :

1 9
I 2539002

Contours of Static Temperature (k) (Time=6.2679e-03) Oct 18,2018
Crank Angle=430.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

Contours of Static Temperature (k) (Time=5.63336-03) Aug 13,2018
Crank Angle=429.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

446°

2368402
3329002
3.208002
326002
3.239102
3.209002
317002
2128002

- >
2 =
|

2589102
2885002 —
2820002
2789102
2759002
2720002

3228002
3489102
3189002
3128002
208402

3059002
I T L
2528002

Contours of Static Temperature (k) (Time=7.5000e-03) Oct 23,2018
ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

Contours of Static Temperature (k) (Time=7.0455e-03) Aug 13,2018

Crank Angle=446.00(deg) Crank Angle=445.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
I ' 2378402
4620 2120002 X
2089002 018102
2062402 982402
3030002 2.950+02
2009102 2920102
297002 2885402
2840002 2860002
2910002 2839402
2589002 2509002
2869402 2778402
Contours of Static Temperature (k) (Time=8.7121e-03) Oct 24,2018 Contours of Static Temperature (k) (Time=8.2576e-03) Aug 13,2018
Crank Angle=462.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=461.90(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, sk, transient)
2522402
2509102
2479002 2325402
2448402
2419002 3
2319002 3
" 2 ‘ 226402
| 2 | 2agei02
2220002 2168402
4780 218902 2139002
2165002 2109002
2128002 20884002
3100102 3 02
2079102 2020102
5002 2995002
3019102 2970002
989102 2940002
2959002 1
2920002 524402
Contours of Static Temperature (k) (Time=9.9242e-03) Oct 25,2018 Contours of Static Temperature (k) (Time=9.4697e-03) Aug 13,2018
Crank Angle=478.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=477 90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
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494°

354002
3515002
343002
245002
3429102
3309002
2369002

2332002

3148002
3119002
3089102
3088002
3020002
2900102
2959002
2928002

245402
3429002
3408002
3379002
3350002
333002
2309002
328402

1 59102
02
2202402
3189102
3189002
3128002
3119002
3089102
306002
3030002
3016002
2985002
2964002

Contours of Static Temperature (k) (Time=1.1136e-02) Oct 29,2018
Crank Angle=434.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

Contours of Static Temperature (k) (Time=1.0682e-02) Aug 13,2018
Crank Angle=493.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

510°

3512002

2409102
3378002
3359902

2332002

2964002

I

Contours of Static Temperature (k) (Time=1.23486-02) Oct 30, 2018
Crank Angle=510.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

Contours of Static Temperature (k) (Time=1.1834e-02) Aug 13,2018
Crank Angle=509.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

526°

3512002
3485002
3489002
2428002
2409102
3378002
3349902

2332002

3040002
3020002
2.988002
2964002

2422402
3409102
838002

I

Contours of Static Temperature (k) (Time=1.3561e-02) Oct 30, 2018
Crank Angle=526.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

Contours of Static Temperature (k) (Time=1.3106e-02) Aug 13,2018
Crank Angle=525.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

542°

3512002
3485002
3489002
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Contours of Static Temperature (k) (Time=14773e-02) Oct 30, 2018
Crank Angle=542.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)

Contours of Static Temperature (k) (Time=14318e-02) Aug 13,2018
Crank Angle=541.90(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)
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Hinh 4.8: Truong nhiét do cua hai phuong an.

Hinh 4.8 1a két qua md phong trudng nhiét do cua 02 phwong an. O cudi qué
trinh nap (twong ung ¢ goc quay truc khuyu 558°) nhiét do trong long xylanh cua
phuong 4n cai tién cao hon nhiéu so voi phuong an hién hitu. D6 1a co so khang
dinh phuong an cai tién c6 hé sé nap cao hon so véi phuong an hong nap hién hitu.

Vi hé s6 nao ty 18 thuan véi nhiét do caa khong khi ¢ cudi ky nap [21].

4.2 So Sanh két qua thuc nghiém

4.2.1 Két qua thuc nghiém do cic thong sé van hanh caa déng co
VIKYNO RV165-2 sau cii tién

Vi kha nang dap ung tai (hay kha nang gitr tai) cua dong co VIKYNO
RV165-2 & s6 vong quay thap 1a khdng 6n dinh nén trong pham vi cia nghién ciu
nay, tac gia chi khao sat duong dic tinh ngoai gém: moment (Me), cong suat (Ne) va

tiéu hao nhién liéu (ge) tng véi 4 gia tri tbc do tir 1800 dén 2400 (v/ph)
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Contours of Static Temperature (k) (Time=1.5985e-02) Nov 01,2018 Contours of Static Temperature (k) (Time=1.5520e-02) Aug 13,2018
Crank Angle=558.00(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient) Crank Angle=557 90(deg) ANSYS Fluent Release 18.2.2 (3d. dp, pbns, dynamesh, ske, transient)
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Hinh 4.9: Bic tinh Me, Ne va ge theo toc d6 cuia dong co VIKYNO RV165-2

sau khi cai tién.

Két qua dudi dang bang:

Bang 4.1: Két qua do cac thong sb dac tinh ngoai cua
dong co VIKYNO RV 165-2 sau khi cai tién.

n (rpm) Ne (Hp) M (KG.m) ge (g/Hp.h)
1800 13,97 5,56 322,35
2000 15,41 5,52 275,60
2200 16,83 5,48 272,25
2400 18,5 5,54 255,17
Suat tiéu hao nhién liéu
& cOng suat dinh mirc 187 (9/Hp.h)

4.2.2 So sanh két qua thwc nghiém giira déng co hién hiru va déng co
VIKYNO RV165-2 sau khi cai tién
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4.2.2.1 Cong suat

—#— Phurong dn hién hiru
19 —&— Phuong 4n cii tién

18

17|

14

C6ng suat (HP)

14

13

Tée d6 (rpm)

Hinh 4.10: D6 thi so sanh cdng suit giita dong co VIKYNO RV165-2 hién
hitu va sau khi cai tién.

4.2.2.2 Moment

—=&— Phuong 4n hién hiru
56 —— Phuong 4n cai tién

N \

5.4

5.3

5.2

Moment (kG.m)

5.1
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4.9 750079002000 2700 220023002400
Téc d6 (rpm)

Hinh 4.11: D6 thi so sénh moment giita dong co VIKYNO RV165-2 hién

hitu va sau khi cai tién.
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4.2.2.3 Suit tiéu hao nhién ligu & cong suat dinh mic ( Cong suit =
14Hp/2200 vong/phut)

206
299 187

=
[
=8
&h
E 100
=
w

o

0 7
Phuong an hién hiru Phuong an cai tién

Hinh 4.12: D6 thi so sanh suat tiéu hao nhién liéu ¢ céng suat dinh muc giira
dong co VIKYNO RV165-2 hién hiru va sau khi cai tién.

4.2.2.4 Nhan xét két qua thuc nghiém ciia dong co VIKYNO RV165-2

sau khi cai tién toan b hinh dang heng (bén trong Ian bén ngoai nap xylanh)

Tuong dong véi két qua md phong sé trong Ansys—ICE. Két qua thuc
nghiém ciing thé hién sy vuot troi cua thiét ké cum hong nap cai tién méi & hau hét
cac diém van téc duoc khao sat. Cong suat max ting 12,12% tir 16,5 Hp Ién 18,5
Hp. Moment max (tai s vong quay 1800 vong/phit) ting 6,5% tir 5,22 KG.m Ién
5,56 KG.m (va cao hon 13,47% véi gia gia tri ma nha san xuit cong b trén
catalog). Suat tiéu hao nhién liéu & cong suat dinh mac giam 9,23% tir 206 g/Hp.h
xudng con 187 g/Hp.h. Diéu nay dong nghia néu dong co hoat dong lién tuc & cong
suit dinh muc (Cong suat 14 Hp ¢ s6 vong quay 2200 vong/phdt: cdng suit ma nha
san xuat khuyén cao ngudi tiéu dung st dung), mdi ngay 8 gio va lién tuc trong 01
nam sé tiét kiem duoc 936 lit dau Diesel va thé tich nhién liéu giam tiéu thu giam di
tuong duong v4i 15.856.000 VND (néu lay gia dau 1a 16.940 VND/1 lit vao thang
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07 nam 2019). Trong khi d6 gid thanh cia dong co VIKYNO RV165-2 la
17.000.000 VND/ 1 dong co.

Cac két qua thyc nghiém nay duoc tong cuc tiéu chuan va do luong chat
lrong TRUNG TAM KY THUAT VA DO LUONG CHAT LUQNG 3 do kiém va
chang nhan (phu luc 13).
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Chuwong 5
KET LUAN VA HUONG PHAT TRIEN

5.1 Két qua dat dwoc ciia ludn an

Pong co VIKYNO RV165-2 sau khi cai tién cum hong nap dang xoin 4c
hoat dong hiéu qua hon: cong suit max ting 11,6% va suat tiéu hao nhién liéu giam
10,1% mang lai hiéu qua kinh té rd rét va s& duoc tng dung san xuat hang loat tai
cong ty SVEAM va mang lai loi ich kinh té rd rét, ting tinh canh tranh véi céc san

pham cuing loai cua Trung Quéc va Nhat Ban.
5.2 Pong gop mai cia luan an

Hién nay, nhu cau sir dung cac dong co ¢& nho c6 cong sut twong dbi ding
trong ndng — 1am - ngu nghiép tai Viét Nam 1a 16n. Nhiéu loai dong co Trung Quéc,
Dai Loan,... xuat hién hau nhu khip noi trén thi truong Viét Nam, véi nhiéu ching
loai thé hé méi c6 cong suat cao, nho gon, kiéu dang dep, hién dai, muc tiéu hao
nhién liéu twong ddi thap va c6 phan chiém thé thuong phong trén thi trueong so véi
dong dong co san xuét trong nudc. Chinh vi thé, viéc ning cao tinh ning 1am viéc
va chét luong cac dong dong co mang thuong hiéu cia ngudi Viét 1a can thiét.
Trong d6, dong co diesel 1 xylanh, phun tryc tiép VIKYNO RV165-2 véi cong suat
16,5 mi luc duoc san xuat tai SVEAM c6 thé xem 1a mot trong nhitng san pham
dac trung cua cac dong dong co Diesel Viét Nam, hoan toan do d6i ngii k¥ su Viét

Nam thiét ké va ché tao.

Tuy nhién, do ra doi cach day hon muoi nam, viéc ing dung khoa hoc cong
nghé vao thiét ké tai thoi diém do6 1a han ché, cung véi d6 1a su han ché vé mat cong
nghé ché tao nén trong qué trinh van hanh dong co van ton tai nhitng van dé nhu: do
nham bé mit cua cac chi tiét co khi chua dat yéu cau, hé sé nap chua cao, din dén

chua dat dugc nhiing tinh nang t6t nhat, mac tiéu hao nhién liéu cao...Diéu nay
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dugc phan anh cu thé qua qua trinh chay thuc nghiém: suat tiéu hao nhién liéu ¢
cdng suat dinh mic cao hon 15% so véi dong co twong dong cuaa KUBOTA, phét
thai 6 nhiém thi cach qua xa tiéu chuan TIER II. Trong khi, cac dong dong co cua
KUBOTA déu dat duoc tiéu chuan nay. Dé c6 thé vuon tim, thAm nhap vao céc thi
trudng cua cac nudc phat trién nhu: Thai Lan, An D6... thi viéc cai thién sy phat

thai 6 nhidm cua dong co RV165-2 1a mét viéc 1am hét sic quan trong.

C6 nhiéu phuong phap c6 thé nghién ctru dé nang cao cong suat, giam suat
tiéu hao nhién liéu, giam phat thai 6 nhiém ra moi trudng. Tuy nhién, phuong 4n cai
tién cum hong nap duoc lya chon cho nghién ciru ndy vi viéc ché tao va gia cong
c4c chi tiét va cum chi tiét nay 1a twong d6i dé dang, gia thanh ré, hon nita co thé &p
dung cac phuong phap tinh toan va md phong khi dong hoc sé tién tién cua thoi dai

cong nghiép 4.0.

Lan dau tién, md hinh hong nap dong co VIKYNO RV165-2 dugc tham sé
va xay dung hoan toan tu dong bang cac bién thiét ké va ham sb. Pay 1a budc tién
quan trong gilp quéa trinh thiét ké dién ra nhanh hon va lam co s cho cong tac cai
tién va tdi wu hoéa duong nap dong co khong chi cho dong co VIKYNO RV165-2
ma con cho cac dong dong co RV khac ctua cong ty SVEAM.

Qua trinh tinh toan moé phong cum hong / xupap dong co VIKYNO RV165-2
mét cach tu dong khong chi day nhanh qua trinh thiét ké, ma con dat vién gach dau
tién cho qua trinh nghién ctu va ang dung khoa hoc cong nghé vao cong tac thiét
ké dong co tai SVEAM. GAp phan nang cao trinh d6 cua doi ngii thiét ké ciing nhu
chat lwong san pham cua Cong ty, tang tinh canh tranh trén thi trudong trong va
ngoai nudc.

Luan an da lan dau tién phat hoa mdi quan hé phuc tap giita hé sé nap
(volumetric efficience) va hé s6 xody (swirl ratio) cho dong dong co VIKYNO
RV165-2 néi riéng va tat ca cac dong dong co ¢6 bién dang hong nap xoin dc cua

SVEAM no6i chung. Trén co s d6, gitip chiing ta ¢ cai nhin cy thé hon véi quan hé

150



nay, dat nén méng cho viéc kiém soat dong thoi ca hai gia tri nay trong qué trinh

thiét ké dong co.
5.3 Huwéng phat trién cia luin an

Qua qué trinh nghién ctru, luan 4n c6 duge nhimg két qua tich cuc, mang lai
hiéu qua trong viéc cdi thién tinh ning k¥ thuat cia dong co VIKYNO RV165-2 1an
hiéu qua vé mit kinh té. Tuy nhién, luin 4n ciing con nhirng han ché nhu: qua trinh
mo phong chua thé xét dén anh huong cia d0 nham bé mat hong nap trong viéc md
phong tinh tinh s6, chua danh gia day du duoc mdi quan hé gitta hé s6 xoay doc
(swirl ratio) va hé sé xoay ngang (Tumble ratio) dé qua d6 c6 cai nhin toan dién hon
vé qua trinh hinh thanh hdn hop chay cua ddi twong nghién ctru. Lam tién dé cho
nhimg hudng cai tién tiép theo nhu: thiét ké cai tién bién dang dinh piston dé ting

hé s xoay (xody doc va xody ngang), toi uvu héa pha phdi khi ctua dong co, ...

Luan an chi dimg lai & viéc danh gia cac tinh nang k¥ thuat va kinh té cua
dong co ma bo qua viéc danh gia tinh chat phat thai 6 nhidm cua ddi tuong (CO,
NOx, Soot,...). Pay 1a mot yéu td quan trong va nhin dugc sy quan tdm rat nhiéu
trong thoi dai cong nghiép l1an tht 4, 1a tiéu chuan danh gia quan trong cia dong
co, dic bi¢t 1a dong co Diesel, 1a rao can dé co thé tham nhdp vao thi truong cua cac
nude ¢6 nén khoa hoc tién tién nhu: Thai Lan, An D,...Vi thé, mot trong nhiing
huéng phat trién tiép theo cua ludn an nay 1a danh gia tinh chét phat thai 6 nhiém
ctia dong co VIKYNO RV165-2 trude va sau khi cai tién. Qua d6, cé cai nhin toan
dién hon vé hiéu qua cua nghién ctru mang lai, cling nhu lam tién dé cho nhirng

nghién ctru cai tiép tiép theo.
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Phu luc 1

TINH TOAN LY THUYET QUA TRINH NAP PONG CO VIKYNO RV165-2

1. Ap suit va nhiét ap khéng khi nap po, To
Ta chon &p suat khi nap bang ap suat khi quyén p, = 0,1 MPa.

Nhiét d6 khéng khi nap 1a mot théng sé rat quan trong, né khdng nhiing quyét dinh
cho viéc siy néng hay khong siy néng khi nap mai ma con anh huéng téi kha niang
nap day khi nap méi vao xi-lanh dong co. Nhiét do khi nap mai chu yéu phu thuoc
vao nhiét do moi truong noi déng co hoat dong. Nhiét d6 trung binh cta nuéc ta la
29°C, do d6. Ty = T = (tw + 273)K = 29+ 273 = 302°K.

Ap suit cudi qua trinh nap p, = 0,086 MPa.

2. Ap suit va nhiét d§ khi nap trwéc xupap nap px, Tk

Ap suat py cua dong co bon ky khong ting ap thudng nhod hon po (Pk< Po) Vi

khi di vao dudng ng nap thuong gap luc can caa bau loc khdng khi.
Nhiét @6 khi nap trudc xupap nap Ty twong duong vai T,.

Chon px = 0,1013 MPa va Ty = To = 302°K.

3. Ap suit khi st p;

Ap suit khi sot 1a mot théng sé quan trong danh gia mutc d6 thai sach san
pham chay ra khoi xi-lanh dong co. Ap suat khi sot dugce xac dinh bang quan hé

Ssau .

pr: pth + Apr (l)
Véi Ap, la ton that trong qué trinh thai, chu yéu phu thugc vao tro luc trén
duong thai (dong co c6 lap binh tiéu am, thiét bi xa Iy khi thai, binh chira khi thai

hay khong), toc d6 quay cua dong co va tiét dién luu thong cua hong xupap thai.
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2
Ap, = k.n

52 (2)
Gia tri cua ap suat khi sot p, phu thudc vao cac yéu té sau:
Dién tich tiét dién thdng qua cua cac xupap Xa.

Bién d6, d6 cao, goc mo sém, dong mudn cua xupap Xxa.
Pong co c6 1ap hé théng ting ap bang khi xa hay khdng.
D6 can cua binh tiéu am, b xuc tac khi xa..

Déi vé6i dong co diesel thi p,=(0,106+0,115) MPa, ta chon p, = 0,106 MPa.

4. Nhiét d khi st T,

Gia tri cua T, phu thudc vao nhiéu yéu td khac nhau nhu ty sé nén ¢, thanh
phan hdn hop, toc d6 quay n, goc danh ltra som (¢ dong co xdng), hodc goc phun
som nhién liéu (¢ dong co Diesel).

Gia tri cua ty sd nén cang cao thi khi chay gidn nd cang nhiéu nén T, cang
thip. Xi-lanh thanh phan hdn hop cang phl hop thi qué trinh chay xay ra cang
nhanh, it chay rét nén T, cang giam.

Néu géc phun sém nhién liéu qua nho thi qua trinh chay rét ting 1én nén T,
cao.

Déi voi dong co diesel 4 ky thi T.= (700+900) °K, ta chon T, c6 gia tri trung
binh. Chon:T, = 800°K.

5. Do ting nhiét do khi nap méi AT

Khi nap méi khi chuyén dong trong duong 6ng nap vao trong xi-lanh cua
dong co do tiép xuc véi vach nong nén duoc say nong lén mot tri sé nhiét do 1a AT.

Mtrc d6 siy nong khi nap mai phu thudc vao tée do luu thong caa khi nap,
thoi gian nap dai hay ngan, ngoai ra ciing phu thuoc vao mirc do chénh léch nhiét do

giita bé mat tiép xuc cua xi-lanh véi khi nap.
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Theo [20] trang 32, d6 tang nhiét d0 AT duoc xac dinh theo thuc nghiém AT
= 10 - 25°K. Do dong co c6 dudng nap ngan nén sy tiép xdc giita khi nap va thanh

d6ng co it nén ta chon AT & gidi han thap AT = 10°C.

6. Ap suat cudi qua trinh nap p,

Déi voi dong co khong ting ap ap sudt cudi qué trinh nap trong xi-lanh
thudng nho hon ap suat khi quyén, do c6 ton thit trén éng nap va tai bau loc gay

nén.
Theo [20] trang 29, &p suat cudi qua trinh nap thuong co gié tri : p.= [0,8 + 0,95]p,
Chon: p,= 0,848 ; p, = 0,085 MPa

Trong dé: p, = 0,1013 MPa la &p suét khi nap trudc xtpap nap.

7. Hé sb nap n,

Hé s6 khi nap duoc tinh theo cong thuc (1.12), trang 35 [20] ta c6:

1
=T Paloy | P
e-1 T, +AT p,

a

1

18.1,03-1,11.1. 0,106 s =0.824
0,085

1 302 0,085
18-1°302+10 0,1013

= N

Trong do:
m: chi s6 nén da bién trung binh caa khéng khi, chon m =1,5.

A, : Hé sb nap thém ,biéu thi sy twong quan luong ting twong dbi cua hdn
hop khi cong tac sau khi nap thém so véi luong khi cong tac chiém chd & thé tich
Vau

Theo [20], hé s6 nap thém dugc chon trong gidi han A, = 1,02+1,07. Chon
hé s nap thém A, = 1,03.
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Hé s6 hiéu dinh ti nhiét A, phu thuoc vao hé sé du lugng khong khi o va

nhiét do khi sét T,.
Theo [20], thuc nghiém thong ké vai dong co Diesel ta ¢6 thé lay A, = 1,11.
A,=1 : do dong co khong quét budng chay.
8. Xiac dinh hé sé khi sot yr

Hé s khi sot dugc tinh theo cong thic (1.13) trang 36 [20]:

_1,(T+AT) p, 1
r T p, =

A, [pJ

Pa
1.(302+10
YT (800 )8’(1322 l r - 0,028
18.1,03-1,.11.1| %106 }°
0,085

9. Nhiét d¢ cudi qua trinh nap T,

Nhiét d6 moi chat cudi qué trinh nap T, lon hon Ty va nho hon T, 1a do két
qua cua viéc truyén nhiét tir cac bé mat néng téi méi chat mai khi tiép xdc va viéc
hoa tron ciia mdi chat véi khi sot Ién hon.

Nhiét &6 cudi qua trinh nap dugc tinh nhu sau :

T T +AT+y, T, _ 302+10+0,028.800

i = 325°K
1+y, 140,028

10. X4ac dinh cac thdng sb co ban ciia co cau phan phoi khi nap

Tinh cao toc cia dong co dugce xac dinh thdng qua téc do trung binh cua
-3
piston theo cong thirc (1.2) [20], Vg%zw:lm(m/sy Ta co 6 (m/s) <

V, = 7,76 < 9(m/s), do d6 dong co tham khao 1a dong co co toc do trung binh.
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11. Hanh trinh xupap

Hanh trinh xupap dugc tinh theo cng thuc:

I
h = hcn.% =7,551(mm)

Trong do:
hen =5 mm: B§ nang cua cam nap.
|y, = 37 mm: Chiéu dai canh tay don can mé phia xupap.

lc = 24,5 mm: Chiéu dai canh tay don can mé phia cam.

12. Tiét dién lwu théng ctia xupap

Véi goc con caa dau xupap o = 45°, tiét dién luu thong ctia xupap duoc Xac

dinh theo cdng thtc:
f,,=mh, (0,707d,,+ 0,353h,) = 697,812 (mm?)
Trong do:
dhn = 49 mm: Buong kinh hong nap

h, = 6,04 mm: Hanh trinh xupap
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Phu luc 2
GIAY CHUNG NHAN HIEU CHUAN CAC THIET BI PO

CUA CONG TY SVEAM

1. Phuong tién do: PULSE METER

Place of Calibration 7 Puong 1, KCN Bién Hoa 1, Pdng Nai
7. Phuong phép hiéu chudn: QTHC/KT3 84: 2015 Thiét bi hiéu chuén da ning - Quy trinh hiéu chuin

: o téNG CUC TIEU CHUAN DO LUSNG CHAT LUGNG
> 4 TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUQNG 3
QUATEST3 QUALITY ASSURANCE & TESTING CENTER 3
‘ GIAY CHUNG NHAN HIEU CHUAN 07/05/2019
| KT3-0402BDE9/2 EINATE AR P o R
FICATE OF C BRATION Page : 01/03
S6 gidy chung nhén dang ky cung cdp dich vu/ Service License N°: DK 03
1. Phuong ti¢n do/Object : PULSE METER
2. Noi san xvlt/Manufacturer : AUTONICS - KOREA
3. Kiéw/Type : MP5W-48  SN: 304258 ID: N/A
| 4. Dc trung k¥ thuat/Specification : ‘
Pham vi do/Range : 0-99 999 r/min [
5. Khéch hang: CONG TY TNHH MTV DPONG CO VA MAY NONG NGHIEP MIEN NAM
Customer Khu phl‘) 1, Binh Da, Bién Hoa, Béng Nai
6. Noi hiéu chuén: TRUNG TAM KY THUAT 3/QUATEST 3

Method of Calibration Multifunction Calibrators - Calibration Procedure
8. Chuén sir dung/Standards Used :
tlD Description Tr ble to Cal. Date Due Date
| LI_)E] 795 Handy Calibrator VMI - VIET NAM  |03/2019 03/2020
9. Mbi trudng hiéu chuén/Calibration Environment : [23£2]°C [50 = 10] %RH
10. Hiéu chinh phuong tién do/Adjustment : Khéng/No O colves
| 11. Ngay hiéu chuén/Date of Calibration : 07/05/2019 ;
12. Tem hiéu chudn/Calibration Label : KT3-0402BDEY/2 ‘
TL. TRUONG PPL DIEN OC/ FOR DIRECTOR |

PP. HEAD OF ELECTRICAL MEAS. LAB. &/ VICE DIRECTOR

/(/—'/ g G s

~ 27
Nguyén Minh Mén w0 hanh Uyén

¢ higu chudn & trén diy

st. 1, HCMC, Vietnam
o. 1, Bien Hoa | IZ, Dong Nai, Vietnam

BHI12 (07/2018) MO5VL/1 - TTTNO9
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'GIAY CHUNG NHAN HIEU CHUAN

KT3-0402BDES2 | CERTIFICATE OF CALIBRATION =i, Y7/052019
S6 gidy chung nhdn déing ky cung c&p dich vu/ Service License N°: DKAAES %92\ Page : 02/03
KV THUET V%
24 1 oy B0 LUOKS
J
i
14 r/min 15 r/min - 1 r/min 6,7 %
149 r/min 150 r/min - 1 r/min 0,7 %
1500 r/min 1500 r/min 0 r/min 0,2 %
15000 r/min 15000 r/min [0 r/min 0,2 %
30001 r/min 30000 r/min + 1 r/min 0,2 %
75001 r/min 75000 r/min + 1 r/min 0,2 %
90002 r/min 6000 Hz 90000 r/min + 2 r/min 0,2 %
A
=

TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUGNG 3
QUALITY ASSURANCE & TESTING CENTER 3

C5 lot, K1 road, Cat Lai IZ. Dist. 2, HOMC, Vietnam __ Tel: (34-28) 37423160 Fax- (84-28) 37423174 E-mil

UATEST ®  Head Office: 49 Pasteur, Dist. 1, HOMC, Victoam Tel (8429) 39474 Fax: (3428) 36293012 Website: wwwquatestd.comva
u s 3 Tesing:  No.7,road No. I, Bicn Hoa 1 1Z, Dong Nai, Vietnam  Tel: (84-251) 383 6212 Fax: (84-251)363 6298  E-mail: tn-cskh@quatestd.comn (ViLAS 688 ]

a

g
2|
g
g

Lin sita d6i: 0 BHI2 (07/2018)
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GIAY CHUNG NHAN HIEU CHUAN |
KT3-04028DES2 | CERTIFICATE OF CALIBRATIO s
dhe Page: 03/03

. |

14. Thong tin khac/Other Informations

14.1 D) khong ddm bao do/Uncertainty :
D KDBD 12 d9 khong dam béo do mé rong duge tinh tir 46 khong dam bao v6i hé sb phu
k =2, phan b6 chuin tuong tmg véi 95 % d§ tin cdy. Xéc dinh d6 khong dam bao do chudn theo tai lidu
JCGM 100:2008 Evaluation of measurement data - Guide to the expression of uncertainty in
measurement (GUM); EA-4/02 & NIST TN 1297.

The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k = 2, which for a normal distribution corresponds to a coverage
probability of approximately 95 %. The standard uncertainty of measurement has been determined in
accordance with above documents.

14.2 Lién két chuén/ Traceability

Gidy chimg nhan hidu chuin nay thé hién viéc lién két chudn dén chudn quéc gia, vi don vi do tudn thu
theo hé don vi do quéc té SI. Noi sir dung thiét bi cAn phai hi¢u chuén lai thiét bj theo dinh ky pht hop.
This calibration certificate documents the traceability to national standards, which realize the units of

measurement according to the International System of Units (SI). The user is obliged to have the object
| recalibrated at appropriate intervals.

14.3 Phuong phap hi¢u chuln/Calibration Method
a. Phuong tién do dugc hi¢u chuén bing c4ch so sanh tryc tiép v6i céc chudn ciia Trung tm Ky thuat 3
| duoc néu tai Muc 8.

The equipment under calibration was calibrated by direct comparison with standards of Quatest 3 as
description at Item 8.

b. Céc két qua hiéu chuin dugc thyc hién véi bén 1dn do dé tinh gia trj trung binh va sai sb.

All calibration results are based on four time measurements, from which the average and errors are
calculated.

14.4 Pidu kién/Conditions

a. Céc gié trj c6 don vi do khdng thudc hé SI, duge chuyén dbi tir hé SI theo cic bang trong tai lidu

ND 86/2012/ND-CP; BIPM SI Brochure & NIST SP 811.

All non-SI values were converted from SI units via conversion factors in above documents.

b. Két qua hiéu chuén chi ¢6 gié tri twong {mg véi diéu kién theo phuong phap hiéu chuén néu & Myc 7.
Calibration results are valid with respect to the procedure conditions as description at Item 7. only.
14.5 Hiéu chuén lai/Recalibration

Ngay d& nghi hiéu chuén lai theo yéu ciu cia khach hang: 07/05/2020
4 & Sl
Recommended recalibration date as request of customer. =
Q TRUNG TAM KY THUAT TIEU CHUAN DO LUONG CHAT LUGNG 3 ==
N ) QUALITY ASSURANCE & TESTING CENTER 3 ‘\:\ "/«f‘
QAT S e e s DR TR BRI Toonowes S §

CS lot, K1 rosd, Cat Lai 1Z, Dist. 2, HOMC, Vietnam 23 Fac (84-28) 3742 3174 E-mail n
Lin sita d6i: 0 BHI12 (07/2018) MO5VL/2 - TTTNO9

Hinh 1. Giay chiing nhan hiéu chinh phuong tién do PULSE METER

cua tong cuc tiéu chuan va do luong chit lwong TRUNG TAM KY THUAT
VA PO LUONG CHAT LUQNG 3
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2. Pong ho bam gidy dién tir

o TONG CUC TIEU CHUAN DO LUGNG CHAT LUONG g
3 TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUGNG 3 5=
‘ QUATEST3® QUALITY ASSURANCE & TESTING CENTER 3 ]
——— ‘ GIAY CHUNG NHAN HIEU CHUAN 07/05/2019
CERTIFICATE OF CALIBRATION Page: 01/02

S6 gidy chung nhan dang ky cung cép dich vy/ Service License Ne: DK 03

1. Phuong tién do/Object : PONG HO BAM GIAY BIEN TU
DIGITAL STOPWATCH
‘ 2. Noi san xuét/Manufacturer : Q&Q - CHINA
| 3. KiéwType : HS43 SN: 0402BDEY/1 ID: N/A
4. Piac trung ky thut/Specification :
Pham vi do/Range : 0-24h
D6 phén giai/Resolution : 0,01s;1s
5. Khéch hang: CONG TY TNHH MTV DPONG CO VA MAY NONG NGHIEP MIEN NAM
Customer Khu phé 1, Binh Da, Bién Hoa, Pdng Nai
6. Noi higu chuén: TRUNG TAM KY THUAT 3/QUATEST 3

Place of Calibration 7 Puwimg 1, KCN Bién Hoa 1, Pdng Nai
7. Phuong phép hiéu chuén: QTHC/KT3 66: 2018 Déng hd bim gidy - Quy trinh hiéu chuin

Method of Calibration Stopwatches - Calibration Procedure

8. Chuén st dung/Standards Used : N

/ID [Description ~ Traceable to (Cal. Date ‘Due Date
‘ |DE1898  |Time Calibrator VMI - VIET NAM  |03/2019 03/2020
| 9. Mbi trudng hiéu chuin/Calibration Environment : [23£2]°C [50 + 10] %RH

10. Hi¢u chinh phuong tién do/Adjustment : Khéng/No O colves

11. Ngay hiéu chudn/Date of Calibration : 07/05/2019

12. Tem hiéu chuin/Calibration Label : KT3-0402BDEY/1

TL. TRUONG PDL PIEN M POC/ FOR DIRECTOR

PP. HEAD OF ELECTRICAL MEAS. LAB.

S

S

Nguyén Minh Mén

gidy chig b iy chui sy K ob sy b ing viin bin cta Trung tim K§ thuft 3
ed, except in full, without the writien permi
u ciu ca noi giri mbu Name o

0 dja chi trén dé biét thém thdng tin

uncertaingy rfmeasmrm(n/ with =2 2 at at the above address for further information.

idp tiy thuge vio khich hing / Recalibration date ds'/um/\ on the custamer.
uge Van phnnb( ong nh;m Ch:u mm (BoA) - Vidt Nam cdag nhin phi th theo ISO/IEC 170252003 (Vila
t Lab is accredited [A

6). Cic chi tidu c6 ddu (*) 1 chua duge cdng nhin. |

ristics marked with (*) are not accredited ye.
Pasteur, Dist, 1, HCMC, Vietnam Fax (20) ‘Website: www.quatesi3 com.vn
No. 7, road No. 1, Bien Hoa | 1Z, Dong Nai, Vietnam Fax: (84-251) E-mail: tn-cskh@quatest, R
€5 lot, K1 road, Cat Lai IZ, Dist. 2, HOMC, Vietnam -28) Fax: (84-28) 3742 3174 E-mail: {p-cskh@auatesti.com
Lin stfa 46i: 0 BH12 |(|7nmx; MOSVL/1 - TTTNO9
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07/05/2019
Y\age: 02/02

KT3-0402BDEY/1 CERTIFICATE OF CAL ‘Ep-ﬁ - 3 @

v f CALIl
'S4 gidy chimg nhan déng ky cung cép dich vy/ Service License Ne:

=3 NG,
13. Két qué hiéu chuin/ Results of calibration \‘K“ l‘,\\\)i\“ o g
oHAT LUGNG /3 |
DY I¢ch thoi gian twong. abi, s/d [glay trén ngﬁy] D@ KDBD, s/d \@ﬁ—wf‘»
Relative Time Difference
+ 0,92 0,02

14. Théng tin khéc/Other Informations

14.1 D) khong ddm bao do/Uncertainty

Do KDBD 1 d6 khong dam bao do md rong duge tinh tir ¢6 khong dam bao do chuin nhén véi hé s phu
k =2, phan bd chuén twong tmg véi 95 % d9 tin ciy. X4c dinh d khong dam bao do chuén theo tai lidu
JCGM 100:2008 Evaluation of measurement data - Guide to the expression of uncertainty in
measurement (GUM); EA-4/02 & NIST TN 1297.

The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k = 2, which for a normal distribution corresponds to a coverage
probability of approximately 95 %. The standard uncertainty of measurement has been determined in
accordance with above documents.

14.2 Lién két chudn/Traceability

Gidy chimg nhan hiéu chuén nay thé hién viéc lién két chudn dén chudn quéc gia, v6i don vi do tuan thu
theo hé don vi do qudc té SI. Noi sir dung thiét b cin phai hiéu chuén lai thiét bi theo dinh ky phi hop.
This calibration certificate documents the traceability to national standards, which realize the units of

measurement according to the International System of Units (SI). The user is obliged to have the object
recalibrated at appropriate intervals.

14.3 Phuwong phép hi¢u chuén/Calibration Method

| a. Phuong tién do dugc hidu chuin bing céch so sanh truc tiép véi cac chudn ciia Trung tam K§ thuat 3
dugc néu tai Muc 8.

The equipment under calibration was calibrated by direct comparison with standards of Quatest 3 as
description at Item 8.

b. Céc két qua higu chuin dugc thyc hién véi mudi lin do dé tinh gi trj trung binh va sai s6.
All calibration results are based on ten time measurements, from which the average and errors are
calculated.

14.4 Dibu kién/Conditions

a. Céc gid tri ¢6 don vi do khong thude hé SI, dugc chuyén dbi tir hé SI theo cac bang trong tai liéu

ND 86/2012/NDP-CP; BIPM SI Brochure & NIST SP 811.

All non-SI values were converted from SI units via conversion factors in above documents.

b. Két qua hi¢u chufn chi ¢6 gia tri twong {mg véi didu kién theo phuong phap hiéu chudn néu & Myc 7.
Calibration results are valid with respect to the procedure conditions as description at Item 7. only.

14.5 Hiéu chuén lai/Recalibration

Ngay dé nghi hiéu chuén lai theo yéu ciu ciia khach hang: 07/05/2020
Recommended recalibration date as request of customer. -—

TRUNG TAM KY THUAT TIEU CHUAN DO LUONG CHAT LUONG 3
QUALITY ASSURANCE & TESTING CENTER 3

eur, Dist. 1, HCMC, Vietnam
No. 1, Bicn Hoa 1 1Z. Dong Nai, Vietam
CS lot, K1 road, Cat Lai 1Z, Dist, 2, HOIC, Vietnam

Website: ww. quatest.com
E-uil: (n-cskh@quatestd.co

QUATEST3® = E : :

Lin sira d6i: 0 BH12 (07/2018) MOSVL/2 - TTTN09

Hinh 2. Giay chiing nhan hiéu chinh phuong tién do PONG HO BAM GIAY
DPIEN TU cua tong cuc tiéu chuan va do luong chat luong TRUNG TAM KY

THUAT VA PO LUONG CHAT LUONG 3
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3. Phuong tién do: LOADCELL KEO VA BQ CHI THI

o TENG CUC TIEU CHUAN DO LUGNG CHAT LUONG

- TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUQNG 3
QUATEST3® QUALITY ASSURANCE & TESTING CENTER 3

vrsosices | GIAY CHUNG NHAN HIEU CHUAN | 0405010

CERTIFICATE OF CALIBRATION Page : 01/03

L S8 gidy ching nhén dang ky cung cép dich v/ Service License N°: DK 03

1. Phuong tién do/Object: LOADCELL KEO & BQ CHI THI
TENSION LOADCELL & INDICATOR

2. Noi san xudt/Manufacturer: N/A
3. Kiéw/Type: N/A SN: 304258 ID: N/A
4. Dac trung k¥ thudt/Specifications:
+ Kha nang chiu tai tdi da/Capacity: 1000 N (100 kg)
+ Indicator:
* Noi san xudt/Manufacturer: N/A
* Kidw/Type: N/A
* SN: 304258
* Pham vi do/Measuring Range: (1-10) kg
* P§ phén giai/Resolution: 0,01 kg
5. Khéch hang: CONG TY TNHH MTV PONG CO VA MAY NONG NGHIEP
Customer MIEN NAM "
Khu phé 1, Phwing Binh Da, TP Bién Hoa, Tinh Dong Nai
6. Noi higu chuan: TRUNG TAM KY THUAT 3/ QUATEST 3
Place of Calibration 7 Pudng 1, KCN Bién Hoa 1, Dong Nai

7. Phuong phép hiéu chuan/Method of calibrdtion:
PLVN 108:2002- Phuong tién do luc- Quy trinh hi¢u chuin
Force Measuring Instruments- Methods and means of calibration
8. Chuén sir dung/Standard Used:

‘ 1D ‘ Description 1‘ Traceable to l Cal. Date | Due date
| CO1851 5 ’
LNE - FRANCE 06/2018 06/2019

| co1853 ‘ Set of Weights ‘

9. Mbi trudng hiu chuan/Calibration Environment: [23 £ 5]°C

10. Hiéu chinh phuong tién do/Adjustment: O Khéng/No ™ Co/Yes

11. Ngay hiéu chuén/Date of Calibration: 26/04/2019

12. Tem hiéu chuén/Calibration Label: KT3-0487BCO9

PHU TRACH PPL CO TL. GIAM DOC/ PP. DIRECTOR

HEAD OF MECHANICAL MEAS. LAB. TRU(TNG PHONG PO LUONG

lh_

Ly- Dgt Minh

gidy chimg nhin higu chuin ndy néu khong c6 sy dbng ¥ bing vin bin cia Trung tim K thuit 3,
ithout the writien permission by Quatest 3.

hich hing duoc ghi theo yéu ciu cita noi giri miw. Name of customer is written as customer’s request.
dim bio do m rong ude lugng duge tinh voi Khich hing cé thé theo dja chi trén 4 bidt thém thang tin

expanded uncertainty of measurement with k = 2, Please contact Quatest 3 at the above address for further information [
chuin ke tiép tiy thude vio khich hing./ Recalibration e customer. ‘

mmn,, Do luimg di duge Viin phong Cang nhin Chit lugng (BoA) - Viét Nam cong nhin phis hop theo ISO/IEC 17025:2005 (Vilas 036). Cic chi tiéu c6 du (%) 1 chuz duge cong nmn
The Measurement Lab is accredited as conforming o ISOTEC 17025:2005 by Bureau of Accreditation - Vietnam (Vilas 036). The characteristics marked with (*) are not accreditet

He 49 P: Dist. 1, HCMC, Vietnam Tel: (84-28) 382 Fax: (84-28) 38293012 Website: www quatest3.com.va
Testing'  No. 7. road No, I, Bien Hoa | 1Z, Dong Nai, Vietnam Tel: (84-251) Fax: (84-251) 383 6298 E-mail Caiei con.n
K1 rosd, Cat Lai IZ, Dist. 2, HCMC, Vietnam Tel: (84-28) 3 Fax: (84-28) 3742 3174 E-mil: tr-cskh @ quatest
Lin sifa d6i: 0

BHI2 (07/"0[81 MOSVL/1 - TTTNO9
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GIAY CHUNG NHAN HIEU CHUAN
KT3-0487BCO9 CERTIFICATE OF CALIBRATIQM: 04/05/2019
6 gidy ching nhn déng ky cung cép dich vy/ Service License Ny \, Page 02/03
13. Két qua hi¢u chuin/Results of Calibration
13.1 Ché dj higu chudn/ Mode of Calibration
O Nén/Compression M Kéo/Tension
13.2 Két qua/Results
g;”etrl:ni‘l::u;:l’ue g:jic“:ti:l:: glall,ue Sai 56_ peong déi’ % | Dy KDB.B’ %
¥e | x0.259 (@) Relative Error Uncertainty
Trude hiéu chinh/ Before adjusting
0,000 0,000 0,00 N/A N/A
1,000 0,250 0,00 -100,0 N/A
2,000 0,500 0,02 - 96,0 N/A
3,000 0,750 0,26 -65.3 N/A
4,000 1,000 0,51 -49.0 N/A
5,000 1,250 0,76 -392 N/A
6,000 1,500 1,00 -33.3 N/A
7,000 1,750 1,25 -28,6 N/A
8,000 2,000 1,49 - -25,5 N/A
9,000 2,250 1,75 -222 N/A
10,00 2,500 1,99 -204 N/A
Sau hiéu chinh/ After adjusting
0,000 0,000 0,00 N/A N/A
1,000 0,250 0,25 0,0 2.3
2,000 0,500 0.50 0,0 1.2
3,000 0,750 0,75 0,0 0,8
4,000 1,000 1,00 0,0 0,7
5,000 1,250 1,25 0,0 0,6
6,000 1,500 1,50 0,0 0,5
7,000 1,750 1,75 0,0 0.4
8,000 2,000 2,00 0.0 0.4
9,000 2,250 2,25 0,0 0.4
10,00 2,500 2,50 0,0 0.4
Ghi chi/ Notes: (i) : theo yéu q?au khéch hang / according to customers.
(ii): thiet bj hién thi khong ghi don vi/ the indicator does not display the unit.ﬁ
TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUGNG 3 g
AP oL T |
DL e Te gty et B e i Bk e |
Lin sita ddi: 0 BHI2 (07/2018) MOSVL/2— TTTNOD
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GlA’Y CHUNG NHAN HIEU CHUAN

KT3-0487BCO9 ERTIFICATE OF CALIBR. O Loy 04/05/2019
s So gidy ching nhn déing ky cung cép dich vy/ Service Li AN %, Page 03/03

14. Thong tin khac/Other Informations

14.1 ) khong dam bao do/Uncertainty
Do KDBD la d§ khong dam bao do mé rong dugce tinh tir @ khong dam béo do chudn nhén véi hé sb
phi k =2, phan b chuin tuong tmg véi 95 % d9 tin cdy. Xac dinh do khong dam bao do chuin theo
tai liéu JCGM 100:2008 Evaluation of measurement data - Guide to the expression of uncertainty
in measurement (GUM).

The reported expanded uncertainty of measurement is stated as the standard uncertainty of
measurement multiplied by the coverage factor k = 2, which for a normal distribution corresponds to a
coverage probability of approximately 95 %. The standard uncertainty of measurement has been
determined in accordance with above documents.

14.2 Lién két chuan/Traceab:llry

Gidy chimg nhan higu chua.n nay thé hién viéc lién kex chuan dén chuin qudc gia, véi don vi do tudn
thit theo hé don vi do quéc té SI. Noi sir dung thiét bi cn phai hiéu chuén lai thiét bi theo dinh ky phu
hop.

This calibration certificate documents the traceability to national standards, which realize the units of
measurement according to the International System of Units (SI). The user is obliged to have the
object recalibrated at appropriate intervals.

14.3 Phwong phép hiéu chuin/Calibration Method

a. Phuong tién do dugc hiéu chudn bang céch so sanh tryc tiép v6i cac chudn cla Trung tam K§ thudt
3 duoc néu tai Muc 8.

The equipment under calibration was calibrated by direct comparison with standards of Quatest 3 as
description at Item 8.

b. Céc két qua hiéu chuan dugc thuc hién véi ba lugt do dé tinh gi4 tri trung binh va sai s6.

All calibration results are based on a series of three measurements, from which the average and errors
are calculated.

14.4 Piéu ki¢n/Conditions

a. Céc gia tr c6 don vi do khong thudc hé SI, duge chuyén @i tir hé SI theo cic bang trong tai liéu
ND 86/2012/ND-CP & BIPM SI Brochure.

All non-SI values were converted from SI units via conversion factors in above documents

b. Két qua hiéu chuén chi ¢6 gia tri twong tmg véi diéu kién theo phuong phép hidu chuin néu & Muc 7.
Calibration results are valid with respect to the procedure conditions as description at Item 7. only.

c. Céc gid tri cua dai lwong dugc higu chuan theo yéu céu cta khach hang.

The quantity values are calibrated as request of customer.

14.5 Hi¢u chuén lai/Recalibration

Ngay d& nghij hiéu chuan lai theo yéu cdu cia khach hang: 26/04/2020
‘ Recommended recalibration date as request of customer.

o TRUNG TAM KY THUAT TIEU CHUAN DO LUONG CHAT LU’UNG 3
| A A ,QUALITY ASSURANCE & TESTING CENTER 3
L QUATESTS® Zio™i5wax - :

C$ lot, K1 r0ad, Cat Lai 1Z, Dist. 2. HOMC, Vietnam __ Tel: (84-28) 3742 3160
BHI12(07/2018)

Website: wnw.qustest.
E-mil: -cskhigua
E-mail: tn-cskh@quat

Lén sira d8i: 0 VKO'::/L/’ ' NO9

Hinh 3. Giay chiing nhan hiéu chinh phuong tién do LOADCELL KEO VA
BO CHI THI cua téng cuc tiéu chuan va do ludng chat lwong TRUNG TAM KY

THUAT VA PO LUONG CHAT LUONG 3
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Phu luc 3

BANG KET QUA CAI TIEN HONG NAP BEN NGOAI NAP XILANH

(CO NOI BQO LQC GI0)

e Phwong an hién hiru:

S6 Vong Quay

Thong S6 Ky Thuat

Moment | Cong suét
Ghicha
(v/ph) (KG.m) (Hp)
1800 5,22 13,12
2000 5,2 14,52
2200 516 15,85
2400 4,98 16,5

Suat tiéu hao nhién liéu & cong
suit dinh mac (n = 2200 v/ph)

206 (g/Hp.h)

e Phuwong 4n cai tién 01:

S6 Vong Quay

Thong Sé Ky Thuat

Moment | Cong suit _
Ghi chu
(v/ph) (KG.m) (Hp)
1800 58 13,03
2000 4,96 13,86
2200 4,96 15,24
2400 4,88 16,36

Suat tiéu hao nhién liéu ¢ cong
suat dinh mac (n = 2200 v/ph)

208,87 (g/Hp.h)
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e Phuong an cai tién s6 02:

S6 Vong Quay

Thong S6 Ky Thuat

suat dinh muac (n = 2200 v/ph)

Moment | Cong suat _
Ghi cha
(v/ph) (KG.m) (Hp)
1800 53 13,33
2000 5,25 14,67
2200 5,18 15,92
2400 5,05 16,93
Suat tiéu hao nhién liéu & cong
195,44 (g/Hp.h)

e Phwong 4n ngiu nhién 01:

S6 Vong Quay

Thong Sé Ky Thuat

suat dinh mac (n = 2200 v/ph)

Moment | Cong suit _
Ghi chu
(v/ph) (KG.m) (Hp)
1800 4,96 12,47
2000 4,98 13,91
2200 4,95 15,21
2400 4,8 16,09
Suat tiéu hao nhién liéu & cong
208,13 (g/Hp.h)
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Phuong 4n ngiu nhién 02:

S6 Vong Quay

Thong S6 Ky Thuat

Moment | Cong suat
Ghi chu
(v/ph) (KG.m) (Hp)
1800 4,96 12,47
2000 5,08 14,19
2200 4,96 15,24
2400 4,74 15,89

Suat tiéu hao nhién liéu & cong
suat dinh muac (n = 2200 v/ph)

208,8 (g/Hp.h)
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Phu luc 4

SU DUNG CODE JAVA SCRIPT CHO ANSYS-FLUENT

# encoding: utf-8

# Release 18.2

SetScriptVersion(Version="18.2.109")

templatel = GetTemplate(TemplateName="Fluid Flow")

systeml = templatel.CreateSystem()

systeml.import =" C:/Users/laptop
one/Desktop/Code/Geometry 102 18 52 35 42.igs ™

geometryl = system1.GetContainer(ComponentName="Geometry")

geometryl.Edit()

geometryl.Exit()

Save(Overwrite=True)
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Phu luc 5

CODE TINH TOAN QUA TRINH NAP PONG CO VIKYNO RV165-2

ic_get_global file_name project_dir
ic_set_meshing_params global 0
ic_undo_group_begin

ic_wb_set parameters101001101{SDFEA;DDM} 1{}-11 Millimeters00 0
{3{3000{300.00100

ic_wb_brep_read {C:/Users/laptop
one/Desktop/Code/Geometry 102 18 52 35 42.igs} 100

ic_boco_solver

ic_boco_clear_icons

ic_undo_group_end

ic_undo_group_begin

ic_start_bigunsop

ic_delete_elements family PART 1 1 1 MATPOINT no_undo 1
ic_delete_geometry all families PART 1 1 1 MATPOINT 11
ic_geo_delete_ family PART 1 1 1 MATPOINT
ic_finish_bigunsop

ic_undo_group_end

ic_undo_group_begin

ic_geo_new_family FLUID

ic_boco_set_part_color FLUID
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ic_delete_elements family Fluid no_undo 1
ic_geo_build_bodies Fluid0001{}00
ic_delete_empty parts

ic_undo_group_end

ic_undo_group_begin

ic_delete_elements family Fluid no_undo 1
ic_geo_build_bodies Fluid0001{}00
ic_delete_empty_parts

ic_undo_group_end

ic_undo_group_begin

ic_undo_group_end

ic_undo_group_begin

ic_geo_set_part surface FACE189 INLET O
ic_delete_empty_parts

ic_undo_group_end

ic_undo_group_begin

ic_undo_group_end

ic_undo_group_begin

ic_undo_group_end

ic_undo_group_begin

ic_geo_set part surface {FACE165 FACE231 FACE218 FACE196 FACE174
FACE162 FACE163 FACE185 FACE207 FACE229 FACE164 FACE232}
PISTONO

ic_delete_empty parts
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ic_undo_group_end
ic_undo_group_begin
ic_undo_group_end
ic_undo_group_begin
ic_undo_group_end
ic_undo_group_begin

ic_geo_set_part surface {FACE219 FACE220 FACE222 FACE221 FACE223
FACE227 FACE230 FACE228 FACE226} VALVE 0

ic_delete_empty_parts
ic_undo_group_end
ic_undo_group_begin
ic_undo_group_end
ic_undo_group_begin
ic_undo_group_end
ic_undo_group_begin

ic_geo_set part surface {FACE224 FACE225} VALVE 0
ic_delete_empty parts
ic_undo_group_end
ic_undo_group_begin
ic_undo_group_end

ic_set _global geo_cad O toptol_userset
ic_set _global geo_cad 0.1 toler

ic_undo_group_begin
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ic_set_meshing_params global 0 gref 1.0 gmax 2.0 gfast 0 gedgec 0.2 gnat 0 gcgap
1 gnatref 10

ic_undo_group_end
ic_undo_group_begin

ic_set_meshing_params global 0 gref 1.0 gmax 2.0 gfast 0 gedgec 0.2 gnat 0 gcgap
1 gnatref 10

ic_undo_group_end
ic_set_global geo_cad 0.1 toler
ic_undo_group_begin
ic_save_tetin temp_tetra.tin

IC_run_tetra temp_tetra.tin
C:/Users/LAPTOP~1/AppData/Local/Temp/WB_DES~3/UNSAVE~1/dp0/ICM/IC
EMCFD/tetra_mesh.uns run_cutter 1 delete_auto 1 run_smoother 0 fix_holes 1

n_processors 1 in_process 1 log ./tetra_cmd.log
ic_geo_set_modified 1

ic_uns_update_family_type visible {INLET SHELL FLUID PISTON SHEET
ORFN VALVE LUMP} {INODE ILINE_2 TRI_3 ITETRA_4} update 0

ic_uns_subset_configure All -shade flat_wire
ic_uns_subset_configure Selected -shade flat_wire
ic_boco_solver

ic_boco_clear_icons

ic_uns_diagnostic diag_type single quiet 1

ic_smooth_elements map all upto 0.4 iterations 5 fix_families {3} n_processors 1
smooth TRI_3 float TETRA 4 laplace 1

172



ic_smooth_elements map all upto 0.4 iterations 5 prism_warp_weight 0.5
fix_families {} n_processors 1 smooth TETRA 4 float PENTA_6 freeze TRI_3

ic_smooth_elements map all upto 0.4 iterations 5 prism_warp_weight 0.5
fix_families {} metric Quality n_processors 1 smooth TETRA_4 smooth TRI_3
float PENTA 6

ic_geo_set_modified 1

ic_delete_empty_parts

ic_undo_group_end

ic_wb2_run_mesher tetra

ic_boco_solver

ic_uns_subset_configure All -shade flat_wire
ic_uns_subset_configure Selected -shade flat_wire
ic_boco_clear_icons

ic_uns_subset_configure All -shade wire
ic_uns_subset_configure Selected -shade wire

ic_uns_update_family_type visible {INLET SHELL FLUID PISTON SHEET
ORFN VALVE LUMP} {INODE ILINE_2 TRI_3 ITETRA_4} update 0

ic_boco_solver
ic_boco_clear_icons
ic_delete_empty parts
IC_gui_update
ic_boco_solver

ic_boco_clear_icons
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ic_uns_update_family_type visible {INLET SHELL FLUID PISTON SHEET
ORFN VALVE LUMP} {INODE 'LINE_2 TRI_3 ITETRA 4} update 0

ic_boco_solver
ic_boco_clear_icons
ic_delete_empty parts

ic_save_project {C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-
VOTMK3U_laptop
one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD/ICM.prj}

ic_set_global vid_options 1.0 wh_import_transfer_file_scale
ic_geo_convert_units millimeters m

ic_set_global vid_options 0.001 wb_import_transfer_file_scale
ic_delete_empty_parts

ic_delete_empty_parts

ic_save tetin ICM.tin00{}{}001
ic_uns_check_duplicate_numbers

ic_uns_renumber_all _elements 11

ic_save_unstruct ICM.uns 1 {} {} {}

ic_uns_set_modified 1

ic_boco_solver

ic_boco_solver {ANSYS Fluent}

ic_solution_set_solver {ANSYS Fluent} 1

ic_boco_solver {ANSYS Fluent}

ic_solver_mesh_info {ANSYS Fluent}

ic_boco_save ICM.fbc
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ic_boco_save atr ICM.atr

ic_save_project_file ICM.prj {array\ set\ file_name\ \{ { catia_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one 2564 14/unsaved project_files/dp0/ICM/ICEMCFD}} { parts_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one_ 2564 14/unsaved project files/dp0/ICM/ICEMCFD}} { domain_loaded 0}
{ cart_file_loaded 0} { cart file {}}{ domain_saved ICM.uns} { archive
{3} { med_replay {}} { topology dir {C:/Users/laptop
one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U_ laptop
one_2564_14/unsaved_project_files/dp0/ICM/ICEMCFD}} { ugparts_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMKS3U _laptop
one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { icons
{{$env(ICEM_ACN)/lib/ai_env/icons} {$env(ICEM_ACN)/lib/va/EZCAD/icons}
{$env(ICEM_ACN)/lib/icons} {$env(ICEM_ACN)/lib/va/CABIN/icons}}} {
tetin ICM.tin} { family_boco ICM.fbc} { prism_params {}} { iges_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMKS3U _laptop
one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} {
solver_params_loaded 0} { attributes_loaded 0} { project_lock {}} {
attributes ICM.atr} { domain ICM.uns} { domains_dir {C:/Users/laptop
one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _ laptop

one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { settings loaded 1}
{ settings ICM.prj} { blocking {}} { hexa replay {}} { transfer_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { mesh_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one_ 2564 14/unsaved project_files/dp0/ICM/ICEMCFD}} { family topo {}} {
gemsparts_dir {C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-
VOTMK3U _laptop one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} {
family_boco_loaded 0} { tetin_loaded 0} { project_dir {C:/Users/laptop
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one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop

one 2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { topo_mulcad_out
{}}{ solver params {}} \} array\ set\ options\ \{ { expert 1} { remote path
{}}{ tree_disp quad 2} { tree disp _pyra0}{ evaluate diagnostic 0} {
histo_show_default 1} { select toggle corners 0} { remove_all 0} {
keep_existing_file_names 0} { record journal 0} { edit wait 0} { face_mode
all} { select_mode all} { med _save_emergency tetin 1} { user_name {laptop
one}} { diag whichall} { uns_warn_if _display 500000} { bubble_delay
1000} { external_num 1} { tree_disp_tri 2} { apply_all 0} { default_solver
{ANSYS Fluent}} { temporary_directory {}} { flood_select_angle 0} {
home_after load 1} { project_active 0} { histo_color_by quality default 1} {
undo_logging 1} { tree_disp_hexa 0} { histo_solid_default 1} { host_name
DESKTOP-VOTMK3U} { xhidden_full 1} { replay_internal_editor 1} {
editor {}} { mouse_color orange} { clear_undo 1} { remote_acn {}} {
remote_sh csh} { tree _disp_penta O} { n_processors 1} { remote_host {}} {
save_to_new 0} { quality_info Quality} { tree_disp_node 0} {
med_save_emergency _mesh 1} { redtext _color red} { tree_disp_line 0} {
select_edge_mode 0} { use_dlremote 0} { max_mesh_map_size {}} {
show_tris 1} { remote user {}} { icon_size Normal} { enable_idle 0} {
auto_save _views 1} { max_cad map size {}} { display_origin 0} {
uns_warn_user_if_display 1000000} { detail _info 0} { win_java_help 0} {
show_factor 1} { boundary_mode all} { clean_up_tmp_files 1} {
auto_fix_uncovered_faces 1} { med_save emergency_blocking 1} {

max_binary _tetin 0} { tree_disp_tetra 0} \} array\ set\ disp_options\ \{ {
uns_dualmesh 0} { uns_warn_if _display 500000} { uns_normals_colored 0} {
uns_icons 0} { uns_locked elements 0} { uns_shrink _npos 0} {
uns_node_type None} { uns_icons_normals_vol 0} { uns_bcfield 0} { backup
Wire} { uns_nodes 0} { uns_only edges 0} { uns_surf _bounds 0} {

uns_wide_lines 0} { uns_vol _bounds 0} { uns_displ_orient Triad} {
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uns_orientation 0} { uns_directions 0} { uns_thickness 0} {
uns_shell_diagnostic 0} { uns_normals 0} { uns_couplings 0} {
uns_periodicity 0} { uns_single surfaces 0} { uns_midside_nodes 1} {
uns_shrink 100} { uns_multiple_surfaces 0} { uns_no_inner 0} { uns_enums
0} { uns_disp Wire} { uns_bcfield name {}} { uns_color by quality 0} {
uns_changes 0} { uns_cut_delay count 1000} \} {set icon_sizel 24} {set
icon_size2 35} {set thickness_defined 0} {set solver_type 1} {set solver_setup -1}
array\ set\ prism_values\\{ { n_triangle_smoothing_steps 5} {
min_smoothing_steps 6} { first_layer_smoothing_steps 1} { new_volume {}} {
height 0} { prism_height_limit 0} { interpolate_heights 0} {
n_tetra_smoothing_steps 10} { do_checks {}} { delete_standalone 1} {
ortho_weight 0.50} { max_aspect_ratio {}} { ratio_max {}} {
incremental_write 0} { total_height 0} { use_prism_v10 0} {
intermediate_write 1} { delete_base_triangles {}} { ratio_multiplier {3} {
verbosity level 1} { refine_prism_boundary 1} { max_size ratio {}} {
triangle_quality {}} { max_prism_angle 180} { tetra_smooth_limit
0.30000001} { max_jump_factor 5} { use_existing_quad_layers 0} { layers
3}{ fillet 0.1} { into_orphan 0} { init_dir_from_prev {}} { blayer_2d 0} {
do_not_allow_sticking {}} { top_family {}} { law exponential} {
min_smoothing_val 0.1} { auto_reduction 0} { max_prism_height_ratio 0} {
stop_columns 1} { stair_step 1} { smoothing_steps 12} { side_family {}} {
min_prism_quality 0.0099999998} { ratio 1.2} \} {set aie_current_flavor {}}
array\ set\ vid_options\\{ { whb_import_mat_points 1} { wb_NS to_subset 0} {
wb_import_surface _bodies 1} { wb_import_cad_att_pre {SDFEA;DDM}} {
wb_import_mix_res_line 0} { wb_import_tritol 0.001} { auxiliary 0} {
wb_import_cad_att trans 1} { wb_import_mix_res -1} {
wb_import_mix_res_surface 0} { show_name 0} { whb_import_solid_bodies 1}
{ wb_import_delete solids 0} { whb_import_mix_res_solid 0} {
wb_import_save_pmdb {}} { inherit 1} { default_part GEOM} {
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new_srf topo 1} { wb_import_associativity_ model _name {}} { DelPerFlag 0}
{ show_item name 0} { wb_import_line_bodies 0} {

wb_import_save partfile 0} { composite_tolerance 1.0} {
wb_NS to entity parts 0} { wb_import_en_sym proc 1} {
wb_import_sel_proc 1} { whb_import_work_points 0} {
wb_import_reference_key 0} { wb_import_geom 1} {
whb_import_mix_res_point 0} { wb_import_pluginname {}} { wb_NS_only 0}
{ whb_import_create_solids 0} { wb_import_refresh_pmdb 0} {
wb_import_lcs 0} { whb_import_sel_pre {}} { wb_import_scale_geo
Millimeters} { whb_import_load_pmdb {}} { replace 0} {
wb_import_transfer_file_scale 0.001} { whb_import_cad_associativity 0} {
same_pnt _tol le-4} { tdv_axes 1} { wb_import_mesh 0} { vid_mode 0} {
DelBlkPerFlag 0} \} {set savedTreeVisibility {geomNode 1 geom_subsetNode 2
geomPointNode 0 geomCurveNode 2 geomSurfNode 0 geomBodyNode 2
meshNode 1 mesh_subsetNode 2 meshPointNode 0 meshLineNode 0
meshShellNode 2 meshTriNode 2 meshVVolumeNode 0 meshTetraNode 0 partNode
1 part-FLUID 2 part-INLET 2 part-PART_1 1 1 0 part-PISTON 2 part-VALVE
2}} {set last_view {rot {0 0 0 1} scale {7.16886399227 7.16886399227
7.16886399227} center {0.50085 21.1 -15.25} pos {0 0 0}}} array\ set\ cut_info\ \{
{ active 0} \} array\ set\ hex_option\\{ { default_bunching_ratio 2.0} {
floating_grid 0} { project_to_topo 0} { n_tetra_smoothing_steps 20} {
sketching_mode 0} { trfDeg 1} { wr_hexa7 0} { smooth_ogrid 0} {
find_worst 1-3} { hexa_verbose_mode 0} { old_eparams 0} {
uns_face_mesh_method uniform_quad} { multigrid_level 0} { uns_face _mesh
one tri} { check bick 0} { proj_limit0} { check inv0}{ project bspline
0} { hexa update mode 1} { default_bunching_law BiGeometric} {
worse_criterion Quality} \} array\ set\ saved_views\\{ { views {}} \}} {ICEM
CFD}

ic_boco_solver {ANSYS Fluent}
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ic_solver_mesh_info {ANSYS Fluent}

ic_set_global vid_options 1.0 wh_import_transfer_file_scale
ic_geo_convert_units millimeters m

ic_set_global vid_options 0.001 wb_import_transfer_file scale
ic_delete_empty parts

ic_delete_empty_parts

ic_save tetin ICM.tin00{} {3001
ic_uns_check_duplicate_numbers

ic_save_unstruct ICM.uns 1 {} {} {}

ic_uns_set_modified 1

ic_boco_solver

ic_boco_solver {ANSY'S Fluent}

ic_solution_set_solver {ANSYS Fluent} 1

ic_boco_save ICM.fbc

ic_boco_save atr ICM.atr

ic_save_project_file ICM.prj {array\ set\ file_name\\{ { catia_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
parts_dir {C:/Users/laptop one/Desktop/Code/Mesh-
code_files/dp0/ICM/ICEMCFD}} { domain_loaded 0} { cart_file_loaded 0} {
cart_file {}} { domain_saved ICM.uns} { archive {}} { med_replay {}} {
topology_dir {C:/Users/laptop one/Desktop/Code/Mesh-
code_files/dp0/ICM/ICEMCFD}} { ugparts_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { icons
{{$env(ICEM_ACN)/lib/ai_env/icons} {$env(ICEM_ACN)/lib/va/EZCAD/icons}
{$env(ICEM_ACN)/lib/icons} {$env(ICEM_ACN)/lib/va/CABIN/icons}}} {
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tetin ICM.tin} { family_boco ICM.fbc} { prism_params {}} { iges_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
solver_params_loaded 0} { attributes_loaded 0} { project_lock {}} {
attributes ICM.atr} { domain ICM.uns} { domains_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { settings loaded 1}
{ settings ICM.prj} { Dblocking {}} { hexa_ replay {}}{ transfer_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
mesh_dir {C:/Users/laptop one/Desktop/Code/Mesh-
code_files/dp0/ICM/ICEMCFD}} { family_topo {}} { gemsparts_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
family_boco_loaded 0} { tetin_loaded 0} { project_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { topo_mulcad_out
{}}{ solver_params {}} \} array\ set\ options\\{ { expert 1} { remote_path
{}}{ tree_disp_quad 2} { tree_disp_pyra0} { evaluate_diagnostic 0} {
histo_show_default 1} { select_toggle corners 0} { remove_all 0} {
keep_existing_file_names 0} { record journal 0} { edit_ wait 0} { face_mode
all} { select_ mode all} { med save_emergency tetin 1} { user_name {laptop
one}} { diag whichall} { uns_warn_if display 500000} { bubble_delay
1000} { external num 1} { tree disp_tri 2} { apply all 0} { default _solver
{ANSYS Fluent}} { temporary directory {}} { flood_select angle 0} {
home_after load 1} { project_active 0} { histo_color_by quality default 1} {
undo_logging 1} { tree _disp_hexa 0} { histo_solid_default 1} { host_name
DESKTOP-VOTMK3U} { xhidden_full 1} { replay_internal_editor 1} {
editor {}} { mouse_color orange} { clear_undo 1} { remote_acn {}} {
remote_sh csh} { tree_disp_penta O} { n_processors 1} { remote_host {}} {
save _to _new 0} { quality_info Quality} { tree_disp_node 0} {
med_save_emergency_mesh 1} { redtext _color red} { tree disp_line 0} {
select_edge _mode 0} { use dlremote 0} { max_mesh_map_size {}} {

show _tris 1} { remote_user {}} { icon_size Normal} { enable _idle 0} {
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auto_save views 1} { max_cad _map_size {}} { display _origin 0} {
uns_warn_user_if display 1000000} { detail _info 0} { win_java help 0} {
show_factor 1} { boundary_mode all} { clean_up_tmp_files 1} {
auto_fix_uncovered_faces 1} { med_save_emergency_blocking 1} {
max_binary tetin 0} { tree_disp_tetra 0} \} array\ set\ disp_options\ \{ {
uns_dualmesh 0} { uns_warn_if _display 500000} { uns_normals_colored 0} {
uns_icons 0} { uns_locked elements 0} { uns_shrink_npos 0} {
uns_node_type None} { uns_icons_normals_vol 0} { uns_bcfield 0} { backup
Wire} { uns_nodes 0} { uns_only edges 0} { uns_surf_bounds 0} {
uns_wide_lines 0} { uns_vol_bounds 0} { uns_displ_orient Triad} {
uns_orientation 0} { uns_directions 0} { uns_thickness 0} {
uns_shell_diagnostic 0} { uns_normals 0} { uns_couplings 0} {
uns_periodicity 0} { uns_single_surfaces 0} { uns_midside_nodes 1} {
uns_shrink 100} { uns_multiple_surfaces 0} { uns_no_inner 0} { uns_enums
0} { wuns_disp Wire} { uns_bcfield name {}} { uns_color_by quality 0} {
uns_changes 0} { uns_cut_delay _count 1000} \} {set icon_sizel 24} {set
icon_size2 35} {set thickness_defined 0} {set solver_type 1} {set solver_setup -1}
array\ set\ prism_values\\{ { n_triangle_smoothing_steps 5} {
min_smoothing_steps 6} { first_layer_smoothing_steps 1} { new_volume {}} {
height 0} { prism_height_limit 0} { interpolate_heights 0} {
n_tetra_smoothing_steps 10} { do_checks {}} { delete_standalone 1} {
ortho_weight 0.50} { max_aspect _ratio {}} { ratio_max {}} {
incremental_write 0} { total height 0} { use_prism_v10 0} {
intermediate_write 1} { delete_base triangles {}} { ratio_multiplier {}} {
verbosity level 1} { refine_prism_boundary 1} { max_size ratio {}} {
triangle_quality {}} { max_prism_angle 180} { tetra_smooth_limit
0.30000001} { max_jump_factor 5} { use_existing_quad_layers 0} { layers
3}y{ fillet0.1} { into_orphan 0} { init_dir_from _prev {}} { blayer 2d 0} {
do_not_allow_sticking {}} { top_family {}} { law exponential} {
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min_smoothing_val 0.1} { auto_reduction 0} { max_prism_height_ratio 0} {
stop_columns 1} { stair_step 1} { smoothing_steps 12} { side_family {}} {
min_prism_quality 0.0099999998} { ratio 1.2} \} {set aie_current_flavor {}}
array\ set\ vid_options\\{ { whb_import_tritol 0.001} { wb_import_cad att pre
{SDFEA;DDM}} { wb NS to subset 0} { wb_import mat points 1} {
wb_import_mix_res -1} { wb_import_save_pmdb {}} { composite_tolerance
1.0} { wb_import_save_partfile 0} { wb_NS_to_entity parts 0} {
wb_import_reference_key 0} { replace 0} { tdv_axes 1} { vid_mode 0} {
auxiliary 0} { wb_import_surface_bodies 1} { show_name 0} {
wb_import_cad_att_trans 1} { wb_import_solid_bodies 1} { default_part
GEOM} { wb_import_mix_res_solid 0} { new_srf topo 1} { DelPerFlag 0} {
wb_import_associativity_model_name {}} { show_item_name 0} {
wb_import_work_points 0} { whb_import_sel proc 1} { wb_NS only 0} {
wb_import_scale_geo Millimeters} { wb_import_Ics 0} { same_pnt_tol 1le-4} {
wb_import_transfer_file_scale 0.001} { DelBIkPerFlag 0} { whb_import_mesh
0} { wb_import_mix_res_surface 0} { whb_import_analysis_type 3} {
wb_import_geom 1} { whb_import_refresh_pmdb 0} { whb_import_load_pmdb
{}}{ wb_import_mix_res _line 0} { whb_import_delete_solids 0} { inherit 1}
{ whb_import_line_bodies 0} { wb_import_en_sym proc 1} {
wb_import_pluginname {}} { whb_import_mix_res_point 0} {
wb_import_create_solids 0} { whb_import_sel pre {}} {
wb_import_cad_associativity 0} \} {set savedTreeVisibility {geomNode 1
geom_subsetNode 2 geomPointNode 0 geomCurveNode 2 geomSurfNode 0
geomBodyNode 2 meshNode 1 mesh_subsetNode 2 meshPointNode 0
meshLineNode 0 meshShellNode 2 meshTriNode 2 meshVVolumeNode 0
meshTetraNode O partNode 1 part-FLUID 2 part-INLET 2 part-PART_1 1 10
part-PISTON 2 part-VALVE 2}} {set last_view {rot {0 0 0 1} scale
{7.16886399227 7.16886399227 7.16886399227} center {0.50085 21.1 -15.25}
pos {0 0 0}}} array\ set\ cut_info\\{ { active 0} \} array\ set\ hex_option\ \{ {
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default_bunching_ratio 2.0} { floating_grid 0} { project_to_topo 0} {
n_tetra_smoothing_steps 20} { sketching_mode 0} { trfDeg 1} { wr_hexa7 0}
{ smooth_ogrid 0} { find_worst 1-3} { hexa_ verbose _mode 0} {
old_eparams 0} { uns_face _mesh_method uniform_quad} { multigrid_level 0}
{ uns_face_mesh one_tri} { check blck 0} { proj_limit0} { check inv 0} {
project_bspline 0} { hexa update_mode 1} { default _bunching_law

BiGeometric} { worse_criterion Quality} \} array\ set\ saved_views\\{ { views

{3} \}} {ICEM CFD}

ic_set_global vid_options 1.0 wbh_import_transfer_file_scale
ic_geo_convert_units millimeters m

ic_set_global vid_options 0.001 wb_import_transfer_file_scale
ic_delete_empty_parts

ic_delete_empty_parts

ic_save tetin ICM.tin00{}{}001
ic_uns_check_duplicate_numbers

ic_save_unstruct ICM.uns 1 {} {} {}

ic_uns_set_modified 1

ic_boco_solver

ic_boco_solver {ANSY'S Fluent}

ic_solution_set_solver {ANSYS Fluent} 1

ic_boco_save ICM.fbc

ic_boco_save atr ICM.atr
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Phu luc 6

SU DUNG CODE C# CHO ANSYS-FLUENT

PISTON

vel[1]=-1067*3.141582654/300*sin(220*3.141592654/3*time +
asin(0.306962025*sin(220*3.141592654/3*time)))/cos(asin(0.3069602025*sin(220
*3,141592654/3*time)));

VALVE
if(time >= 0 && time < 0.0081)

vel[1] = -(34*0.001*13200*3.141592654)/(-22*22*360/31)*(-
22*sin((13200*time)*3.141592654/360)+242*sin(3.141592654/180*(13200
*time))/sqrt(484*(pow(cos((13200*time)*3.141592654/360),2)) +
388652/916));

else if (time >=0.0081 && time < 0.0105)

vel[1] = -(34*0.001*13200*3.141592654)/(44*360)*(-
25.8*sin((13200*time-122.5)*3.141592654/360)-
332.82*sin(3.141592654/180*(13200*time-

122.5))/sqrt(665.64* (pow(cos((13200*time-122.5)*3.141592654/360),2)) -
627.2));

else if (time >=0.0105 && time < 0.0185)

vel[1] = -(34*0.001*13200*3.141592654)/(-22*22*360/31)*(-
22*sin((13200*time-
245)*3.141592654/360)+242*sin(3.141592654/180*(13200*time-
245))/sqrt(484*(pow(cos((13200*time-245)*3.141592654/360),2)) +
388652/916));

else vel[1] = 0;
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Phu luc 7

SU DUNG UDFS FILE CHO ANSYS-FLUENT

PISTON
#include "udf.h"
#include "dynamesh_tools.h™
DEFINE_MOTION(piston, dt, vel, omega, time, dtime)
{
I* reset velocities */
NV_S (vel, = 0.0);
NV_S (omega, =, 0.0);
/* compute velocity formula */
/* pas de temp idela pour cette fonction dtime=.02 */

vel[1]=-1067*3.141582654/300*sin(220*3.141592654/3*time +
asin(0.306962025*sin(220*3.141592654/3*time)))/cos(asin(0.3069602025*sin(220
*3,141592654/3*time)));

printf(*\n");

printf("\n y_velocity = %g \n",vel[1]);
VALVE

#include "udf.h"

#include "dynamesh_tools.h"
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DEFINE_MOTION(valve, dt, vel, omega, time, dtime)

{

I* reset velocities */

NV _S (vel, = 0.0);

NV _S (omega, =, 0.0);

/* compute velocity formula */

[*pas de temps idela pour cette fonction dtime=0.02*/
/* vel[1]=-0.02*3.141593*sin(20*3.141593*time); */

if(time >= 0 && time < 0.0081 )
vel[1] = -(34*0.001*13200*3.141592654)/(-22*22*360/31)*(-
22*sin((13200*time)*3.141592654/360)+242*sin(3.141592654/180*(13200*time))
/sqrt(484*(pow(cos((13200*time)*3.141592654/360),2)) + 388652/916));

else if (time >= 0.0081 && time < 0.0105)
vel[1] = -(34*0.001*13200*3.141592654)/(44*360)*(-
25.8*sin((13200*time-122.5)*3.141592654/360)-
332.82*sin(3.141592654/180*(13200*time-
122.5))/sqrt(665.64*(pow(cos((13200*time-122.5)*3.141592654/360),2)) - 627.2));
else if (time >=0.0105 && time < 0.0185)
vel[1] = -(34*0.001*13200*3.141592654)/(-22*22*360/31)*(-
22*sin((13200*time-
245)*3.141592654/360)+242*sin(3.141592654/180*(13200*time-
245))/sqrt(484*(pow(cos((13200*time-245)*3.141592654/360),2)) + 388652/916));
else vel[1] = 0;

printf(*\n");

printf("\n 1_velocity = %g \n",vel[1]);
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SU DUNG CODE TEXT USER INTERFACE (TUI) CHO ANSYS-FLUENT

[file/set-tui-version "18.2"

(cx-gui-do cx-activate-item "Ribbon*Framel*Frame4(User
Defined)*Table1*Table3(User Defined)*PushButton1(Functions)")

(cx-gui-do cx-activate-item "MenuBar*PopupMenuFunctions*Compiled...")

(cx-gui-do cx-activate-item "Compiled
UDFs*Tablel*Framel*Frame2*PushButton1( Add)")

(cx-gui-do cx-set-file-dialog-entries "Select File" '( "pistonfinal.c" "valvefinal.c")

"Source Files (*.c *.cpp)")

(cx-gui-do cx-activate-item "Compiled UDFs*Frame8*PushButton2(Build)™)
(cx-gui-do cx-activate-item "Question*OK")

(cx-gui-do cx-activate-item "Compiled UDFs*PanelButtons*PushButton1(OK)")

(cx-gui-do cx-activate-item "Ribbon*Framel*Frame4(User
Defined)*Table1l*Table3(Field Functions)*PushButton1(Custom)™)

(cx-gui-do cx-set-list-selections "Custom Field Function
Calculator*Tablel*Frame3(Select Operand Field Functions
from)*Tablel*DropDownListl(Field Functions)™ '( 2))

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Tablel*Frame3(Select Operand Field Functions
from)*Tablel*DropDownList1(Field Functions)")

(cx-gui-do cx-set-list-selections "Custom Field Function
Calculator*Tablel*Frame3(Select Operand Field Functions
from)*Tablel*DropDownList2" '( 6))
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(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Tablel*Frame3(Select Operand Field Functions
from)*Tablel*DropDownList2")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Tablel*Frame3(Select Operand Field Functions
from)*PushButton2(Select)")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Table1*ButtonBox2*PushButton16(/)")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Table1*ButtonBox2*PushButton8(1)")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Table1*ButtonBox2*PushButton13(2)")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Table1*ButtonBox2*PushButton25")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Table1*ButtonBox2*PushButton3(0)")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Table1*ButtonBox2*PushButton14(7)")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*Table1*ButtonBox2*PushButton4(5)")

(cx-gui-do cx-set-text-entry "Custom Field Function

Calculator*Tablel*TextEntry4(New Function Name)" "sw")

(cx-gui-do cx-activate-item "Custom Field Function
Calculator*PanelButtons*PushButton1(OK)")

(cx-gui-do cx-activate-item "Custom Field Function

Calculator*PanelButtons*PushButton2(Cancel)")
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(cx-gui-do cx-set-toggle-button2
"General*Tablel*Table2(Solver)*ToggleBox5(Time)*Transient™ #t)

(cx-gui-do cx-activate-item
"General*Tablel*Table2(Solver)*ToggleBox5(Time)*Transient™)

(cx-gui-do cx-activate-item
"General*Tablel*ButtonBox1(Mesh)*PushButton2(Display)™)

(cx-gui-do cx-set-list-selections "Mesh Display*Tablel*Frame3*List1(Surfaces)" '(
023))

(cx-gui-do cx-activate-item "Mesh Display*Tablel*Frame3*List1(Surfaces)")
(cx-gui-do cx-activate-item "Mesh Display*PanelButtons*PushButton1(OK)")
(cx-gui-do cx-activate-item "Mesh Display*PanelButtons*PushButton2(Cancel)™)

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Setup|Models|Viscous (Laminar)™))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list
"Setup|Models|Viscous (Laminar)™))

(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Setup|Models|Viscous (Laminar)™))

(cx-gui-do cx-set-toggle-button2 "Viscous Model*Table1*ToggleBox1(Model)*k-
epsilon (2 eqn)" #t)

(cx-gui-do cx-activate-item "Viscous Model*Table1*ToggleBox1(Model)*k-
epsilon (2 egn)")

(cx-gui-do cx-set-toggle-button2 "Viscous Model*Table1*ToggleBox6(k-epsilon
Model)*RNG" #t)
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(cx-gui-do cx-activate-item "Viscous Model*Table1*ToggleBox6(k-epsilon
Model)*RNG")

(cx-gui-do cx-set-toggle-button2 "Viscous Model*Table1*ToggleBox17(Near-Wall
Treatment)*Enhanced Wall Treatment" #t)

(cx-gui-do cx-activate-item "Viscous Model*Table1*ToggleBox17(Near-Wall

Treatment)*Enhanced Wall Treatment")
(cx-gui-do cx-activate-item "Viscous Model*PanelButtons*PushButton1(OK)")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list
"Setup|Models|Viscous (RNG k-e, Enhanced Wall Fn)"))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list "Setup|Cell

Zone Conditions™))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list "Setup|Cell

Zone Conditions™))
(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list "Setup|Cell

Zone Conditions™))
(cx-gui-do cx-set-list-selections "Boundary Conditions*Tablel*List2(Zone)" '( 0))
(cx-gui-do cx-activate-item "Boundary Conditions*Tablel*List2(Zone)")

(cx-gui-do cx-activate-item "Boundary
Conditions*Table1l*Table3*Table4*ButtonBox1*PushButton1(Edit)")

(cx-gui-do cx-set-real-entry-list "Fluid*Table4*Framel*Framel(Reference
Frame)*Tablel*Tablel*Table3(Rotation-Axis Direction)*Table3*RealEntry2(2)"
'(0)

(cx-gui-do cx-set-real-entry-list "Fluid*Table4*Framel*Framel(Reference
Frame)*Tablel*Tablel*Table3(Rotation-Axis Direction)*Table2*RealEntry2(Y)"

(1))
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(cx-gui-do cx-set-real-entry-list "Fluid*Table4*Framel*Framel(Reference
Frame)*Tablel*Tablel*Table2(Rotation-Axis Origin)*Tablel*RealEntry2(X)" '( -
0.0245))

(cx-gui-do cx-set-real-entry-list "Fluid*Table4*Framel*Framel(Reference
Frame)*Tablel*Tablel*Table2(Rotation-Axis Origin)*Table2*RealEntry2(Y)" '( -
0.008))

(cx-gui-do cx-set-real-entry-list "Fluid*Table4*Framel*Framel(Reference
Frame)*Tablel*Table1*Table2(Rotation-Axis Origin)*Table3*RealEntry2(2)" '( -
0.007))

(cx-gui-do cx-activate-item "Fluid*PanelButtons*PushButton1(OK)")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Setup|Boundary Conditions"))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Setup|Boundary Conditions"))
(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Setup|Boundary Conditions"))
(cx-gui-do cx-set-list-selections "Boundary Conditions*Tablel*List2(Zone)" '( 0))
(cx-gui-do cx-activate-item "Boundary Conditions*Tablel*List2(Zone)")

(cx-gui-do cx-set-list-selections "Boundary
Conditions*Table1*Table3*DropDownList2(Type)" '( 11))

(cx-gui-do cx-activate-item "Boundary
Conditions*Table1*Table3*DropDownList2(Type)")

(cx-gui-do cx-activate-item "Pressure Inlet*PanelButtons*PushButton1(OK)™)

(cx-gui-do cx-set-list-selections "Boundary Conditions*Tablel*List2(Zone)" '( 1))
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(cx-gui-do cx-activate-item "Boundary Conditions*Tablel*List2(Zone)")
(cx-gui-do cx-set-list-selections "Boundary Conditions*Tablel*List2(Zone)" '( 3))
(cx-gui-do cx-activate-item "Boundary Conditions*Tablel*List2(Zone)")
(cx-gui-do cx-set-list-selections "Boundary Conditions*Tablel*List2(Zone)" '( 2))
(cx-gui-do cx-activate-item "Boundary Conditions*Tablel*List2(Zone)")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Setup|Dynamic Mesh™))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Setup|Dynamic Mesh"))
(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Setup|Dynamic Mesh™))

(cx-gui-do cx-set-toggle-button2 "Dynamic
Mesh*Table1*Table1*CheckButton1(Dynamic Mesh)" #t)

(cx-gui-do cx-activate-item "Dynamic
Mesh*Table1*Table1*CheckButton1(Dynamic Mesh)")

(cx-gui-do cx-set-toggle-button2 "Dynamic
Mesh*Table1*Table1*Table2*Table3*Tablel(Mesh
Methods)*CheckButton2(Layering)™ #t)

(cx-gui-do cx-activate-item "Dynamic
Mesh*Tablel*Tablel*Table2*Table3*Table1l(Mesh
Methods)*CheckButton2(Layering)")

(cx-gui-do cx-set-toggle-button2 "Dynamic
Mesh*Tablel*Tablel*Table2*Table3*Table1l(Mesh
Methods)*CheckButton3(Remeshing)" #t)
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(cx-gui-do cx-activate-item "Dynamic
Mesh*Tablel*Tablel*Table2*Table3*Table1l(Mesh
Methods)*CheckButton3(Remeshing)™)

(cx-gui-do cx-activate-item "Dynamic
Mesh*Tablel*Tablel*Table2*Table5*PushButton1(Create/Edit)")

(cx-gui-do cx-set-list-selections "Dynamic Mesh
Zones*Framel*Tablel*DropDownListl(Zone Names)" '( 2))

(cx-gui-do cx-activate-item "Dynamic Mesh

Zones*Framel*Tablel*DropDownListl(Zone Names)")

(cx-gui-do cx-set-real-entry-list "Dynamic Mesh Zones*Frame3*Frame3(Meshing
Options)*Tablel*Table5*RealEntry3(Cell Height)" '( 0.002))

(cx-gui-do cx-activate-item "Dynamic Mesh
Zones*PanelButtons*PushButton1(OK)")

(cx-gui-do cx-set-list-selections "Dynamic Mesh
Zones*Framel*Tablel*DropDownListl(Zone Names)" '( 4))

(cx-gui-do cx-activate-item "Dynamic Mesh

Zones*Framel*Tablel*DropDownListl(Zone Names)")

(cx-gui-do cx-set-list-selections "Dynamic Mesh Zones*Frame3*Framel(Motion
Attributes)*Tablel1*DropDownListl(Motion UDF/Profile)" '( 1))

(cx-gui-do cx-activate-item "Dynamic Mesh Zones*Frame3*Framel(Motion
Attributes)*Tablel1*DropDownList1(Motion UDF/Profile)™)

(cx-gui-do cx-activate-item "Dynamic Mesh
Zones*PanelButtons*PushButton1(OK)")

(cx-gui-do cx-activate-item "Dynamic Mesh

Zones*PanelButtons*PushButton2(Cancel)")
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(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list
"Solution|Methods"))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list
"Solution|Methods™"))

(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list
"Solution|Methods™))

(cx-gui-do cx-set-list-selections "Solution Methods*Table1*Table3(Spatial

Discretization)*DropDownList4(Turbulent Kinetic Energy)" '( 1))

(cx-gui-do cx-activate-item "Solution Methods*Table1*Table3(Spatial

Discretization)*DropDownList4(Turbulent Kinetic Energy)™)

(cx-gui-do cx-set-list-selections "Solution Methods*Table1*Table3(Spatial

Discretization)*DropDownList5(Turbulent Dissipation Rate)" '( 1))

(cx-gui-do cx-activate-item "Solution Methods*Tablel*Table3(Spatial

Discretization)*DropDownList5(Turbulent Dissipation Rate)")

(cx-gui-do cx-set-list-selections "Solution
Methods*Table1*Table4*DropDownList1(Transient Formulation)” '( 1))

(cx-gui-do cx-activate-item "Solution
Methods*Table1*Table4*DropDownList1(Transient Formulation)™)

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Controls"))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Controls"))
(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Controls"))
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(cx-gui-do cx-set-real-entry-list "Solution Controls*Table1*Tablel*Table5(Under-
Relaxation Factors)*RealEntry4(Momentum)™ '( 0.4))

(cx-gui-do cx-activate-item "Solution Controls*Table1*Table1*Table5(Under-

Relaxation Factors)*RealEntry4(Momentum)")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Report Definitions"))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Report Definitions™))
(cx-gui-do cx-list-tree-right-click "NavigationPane*List_Treel™)

(cx-gui-do cx-activate-item "MenuBar*Surface ReportSubMenu*Volume Flow
Rate...")

(cx-gui-do cx-set-text-entry "Surface Report

Definition*Table1*Table1*TextEntryl(Name)" *volume-flow-rate")

(cx-gui-do cx-activate-item ""Surface Report
Definition*Table1*Table1*TextEntryl(Name)")

(cx-gui-do cx-set-list-selections "Surface Report
Definition*Table1*Table2*Table6*List1(Surfaces)" '( 0))

(cx-gui-do cx-activate-item ""Surface Report
Definition*Table1*Table2*Table6*List1(Surfaces)")

(cx-gui-do cx-set-toggle-button2 "Surface Report
Definition*Tablel*Tablel*Table6(Create)*CheckButtonl(Report File)" #t)

(cx-gui-do cx-activate-item "Surface Report
Definition*Tablel*Tablel*Table6(Create)*CheckButtonl(Report File)")

(cx-gui-do cx-set-toggle-button2 "Surface Report
Definition*Tablel*Table1*Table6(Create)*CheckButton2(Report Plot)" #t)
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(cx-gui-do cx-activate-item "Surface Report
Definition*Tablel*Tablel*Table6(Create)*CheckButton2(Report Plot)™)

(cx-gui-do cx-set-toggle-button2 "Surface Report
Definition*Tablel*Table1*Table6(Create)*CheckButton4(Print to Console)" #t)

(cx-gui-do cx-activate-item "Surface Report
Definition*Tablel*Table1*Table6(Create)*CheckButton4(Print to Console)")

(cx-gui-do cx-activate-item ""Surface Report
Definition*PanelButtons*PushButton1(OK)")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Report Definitions™))
(cx-gui-do cx-list-tree-right-click "NavigationPane*List_Treel™")

(cx-gui-do cx-activate-item "MenuBar*Volume ReportSubMenu*Volume-

Average...")

(cx-gui-do cx-set-text-entry "Volume Report
Definition*Table1*Table1*TextEntryl(Name)" "sw")

(cx-gui-do cx-activate-item "Volume Report
Definition*Table1*Table1*TextEntryl(Name)")

(cx-gui-do cx-set-list-selections "Volume Report
Definition*Table1*Table2*DropDownList2(Field Variable)" '( 0))

(cx-gui-do cx-activate-item "Volume Report
Definition*Tablel*Table2*DropDownList2(Field Variable)")

(cx-gui-do cx-set-list-selections "Volume Report
Definition*Tablel*Table2*List5(Cell Zones)" '( 0))

(cx-gui-do cx-activate-item "Volume Report Definition*Table1*Table2*List5(Cell

Zones)")
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(cx-gui-do cx-set-toggle-button2 "Volume Report
Definition*Tablel*Tablel*Table5(Create)*CheckButtonl(Report File)" #t)

(cx-gui-do cx-activate-item "Volume Report
Definition*Tablel*Table1*Table5(Create)*CheckButton1(Report File)")

(cx-gui-do cx-set-toggle-button2 "Volume Report
Definition*Table1*Table1*Table5(Create)*CheckButton2(Report Plot)" #t)

(cx-gui-do cx-activate-item "Volume Report
Definition*Table1*Table1*Table5(Create)*CheckButton2(Report Plot)")

(cx-gui-do cx-set-toggle-button2 "Volume Report
Definition*Table1*Table1*Table5(Create)*CheckButton4(Print to Console)" #t)

(cx-gui-do cx-activate-item "Volume Report
Definition*Table1*Table1*Table5(Create)*CheckButton4(Print to Console)")

(cx-gui-do cx-activate-item "Volume Report
Definition*PanelButtons*PushButton1(OK)™)

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Monitors™))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Monitors|Report Files™))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Monitors|Report Files"))
(cx-gui-do cx-list-tree-right-click "NavigationPane*List_Treel™ )
(cx-gui-do cx-activate-item "MenuBar*PopupMenuTree-Report Files*New...")

(cx-gui-do cx-set-list-selections "New Report File*Tablel*List2(Available Report
Definitions)" '( 1))

(cx-gui-do cx-activate-item "New Report File*Tablel*List2(Available Report
Definitions)")
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(cx-gui-do cx-set-list-selections "New Report File*Tablel*List2(Available Report
Definitions)" '( 1 3))

(cx-gui-do cx-activate-item "New Report File*Tablel*List2(Available Report

Definitions)")

(cx-gui-do cx-set-list-selections "New Report File*Table1*List2(Available Report
Definitions)" '( 1 3 4))

(cx-gui-do cx-activate-item "New Report File*Table1*List2(Available Report
Definitions)")

(cx-gui-do cx-activate-item "New Report File*Tablel1*Table4*PushButton1(
Add>>)")

(cx-gui-do cx-set-text-entry "New Report File*Table1*Table6(Output File Base
Name)*TextEntryl" "RESULTS")

(cx-gui-do cx-activate-item "New Report File*PanelButtons*PushButton1(OK)")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Initialization™))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Initialization™))
(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Initialization™))

(cx-gui-do cx-set-toggle-button2 "Solution
Initialization*Table1*ToggleBox3(Initialization Methods)*Hybrid Initialization™
#t)

(cx-gui-do cx-activate-item "Solution

Initialization*Table1*ToggleBox3(Initialization Methods)*Hybrid Initialization™)
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(cx-gui-do cx-activate-item "Solution
Initialization*Table1*ButtonBox10*PushButton2(Initialize)")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Calculation Activities"))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Calculation Activities™))
(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Calculation Activities"))

(cx-gui-do cx-set-integer-entry "Calculation

Activities*Tablel*IntegerEntryl(Autosave Every (Iterations))" 0)

(cx-gui-do cx-activate-item "Calculation

Activities*Tablel*IntegerEntryl(Autosave Every (Iterations))™)

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Run Calculation™))

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Run Calculation™))
(cx-gui-do cx-activate-item "NavigationPane*List_Treel")

(cx-gui-do cx-set-list-tree-selections "NavigationPane*List_Treel" (list

"Solution|Run Calculation™))

(cx-gui-do cx-set-real-entry-list "Run
Calculation*Tablel*Table7*RealEntry1(Time Step Size)" '( 0.001))

(cx-gui-do cx-activate-item "Run Calculation*Table1*Table7*RealEntry1(Time
Step Size)")

(cx-gui-do cx-set-real-entry-list "Run
Calculation*Tablel*Table7*RealEntry1(Time Step Size)" '( 0.0001))
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(cx-gui-do cx-activate-item "Run Calculation*Table1*Table7*Real Entry1(Time
Step Size)")

(cx-gui-do cx-set-integer-entry "Run
Calculation*Tablel*Table7*IntegerEntry2(Number of Time Steps)" 4)

(cx-gui-do cx-activate-item "Run

Calculation*Table1*Table7*IntegerEntry2(Number of Time Steps)™)

(cx-gui-do cx-set-integer-entry "Run Calculation*Tablel*IntegerEntry10(Number
of Iterations)" 45)

(cx-gui-do cx-activate-item "Run Calculation*Table1*IntegerEntry10(Number of
Iterations)")

(cx-gui-do cx-activate-item "MenuBar*WriteSubMenu*Stop Journal™)
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SU DUNG CODE JAVA SCRIPT CHO ANSYS-FLUENT

# encoding: utf-8

# Release 18.2

SetScriptVersion(Version="18.2.109")

templatel = GetTemplate(TemplateName="FLUENT")
systeml = GetSystem(Name="ICM")

ICMComponentl = systeml.GetComponent(Name="ICM")

componentTemplatel =

GetComponentTemplate(Name="FluentSetupCellTemplate™)
system2 = templatel.CreateSystem(

DataTransferFrom=[Set(FromComponent=iCMComponentl,

TransferName=None, ToComponentTemplate=componentTemplatel)],
Position="Right",
Relative To=system1)
setupComponentl = system2.GetComponent(Name="Setup")
setupComponentl.Refresh()
setupl = system2.GetContainer(ComponentName="Setup")
fluentLauncherSettings1 = setupl.GetFluentLauncherSettings()

fluentLauncherSettings1.SetEntityProperties(Properties=Set(Precision="Dou
ble", EnvPath={}, RunParallel=True, NumberOfProcessors=4,
NumberOfGPGPUs=1))

setupl.Edit()
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setupl.SendCommand(Command="(cx-gui-do cx-set-list-tree-selections
"NavigationPane*List_Treel" (list))")

setupl.SendCommand(Command="(cx-gui-do cx-activate-item
\"MenuBar*ReadSubMenu*Journal...\")(cx-gui-do cx-set-file-dialog-entries
\"Select File\" '(\"D:/auto/11AUTO-2-290\") \"All Files (*)\")(cx-gui-do cx-

activate-item \"Question*OK\")(cx-gui-do cx-activate-item \"Question*OK\")")

setupl.SendCommand(Command="(cx-gui-do cx-activate-item "Run

Calculation*Table1*PushButton22(Calculate)™)(cx-gui-do cx-set-list-tree-selections
"NavigationPane*List_Treel" (list ))(cx-gui-do cx-set-list-tree-selections
"NavigationPane*List_Treel" (list ))(cx-gui-do cx-set-list-tree-selections
"NavigationPane*List_Treel" (list ))(cx-gui-do cx-set-list-tree-selections
"NavigationPane*List_Treel" (list ))(cx-gui-do cx-set-list-tree-selections
"NavigationPane*List_Treel" (list ))(cx-gui-do cx-set-list-tree-selections
"NavigationPane*List_Treel" (list ))(cx-gui-do cx-set-list-tree-selections
"NavigationPane*List_Treel" (list))")

setupl.SendCommand(Command="(cx-gui-do cx-activate-item

"Information*OK")")

setupl.SendCommand(Command='(cx-gui-do cx-activate-item

"MenuBar*FileMenu*Close Fluent™)")
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Phu luc 10

SU DUNG MATLAB

clc
clear all
X=[ 18.00 102.00 52.00 2.50 41.00
18.00 102.00 52.00 2.50 42.00
18.00 102.00 52.00 3.50 38.00
18.00 102.00 52.00 3.50 39.00
18.00 102.00 52.00 3.50 40.00
18.00 102.00 52.00 3.50 41.00
18.00 102.00 52.00 3.50 42.00
18.00 102.00 52.00 4.50 38.00
18.00 102.00 52.00 4.50 39.00
18.00 102.00 52.00 4.50 40.00
18.00 102.00 52.00 4.50 41.00
18.00 102.00 52.00 4.50 42.00
18.00 102.00 52.00 5.50 38.00
18.00 102.00 52.00 5.50 39.00 ];
for i = 1:size(X,1)
x1 = X(i,1);
x2 = X(1,2);

x3 = X(i,3);
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x4 = X(i,4);

x5 = X(i,5);

fileID = fopen('C:\Users\laptop one\Desktop\Code\TSDN.txt','w");
fprintf(fileID,"X1" = %2.0f\r\n’,x1);

fprintf(fileID,"X2" = %2.0f\r\n",x2);
fprintf(filelD,"X1@CHUAN"= "X1"\r\n");

fprintf(fileID,"X3"= %2.0f\r\n’,x3);

fprintf(fileID,"X4"= %2.1A\r\n",x4);

fprintf(fileID,"X5"= %2.0f\r\n’,x5);

fprintf(filelD,"D1@52"= "X3"\r\n');
fprintf(filelD,"D1@Boss-Tru"= 34\r\n’);
fprintf(filelD,"D3@Helix/Spiral1"="D1@52" - "D1@Boss-Tru"\r\n");
fprintf(filelD,""D18@CHUAN"= "X5"\r\n’);
fprintf(filelD,""D8@CHUAN"= 2\r\n’);
fprintf(filelD,"D5@CHUAN"= 24\r\n’);
fprintf(filelD,""D3@CHUAN"= 7\r\n’);
fprintf(filelD,"D4@CHUAN"= 53\r\n’);
fprintf(filelD,"'D3@Helix/Spiral2"= "D3@Helix/Spiral1"\r\n);
fprintf(filelD,"'D1@58"= 59\r\n’);

fprintf(filelD,"'D1@ Sketch9"= 30\r\n");

fprintf(filelD,"'D2@ Sketch9"= 88\r\n’);
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fprintf(filelD,"D3@Surface-CAT MAT DAY"="X4"\r\n");
fprintf(filelD,"'D2@ Sketch23"="X5" / 2 + 0.5\r\n");
fprintf(filelD,"D5@ Sketch23"="X5" / 2 + 2.75\r\n");

fprintf(filelD,"D6@Helix/Spiral1"= arccotan ( "D3@Helix/Spirall" / (
"DA@CHUAN" - "D5@CHUAN" ) )\r\n");

fprintf(filelD,"D6@Helix/Spiral2"= arccotan ( "D3@Helix/Spirall" / (
"D3@CHUAN" - "D8@CHUAN" ) )\r\n");

fprintf(filelD,"D6@Helix/Spiral3"= arccotan ( "D3@Helix/Spiral3" / (
"D1@Sketch9" - ( 78.29794733 - "DA@CHUAN™ ) ) )\r\n’);

fprintf(filelD,"D6@Helix/Spiral4"= arccotan ( "D3@Helix/Spiral3" / (
"D2@Sketch9" - ( 78.29794733 - "D3@CHUAN" ) ) )\r\n’);

fclose(filelD);

system("'C:\Program Files\SOLIDWORKS
Corp\SOLIDWORKS\SLDWORKS.exe" "/m" "C:\Users\laptop
one\Desktop\Code\TSAG.swp™);

pause(3)

geofile =
[[Geometry ',num2str(x2)," ',num2str(x1)," ',num2str(x3)," ',num2str(x4*10)," ',nu

m2str(x5),"igs";
geoerfile = [erase(geofile,".igs")," Error.igs'];
if exist(geofile, ‘file’) ==

% CHAY ANSYS LAY KET
QUA

%%%%%%%%%%% %% %% %% %% %% % % %% %% %% % %% %% % %% %% %
%%%%%%%%%%% %% %% %% %% %% %% %%% %% %% %% %% %

205



% Viet lai file codeAl cho
ANSYS

fileID = fopen(‘C:\Users\laptop one\Desktop\Code\CODEA11.wbjn','w");
fprintf(filelD,'SetScriptVersion(Version="18.2.109")\r\n");
fprintf(filelD,templatel = GetTemplate(TemplateName="ICEMCFD")\r\n");
fprintf(filelD,'system1 = templatel.CreateSystem()\r\n’);
fprintf(filelD,'Save(\r\n’);

fprintf(filelD,[' FilePath="C:/Users/laptop
one/Desktop/Code/',erase(geofile,".igs")," . wbpj"\r\n]);

fprintf(filelD," Overwrite=True)");

fclose(filelD);

pause(2)
% Hoan tat codeAl
% File meshcode.rpl

filelD = fopen(‘'C:\Users\laptop one\Desktop\Code\meshcode.rpl','w");
fprintf(filelD,'ic_get_global file_name project_dir\r\n’);
fprintf(filelD,'ic_set_meshing_params global 0\r\n’);
fprintf(filelD,'ic_undo_group_begin \r\n’);

fprintf(filelD,'ic_wb_set parameters101001101 {SDFEA;DDM}1{}-11
Millimeters 000 {} {3000 {} 00.001 0 0\r\n");

fprintf(filelD,['ic_wb_brep_read {C:/Users/laptop one/Desktop/Code/',geofile,}
10 0\r\n']);

fprintf(filelD,'ic_boco_solver \r\n);

fprintf(filelD,'ic_boco_clear_icons \r\n');
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fprintf(filelD,'ic_undo_group_end \r\n’);
fprintf(filelD,'ic_undo_group_begin \r\n’);
fprintf(filelD,'ic_start_bigunsop \r\n");

fprintf(filelD,'ic_delete_elements family PART_1 1 1 MATPOINT no_undo
1\r\n’);

fprintf(filelD,'ic_delete_geometry all families PART_1 1 1 MATPOINT 1
1\r\n";

fprintf(filelD,'ic_geo_delete_family PART_1 1 1 MATPOINT\r\n);
fprintf(filelD,'ic_finish_bigunsop \r\n’);
fprintf(filelD,'ic_undo_group_end \r\n*);
fprintf(filelD,'ic_undo_group_begin \r\n’);
fprintf(filelD,'ic_geo_new_family FLUID\r\n");
fprintf(filelD,'ic_boco_set_part_color FLUID\r\n');
fprintf(filelD,'ic_delete_elements family Fluid no_undo 1\r\n’);
fprintf(filelD,'ic_geo_build_bodies Fluid 0 0 0 1 {} 0 0\r\n");
fprintf(filelD,'ic_delete_empty_parts \r\n’);
fprintf(filelD,'ic_undo_group_end \r\n");
fprintf(filelD,'ic_undo_group_begin \r\n’);
fprintf(filelD,'ic_delete_elements family Fluid no_undo 1\r\n");
fprintf(filelD,'ic_geo_build_bodies Fluid 0 0 0 1 {} 0 0\r\n");
fprintf(filelD,'ic_delete_empty_parts \r\n');
fprintf(filelD,'ic_undo_group_end \r\n);
fprintf(filelD,'ic_undo_group_begin \r\n');

fprintf(filelD,'ic_undo_group_end \r\n);
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fprintf(filelD,'ic_undo_group_begin \r\n');
fprintf(filelD,'ic_geo_set part surface FACE189 INLET 0\r\n');
fprintf(filelD,'ic_delete_empty parts \r\n');
fprintf(filelD,'ic_undo_group_end \r\n");
fprintf(filelD,'ic_undo_group_begin \r\n');
fprintf(filelD,'ic_undo_group_end \r\n’);
fprintf(filelD,'ic_undo_group_begin \r\n’);
fprintf(filelD,'ic_undo_group_end \r\n’);
fprintf(filelD,'ic_undo_group_begin \r\n’);

fprintf(filelD,'ic_geo_set_part surface {FACE165 FACE231 FACE218
FACE196 FACE174 FACE162 FACE163 FACE185 FACE207 FACE229
FACE164 FACE232} PISTON 0\r\n');

fprintf(filelD,'ic_delete_empty_parts \r\n’);
fprintf(filelD,'ic_undo_group_end \r\n');
fprintf(filelD,'ic_undo_group_begin \r\n’);
fprintf(filelD,'ic_undo_group_end \r\n");
fprintf(filelD,'ic_undo_group_begin \r\n’);
fprintf(filelD,'ic_undo_group_end \r\n");
fprintf(filelD,'ic_undo_group_begin \r\n');

fprintf(filelD,'ic_geo_set_part surface {FACE219 FACE220 FACE222
FACE221 FACE223 FACE227 FACE230 FACE228 FACE226} VALVE 0\r\nY);

fprintf(filelD,'ic_delete_empty parts \r\n');
fprintf(filelD,'ic_undo_group_end \r\n);

fprintf(filelD,'ic_undo_group_begin \r\n');
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fprintf(filelD,'ic_undo_group_end \r\n");
fprintf(filelD,'ic_undo_group_begin \r\n');
fprintf(filelD,'ic_undo_group_end \r\n");
fprintf(filelD,'ic_undo_group_begin \r\n');
fprintf(filelD,'ic_geo_set_part surface {FACE224 FACE225} VALVE 0\r\n");
fprintf(filelD,'ic_delete_empty_parts \r\n’);
fprintf(filelD,'ic_undo_group_end \r\n’);
fprintf(filelD,'ic_undo_group_begin \r\n’);
fprintf(filelD,'ic_undo_group_end \r\n");
fprintf(filelD,'ic_set_global geo_cad 0 toptol_userset\r\n’);
fprintf(filelD,'ic_set_global geo_cad 0.1 toler\r\n’);
fprintf(filelD,'ic_undo_group_begin \r\n’);

fprintf(filelD,'ic_set_meshing_params global O gref 1.0 gmax 2.0 gfast 0 gedgec
0.2 gnat 0 gcgap 1 gnatref 10\r\n");

fprintf(filelD,'ic_undo_group_end \r\n");
fprintf(filelD,'ic_undo_group_begin \r\n’);

fprintf(filelD,'ic_set_meshing_params global 0 gref 1.0 gmax 2.0 gfast 0 gedgec
0.2 gnat 0 gcgap 1 gnatref 10\r\n");

fprintf(filelD,'ic_undo_group_end \r\n);
fprintf(filelD,'ic_set_global geo_cad 0.1 toler\r\n’);
fprintf(filelD,'ic_undo_group_begin \r\n');
fprintf(filelD,'ic_save_tetin temp_tetra.tin\r\n’);

fprintf(filelD,'ic_run_tetra temp_tetra.tin
C:/Users/LAPTOP~1/AppData/Local/Temp/WB_DES~3/UNSAVE~1/dp0/ICM/IC
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EMCFD/tetra_mesh.uns run_cutter 1 delete_auto 1 run_smoother 0 fix_holes 1

n_processors 1 in_process 1 log ./tetra_cmd.log\r\n’);
fprintf(filelD,'ic_geo_set_modified 1\r\n’);

fprintf(filelD,'ic_uns_update_family type visible {INLET SHELL FLUID
PISTON SHEET ORFN VALVE LUMP} {INODE !'LINE_2 TRI 3 ITETRA 4}
update O\r\n’);

fprintf(filelD,'ic_uns_subset_configure All -shade flat_wire\r\n’);
fprintf(filelD,'ic_uns_subset_configure Selected -shade flat_wire\r\n’);
fprintf(filelD,'ic_boco_solver \r\n");
fprintf(filelD,'ic_boco_clear_icons \r\n");
fprintf(filelD,'ic_uns_diagnostic diag_type single quiet 1\r\n’);

fprintf(filelD,'ic_smooth_elements map all upto 0.4 iterations 5 fix_families {}
n_processors 1 smooth TRI_3 float TETRA 4 laplace 1\r\n");

fprintf(filelD,'ic_smooth_elements map all upto 0.4 iterations 5
prism_warp_weight 0.5 fix_families {} n_processors 1 smooth TETRA 4 float
PENTA 6 freeze TRI_3\r\n);

fprintf(filelD,'ic_smooth_elements map all upto 0.4 iterations 5
prism_warp_weight 0.5 fix_families {} metric Quality n_processors 1 smooth
TETRA_4 smooth TRI_3 float PENTA_6\r\n’);

fprintf(filelD,'ic_geo_set_modified 1\r\n);
fprintf(filelD,'ic_delete_empty_parts \r\n');
fprintf(filelD,'ic_undo_group_end \r\n);
fprintf(filelD,'ic_wb2_run_mesher tetra\r\n');
fprintf(filelD,'ic_boco_solver \r\n);

fprintf(filelD,'ic_uns_subset_configure All -shade flat_wire\r\n");

210



fprintf(filelD,'ic_uns_subset_configure Selected -shade flat_wire\r\n’);
fprintf(filelD,'ic_boco_clear_icons \r\n');
fprintf(filelD,'ic_uns_subset_configure All -shade wire\r\n’);
fprintf(filelD,'ic_uns_subset_configure Selected -shade wire\r\n’);

fprintf(filelD,'ic_uns_update_family _type visible {INLET SHELL FLUID
PISTON SHEET ORFN VALVE LUMP} {INODE 'LINE_2 TRI_3 ITETRA 4}
update O\r\n’);

fprintf(fileID,'ic_boco_solver \r\n');
fprintf(fileID,'ic_boco_clear_icons \r\n');
fprintf(filelD,'ic_delete_empty_parts \r\n’);
fprintf(filelD,'ic_gui_update \r\n");
fprintf(fileID,'ic_boco_solver \r\n'’);
fprintf(filelD,'ic_boco_clear_icons \r\n’);

fprintf(filelD,'ic_uns_update_family_type visible {INLET SHELL FLUID
PISTON SHEET ORFN VALVE LUMP} {INODE ILINE_2 TRI_3 'TETRA_4}
update O\r\n’);

fprintf(filelD,'ic_boco_solver \r\n");
fprintf(filelD,'ic_boco_clear_icons \r\n");
fprintf(filelD,'ic_delete_empty_parts \r\n');

fprintf(filelD,'ic_save_project {C:/Users/laptop
one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD/ICM.prjH\r\n");

fprintf(filelD,'ic_set_global vid_options 1.0 wb_import_transfer_file_scale\r\n");

fprintf(filelD,'ic_geo_convert_units millimeters m\r\n");
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fprintf(filelD,'ic_set_global vid_options 0.001

wb_import_transfer_file_scale\r\n');
fprintf(filelD,'ic_delete_empty parts \r\n');
fprintf(filelD,'ic_delete_empty parts \r\n');
fprintf(filelD,'ic_save_tetin ICM.tin 0 0 {} {} 0 0 1\r\n");
fprintf(filelD,'ic_uns_check_duplicate_numbers \r\n’);
fprintf(filelD,'ic_uns_renumber_all_elements 1 1\r\n’);
fprintf(filelD,'ic_save_unstruct ICM.uns 1 {} {} {}\r\n");
fprintf(filelD,'ic_uns_set_modified 1\r\n’);
fprintf(filelD,'ic_boco_solver \r\n’);
fprintf(filelD,'ic_boco_solver {ANSYS Fluent}\r\n’);
fprintf(filelD,'ic_solution_set_solver {ANSYS Fluent} 1\r\n’);
fprintf(filelD,'ic_boco_solver {ANSYS Fluent}\r\n’);
fprintf(filelD,'ic_solver_mesh_info {ANSYS Fluent}\r\n’);
fprintf(filelD,'ic_boco_save ICM.fbc\r\n’);
fprintf(filelD,'ic_boco_save_atr ICM.atr\r\n");

fprintf(filelD,'ic_save_project_file ICM.prj {array\\ set\\ file_name\\ \\{ {
catia_dir {C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-
VOTMK3U _laptop one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} {
parts_dir {C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-
VOTMKS3U _laptop one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} {
domain_loaded O} { cart_file_loaded O} { cart_file {}} { domain_saved
ICM.uns} { archive {}} { med replay {}} { topology dir {C:/Users/laptop
one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one_ 2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { ugparts_dir
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{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one 2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { icons
{{$env(ICEM_ACN)/lib/ai_env/icons} {$env(ICEM_ACN)/lib/va/EZCAD/icons}
{$env(ICEM_ACN)/lib/icons} {$env(ICEM_ACN)/lib/va/CABIN/icons}}} {
tetin ICM.tin} { family_boco ICM.fbc} { prism_params {}} { iges_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} {
solver_params_loaded 0} { attributes_loaded 0} { project_lock {}} {

attributes ICM.atr} { domain ICM.uns} { domains_dir {C:/Users/laptop
one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U_ laptop
one_2564_14/unsaved_project_files/dp0/ICM/ICEMCFD}} { settings_loaded 1}
{ settings ICM.prj} { blocking {}} { hexa replay {}} { transfer_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { mesh_dir
{C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _laptop
one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { family_topo {}} {
gemsparts_dir {C:/Users/laptop one/AppData/Local/Temp/WB_DESKTOP-
VOTMK3U_laptop one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} {
family_boco_loaded 0} { tetin_loaded 0} { project_dir {C:/Users/laptop
one/AppData/Local/Temp/WB_DESKTOP-VOTMK3U _ laptop

one_2564 14/unsaved_project_files/dp0/ICM/ICEMCFD}} { topo_mulcad_out
{}}{ solver_params {}} \\} array\\ set\\ options\ \\{ { expert 1} {

remote_path {}} { tree disp _quad 2} { tree disp_pyra 0} {

evaluate _diagnostic 0} { histo_show _default 1} { select_toggle corners 0} {
remove_all 0} { keep_existing_file_names 0} { record_journal 0} { edit_wait
0} { face_mode all} { select mode all} { med_save emergency tetin 1} {
user_name {laptop one}} { diag_whichall} { uns_warn_if display 500000} {
bubble_delay 1000} { external num 1} { tree disp _tri 2} { apply_all 0} {
default_solver {ANSYS Fluent}} { temporary_directory {}} {
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flood_select_angle 0} { home_after load 1} { project_active 0} {
histo_color_by quality default 1} { undo_logging 1} { tree_disp_hexa 0} {
histo_solid_default 1} { host_name DESKTOP-VOTMK3U} { xhidden_full 1}
{ replay _internal_editor 1} { editor {}} { mouse_color orange} {

clear_undo 1} { remote_acn {}} { remote sh csh} { tree disp _penta 0} {
n_processors 1} { remote_host {}} { save to new 0} { quality info Quality}
{ tree_disp_node 0} { med_save emergency_mesh 1} { redtext_color red} {
tree_disp_line 0} { select_edge_mode 0} { use_dlremote 0} {
max_mesh_map_size {}} { show_tris 1} { remote_user {}} { icon_size
Normal} { enable idle 0} { auto_save views 1} { max_cad_map_size {}} {
display_origin 0} { uns_warn_user_if_display 1000000} { detail_info 0} {
win_java_help 0} { show_factor 1} { boundary_mode all} {
clean_up_tmp_files 1} { auto_fix_uncovered faces 1} {

med_save_emergency blocking 1} { max_binary_tetin 0} { tree_disp_tetra 0}
\\} array\\ set\\ disp_options\\\{ { uns_dualmesh 0} { uns_warn_if_display
500000} { uns_normals_colored 0} { uns_icons 0} { uns_locked_elements 0}
{ uns_shrink_npos 0} { uns_node_type None} { uns_icons_normals_vol 0} {
uns_bcfield 0} { backup Wire} { uns_nodes 0} { uns_only edges 0} {
uns_surf_bounds 0} { uns_wide_lines 0} { uns_vol bounds 0} {
uns_displ_orient Triad} { uns_orientation 0} { uns_directions 0} {
uns_thickness 0} { uns_shell_diagnostic 0} { uns_normals 0} { uns_couplings
0} { uns_periodicity 0} { uns_single_surfaces 0} { uns_midside_nodes 1} {
uns_shrink 100} { uns_multiple_surfaces 0} { uns_no_inner 0} { uns_enums
0} { uns_disp Wire} { uns_bcfield name {}} { uns_color_by quality 0} {
uns_changes 0} { uns_cut_delay count 1000} \\} {set icon_sizel 24} {set
icon_size2 35} {set thickness_defined 0} {set solver_type 1} {set solver_setup -1}
array\\ set\\ prism_values\\\{ { n_triangle_smoothing_steps 5} {
min_smoothing_steps 6} { first_layer_smoothing_steps 1} { new_volume {}} {
height 0} { prism_height_limit 0} { interpolate_heights 0} {
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n_tetra_smoothing_steps 10} { do_checks {}} { delete standalone 1} {
ortho_weight 0.50} { max_aspect_ratio {}} { ratio_max {}} {
incremental_write 0} { total height 0} { use_prism_v10 0} {
intermediate_write 1} { delete_base_triangles {}} { ratio_multiplier {}} {
verbosity level 1} { refine_prism_boundary 1} { max_size ratio {}} {
triangle_quality {}} { max_prism_angle 180} { tetra_smooth_limit
0.30000001} { max_jump_factor 5} { use_existing_quad_layers 0} { layers
3}{ fillet 0.1} { into_orphan 0} { init_dir_from_prev {}} { blayer_2d 0} {
do_not_allow_sticking {3} { top_family {}} { law exponential} {
min_smoothing_val 0.1} { auto_reduction 0} { max_prism_height_ratio 0} {
stop_columns 1} { stair_step 1} { smoothing_steps 12} { side_family {}} {
min_prism_quality 0.0099999998} { ratio 1.2} \} {set aie_current_flavor {}}
array\\ set\\ vid_options\\\{ { wb_import_mat_points 1} { wb_NS to_subset
0} { wb_import_surface_bodies 1} { wb_import_cad_att_pre {SDFEA;DDM}}
{ whb_import_mix_res_line 0} { whb_import_tritol 0.001} { auxiliary 0} {
wb_import_cad_att_trans 1} { wb_import_mix_res -1} {
wb_import_mix_res_surface 0} { show_name 0} { wb_import_solid_bodies 1}
{ whb_import_delete_solids 0} { wb_import_mix_res_solid 0} {
wb_import_save_pmdb {}} { inherit 1} { default_part GEOM} {

new_srf topo 1} { whb_import_associativity_model_name {}} { DelPerFlag 0}
{ show_item _name 0} { wb_import_line_bodies 0} {
wb_import_save_partfile 0} { composite_tolerance 1.0} {
wb_NS to entity parts 0} { wb_import_en_sym proc 1} {
wb_import_sel _proc 1} { wb_import_work_points 0} {
wb_import_reference_key 0} { wb_import_geom 1} {
wb_import_mix_res_point 0} { whb_import_pluginname {}} { wb_NS only 0}
{ wb_import_create_solids 0} { whb_import_refresh_pmdb 0} {
wb_import_lcs 0} { wb_import_sel _pre {}} { wb_import_scale_geo
Millimeters} { wb_import_load_pmdb {}} { replace 0} {
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wb_import_transfer _file_scale 0.001} { wb_import_cad_associativity 0} {
same_pnt_tol 1le-4} { tdv_axes 1} { wb_import_mesh 0} { vid_mode 0} {
DelBlkPerFlag 0} \\} {set savedTreeVisibility {geomNode 1 geom_subsetNode 2
geomPointNode 0 geomCurveNode 2 geomSurfNode 0 geomBodyNode 2
meshNode 1 mesh_subsetNode 2 meshPointNode 0 meshLineNode 0
meshShellNode 2 meshTriNode 2 meshVVolumeNode 0 meshTetraNode 0 partNode
1 part-FLUID 2 part-INLET 2 part-PART_1_1_1 0 part-PISTON 2 part-VALVE
2}} {set last_view {rot {0 0 0 1} scale {7.16886399227 7.16886399227
7.16886399227} center {0.50085 21.1 -15.25} pos {0 0 0}}} array\\ set\\ cut_info\\
\\{ { active 0} \} array\\ set\\ hex_option\\\{ { default_bunching_ratio 2.0} {
floating_grid 0} { project_to_topo 0} { n_tetra_smoothing_steps 20} {
sketching_mode 0} { trfDeg 1} { wr_hexa7 0} { smooth_ogrid 0} {
find_worst 1-3} { hexa_verbose_mode 0} { old_eparams 0} {
uns_face_mesh_method uniform_quad} { multigrid_level 0} { uns_face_mesh
one_tri} { check blck 0} { proj_limit0} { check inv0}{ project bspline
0} { hexa_update_mode 1} { default_bunching_law BiGeometric} {
worse_criterion Quality} \\} array\\ set\\ saved_views\\\\{ { views {}} \\}}
{ICEM CFD}\r\n";

fprintf(filelD,'ic_boco_solver {ANSYS Fluent}\r\n’);
fprintf(filelD,'ic_solver_mesh_info {ANSYS Fluent}\r\n’);
fprintf(filelD,'ic_set_global vid_options 1.0 wb_import_transfer_file_scale\r\n’);
fprintf(filelD,'ic_geo_convert_units millimeters m\r\n’);

fprintf(filelD,'ic_set_global vid_options 0.001

wb_import_transfer_file_scale\r\n');
fprintf(filelD,'ic_delete_empty_parts \r\n');
fprintf(filelD,'ic_delete_empty parts \r\n');

fprintf(filelD,'ic_save_tetin ICM.tin 0 0 {} {} 0 0 1\r\n");
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fprintf(filelD,'ic_uns_check_duplicate_numbers \r\n’);
fprintf(filelD,'ic_save _unstruct ICM.uns 1 {} {} {}\r\n’);
fprintf(filelD,'ic_uns_set_modified 1\r\n’);
fprintf(filelD,'ic_boco_solver \r\n');
fprintf(filelD,'ic_boco_solver {ANSYS Fluent}\r\n’);
fprintf(filelD,'ic_solution_set_solver {ANSYS Fluent} 1\r\n’);
fprintf(filelD,'ic_boco_save ICM.fbc\r\n’);
fprintf(filelD,'ic_boco_save_atr ICM.atr\r\n’);

fprintf(filelD,'ic_save_project_file ICM.prj {array\\ set\\ file_name\\ \\{ {
catia_dir {C:/Users/laptop one/Desktop/Code/Mesh-
code_files/dp0/ICM/ICEMCFD}} { parts_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { domain_loaded 0}
{ cart_file_loaded 0} { cart file {}}{ domain_saved ICM.uns} { archive
{}}{ med_ replay {}} { topology dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { ugparts_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
icons {{$env(ICEM_ACN)/lib/ai_env/icons}
{$env(ICEM_ACN)/lib/va/EZCAD/icons} {$env(ICEM_ACN)/lib/icons}
{$env(ICEM_ACN)/lib/va/CABIN/icons}}} { tetin ICM.tin} { family_boco
ICM.foc} { prism_params {}} { iges_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
solver_params_loaded 0} { attributes_loaded 0} { project_lock {}} {
attributes ICM.atr} { domain ICM.uns} { domains_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { settings loaded 1}
{ settings ICM.prj} { Dblocking {}} { hexa_ replay {}} { transfer_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
mesh_dir {C:/Users/laptop one/Desktop/Code/Mesh-
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code_files/dp0/ICM/ICEMCFD}} { family_topo {}} { gemsparts_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
family boco_loaded 0} { tetin_loaded 0} { project_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { topo_mulcad_out
{}}{ solver_params {}} \\} array\\ set\\ options\ \\{ { expert 1} {

remote_path {}} { tree disp_quad 2} { tree disp_pyra 0} {
evaluate_diagnostic 0} { histo_show_default 1} { select_toggle_corners 0} {
remove_all 0} { keep_existing_file_names 0} { record_journal 0} { edit_wait
0} { face_mode all} { select mode all} { med_save emergency tetin 1} {
user_name {laptop one}} { diag whichall} { uns_warn_if _display 500000} {
bubble_delay 1000} { external_num 1} { tree disp_tri 2} { apply_all 0} {
default_solver {ANSYS Fluent}} { temporary_directory {}} {
flood_select_angle 0} { home_after load 1} { project_active 0} {
histo_color_by_quality default 1} { undo_logging 1} { tree_disp_hexa 0} {
histo_solid_default 1} { host_name DESKTOP-VOTMK3U} { xhidden_full 1}
{ replay_internal_editor 1} { editor {}} { mouse_color orange} {

clear_undo 1} { remote_acn {}} { remote_sh csh} { tree disp_penta 0} {
n_processors 1} { remote_host {}} { save to_new 0} { quality_info Quality}
{ tree_disp_node 0} { med_save emergency mesh 1} { redtext color red} {
tree_disp_line 0} { select_edge _mode 0} { use_dlremote 0} {
max_mesh_map_size {}} { show_tris 1} { remote_user {}} { icon_size
Normal} { enable idle 0} { auto_save views 1} { max_cad_map_size {}} {
display_origin 0} { uns_warn_user_if display 1000000} { detail_info 0} {
win_java_help 0} { show_factor 1} { boundary_mode all} {
clean_up_tmp_files 1} { auto_fix_uncovered faces 1} {
med_save_emergency_blocking 1} { max_binary tetin 0} { tree_disp_tetra 0}
\\} array\\ set\\ disp_options\\\{ { uns_dualmesh 0} { uns_warn_if _display
500000} { uns_normals_colored 0} { uns_icons 0} { uns_locked elements 0}

{ uns_shrink_npos 0} { uns_node_type None} { uns_icons_normals_vol 0} {
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uns_bcfield 0} { backup Wire} { uns_nodes 0} { uns_only edges 0} {
uns_surf _bounds 0} { uns_wide lines 0} { uns_vol bounds 0} {
uns_displ_orient Triad} { uns_orientation 0} { uns_directions 0} {
uns_thickness 0} { uns_shell _diagnostic 0} { uns_normals 0} { uns_couplings
0} { uns_periodicity 0} { uns_single surfaces 0} { uns_midside nodes 1} {
uns_shrink 100} { uns_multiple_surfaces 0} { uns_no_inner 0} { uns_enums
0} { wuns_disp Wire} { uns_bcfield name {}} { uns_color_by quality 0} {
uns_changes 0} { uns_cut_delay_count 1000} \\} {set icon_sizel 24} {set
icon_size2 35} {set thickness_defined 0} {set solver_type 1} {set solver_setup -1}
array\\ set\\ prism_values\\\{ { n_triangle_smoothing_steps 5} {
min_smoothing_steps 6} { first_layer_smoothing_steps 1} { new_volume {}} {
height 0} { prism_height_limit 0} { interpolate_heights 0} {
n_tetra_smoothing_steps 10} { do_checks {}} { delete_standalone 1} {
ortho_weight 0.50} { max_aspect_ratio {}} { ratio_max {}} {
incremental_write 0} { total_height 0} { use_prism_v10 0} {
intermediate_write 1} { delete_base triangles {}} { ratio_multiplier {}} {
verbosity level 1} { refine_prism_boundary 1} { max_size ratio {}} {
triangle_quality {}} { max_prism_angle 180} { tetra_smooth_limit
0.30000001} { max_jump_factor 5} { use existing_quad_layers 0} { layers
3}{ fillet 0.1} { into_orphan 0} { init_dir_from_prev {}} { blayer 2d 0} {
do_not_allow_sticking {}} { top_family {}} { law exponential} {
min_smoothing_val 0.1} { auto_reduction 0} { max_prism_height_ratio 0} {
stop_columns 1} { stair_step 1} { smoothing_steps 12} { side_family {}} {
min_prism_quality 0.0099999998} { ratio 1.2} \\} {set aie_current_flavor {}}
array\\ set\\ vid_options\\\{ { wb_import_tritol 0.001} {
wb_import_cad_att pre {SDFEA;DDM}} { wb_ NS to subset 0} {
wb_import_mat_points 1} { wb_import_mix_res -1} { wb_import_save _pmdb
{}}{ composite_tolerance 1.0} { wb_import_save partfile 0} {
wb_NS to entity parts 0} { whb_import_reference_key 0} { replace 0} {
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tdv_axes 1} { vid mode 0} { auxiliary 0} { whb_import_surface_bodies 1} {
show_name 0} { wb_import_cad_att trans 1} { whb_import_solid_bodies 1} {
default_part GEOM} { wb_import_mix_res_solid 0} { new_srf_topo 1} {
DelPerFlag 0} { wb_import_associativity _model name {}} { show_item name
0}{ wb_import work points 0} { wb_import_sel proc 1} { wb_NS only 0}
{ wb_import_scale_geo Millimeters} { wb_import_lcs 0} { same_pnt_tol le-
4} { wb_import_transfer_file_scale 0.001} { DelBlkPerFlag 0} {
wb_import_mesh 0} { whb_import_mix_res_surface 0} {
wb_import_analysis_type 3} { whb_import_geom 1} {

wb_import_refresh_pmdb 0} { whb_import_load_pmdb {}} {
whb_import_mix_res_line 0} { wb_import_delete_solids 0} { inherit 1} {
wb_import_line_bodies 0} { wb_import_en_sym proc 1} {
wb_import_pluginname {}} { wb_import_mix_res_point 0} {
wb_import_create_solids 0} { whb_import_sel_pre {}} {
wb_import_cad_associativity 0} \} {set savedTreeVisibility {geomNode 1
geom_subsetNode 2 geomPointNode 0 geomCurveNode 2 geomSurfNode 0
geomBodyNode 2 meshNode 1 mesh_subsetNode 2 meshPointNode 0
meshLineNode 0 meshShellNode 2 meshTriNode 2 meshVVolumeNode 0
meshTetraNode 0 partNode 1 part-FLUID 2 part-INLET 2 part-PART 1 1 10
part-PISTON 2 part-VALVE 2}} {set last_view {rot {0 0 0 1} scale
{7.16886399227 7.16886399227 7.16886399227} center {0.50085 21.1 -15.25}
pos {0 0 0}}} array\\ set\\ cut_info\\ \\{ { active 0} \\} array\\ set\\ hex_option\\ \\{
{ default_bunching_ratio 2.0} { floating_grid 0} { project_to_topo 0} {
n_tetra_smoothing_steps 20} { sketching_mode 0} { trfDeg 1} { wr_hexa7 0}
{ smooth_ogrid 0} { find_worst 1-3} { hexa_verbose_mode 0} {
old_eparams 0} { uns_face_mesh_method uniform_quad} { multigrid_level 0}
{ uns_face_mesh one_tri} { check blck 0} { proj_limit 0} { check inv 0} {
project_bspline 0} { hexa update_mode 1} { default_bunching_law
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BiGeometric} { worse_criterion Quality} \\} array\\ set\\ saved views\\ \\{ {
views {}} \}} {ICEM CFD}\r\n");

fprintf(filelD,'ic_set_global vid_options 1.0 wb_import_transfer_file scale\r\n");
fprintf(filelD,'ic_geo_convert_units millimeters m\r\n’);

fprintf(filelD,'ic_set_global vid_options 0.001

wb_import_transfer_file_scale\r\n’);
fprintf(filelD,'ic_delete_empty_parts \r\n’);
fprintf(filelD,'ic_delete_empty_parts \r\n’);
fprintf(filelD,'ic_save_tetin ICM.tin 0 0 {} {} 0 0 1\r\n");
fprintf(filelD,'ic_uns_check_duplicate_numbers \r\n’);
fprintf(filelD,'ic_save_unstruct ICM.uns 1 {} {} {}\r\n);
fprintf(filelD,'ic_uns_set_modified 1\r\n’);
fprintf(filelD,'ic_boco_solver \r\n");
fprintf(filelD,'ic_boco_solver {ANSYS Fluent}\r\n’);
fprintf(filelD,'ic_solution_set_solver {ANSYS Fluent} 1\r\n’);
fprintf(filelD,'ic_boco_save ICM.fbc\r\n’);
fprintf(filelD,'ic_boco_save_atr ICM.atr\r\n");

fprintf(filelD,'ic_save_project_file ICM.prj {array\\ set\\ file_name\\ \\{ {
catia_dir {C:/Users/laptop one/Desktop/Code/Mesh-
code_files/dp0/ICM/ICEMCFD}} { parts_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { domain_loaded 0}
{ cart_file loaded 0} { cart file {}} { domain_saved ICM.uns} { archive
{}}{ med_ replay {}} { topology dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { ugparts_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
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icons {{$env(ICEM_ACN)/lib/ai_env/icons}
{$env(ICEM_ACN)/lib/va/EZCAD/icons} {$env(ICEM_ACN)/lib/icons}
{$env(ICEM_ACN)/lib/va/CABIN/icons}}} { tetin ICM.tin} { family_boco
ICM.fbc} { prism_params {}} { iges_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
solver_params_loaded 0} { attributes loaded 0} { project_lock {}} {

attributes ICM.atr} { domain ICM.uns} { domains_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { settings_loaded 1}
{ settings ICM.prj} { Dblocking {}} { hexa replay {}} { transfer_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
mesh_dir {C:/Users/laptop one/Desktop/Code/Mesh-
code_files/dp0/ICM/ICEMCFD}} { family_topo {}} { gemsparts_dir
{C:/Users/laptop one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} {
family_boco_loaded 0} { tetin_loaded 0} { project_dir {C:/Users/laptop
one/Desktop/Code/Mesh-code_files/dp0/ICM/ICEMCFD}} { topo_mulcad_out
{}}{ solver_params {}} \\} array\\ set\\ options\ \\{ { expert 1} {

remote_path {}} { tree _disp_quad 2} { tree_disp_pyra 0} {
evaluate_diagnostic 0} { histo_show_default 1} { select_toggle _corners 0} {
remove_all 0} { keep_existing_file_names 0} { record_journal 0} { edit_wait
0} { face_mode all} { select mode all} { med_save emergency tetin 1} {
user_name {laptop one}} { diag whichall} { uns_warn_if display 500000} {
bubble_delay 1000} { external num 1} { tree disp_tri 2} { apply all 0} {
default_solver {ANSYS Fluent}} { temporary_directory {}} {
flood_select_angle 0} { home_after load 1} { project_active 0} {
histo_color_by_quality default 1} { undo_logging 1} { tree_disp_hexa 0} {
histo_solid_default 1} { host_name DESKTOP-VOTMK3U} { xhidden_full 1}
{ replay_internal_editor 1} { editor {}} { mouse_color orange} {

clear_undo 1} { remote_acn {}} { remote_sh csh} { tree disp_penta 0} {
n_processors 1} { remote _host {}} { save to new 0} { quality info Quality}
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{ tree_disp node 0} { med save emergency mesh 1} { redtext color red} {
tree_disp_line 0} { select edge _mode 0} { use_dlremote 0} {
max_mesh_map_size {}} { show_tris 1} { remote_user {}} { icon_size
Normal} { enable idle 0} { auto_save views 1} { max_cad _map size {}} {
display origin 0} { uns_warn_user_if display 1000000} { detail_info 0} {
win_java_help 0} { show factor 1} { boundary _mode all} {
clean_up_tmp_files 1} { auto_fix_uncovered_faces 1} {
med_save_emergency_blocking 1} { max_binary_tetin 0} { tree_disp_tetra 0}
\\} array\\ set\\ disp_options\\\{ { uns_dualmesh 0} { uns_warn_if_display
500000} { uns_normals_colored 0} { uns_icons 0} { uns_locked elements 0}
{ uns_shrink_npos 0} { uns_node_type None} { uns_icons_normals_vol 0} {
uns_bcfield 0} { backup Wire} { uns_nodes 0} { uns_only edges 0} {
uns_surf_bounds 0} { uns_wide_lines 0} { uns_vol_bounds 0} {
uns_displ_orient Triad} { uns_orientation 0} { uns_directions 0} {
uns_thickness 0} { uns_shell_diagnostic 0} { uns_normals 0} { uns_couplings
0} { wuns_periodicity 0} { uns_single_surfaces 0} { uns_midside_nodes 1} {
uns_shrink 100} { uns_multiple_surfaces 0} { uns_no_inner 0} { uns_enums
0} { uns_disp Wire} { uns_bcfield name {}} { uns_color_by quality 0} {
uns_changes 0} { uns_cut_delay count 1000} \\} {set icon_sizel 24} {set
icon_size2 35} {set thickness_defined 0} {set solver_type 1} {set solver_setup -1}
array\\ set\\ prism_values\\\{ { n_triangle_smoothing_steps 5} {
min_smoothing_steps 6} { first_layer_smoothing_steps 1} { new_volume {}} {
height 0} { prism_height_limit 0} { interpolate_heights 0} {
n_tetra_smoothing_steps 10} { do_checks {}} { delete standalone 1} {
ortho_weight 0.50} { max_aspect_ratio {}} { ratio_max {}} {
incremental_write 0} { total height 0} { use_prism_v10 0} {
intermediate_write 1} { delete_base_triangles {}} { ratio_multiplier {}} {
verbosity level 1} { refine_prism_boundary 1} { max_size ratio {}} {

triangle_quality {}} { max_prism_angle 180} { tetra_smooth_limit

223



0.30000001} { max_jump_factor 5} { use_existing_quad_layers 0} { layers
3}{ fillet 0.1} { into_orphan 0} { init_dir from prev {}} { blayer 2d 0} {
do_not_allow_sticking {}} { top_family {}} { law exponential} {
min_smoothing_val 0.1} { auto_reduction 0} { max_prism_height_ratio 0} {
stop_columns 1} { stair_step 1} { smoothing_steps 12} { side_family {}} {
min_prism_quality 0.0099999998} { ratio 1.2} \\} {set aie_current_flavor {}}
array\\ set\\ vid_options\\\{ { whb_import_tritol 0.001} {
wb_import_cad_att_pre {SDFEA;DDM}} { wb_NS to subset 0} {
wb_import_mat_points 1} { wb_import_mix_res -1} { wb_import_save_pmdb
{}}{ composite_tolerance 1.0} { whb_import_save_partfile 0} {

wb_NS to_entity parts 0} { wb_import_reference_key 0} { replace 0} {
tdv_axes 1} { vid_mode 0} { auxiliary 0} { whb_import_surface_bodies 1} {
show_name 0} { whb_import_cad_att_trans 1} { wb_import_solid_bodies 1} {
default_part GEOM} { wb_import_mix_res_solid 0} { new_srf _topo 1} {
DelPerFlag 0} { whb_import_associativity_model_name {}} { show_item_name
0} { wb_import_ work points 0} { whb_import_sel proc 1} { wb_NS only 0}
{ whb_import_scale_geo Millimeters} { wb_import_Ics 0} { same_pnt_tol le-
4} { wb_import_transfer_file_scale 0.001} { DelBIkPerFlag 0} {
wb_import_mesh 0} { whb_import_mix_res_surface 0} {
wb_import_analysis_type 3} { whb_import_geom 1} {

wb_import_refresh_pmdb 0} { whb_import_load_pmdb {}} {
wb_import_mix_res_line 0} { wb_import_delete_solids 0} { inherit 1} {
wb_import_line_bodies 0} { whb_import_en_sym proc 1} {
wb_import_pluginname {}} { wb_import_mix_res_point 0} {
wb_import_create_solids 0} { wb_import_sel_pre {}} {
wb_import_cad_associativity 0} \\} {set savedTreeVisibility {geomNode 1
geom_subsetNode 2 geomPointNode 0 geomCurveNode 2 geomSurfNode 0
geomBodyNode 2 meshNode 1 mesh_subsetNode 2 meshPointNode 0
meshLineNode 0 meshShellNode 2 meshTriNode 2 meshVVolumeNode 0
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meshTetraNode 0 partNode 1 part-FLUID 2 part-INLET 2 part-PART 1 1 10
part-PISTON 2 part-VALVE 2}} {set last_view {rot {0 0 0 1} scale
{7.16886399227 7.16886399227 7.16886399227} center {0.50085 21.1 -15.25}
pos {0 0 0}}} array\\ set\\ cut_info\\\{ { active 0} \\} array\\ set\\ hex_option\\ \\{
{ default_bunching_ratio 2.0} { floating _grid 0} { project_to_topo 0} {
n_tetra_smoothing_steps 20} { sketching_mode 0} { trfDeg 1} { wr_hexa7 0}
{ smooth_ogrid 0} { find_worst 1-3} { hexa_verbose_mode 0} {
old_eparams 0} { uns_face_mesh_method uniform_quad} { multigrid_level 0}
{ uns_face_mesh one_tri} { check blck 0} { proj_limit0} { check_inv 0} {
project_bspline 0} { hexa_update_mode 1} { default_bunching_law
BiGeometric} { worse_criterion Quality} \\} array\\ set\\ saved views\\ \\{ {
views {}} \}} {ICEM CFD}r\n";

fclose(filelD);

% Hoan tat File meshcode.rpl

pause(2)

system("'C:\Program Files\ANSY'S
Inc\v182\Framework\bin\Win64\RunWB2.exe" -R "C:\Users\laptop
one\Desktop\Code\CODEAL11.wbjn™)

pause(3)

system(['START "" "C:\Users\laptop
one\Desktop\Code\',erase(geofile,".igs"),".wbpj"T)

pause(25)
system("'C:\Users\laptop one\Desktop\Code\RunMacroRecorder.bat™")
pause(5)

% Viet lai file codeA2 cho
ANSYS
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% Hoan tat codeA2

fileID = fopen(‘C:\Users\laptop one\Desktop\Code\CODEA22.wbjn','w");
fprintf(filelD,'SetScriptVersion(Version="18.2.109")\r\n’);

fprintf(filelD,['Open(FilePath="C:/Users/laptop
one/Desktop/Code/' erase(geofile,".igs"), . wbpj™)\r\n']);

fprintf(filelD,'RunScript(FilePath="C:/Users/laptop one/Desktop/Code/WB-
Auto-Fluent.wbjn")\r\n");

fprintf(filelD,'Save(Overwrite=True)\r\n");
fclose(filelD);
pause(2)

system("'C:\Program Files\ANSY'S
Inc\v182\Framework\bin\Win64\RunWB2.exe" -R "C:\Users\laptop
one\Desktop\Code\CODEA22.wbjn™")

pause(30)

% Hoan tat tinh toan

%%%%%%%9%%%%%% %% %% %% %% % % %% %% %% % %% %% % %% %% %
%%%%%%%%%%%%% %% %% %% %% %% %%% %% %% %% %% %

% KET THUC CHAY

ANSYS

elseif exist(geoerfile, 'file") ==
filelD = fopen('ErrorGeoFile.txt','a+");

fprintf(filelD,['\r\nX1=",num2str(x1) ,' X2=",num2str(x2) ," X3=",num2str(x3) ,'
X4="num2str(x4) ," X5=",num2str(x5)]);

fclose(filelD);

continue
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else
filelD = fopen('ErrorFile.txt','at");

fprintf(filelD,['\r\nX1=",num2str(x1) ,' X2=",num2str(x2) ,' X3=",num2str(x3) ,'
X4=".num2str(x4) ,' X5=",num2str(x5)]);

fclose(filelD);
continue
end

end
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Phu luc 11

QUA TRINH CAI PAT VA CHAY MO PHONG TRONG INTERNAL
COMBUSION ENGINE CUA ANSYS

1. Céc thong s6 dau vao (ICE)

Sau khi tao cong cu IC Engine (Fluent) bang cach dup chudt. Tién hanh
nhap cé4c thdng s6 dau vao tai cira sd6 ICE (nhap phai chon Properties).

M\ Unzaved Project - Workbench - m} x
File Edit View Tools Units Extensions Jobs Help
i =3 M Project
ﬁ]lmport... | -+ Reconnect Refresh Project # Update Project | B ACT Start Page
W RS Project Schematic S Bl Froperties of Schematic AZ: ICE
Bl Analysis Systems QX ~ A B C D |*
E Design Assessment 1 Property Value Unit P
+{ Designer Circuit & A 2 =
S . - . aEE oo _
;ﬂ Deslgnelr ClrculiINeﬁlst B8 & IC Engine (Fluent) 3 Component ID ICE
E B i H
-a E:g:fm Hemuem 2 .ﬁICE‘/‘ 4 Directory Name ICE
@ seine 3 Q Geometry (=P 5 =
I Bxplicit Dynamics =
@ Fluid Flow - Blow Maldil B ﬁ Mesh - & Notes
B3 Fluid Flow-Extrusion(P 5 2§ icesolversep  F 7
B3 Fluid Flow{CFx) & @ sewp = 8 Last Update Used Licenses
@ Fluid Flow (Fluent) 7 Solution 2 . 9 =
@ Fluid Flow [Polyflow) s 9 Reslis = 10 Simulation Type Cold Flow Simulation >
Harmonic Acoustics s 4 11 B
¥ i ICE
HarmanicResponse © 12 Connecting Rod Length 158 mm =[]
@ hFss < > 13 Crank Radiuz 48.5 mm x| ]
& HFss3DLayoutDesign —
i Hrss M - 1 x 14 Pistan Offsetf Wrench 0 mm =[]
Hydrodynamic Diffradic A B i D £ Minimum Lift 0.2 mm 5]
- . ] ! ICEVICE\LIftSVEAM
| T Wiew All / Customize. .. | 1 Type Text acia Date/Time 16 Valve Lift And Piston Motion Profile ‘prc\il" ik @ o
o Ready [Z¥ 305 Monitor.... | 1 Show Progress ||[,%Hide D Messages | .:

Hinh 1. Thiét dat thong s6 chuyén dong
Trong hop thoai Properties thiét dit cac muc sau:

= Loai md phong (Simulation Type): chon Cold Flow Simulation

= Chiéu dai thanh truyén (Connecting Rod Length): 158 mm

= Ban kinh quay truc khuyu (Crank Radius): 48,5 mm

= Co cAu truc khuyu thanh truyén giao tam (Piston Offset/Wrench):
Omm

= Do nang valve tét thiéu (Minimum Lift): 0,2 mm

= Po nang valve va chuyén dong piston (Valve Lift and Piston Motion

Profile): duoc tinh toan xuat ra dudi dang file “ LiftSVEAM.prof ”

228



Ghi chu:
Do léch piston ciia mo hinh cong ty bang 0 nén cin duoc thay d6i. Do
piston bd tri 1éch tAm gitp 1am giam ap luc trén cic bé mit chuyén dong. N6 cho

phép cac bo phan nay duge di chuyén nhe hon, 1am giam méat mat cong suat trong

dong co.
Without piston-pin offset With piston-pin offset
— Piston pin offset, p [
Cylinder ’ Cylinder
axis_:'i TTe— : wj;xis |
i |
i [
= .
1\ \
1 i
i I\
o AN
z=f(.r) | L\ z=f(Lr.p)
! | = connecting rod length : *
i r= crank radius = half of stroke i
Z =instantaneous piston position
! p = piston pin offset
e e e s e i s e B s e - Jp— | S =

Center of crank shaft

Hinh 2 Piston Offset/Wrench

D6 nang valve téi thiéu (Minimum Lift): D6 nang valve nhé nhat 1a can thiét
cho md phong trén ansys. Do ciu tric lién két lui trong Fluent gia dinh 1a khong
thay doi trong sudt mé phong. Do dé, viéc dong hoan toan valve s& lam céc té bao
luGi thodi hoa (flat cell) khi cac bé mat nay tiép x(c véi nhau. Pé ngan chin diéu
nay, Fluent s& tu dong dung chuyén dong cua valve khi d6 nang valve nho hon gia
tri toi thiéu.

Gia d6 nang valve toi thiéu 16n cho phép tinh toan nhanh hon nhung sai s6
véi thuc té s& 16n, gidi han khuyén dung cia mo hinh tir nha phat hanh Ansys la tir

0.05 mm dén 0.5 mm
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2. Tinh toan d9 nang ciia xiipap va sy chuyén vi ciia Piston

2.1 Do déong mé valve theo géc quay cua truc khuyu:

Dua vao hinh hoc dac trung ctiia dong co xay dung d6 nang valve (valve lift).

Bang V& truc cam dugc dinh kém & cudi béo céo.

Dit goc quay truc khuyu 1a a (0° < o < 720°). Géc 0° tng voi dau chu ky nd
(powver).

Vi truc khuyu quay 2 vong thi truc cam quay 1 vong nén ta cé goc quay truc
cam = o/2 (0° < <360°)

Goi r (mm) la khoang céch tir tdm truc cam dén duong bién ngoai caa cam
(11 <r < 16). Bo nang cam I=r-11. D6 nang valve L=I*a (v&i a la ti s6 truyén cua
cO0 mo, a=37/24,5)

Nhan xét:

= Valve xa bit ddu nang khi goc quay truc khuyu I1a 130°, géc chuyén
tiép ban kinh cam lan luot 12 236,5 va 268,5

= Valve nap bit dau nang khi goc quay truc khuyu Ia 340°, g6c chuyén
tiép ban kinh cam lan luot 12 446,5 va 478,5

Ghi chl: cac gia tri chuyén tiép dugc tim dya vao dinh ly Cos.

Chiéu quay

Tc
Fl 230"

159

Ccam o
ke thai /Xi’,
(523
} \ \;é"b,

-

Hinh 3 Gian d6 déng mé valve Hinh 4 Mat cat truc cam
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2.1.1 Tinh toan d§ nang valve nap:

Hinh 5 Bién dang cam nap va xa dong co RV165-2
» Khi0<a< 130:L=0
= Khi130 <a < 236,5:
Duya vao dinh 1y cos ta co6:
k% = 42% — 2 % 422 x cos(a)
k? =112+ 12— 2 x 11 *r * cos(b)
r?2 =312+ 422 — 2% 31 % 42 = cos(a)

b= (a —130)/2

Tur do:
l=r—-11
= (22 * cos((a — 130) * ©/360)
— sqrt (222 = cos((a — 130) * 1/360)% + 4 * 11
«8833/312)) /(=2 * 11/31) — 11
L =1%37/24,5

= Khi236,5 < a < 268,5:

Tinh toan dung dinh 1y cos twong tu nhu trén véi goc 252,5 1am mdc ta tim

duoc:
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l=r—-11
= (25,8 x cos((a¢ — 252,5) » /360)
— sqrt((25,8 * cos((a — 130) * 1/360))? — 4 * 156,8))/2
- 11

L =1%37/245
= Khi268,5 < a < 375:

l=r—-11
= (22 * cos((a —375) »/360)
— sqrt(22? = cos((a — 375) */360)% + 4 x 11
% 8833/312))/(=2 * 11/31) — 11

L=1%x37/24,5
2.1.2 Tinh toan d§ nang valve thai:

Do bién dang cua valve nap va van xa giéng nhau nén tinh toan dugc thuc
hién tuong tu.

Valve lift

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760
—e—Invahe —e—Exalve

Hinh 6 B¢ nang valve theo goc quay cua truc khuyu
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Két qua: s6 liéu tinh toan duoc thuc hién trén excel va duoc xuét sang file
LiftSVEAM.prof vai dinh dang sau.

((profile-name point m n)
(angle all al2 ... aln

a2l a22 ... a2n

amlam2 ... amn)
(lift 111112 ... 11n

121122 ... I2n

Im1 Im2 ... Imn))
2.2 Chuyén vij caa piston theo géc quay truc khuyu

DPong co RV165-2 b tri piston dong truc, ta c6 phuong trinh vi tri cua

piston:
p=l+r—x
Voi:
= p: Khoang cach giita dinh piston v6i diém chét trén,
= |: Chiéu dai thanh truyén,
= r: ban kinh quay truc khuyu,

= x: khoang cach tir tam chét piston dén tdm truc khuyu. Theo dinh ly

COsS:

x =—(2x*7r*cos(a*m/180) + sqrt((2 * r  cosa * w/180))? — 4 x (r? — 1?)))/2
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Két qua: s6 liéu tinh toan duoc thuc hién trén excel va duoc xuét sang file
“ LiftSVEAM.prof .

piston profile
120.00

100.00
80.00
60.00
40.00
20.00

0.00
0 90 180 270 360 450 540 630 720

Hinh 7 Chuyén vi cua piston theo goc quay truc khuyu (piston profile)

3. Xay dung hinh hoc (Geometry)

Hinh hoc stir dung cho mé phong la md hinh 3D trén solidworks vai 3 bo
phan duoc ldp ghép véi nhau:
= Khdi khi bén trong dong co (bang phuong phap 1dy phan bu tir md
hinh déng co): dugc xay dung tir bang v& ché tao chi tiét nap xilanh
va chi tiét C6 ndi bo loc gi6 cia dong co VIKYNO RV165-2
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Hinh 8 Ban v& ché tao nip xilanh dong co RV165-2 cia SVEAM (td 01)

D
V2

Hinh 9 Ban V& ché tao nip xilanh dong co RV165-2 ciia SVEAM (to 02)
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Hinh 10 Ban vé& ché tao C6 ndi bo loc gio dong co RV165-2 cia SVEAM

= Valve nap

= Valve xa

Hinh 11 M6 hinh 3D toan bo khéi khéng khi nap trén Solidworks

Thiét dat hinh hoc tinh toan trong Ansys:

236



= Nhip dap vao hop thoai Geometry dé ma Design Modeler.

= Vao File chon Import External Geometry File.. nhdp Generate dé

tao.
= Xay dung c4c mat va cac diém can thiét cho qua trinh phan tach.

= Chon Input Manager dé thiét dat géc phan tach; 16i vao, ra; valve

nap, Xa... sau khi thiét dit xong chon Generate d¢é tao.
= Chon Decompose dé tién hanh phan tach.
= Tién hanh sta chira céc 15i phan tach néu cd, va thém cac phan can
thiét. Pam bao duoc ddnh dau tai muc ICE nhu bén: . g AICE
Két qua: Hinh hoc s& duoc phan tach thanh cac phan can thiét khac nhau dé tién

hanh chia luéi. Nhdn [ dé luu lai, sau d6 déng Design Modeler.

—l| Details of InputManager ~
Slice Inputhlanagerl
Decomposition Position i
Decomposition Angle 352.9°
Inlet Faces 1 Face
Cutlet Faces 1 Face
Cylinder Liner Faces 1 Face
Symmetry Face Option Mo
Topology Option Full Topaology
Crevice Option Mo

Validate Compression Ratio | Mo
=1 IC Valves Data 1 (RMB)

Valve Type InYvalve
WValve Bodies 1 Body
Valve Seat Faces 1 Face
WValve Profile invalvel
=1 IC Valves Data 2 (RMEB)
Valve Type ExValve
WValve Bodies 1 Body
Valve Seat Faces 1 Face
WValve Profile exvalvel
= IC Animation Inputs (RMB)
Start Crank Angle 350°
End Crank Angle 720
Intervals 2"
Spray Cones Option Mo
= IC Advanced Options (RMB)
W Layer Slice Yes
W Layer Slice Angle 15 ¢
W Layer Approach 4 Layers
Piston Profile Option Mo
Decompose Chamber Yes
Decompose Chamber Inputs | Automatic L

Hinh 12 Input Manager
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4. Chia lwéi
Thiét I3p hinh hoc tinh toan trong Fluent:
= Nhip dap vao muc Mesh dé tién hanh chia ludi

= Chon Setup Mesh dé tién hanh chia ludi cho cac phan khac nhau va

céc lién két 40

) IC Mesh Parameters X
A

Mesh Type: Fine v

Reference Size (mm):

Min Mesh Size (mm):
Max Mesh Size (mm):
Normal Angle (deg):
Growth Rate:

Create Automatic Pinch Controls: No
Pinch Tolerance (mm):
Number of Inflation Layers:

1774 1

¢

111

V_Layer Size (mm):

IB Size(mm): 05
Chamber-V_Layer Interface Size (mm): |l]'.5
Chamber Size (mm): |1
Chamber Growth Rate: 1.15
Inflation in Chamber: No |v
W

Virtual Topology Behawvior: I Hig v

| oK Cancel |

Hinh 13 Setup Mesh

238



Outline

J Filter Name

g

I Bad>= e gl
/@ Virtual Topology

87k

Coordinate Systems
Connections

<
Details of "Mesh"
i=/| Display
Display Style J Body Color
=1 Defaults
Physics Preference | CFD
Solver Preference | Fluent
Relevance 0
Export Format Standard
Element Order Linear
=l Sizing
Size Function Curvature
Relevance Center |Coarse
. Max Face Size |1.50 mm
Mesh Defeaturing | Yes
Defeature Size | 0.167 mm
Transition Slow
Growth Rate 1.20
Span Angle Center Fine
| Min Size 0.3340 mm
Max Tet Size 1.50 mm
Curvature Nor... 18.0°
Bounding Box Di...| 227.90 mm
Minimum Edge L... | 6,.2765e-003 mm
2] Quality
Check Mesh Qua...| Yes, Errors

Target Skewn | Default (0.900000)
Smoothing High
Mesh Metric Skewness
.| Min 1.3031e-007

Max 0.91983

Average 0.22043

Standard Devi... 0.13174

Hinh 14 Details
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= Piéu chinh ting phan ludi d&é dat mong mudn. Nhan chuét chon

Generate dé tao ludi.
= Nhap chon Update cap nhat cac théng sé ludi

Két qua sau khi tao ludi:

00 2000 100,00 (mm) Z* .

Hinh 15 Chia lui khbi khong khi dong co RV165-2
5. Thiét 1ap cac phan tich ( ICE Solver Setup)
Nhép vao muc ICE Solver Setup dé tién hanh.
» Basic Settings:

- Nhap tan sb luu ty dong 1a 200, téc d6 quay la 2200 rpm, sb
g6c md phong la 370°.
- Nhap chuét vao Profile Editor dé diéu chinh Timestep size va

cac gia tri Profile khac:

= Mot Timestep 16n s& it vong lap hon va dé xay ra I6i.
Nhung Timestep nho s€ tao ra mot lugng Ion Timestep

can duoc giai nén rat ton thoi gian.
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= Sau khi chay vai Timestep dau tién thi chon Timestep
size 14 0,25. C6 thé tuy chinh Timestep tai nhiéu gdc
khac nhau.

= Kiém tra invalvel profile, exvalvel profile va icpiston
profile xem c6 15i xay ra khdng. Tién hanh stra chita file
LiftSVEAM.prof néu cd I6i va tién hanh update lai

project.
A Solver Settings - 0 % | N Profile Editor - o x
Profies Chart Style
Basic Settings  Boundary Conditions  Monitor Definitions  Initalization  Solution Control - Post Processing e = :: =
Angle v Size v
Solution Type Cold Flow I Profile Chart
| 0 | 0.25 -
Tnitialize Flow Yes > = o
Set Defult Modes = - "
Auto Save Type Crerk Angee v ]
Auto Save Frequency 0 o
Engine Speed (rpm) 2200 r e
Number OF CA to Run 370 4
ReadFrofileFile Profile Editor ST o w0 e w0 ew 0 e
Angle
0K Cancel Read File RemoveProfile Flot Close
Hinh 16 Basic setings Hinh 17 Profile Editor

» Boundary Conditions:

- Chon Create/ Edit/ Delete dé tao/ sira doi/ x6a diéu kién bién.

Sau d6 nhap diéu kién bién voi ving twong tng.

- Cac diéu kién bién nay c6 thé dugc nhap sau hay sira lai khi

chay Fluent.
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I\ Solver Settings ] =] X
Basic Settings Boundary Conditions  Monitor Definitions  Initialization Solution Control ~ Post Processing
Boundary Conditions
Name Description A I Create |
piston Type =wall;Profile Option=Constant; Temp: Edit
invalve1-stem Type=wall;Profile Option=Constant; Temp:
invalve 1-seat Type=wall;Profile Option=Constant;Temp: Delete
invalve-1-port Type =wall;Profile Option=Constant; Temp:
invalve1-ob Type=wall;Profile Option=Constant; Temp: Copy
invalvel-b Type=wall;Profile Option=Constant; Temp:
invalvelch Type=wall;Profile Option=Constant; Temp:
ice-outlet-exval... Type=pressure-outlet;Profile Option=Con ¥
< >
OK Cancel

Hinh 18 Boundary Condition
» Monitor Definitions:
- Thiét lap céc dir liéu can theo dai dé xuét ra béo céo.

- Monitor Definitions cho phép tao, tuy chinh hoac xda theo ddi

tai cac diém, mat hodc ving thé tich.

I\ Solver Settings - O X
9

Basic Settings Boundary Conditions Monitor Definitions  Initialization ~Solution Control ~ Post Processing

Name Description Create
volume-mon Type=Volume;Report Type=Volume;Field Varia 5
mesh-skewness-  Type=Volume;Report Type=Max;Field Variable Edit
mass-mon Type=Volume;Report Type=Mass;Field Variabl¢ Delete
mass-flow-rate- Type=Surface;Report Type=Mass Flow Rate;F
mass-avg-tke-mon Type=Volume;Report Type=Mass-Average;Fie
mass-avg-temp- Type=Volume;Report Type=Mass-Average;Fie
mass-avg-press... Type=Volume;Report Type=Mass-Average;Fie
flow-rate-pressu... Type=Surface;Report Type=Flow Rate;Field V.
0K Cancel

Hinh 19 Monitor Denifitions
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> Initialization:

O tab nay tién hanh tao cac gia tri khoi tao cho cac ving. Click chon
Patch d¢é tién hanh lién két cac ving can thiét.

N I\ Patching Zones = =] x
Basic Settings Boundary Conditions Monitor Definitons  Initislization  Sol
= 3 Variable Zone Value (k)
Gauge Pressure(pascal) °
Pressure fluid-invalveld ~ [333
X Velaciy(ayE) o Xvelocity fluid-exvalveld
Y Ve [ YVelocity fluid-piston
elodtysn/e) 1 Zvelocity fluid-invalve-1-port
2 velodity(m/s) fo Temperature fluid-exvalve-1-port
Turbulent Kinetic Energy fluid-invalvel-viayer
Temperature(k) 200 Turbulent DissipitionRate | fluid-exvalvel-viayer
e fluid-ch-invalvel
Turbulent Kinetic Energy(m2/s2) 1 fluid-ch-exvalvel
fluid-ch-lower v
Turbulent Dissipition Rate(m2/s3) 1

Patched Zones

zones=fluid-piston,fluid-ch-invalvel,fluid-ch-exvalve1,fluid-ch-lower,fluid-ch-u
zones=fluid-invalvel-ib fluid-invalve-1-port fluid-invalvel-viayer,;quantity =Te:
zones=fluid-invalvel-ib,fluid-invalve-1-port fluid-invalve1-vlayer,;quantRy=Fre
zones=fluid: Ivel-ib,fluid lve-1-port,fluid ivel-viayer,; tity=Pr
zones=fluid: ivel-ib, fluid lve-1-port,fluid: lvel-viayer,;quantity=T

: :

oK

Hinh 20 Initializations
» Solution:
- Sulution: Save Case/Data cho phép luu dir liéu giai ¢ cac
truong hop dic biét. O day t6i chon 1a cac vi tri dong mé van

va diém chét trén. Tai muc Enable Adaptive Timestep chon

Yes va nhap céc thdng s6 nhu hinh bén dudi.
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I\ Solver Settings — ] X
Basic Settings Boundary Conditions Monitor Definitions  Initialization Solution Control  post Processing
Solution Control  Solution Summary
Save Case/Data Equation Events
Crank Ancle | Comment | | Eaauton | startca | Endca Reset Equation
142.9 Valve Open Events
352.9 Valve Open
361.3 Valve Close
571.3 Valve Close
720 TDC
Adaptive Time Step
Enable Adaptive Timestep Yes v
Max CA Step Size lo‘ 25 ]
Min CA Step Size |0.0525 ]
Max CA Before Increasing Step Size l0.0GZS ]
Max CA Before Decreasing Step Size [0_0525 ]
0K Cancel
Hinh 21 Solution Control
Ghi cha:

Str dung Adaptive Time Step cho phép thay doéi budc
giai (Timestep) trong gidgi han dugc chi dinh (Max CA
Step Size dén Min CA Step Size) dua trén su hoi tu.
Piéu nay gilp qué trinh giai hoi ty tét hon va nhanh

hon.

Cu thé, trong khi chay 1i giai, néu mot budc giai ma tai
d6 sb lan lap (lterations) t6i da dugc dung cho sy hoi tu,
diéu nay c6 nghia la giai phap kém hi tu. Trong trudng
hop nay, gia tri budc giai sé giam mot nira sau khi thuc

hign mot luong MCBIST (Max CA Before Increasing
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Step Size). MCBIST ¢ trén dugc chon 1a 0.0625 nghia
la giam ngay lap tic budc néu sé lan lap tdi da budc
trudc dugc st dung (do MCBIST= Min CA).

Nguoc lai, néu budc hién tai st dung it hon phan ntra s6
vong lap téi da thi budc s& duoc ting gip d6i sau khi
hoan thanh mot lwong MCBDST (Max CA Before

Decreasing Step Size).

Gia tri budc thay doi trong khoang tir Max CA Step
Size dén Min CA Step Size.

Néu trong qua trinh giai gip budc theo goc dic biét
(nhirng vi tri quan trong duoc dat tai Basic Settings) thi

budc nay sé dugc chon.

Cac gia tri bén trén dugc tinh theo don vi do (degree).

- Solution Summary: hién thi cac gia tri da duoc thiét dit trén d6

thi.

A Solver Settings

Basic Settings Boundary Conditions Monitor Definitions  Initialization
Solution Control Solution Summary

|¥] TIMESTEP
ve.

0K

|| icpistonpro

lift{meter)

icpistonprofile

AN AL
ool N7 N

7 kY 7 A} ‘”E
(AR VAR

- O X

Solution Control  post Processing

Summary Chart

o 100 200 300

angle(degree)

400 500 600 700

TIMESTEP invahel exvalvel

Cancel

Hinh 22 Solution Sumary
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» Post Processing:
O tab ndy ta tao ra cac anh hién thi két qua tai cac mat mong mudn
theo tan sb. Céc gia tri duoc chon dé hién thi 1a van tdc, ap suat hoic

nhiét do. Sau khi xir 1y, ta duoc két qua nhu sau:

I\ Solver Settings == a X
Basic Settings Boundary Conditions Monitor Definitions  Initialization  Solution Control Post Processing
Name Description Create
image5 surfaces=exvalve 1-ch,intf-deck-fluid-ch-Jower, 3
image4 surfaces=intf-deck-fiuid-ch-Jower,exvalve 1-ch, Edit
image3 surfaces=ice_cutplane_1,;View=ice_cutplane_ Delete
image2 surfaces=ice_cutplane_1,;View=ice_cutplane_|
image1 surfaces=ice_cutplane_1,;View=ice_cutplane _
< >
OK Cancel

Hinh 23 Post Processing
Sau khi két thac viéc thiét 1ap, chon OK va thoat khoi cira s6. Luu lai
bai moé phong.
6. Chay qua trinh giai (Setup va Solution)
Nhay dup vao muc Setup dé mé cira s6 Fluent Laucher. Nhap sé Cores cua
may tinh vao muc Processes. Luu y:
= Can tat siéu phan luong (Hyper Threading) trén mdy tinh dé may tinh
c6 thé chay hét cong suat va tranh truong hop 16i do CPU do tranh
chap va 15i qua tai bo nha dém.
= Muc Processes ¢ thé nhap cac gia tri khac s6 Cores cua may tinh
nhung s& lam qua trinh giai dién ra cham hon. Tuy nhién, trong mot s6

truong hop do nhiét do cao hoic thuc hién nhiéu chuong trinh khéc,
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tranh qua tai CPU thi sé Processes duoc nhap bé hon sé Cores la can
thiét.

7

ANSX S Fluent Launcher
Dimension Options

20 Double Precision

Meshing Mode
S [[] Use Job Scheduler

L Lo Use Remote Linux Nod
Display Mesh After Reading L] Uso Flomote Linas Nodos
‘Workbench Color Scheme Processing Options
[] Da not show this panel again () Serial
) (®) Parallel (Local Machine)

ALCT Option Solver
[J LoadACT Processes

12 5
GPGPUSs per Machine
|Mone |

[ Show More Options

Cancel Heb

Hinh 24 Fluent Laucher

= Muc Processes c6 thé nhap céc gia tri khac sé Cores cua may tinh
nhung s& 1am qua trinh giai dién ra cham hon. Tuy nhién, trong mot
s6 trudng hop do nhiét do cao hodc thuc hién nhiéu chuong trinh
khéc, tranh qua tai CPU thi s Processes dugc nhap bé hon sé Cores
|2 can thiét.
- Sau khi nhip OK, Ansys — Fluent s& tién hanh doc lu6i va
thiét lap dong co

- Thiét lap / thay d6i cac thdng sé & ting phan dé dwgc mo

phong mong muédn (Hinh 3.20)
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Tree
~ @ Setup
E General
89 Models
& Materials
& Cell Zone Conditions
P+ Boundary Conditions
a Mesh Interfaces
Bl Dynamic Mesh
4 Reference Values
~ ) Selutien
2> Methods
+” Controls
> Report Definitions
> Manitors
Cell Registers
5 Initialization
> Al Calculation Activities
T}' Run Calculation
~ @ Results
> 2 Graphics
> & Plots
3% Scene
> L Animations
> E3* Reports
~ @ Parameters & Customization
> [Fd Parameters
Jf= Custom Field Functions
aef] User Defined Functions
X User Defined Scalars
& User Defined Memory

VWYY Y

Hinh 25 Fluent Navigation Pane

Mot s6 phan noi bat:

= Models [43]: mé hinh nang lugng dugc bat, mé hinh k-epsilon tiéu

chuan duoc chon.

Task Page [l 8 Viscous Moe
o Model Model Constants
Models O Inviscid cmu
O Laminar [0.09
Models O spalart-Almaras (1 eqn) Cl-Epsion
- @ k-epsion (2 eqn)
Multiphase - Off O komega (2/6qn) [1.44
Energy - On O Transtion kk-omega (3 ean) ICZ*E"‘“"
. O Transttion SST (4 eqn) 1.92
Vlsc.ou_s Standard k-e, Standard Wall Fn O) Reyrickds Stress (7 6c1) e
Radiation - Off O scale-Adaptive Simulation (SAS)  |[1
Heat Exchanger - Off O Detached Eddy Smulation (DES) | 1pR prandtl Number
. O Large Eddy Simulation (LES)
Species - Off [13
. k-epsilon Model
Discrete Phase - Off S E0810y; Bran U Numbe
o ) @® standard [0.85
Solidification & Melting - Off O RNG
Acoustics - Off O Reaizable User-Defined Functions
Eulerian Wall Film - Off Near-Wall Treatment Turbulent Viscosity
. .y @ Standard Wall Functions none
Electric Potential - Off 0 Scatbia Vol tiksctin e
O Non-Equibrium Wall Functions TKE Prandt] Number
O Enhanced Wall Treatment e
O Menter-Lechner
O user-Defined Wall Functions JOK Pk Bs
none
Options Energy Prandt! Number
— . [ viscous Heating hone
. Edit... [ curvature Correction Wall Prandt] Number
[ compressbilty Effects e
[ production Kato-Launder
: . [ production Limiter
Help -
= = Cancel  Help

Hinh 26 Models

Hinh 27 Viscous Model
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= Dynamic Mesh: tién hanh thiét 1ap céc thong sé cho lugi dong

Task Page & Mesh Method Settings
Dynamic Mesh 2 i
A — Smoothing  Layerng  Remeshing
Mesh Methods ~ Options Method

B smoothing 4 In-Cylinder @ Spring/Laplace/Boundary Layer
M Layering [ six DOF O Diffusion
[ Remeshing Implicit Update O Linearly Elastic Solid
| settings... [ Contact Detection
- - | Settings... | Parameters

Spring Constant Factor
Convergence Tolerance |0.0001

Dynamic Mesh Zones

cyl-quad - Rigid Body 2 Number of Iterations
exvalvel-ch - Rigid Body Elements .
exvalvel-ib - Rigid Body 8 aer n T?t Zones
exvalvel-ob - Rigid Body Tet in Mixed Zones
exvalvel-seat - Stationary @ Al
fluid-ch-exvalvel - Rigid Body
fluid-ch-invalvel - Rigid Body Laplace Node Relxation I:]
fluid-ch-lower - Rigid B :
f,z:d_;\,ﬂmib_?{'igi:::dy . Diffusion Function |boundary-distance v
Create/Edit...  Delete || Delete Al Diffusion Parameter |0

; Poisson’s Ratio |0.45

| Display Zone Motion... |

| Preview Mesh Motion... e
(o Hh .| : [Gancel [eb

< > '
Hinh 28 Dynamic Mesh Hinh 29 Smoothing
Mesh Method Settings X Mesh Method Settings

Smoothing  Layering  Remeshing Smoothing  Layering  Remeshing
Options Remeshing Methods  Sizing Function

O Height Based Local Cell Oon

@® Ratio Based [ Local Face ~

: Resolution |1 <
Region Face

Split Factor [ cutcell Zone Variation 4.488
Collapse Factor 2.5D Rate 0.7

Use Defaults

Parameters

Minimum Length Scale (m)
Maximum Length Scale (m)
Maximum Cell Skewness

Maximum Face Skewness 0.750067

Size Remeshing Interval

(Cancel| Hep | (OK| | Cancel | | Hep |

Hinh 30 Layering Hinh 31 Remeshing
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= Solution:

|1ﬁ( Page

Solution Methods
Pressure-Velocity Coupling
Scheme

|PISO
Skewness Correction

[1

Neighbor Correction

[1

[] skewness-Neighbor Coupling
Spatial Discretization

Gradient

Pressure

| Green-Gauss Node Based ~ ]

|PRESTO!

Density

|Second Order Upwind -

Momentum

|Second Order Upwind > |

Turbulent Kinetic Energy

| Second Order Upwind it ]

=S SO TRUR I s

P,

Transient Formulation

First Order Implicit

(e |

[J Non-Iterative Time Advancement
Frozen Flux Formulation
[ warped-Face Gradient Correction
[] High Order Term Relaxation W

Hinh 32 Solution Methods

| Task Page

Solution Controls

Under-Relaxation Factors

Pressure (o
[0.2 |
Density

[x |
Body Forces

[ |
Momentum

(0.4 ]
Turbulent Kinetic Energy

[0.2 |
Turbulent Dissipation Rate

[0.2 |
Turbulent Viscosity

Solution Limits

Minimum Absolute Pressure (pascal) [0

Maximum Absolute Pressure (pascal) [5e+12

Minimum Static Temperature (k) [15

Maximum Static Temperature (k) |20000

Minimum Turb. Kinetic Energy (m2/s2) |1e-18

Minimum Turb. Dissipation Rate (m2/s3) |1e-24

Maximum Turb. Viscosity Ratio |1000000

' Default | | Cancel | | Help |

Hinh 33 Solution Controls

Hinh 34 Solution Limits
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= Residual Monitors: Tién hanh diéu chinh tiéu chi kiém tra cho su hoi

tu hoan toan va hién thi qua trinh giai.

Options Equations
Print to Console Residual Monitor Check Convergence Absolute Criteria A

4 Plot continuty | M4
Wwindow x-velocity | &4

%] ;
M 0001 |
[ E] [curves... |[Axes.. y-velocity %] 0.0001
Iterations to Plot %] %]
[energy ] %] le-08
k] @
Iterations to Store = %] [0.0001 ]
50000 : Residual Values Convergence Criterion
[ Normalze Iterations absolute v
M scale Convergence Conditions...

[J compute Local Scale

Plot | ' Renormalze | Cancel | Help

Hinh 35 Residual Monitors

= Run Calculation: tién hanh nhap sé Time Steps mong muén va sé lan
lip ti da trén mdi Time Steps. Nhap chudt vao Caculate dé tién hanh
qua trinh giai.
- Number of Time Steps: 1500

- Max Interations/ Time Step Reporting Interval: 150

Task Page x

Run Calculation
Check Case... Preview Mesh Motion...

Time Stepping Method Time Size (s

1.89 ik P
Settings... Number of Time Steps
|1500 =
Options
[] Extrapolate Variables
[] pata Sampling for Time Statistics

- Sampling Options...

[] solid Time Step

User Specified

Max Iterations/ Time Step Reporting Interval
[150 SR :
Profile Update Interval

T4 =

Data File Quantities... Acoustic Signals...

Acoustic Sources FFT...

Calculate v

Hinh 36 Run Calculation
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7. Két qua va xir ly két qua (Results)
= Sau khi qua trinh giai duoc thuc hién hoan tat, tién hanh tit Fluent,
luu lai va cap nhat két qua Results.
= Khi cap nhat két qua xong tién hanh mo file két qua. View > Files,
nhap phai vao file Report, chon Open.

= Postprocess: nhay dup vao Results d& mg CFD Port. Thém cac phan

can thiét trong bao céo tai muc nay.

v A
BT
2 | &8 1ce v 4
3 @) Geometry v 4
4 @ Mesh v 4
5| 1cesohver et v
| A | [ | C | 1] | 6 a Setup v 4
1 Name o e s e - 7 | @3 Solton v 4
w7 ] ey wr [ v oerex T 8[0 Results e [l g
108 | _| Chart003.png | A7 | SKB | DefakFie _ ICE - .-
109 | Chart004.png A7 648 | Defask Fle 43 Duplicate
10 || Chartos.png | A7 6KB | DefakFle | Transfer Data FromNew  »
1" | ke-ankm-mesh-on-plane1-,of A7 08 | Defauk Flo 7 Update
LR E e - Ko
Ke-pr «
114 i = A7 67¥8 | Defak Fle o
115 a2 i U Reset
o ; Open Containing Folder ey | X Delete
17 | _| cotexerror.dog Flo Type Fiter... H] Rrename
116 | B3 1CE-2-00000.cas.g2 A 25M8 | FLUENT Case Flo | Properties
19 | B 1CE-2-00000.d3t.g2 A 0KB | FLUENT Data Fle Quick Help
120 | | ko-anm-mesh-on-plane1-.of i 181M8 | of Add Note
120 | | ke-anevmesh-onolanel-0015.0a | A | s4xB | .o » ]
Hinh 37 Report file Hinh 38 Results Update

8. Panh gia sy hoi tu

Mo hinh da cho dugc danh gia su hoi tu [43], cu thé nhu sau:

Tai Timestep dau tién, so vong lap (lterations) téi da da dugc sir dung dé hoi
tu vai sai s6 trung binh khoang 10, sau d6 két qua tir Timestep s& duoc sir dung dé
giai cho Timestep thir hai, bén canh d6 ludi dugc cap nhat lai (Iugi dong_Dynamic
mesh) khi géc quay tang thém 0,250 (Timestep size). Scaled Residuals cua

Timestep 2 s& duoc ghi tiép theo Scaled Residuals cia Timestep 1.
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Cot g (4 50 100 150 200 250 300
poeng i

e Iterations

P Clcdtn

t

Some 5
S Scaled Residuals (Time=28409e-05) Aug 13,201
> 8 Pusmten & Cutomision Crank Angle=353.27(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

5 x
zeversed flow in 1762 fa 4.
202 3.0014e-06 3.2 S76-05 5.7077e-10 1.1163e-06 2.74826-0¢ 0:00:8
Sialiter
Grooies 7]
05 $.5091e-10 1.0784e-06 2,€265e-0€ 0:00:33 &
_catplase_1°) *(“velocity-megnitude’) “ice_cutplane_l-view" *(overlay %) *(dgm #2) *() ‘()42
(Wo-ce-cal-act-transient-flow "image2” 350 720 2 *(“ice_cutplane_1%) *(“temperature") “ice_cutplane_i-view® *(overlay #2) *(dpm #1) *0) *()42
(Wo-1ce-cal-act-transtent-tlow “image3” 350 720 2 *(ice_cutplase_1%) *(‘pressure”) “ice_cutplane i-view" *(ovezley #2) '(dm #2) () "0)#E
(-sce-cal nssenc-flow “imaged= 350 720 2 * (" ") S " *(overley o
(M-1ce-cal-act-transient-tlow "images® 350 720 2 * (" ® "invelvel-ch® “inte-deck-f Lovez®) (" tew *(overiay #t) *(dpm #2) *() ' () et
10
(o-ice-adapt-tine-step ' (enabled? 4t) * p-size 0.25) p-size 0.0625) ' (ta-in o.0628) * 0.0628) * (& 5o 0)) seest
9050509051e-05s, time step = 2, crank angle = :sx.:‘vsu'al
v
< >

Hinh 40 Su hoi tu cua timestep 2

Céc gia tri hoi tu v6i gié tri sai sé trung binh vao khoang 10”. Bé giam cac
gi4 tri sai s& nay xudng thi ta can tang s6 vong lap trén mot Timestep va dién céc
gié tri danh gia sai s6 nho hon (¢ phan Residual Monitors). Tuy nhién dé muc sai s6
nho hon s& 1am ting s6 vong lap dang ké (vi du 1000 Iterations/Timestep x 1500
Timestep = 4500000 lterations). Mic khac viéc hoan tat mot vong lap trén md hinh

lui 3D véi s6 phan tir ludi 16n 1a dang ké nén qua trinh giai s& rat 1au.
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0 100 200 300 400 500 600 700 800 900 1000
terations
Scaled Residuals (Time=1.8939e-05) Aug 15, 2018
Crank Angle=353.15(deg) ANSYS Fluent Release 18.2.2 (3d, dp, pbns, dynamesh, ske, transient)

Hinh 41 Timestep 1 Scaled Residuals with 100 Iterations

Hinh 36 cho thay sy phan tach hinh hoc ciing nhu viéc chia ludi 12 phd hop
dé bai giai duoc hoi tu. V6i 1000 vong lip mé hinh cho két qua hoi tu chat ché voi
gi trj sai s6 bé hon 10®. Cuy thé cac gi4 tri sai sb & vong lap 1000 gdbm continuity,
x-velocity, y velocity, z velocity, energy, k, epsilon theo thir tw nhu trong hinh 41
(s6 1000 dau tién 1a sé vong lap)

reversed flow in 1774 faces on pressure-outlet 69.

1000 2.1346e-07 €.6528e-08 ©.D687e-08 8.1266e-08 1.4445e-10 3.4%962e-08 6.3732e-07

Hinh 42 Gié tri sai s6 ¢ vong lap 1000

Tuy nhién md hinh quéa nhiéu budc giai nén sb vong lap 16n trén mdi budc
giai s& lam tién trinh giai rat tén thoi gian. Do d6 sai s6 khoang 10-5 1a duoc chap
nhan & bai md phong nay va dugc xem 13 hoi tu tot. Qua trinh giai vai mic do hoi
tu nhu trén dién ra khoang 170 gio trén may tinh cta cong ty (CPU: 2.91 GHz/12
cores/24 Mb cache).
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Hinh 43 Scaled Residual (at CA 360.020)
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e Truwong hgp cum hong / xdpap nap nguyén thay

Phu luc 12
BANG KET QUA LUU LUQNG THE TIiCH
(LAY TU KET QUA MO PHONG ANSYS - ICE)

STT | Thoigian | Timestep | Lwulwong (m®) | STT | Théigian | Timestep | Luu lwgng (m°)
1 | 1,89E-05 | 1,89E-05 0,0764 1522 | 0,008163 | 4,73E-06 0,1538
2 | 3,79E-05 | 1,89E-05 0,0763 1523 | 0,008168 | 4,73E-06 0,0906
3 | 568E-05 | 1,89E-05 0,0760 1524 | 0,008172 | 4,73E-06 0,0909
4 | T7,58E-05 | 9,47E-06 0,0758 1525 | 0,008177 | 4,73E-06 0,0912
5 | 852E-05 | 9,47E-06 0,0758 1526 | 0,008182 | 4,73E-06 0,0915
6 | 947E-05 | 9,47E-06 0,0758 1527 | 0,008187 | 4,73E-06 0,0919
7| 0,000104 | 9,47E-06 0,0757 1528 | 0,008191 | 4,73E-06 0,0922
8 | 0,000114 | 9,47E-06 0,0757 1529 | 0,008196 | 4,73E-06 0,0925
9 | 0000123 | 9,47E-06 0,0756 1530 | 0,008201 | 4,73E-06 0,0928
10 | 0,000133 | 9,47E-06 0,0755 1531 | 0,008205 | 4,73E-06 0,0932
11 | 0,000142 | 9,47E-06 0,0755 1532 | 0,00821 | 4,73E-06 0,0935
12 | 0,000152 | 9,47E-06 0,0754 1533 | 0,008215 | 4,73E-06 0,0938
13 | 0,000161 | 9,47E-06 0,0753 1534 | 0,00822 | 4,73E-06 0,0942
14 | 0,00017 | 9,47E-06 0,0751 1535 | 0,008224 | 4,73E-06 0,0945
15 | 0,00018 | 9,47E-06 0,0750 1536 | 0,008229 | 4,73E-06 0,0949
16 | 0,000189 | 9,47E-06 0,0749 1537 | 0,008234 | 4,73E-06 0,0952
17 | 0,000199 | 9,47E-06 0,0747 1538 | 0,008239 | 4,73E-06 0,0956
18 | 0,000208 | 9,47E-06 0,0745 1539 | 0,008243 | 4,73E-06 0,0960
19 | 0,000218 | 9,47E-06 0,0743 1540 | 0,008248 | 4,73E-06 0,0963
20 | 0,000227 | 9,47E-06 0,0741 1541 | 0,008253 | 4,73E-06 0,0967
21 | 0,000237 | 9,47E-06 0,0738 1542 | 0,008258 | 4,73E-06 0,0971
22 | 0,000246 | 9,47E-06 0,0735 1543 | 0,008262 | 4,73E-06 0,0974
23 | 0,000256 | 9,47E-06 0,0731 1544 | 0,008267 | 4,73E-06 0,0978
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24 | 0,000265 | 9,47E-06 0,0728 1545 | 0,008272 | 4,73E-06 0,0982
25 | 0,000275 | 9,47E-06 0,0724 1546 | 0,008277 | 4,73E-06 0,0986
26 | 0,000284 | 9,47E-06 0,0720 1547 | 0,008281 | 4,73E-06 0,0989
27 | 0,000294 | 9,47E-06 0,0716 1548 | 0,008286 | 4,73E-06 0,0993
28 | 0,000303 | 9,47E-06 0,07111 1549 | 0,008291 | 4,73E-06 0,0997
29 | 0,000313 | 9,47E-06 0,0707 1550 | 0,008295 | 4,73E-06 0,1001
30 0,000322 9,47E-06 0,0703 1551 0,0083 4,73E-06 0,1005
31 | 0,000331 | 9,47E-06 0,0699 1552 | 0,008305 | 4,73E-06 0,1009
32 | 0,000341 | 9,47E-06 0,0695 1553 | 0,00831 | 4,73E-06 0,1013
33 | 0,00035 | 9,47E-06 0,0692 1554 | 0,008314 | 4,73E-06 0,1017
34 | 000036 | 9,47E-06 0,0689 1555 | 0,008319 | 4,73E-06 0,1021
35 | 0,000369 | 9,47E-06 0,0686 1556 | 0,008324 | 4,73E-06 0,1025
36 | 0,000379 | 9,47E-06 0,0684 1557 | 0,008329 | 4,73E-06 0,1030
37 | 0,000388 | 9,47E-06 0,0682 1558 | 0,008333 | 4,73E-06 0,1034
38 | 0,000398 | 9,47E-06 0,0681 1559 | 0,008338 | 4,73E-06 0,0906
39 | 0,000407 | 9,47E-06 0,0680 1560 | 0,008343 | 4,73E-06 0,0909
40 | 0,000417 | 9,47E-06 0,0680 1561 | 0,008348 | 4,73E-06 0,0912
41 | 0,000426 | 9,47E-06 0,0680 1562 | 0,008352 | 4,73E-06 0,0915
42 | 0,000436 | 9,47E-06 0,0680 1563 | 0,008357 | 4,73E-06 0,0919
43 | 0,000445 | 9,47E-06 0,0681 1564 | 0,008362 | 4,73E-06 0,0922
44 | 0,000455 | 9,47E-06 0,0682 1565 | 0,008366 | 4,73E-06 0,0925
45 | 0,000464 | 9,47E-06 0,0682 1566 | 0,008371 | 4,73E-06 0,0928
46 | 0,000473 | 9,47E-06 0,0683 1567 | 0,008376 | 4,73E-06 0,0932
47 | 0,000483 | 9,47E-06 0,0684 1568 | 0,008381 | 4,73E-06 0,0935
48 | 0,000492 | 9,47E-06 0,0685 1569 | 0,008385 | 4,73E-06 0,0938
49 | 0,000502 | 9,47E-06 0,0686 1570 | 0,00839 | 4,73E-06 0,0942
50 | 0,000511 | 9,47E-06 0,0687 1571 | 0,008395 | 4,73E-06 0,0945
51 0,000521 9,47E-06 0,0687 1572 0,0084 4,73E-06 0,0949
52 | 0,00053 | 9,47E-06 0,0688 1573 | 0,008404 | 4,73E-06 0,0952
53 | 0,00054 | 9,47E-06 0,0689 1574 | 0,008409 | 4,73E-06 0,0956
54 | 0,000549 | 9,47E-06 0,0690 1575 | 0,008414 | 4,73E-06 0,0960
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55 | 0,000559 | 9,47E-06 0,0690 1576 | 0,008419 | 4,73E-06 0,0963
56 | 0,000568 | 9,47E-06 0,0691 1577 | 0,008423 | 4,73E-06 0,0967
57 | 0,000578 | 9,47E-06 0,0692 1578 | 0,008428 | 4,73E-06 0,0971
58 | 0,000587 | 9,47E-06 0,0693 1579 | 0,008433 | 4,73E-06 0,0974
59 | 0,000597 | 9,47E-06 0,0694 1580 | 0,008437 | 4,73E-06 0,0978
60 | 0,000606 | 9,47E-06 0,0695 1581 | 0,008442 | 4,73E-06 0,0982
61 | 0,000616 | 9,47E-06 0,0696 1582 | 0,008447 | 4,73E-06 0,0986
62 | 0,000625 | 9,47E-06 0,0697 1583 | 0,008452 | 9,47E-06 0,0139
63 | 0,000634 | 9,47E-06 0,0699 1584 | 0,008461 | 4,73E-06 0,0133
64 | 0,000644 | 9,47E-06 0,0700 1585 | 0,008466 | 4,73E-06 0,1397
65 | 0,000653 | 9,47E-06 0,0701 1586 | 0,008471 | 4,73E-06 0,1400
66 | 0,000663 | 9,47E-06 0,0702 1587 | 0,008475 | 4,73E-06 0,1405
67 | 0,000672 | 9,47E-06 0,0703 1588 | 0,00848 | 4,73E-06 0,1409
68 | 0,000682 | 9,47E-06 0,0704 1589 | 0,008485 | 4,73E-06 0,1413
69 | 0,000691 | 9,47E-06 0,0704 1590 | 0,00849 | 4,73E-06 0,1417
70 | 0,000701 | 9,47E-06 0,0705 1591 | 0,008494 | 4,73E-06 0,1421
71 | 0,00071 | 9,47E-06 0,0706 1592 | 0,008499 | 4,73E-06 0,1425
72| 0,00072 | 9,47E-06 0,0706 1593 | 0,008504 | 4,73E-06 0,1430
73 | 0,000729 | 9,47E-06 0,0706 1594 | 0,008509 | 4,73E-06 0,1434
74 | 0,000739 | 9,47E-06 0,0707 1595 | 0,008513 | 4,73E-06 0,1470
75 | 0,000748 | 9,47E-06 0,0707 1596 | 0,008518 | 4,73E-06 0,1469
76 | 0,000758 | 9,47E-06 0,0707 1597 | 0,008523 | 4,73E-06 0,1468
77 | 0,000767 | 9,47E-06 0,0707 1598 | 0,008527 | 4,73E-06 0,1467
78 | 0,000777 | 9,47E-06 0,0707 1599 | 0,008532 | 4,73E-06 0,1466
79 | 0,000786 | 9,47E-06 0,0707 1600 | 0,008537 | 4,73E-06 0,1465
80 | 0,000795 | 9,47E-06 0,0707 1601 | 0,008542 | 4,73E-06 0,1464
81 | 0,000805 | 9,47E-06 0,0707 1602 | 0,008546 | 4,73E-06 0,1463
82 | 0,000814 | 9,47E-06 0,0707 1603 | 0,008551 | 4,73E-06 0,1462
83 | 0,000824 | 9,47E-06 0,0707 1604 | 0,008556 | 4,73E-06 0,1461
84 | 0,000833 | 9,47E-06 0,0707 1605 | 0,008561 | 4,73E-06 0,1460
85 | 0,000843 | 9,47E-06 0,0707 1606 | 0,008565 | 4,73E-06 0,1459
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86 | 0,000852 | 9,47E-06 0,0707 1607 | 0,00857 | 4,73E-06 0,1458
87 | 0,000862 | 9,47E-06 0,0707 1608 | 0,008575 | 4,73E-06 0,1457
88 | 0,000871 | 9,47E-06 0,0708 1609 | 0,00858 | 4,73E-06 0,1456
89 | 0,000881 | 9,47E-06 0,0708 1610 | 0,008584 | 4,73E-06 0,1455
9 | 0,00089 | 9,47E-06 0,0709 1611 | 0,008589 | 4,73E-06 0,1453
o1 0,0009 | 9,47E-06 0,0709 1612 | 0,008594 | 4,73E-06 0,1452
92 | 0,000909 | 9,47E-06 0,0710 1613 | 0,008598 | 4,73E-06 0,1451
93 | 0,000919 | 9,47E-06 0,0711 1614 | 0,008603 | 4,73E-06 0,1450
94 | 0,000928 | 9,47E-06 0,0711 1615 | 0,008608 | 4,73E-06 0,1449
95 | 0,000937 | 9,47E-06 0,0712 1616 | 0,008613 | 4,73E-06 0,1447
96 | 0,000947 | 9,47E-06 0,0713 1617 | 0,008617 | 4,73E-06 0,1446
97 | 0,000956 | 9,47E-06 0,0715 1618 | 0,008622 | 4,73E-06 0,1445
98 | 0,000966 | 9,47E-06 0,0716 1619 | 0,008627 | 4,73E-06 0,1444
99 | 0,000975 | 9,47E-06 0,0717 1620 | 0,008632 | 4,73E-06 0,1442
100 | 0,000985 | 9,47E-06 0,0719 1621 | 0,008636 | 4,73E-06 0,1441
101 | 0,000994 | 9,47E-06 0,0720 1622 | 0,008641 | 4,73E-06 0,1440
102 | 0,001004 | 9,47E-06 0,0722 1623 | 0,008646 | 4,73E-06 0,1438
103 | 0,001013 | 9,47E-06 0,0724 1624 | 0,008651 | 4,73E-06 0,1437
104 | 0,001023 | 9,47E-06 0,0725 1625 | 0,008655 | 4,73E-06 0,1436
105 0,001032 9,47E-06 0,0727 1626 | 0,00866 | 4,73E-06 0,1434
106 | 0,001042 | 9,47E-06 0,0729 1627 | 0,008665 | 4,73E-06 0,1433
107 0,001051 9,47E-06 0,0731 1628 | 0,00867 | 4,73E-06 0,1432
108 | 0,001061 | 9,47E-06 0,0733 1629 | 0,008674 | 4,73E-06 0,1430
109 | 0,00107 | 9,47E-06 0,0734 1630 | 0,008679 | 4,73E-06 0,1429
110 | 0,00108 | 9,47E-06 0,0736 1631 | 0,008684 | 4,73E-06 0,1427
111 | 0,001089 | 9,47E-06 0,0737 1632 | 0,008688 | 4,73E-06 0,1426
112 | 0,001098 | 9,47E-06 0,0738 1633 | 0,008693 | 4,73E-06 0,1424
113 | 0,001108 | 9,47E-06 0,0739 1634 | 0,008698 | 4,73E-06 0,1423
114 | 0,001117 | 9,47E-06 0,0740 1635 | 0,008703 | 4,73E-06 0,1421
115 | 0,001127 | 9,47E-06 0,0740 1636 | 0,008707 | 4,73E-06 0,1420
116 | 0,001136 | 9,47E-06 0,0741 1637 | 0,008712 | 4,73E-06 0,1418
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117 | 0,001146 | 9,47E-06 0,0740 1638 | 0,008717 | 4,73E-06 0,1417
118 | 0,001155 | 9,47E-06 0,0740 1639 | 0,008722 | 4,73E-06 0,1415
119 | 0,001165 | 9,47E-06 0,0739 1640 | 0,008726 | 4,73E-06 0,1414
120 | 0,001174 | 9,47E-06 0,0738 1641 | 0,008731 | 4,73E-06 0,1412
121 | 0,001184 | 9,47E-06 0,0736 1642 | 0,008736 | 4,73E-06 0,1411
122 | 0,001193 | 9,47E-06 0,0734 1643 | 0,008741 | 4,73E-06 0,1409
123 | 0,001203 | 9,47E-06 0,0731 1644 | 0,008745 | 4,73E-06 0,1408
124 0,001212 9,47E-06 0,0728 1645 0,00875 4,73E-06 0,1406
125 | 0,001222 | 9,47E-06 0,0725 1646 | 0,008755 | 4,73E-06 0,1405
126 | 0,001231 | 9,47E-06 0,0721 1647 | 0,008759 | 4,73E-06 0,1403
127 | 0,001241 | 9,47E-06 0,0717 1648 | 0,008764 | 4,73E-06 0,1402
128 | 0,00125 | 9,47E-06 0,0712 1649 | 0,008769 | 4,73E-06 0,1400
129 | 0,001259 | 9,47E-06 0,0707 1650 | 0,008774 | 4,73E-06 0,1398
130 | 0,001269 | 9,47E-06 0,0702 1651 | 0,008778 | 4,73E-06 0,1397
131 | 0,001278 | 9,47E-06 0,0696 1652 | 0,008783 | 4,73E-06 0,1395
132 | 0,001288 | 9,47E-06 0,0690 1653 | 0,008788 | 4,73E-06 0,1394
133 | 0,001297 | 9,47E-06 0,0684 1654 | 0,008793 | 4,73E-06 0,1392
134 | 0,001307 | 9,47E-06 0,0677 1655 | 0,008797 | 4,73E-06 0,1391
135 | 0,001316 | 9,47E-06 0,0670 1656 | 0,008802 | 4,73E-06 0,1389
136 | 0,001326 | 9,47E-06 0,0663 1657 | 0,008807 | 4,73E-06 0,1388
137 | 0,001335 | 9,47E-06 0,0656 1658 | 0,008812 | 4,73E-06 0,1386
138 | 0,001345 | 9,47E-06 0,06438 1659 | 0,008816 | 4,73E-06 0,1384
139 | 0,001354 | 9,47E-06 0,0640 1660 | 0,008821 | 4,73E-06 0,1383
140 | 0,001364 | 9,47E-06 0,0631 1661 | 0,008826 | 4,73E-06 0,1381
141 | 0,001373 | 9,47E-06 0,0623 1662 | 000883 | 4,73E-06 0,1380
142 | 0,001383 | 9,47E-06 0,0614 1663 | 0,008835 | 4,73E-06 0,1378
143 0,001392 9,47E-06 0,0605 1664 0,00884 4,73E-06 0,1377
144 | 0,001402 | 9,47E-06 0,0596 1665 | 0,008845 | 4,73E-06 0,1375
145 | 0,001411 | 9,47E-06 0,0587 1666 | 0,008849 | 4,73E-06 0,1374
146 | 0,00142 | 9,47E-06 0,0577 1667 | 0,008854 | 4,73E-06 0,1372
147 | 0,00143 | 9,47E-06 0,0568 1668 | 0,008859 | 4,73E-06 0,1370
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148 | 0,001439 | 9,47E-06 0,0558 1669 | 0,008864 | 4,73E-06 0,1369
149 | 0,001449 | 9,47E-06 0,0548 1670 | 0,008868 | 4,73E-06 0,1367
150 | 0,001458 | 9,47E-06 0,0538 1671 | 0,008873 | 4,73E-06 0,1366
151 | 0,001468 | 9,47E-06 0,0528 1672 | 0,008878 | 4,73E-06 0,1364
152 | 0,001477 | 9,47E-06 0,0518 1673 | 0,008883 | 4,73E-06 0,1363
153 | 0,001487 | 9,47E-06 0,0508 1674 | 0,008887 | 4,73E-06 0,1361
154 | 0,001496 | 9,47E-06 0,0498 1675 | 0,008892 | 4,73E-06 0,1359
155 | 0,001506 | 9,47E-06 0,0488 1676 | 0,008897 | 4,73E-06 0,1358
156 | 0,001515 | 9,47E-06 0,0478 1677 | 0,008902 | 4,73E-06 0,1356
157 | 0,001525 | 9,47E-06 0,0469 1678 | 0,008906 | 4,73E-06 0,1355
158 | 0,001534 | 9,47E-06 0,0459 1679 | 0,008911 | 4,73E-06 0,1353
159 | 0,001544 | 9,47E-06 0,0450 1680 | 0,008916 | 4,73E-06 0,1351
160 0,001553 9,47E-06 0,0440 1681 0,00892 4,73E-06 0,1350
161 | 0,001563 | 9,47E-06 0,0431 1682 | 0,008925 | 4,73E-06 0,1348
162 0,001572 9,47E-06 0,0422 1683 0,00893 4,73E-06 0,1346
163 | 0,001581 | 9,47E-06 0,0413 1684 | 0,008935 | 4,73E-06 0,1345
164 | 0,001591 | 9,47E-06 0,0405 1685 | 0,008939 | 4,73E-06 0,1343
165 | 10,0016 | 9,47E-06 0,0396 1686 | 0,008944 | 4,73E-06 0,1341
166 | 0,00161 | 9,47E-06 0,0388 1687 | 0,008949 | 4,73E-06 0,1340
167 | 0,001619 | 9,47E-06 0,0379 1688 | 0,008954 | 4,73E-06 0,1338
168 | 0,001629 | 9,47E-06 0,0371 1689 | 0,008958 | 4,73E-06 0,1336
169 | 0,001638 | 9,47E-06 0,0362 1690 | 0,008963 | 4,73E-06 0,1335
170 | 0,001648 | 9,47E-06 0,0354 1691 | 0,008968 | 4,73E-06 0,1333
171 | 0,001657 | 9,47E-06 0,0345 1692 | 0,008973 | 4,73E-06 0,1331
172 | 0,001667 | 9,47E-06 0,0335 1693 | 0,008977 | 4,73E-06 0,1330
173 | 0,001676 | 9,47E-06 0,0325 1694 | 0,008982 | 4,73E-06 0,1328
174 | 0,001686 | 9,47E-06 0,0315 1695 | 0,008987 | 4,73E-06 0,1326
175 | 0,001695 | 9,47E-06 0,0304 1696 | 0,008991 | 4,73E-06 0,1325
176 | 0,001705 | 9,47E-06 0,0292 1697 | 0,008996 | 4,73E-06 0,1323
177 | 0,001714 | 9,47E-06 0,0279 1698 | 0,009001 | 4,73E-06 0,1321
178 | 0,001723 | 9,47E-06 0,0265 1699 | 0,009006 | 4,73E-06 0,1319
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179 0,001733 9,47E-06 0,0249 1700 0,00901 4,73E-06 0,1318
180 | 0,001742 | 4,73E-06 0,0232 1701 | 0,009015 | 4,73E-06 0,1316
181 0,001747 4,73E-06 0,0223 1702 | 0,00902 | 4,73E-06 0,1314
182 | 0,001752 | 4,73E-06 0,0214 1703 | 0,009025 | 4,73E-06 0,1312
183 | 0,001757 | 4,73E-06 0,0204 1704 | 0,009029 | 4,73E-06 0,1311
184 | 0,001761 | 4,73E-06 0,0194 1705 | 0,009034 | 4,73E-06 0,1309
185 | 0,001766 | 4,73E-06 0,0183 1706 | 0,009039 | 4,73E-06 0,1307
186 | 0,001771 | 4,73E-06 0,0172 1707 | 0,009044 | 4,73E-06 0,1305
187 | 0,001776 | 4,73E-06 0,0160 1708 | 0,009048 | 4,73E-06 0,1304
188 | 0,00178 | 4,73E-06 0,0148 1709 | 0,009053 | 4,73E-06 0,1302
189 | 0,001785 | 4,73E-06 0,0136 1710 | 0,009058 | 4,73E-06 0,1300
190 | 0,00179 | 4,73E-06 0,0122 1711 | 0,009062 | 4,73E-06 0,1298
191 | 0,001795 | 4,73E-06 0,0109 1712 | 0,009067 | 4,73E-06 0,1296
192 | 0,001799 | 4,73E-06 0,0094 1713 | 0,009072 | 4,73E-06 0,1295
193 | 0,001804 | 4,73E-06 0,0079 1714 | 0,009077 | 4,73E-06 0,1293
194 | 0,001809 | 4,73E-06 0,0064 1715 | 0,009081 | 4,73E-06 0,1291
195 | 0,001813 | 4,73E-06 0,0048 1716 | 0,009086 | 4,73E-06 0,1289
196 | 0,001818 | 4,73E-06 0,0031 1717 | 0,009091 | 4,73E-06 0,1287
197 | 0,001823 | 4,73E-06 0,0014 1718 | 0,009096 | 4,73E-06 0,1286
198 0,001828 4,73E-06 -0,0004 1719 0,0091 4,73E-06 0,1284
199 | 0,001832 | 4,73E-06 -0,0022 1720 | 0,009105 | 4,73E-06 0,1282
200 0,001837 4,73E-06 -0,0041 1721 | 0,00911 | 4,73E-06 0,1280
201 | 0,001842 | 4,73E-06 -0,0060 1722 | 0,009115 | 4,73E-06 0,1278
202 | 0,001847 | 4,73E-06 -0,0079 1723 | 0,009119 | 4,73E-06 0,1277
203 | 0,001851 | 4,73E-06 -0,0099 1724 | 0,009124 | 4,73E-06 0,1275
204 | 0,001856 | 4,73E-06 -0,0120 1725 | 0,009129 | 4,73E-06 0,1273
205 | 0,001861 | 4,73E-06 -0,0141 1726 | 0,009134 | 4,73E-06 0,1271
206 | 0,001866 | 4,73E-06 -0,0162 1727 | 0,009138 | 4,73E-06 0,1269
207 | 0,00187 | 4,73E-06 -0,0183 1728 | 0,009143 | 4,73E-06 0,1267
208 | 0,001875 | 4,73E-06 -0,0205 1729 | 0,009148 | 4,73E-06 0,1265
209 | 0,00188 | 4,73E-06 -0,0227 1730 | 0,009152 | 4,73E-06 0,1264
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210 | 0,001884 | 4,73E-06 -0,0249 1731 | 0,009157 | 4,73E-06 0,1262
211 | 0,001889 | 4,73E-06 -0,0271 1732 | 0,009162 | 4,73E-06 0,1260
212 | 0,001894 | 4,73E-06 -0,0293 1733 | 0,009167 | 4,73E-06 0,1258
213 | 0,001899 | 4,73E-06 -0,0315 1734 | 0,009171 | 4,73E-06 0,1256
214 | 0,001903 | 4,73E-06 -0,0338 1735 | 0,009176 | 4,73E-06 0,1254
215 | 0,001908 | 4,73E-06 -0,0360 1736 | 0,009181 | 4,73E-06 0,1252
216 | 0,001913 | 4,73E-06 -0,0382 1737 | 0,009186 | 4,73E-06 0,1250
217 0,001918 4,73E-06 -0,0404 1738 0,00919 4,73E-06 0,1248
218 | 0,001922 | 4,73E-06 -0,0426 1739 | 0,009195 | 4,73E-06 0,1246
219 0,001927 4,73E-06 -0,0447 1740 0,0092 4,73E-06 0,1244
220 | 0,001932 | 4,73E-06 -0,0469 1741 | 0,009205 | 4,73E-06 0,1242
221 | 0,001937 | 4,73E-06 -0,0489 1742 | 0,009209 | 4,73E-06 0,1240
222 | 0,001941 | 4,73E-06 -0,0510 1743 | 0,009214 | 4,73E-06 0,1238
223 | 0,001946 | 4,73E-06 -0,0530 1744 | 0,009219 | 4,73E-06 0,1236
224 | 0,001951 | 4,73E-06 -0,0550 1745 | 0,009223 | 4,73E-06 0,1234
225 | 0,001955 | 4,73E-06 -0,0569 1746 | 0,009228 | 4,73E-06 0,1232
226 | 0,0019 | 4,73E-06 -0,0587 1747 | 0,009233 | 4,73E-06 0,1230
227 | 0,001965 | 4,73E-06 -0,0605 1748 | 0,009238 | 4,73E-06 0,1228
228 | 0,00197 | 4,73E-06 -0,0623 1749 | 0,009242 | 4,73E-06 0,1226
229 | 0,001974 | 4,73E-06 -0,0640 1750 | 0,009247 | 4,73E-06 0,1224
230 | 0,001979 | 4,73E-06 -0,0656 1751 | 0,009252 | 4,73E-06 0,1222
231 | 0,001984 | 4,73E-06 -0,0671 1752 | 0,009257 | 4,73E-06 0,1220
232 | 0,001989 | 4,73E-06 -0,0686 1753 | 0,009261 | 4,73E-06 0,1218
233 | 0,001993 | 4,73E-06 -0,0700 1754 | 0,009266 | 4,73E-06 0,1215
234 | 0,001998 | 4,73E-06 -0,0714 1755 | 0,009271 | 4,73E-06 0,1213
235 | 0,002003 | 4,73E-06 -0,0726 1756 | 0,009276 | 4,73E-06 0,1211
236 0,002008 4,73E-06 -0,0738 1757 0,00928 4,73E-06 0,1209
237 | 0,002012 | 4,73E-06 -0,0750 1758 | 0,009285 | 4,73E-06 0,1207
238 0,002017 4,73E-06 -0,0761 1759 0,00929 4,73E-06 0,1205
239 | 0,002022 | 4,73E-06 -0,0771 1760 | 0,009295 | 4,73E-06 0,1203
240 | 0,002027 | 4,73E-06 -0,0780 1761 | 0,009299 | 4,73E-06 0,1201
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241 | 0,002031 | 4,73E-06 -0,0789 1762 | 0,009304 | 4,73E-06 0,1199
242 | 0,002036 | 4,73E-06 -0,0797 1763 | 0,009309 | 9,47E-06 0,1196
243 | 0,002041 | 4,73E-06 -0,0804 1764 | 0,009318 | 4,73E-06 0,1192
244 | 0,002045 | 4,73E-06 -0,0811 1765 | 0,009323 | 4,73E-06 0,1190
245 | 0,00205 | 4,73E-06 -0,0817 1766 | 0,009328 | 4,73E-06 0,1188
246 | 0,002055 | 4,73E-06 -0,0823 1767 | 0,009332 | 4,73E-06 0,1186
247 | 0,00206 | 4,73E-06 -0,0828 1768 | 0,009337 | 4,73E-06 0,1184
248 | 0,002064 | 4,73E-06 -0,0833 1769 | 0,009342 | 4,73E-06 0,1182
249 | 0,002069 | 4,73E-06 -0,0837 1770 | 0,009347 | 4,73E-06 0,1180
250 | 0,002074 | 4,73E-06 -0,0841 1771 | 0,009351 | 4,73E-06 0,1178
251 | 0,002079 | 4,73E-06 -0,0844 1772 | 0,009356 | 4,73E-06 0,1176
252 | 0,002083 | 4,73E-06 -0,0847 1773 | 0,009361 | 4,73E-06 0,1174
253 | 0,002088 | 4,73E-06 -0,0849 1774 | 0,009366 | 4,73E-06 0,1172
254 0,002093 4. 73E-06 -0,0851 1775 0,00937 4,73E-06 0,1170
255 | 0,002098 | 4,73E-06 -0,0853 1776 | 0,009375 | 4,73E-06 0,1168
256 0,002102 4. 73E-06 -0,0854 1777 0,00938 4,73E-06 0,1166
257 | 0,002107 | 4,73E-06 -0,0855 1778 | 0,009384 | 4,73E-06 0,1164
258 | 0,002112 | 4,73E-06 -0,0856 1779 | 0,009389 | 4,73E-06 0,1162
259 | 0,002116 | 4,73E-06 -0,0857 1780 | 0,009394 | 4,73E-06 0,1161
260 | 0,002121 | 4,73E-06 -0,0857 1781 | 0,009399 | 4,73E-06 0,1159
261 | 0,002126 | 4,73E-06 -0,0857 1782 | 0,009403 | 4,73E-06 0,1157
262 | 0,002131 | 4,73E-06 -0,0856 1783 | 0,009408 | 4,73E-06 0,1155
263 | 0,002135 | 4,73E-06 -0,0856 1784 | 0,009413 | 4,73E-06 0,1153
264 | 0,00214 | 4,73E-06 -0,0855 1785 | 0,009418 | 4,73E-06 0,1152
265 | 0,002145 | 4,73E-06 -0,0854 1786 | 0,009422 | 4,73E-06 0,1150
266 | 0,00215 | 4,73E-06 -0,0854 1787 | 0,009427 | 4,73E-06 0,1148
267 | 0,002154 | 4,73E-06 -0,0852 1788 | 0,009432 | 4,73E-06 0,1146
268 | 0,002159 | 4,73E-06 -0,0851 1789 | 0,009437 | 4,73E-06 0,1145
269 | 0,002164 | 4,73E-06 -0,0850 1790 | 0,009441 | 4,73E-06 0,1143
270 | 0,002169 | 4,73E-06 -0,0848 1791 | 0,009446 | 4,73E-06 0,1141
271 | 0,002173 | 4,73E-06 -0,0847 1792 | 0,009451 | 4,73E-06 0,1140
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272 | 0,002178 | 4,73E-06 -0,0845 1793 | 0,009455 | 4,73E-06 0,1138
273 0,002183 4,73E-06 -0,0843 1794 0,00946 4,73E-06 0,1137
274 | 0,002188 | 4,73E-06 -0,0841 1795 | 0,009465 | 4,73E-06 0,1135
275 | 0,002192 | 4,73E-06 -0,0839 1796 | 0,00947 | 4,73E-06 0,1134
276 | 0,002197 | 4,73E-06 -0,0837 1797 | 0,009474 | 4,73E-06 0,1132
277 | 0,002202 | 4,73E-06 -0,0835 1798 | 0,009479 | 4,73E-06 0,1131
278 | 0,002206 | 4,73E-06 -0,0832 1799 | 0,009484 | 4,73E-06 0,1129
279 | 0,002211 | 4,73E-06 -0,0830 1800 | 0,009489 | 4,73E-06 0,1128
280 | 0,002216 | 4,73E-06 -0,0828 1801 | 0,009493 | 4,73E-06 0,1126
281 | 0,002221 | 4,73E-06 -0,0825 1802 | 0,009498 | 4,73E-06 0,1125
282 | 0,002225 | 4,73E-06 -0,0822 1803 | 0,009503 | 4,73E-06 0,1123
283 | 0,00223 | 4,73E-06 -0,0820 1804 | 0,009508 | 4,73E-06 0,1122
284 | 0,002235 | 4,73E-06 -0,0817 1805 | 0,009512 | 4,73E-06 0,1121
285 | 0,00224 | 4,73E-06 -0,0814 1806 | 0,009517 | 4,73E-06 0,1119
286 | 0,002244 | 4,73E-06 -0,0811 1807 | 0,009522 | 4,73E-06 0,1118
287 | 0,002249 | 4,73E-06 -0,0808 1808 | 0,009527 | 4,73E-06 0,1117
288 | 0,002254 | 4,73E-06 -0,0805 1809 | 0,009531 | 4,73E-06 0,1115
289 | 0,002259 | 4,73E-06 -0,0802 1810 | 0,009536 | 4,73E-06 0,1114
290 | 0,002263 | 4,73E-06 -0,0799 1811 | 0,009541 | 4,73E-06 0,1113
291 | 0,002268 | 4,73E-06 -0,0796 1812 | 0,009545 | 4,73E-06 0,1112
292 0,002273 4,73E-06 -0,0792 1813 | 0,00955 | 4,73E-06 0,1110
293 | 0,002277 | 4,73E-06 -0,0789 1814 | 0,009555 | 4,73E-06 0,1109
294 0,002282 4,73E-06 -0,0785 1815 | 0,00956 | 4,73E-06 0,1108
295 | 0,002287 | 4,73E-06 -0,0782 1816 | 0,009564 | 4,73E-06 0,1107
296 | 0,002292 | 4,73E-06 -0,0778 1817 | 0,009569 | 4,73E-06 0,1106
297 | 0,002296 | 4,73E-06 -0,0774 1818 | 0,009574 | 4,73E-06 0,1104
298 | 0,002301 | 4,73E-06 -0,0770 1819 | 0,009579 | 4,73E-06 0,1103
299 | 0,002306 | 4,73E-06 -0,0766 1820 | 0,009583 | 4,73E-06 0,1102
300 | 0,002311 | 4,73E-06 -0,0762 1821 | 0,009588 | 4,73E-06 0,1101
301 | 0,002315 | 4,73E-06 -0,0758 1822 | 0,009593 | 4,73E-06 0,1100
302 | 0,00232 | 4,73E-06 -0,0754 1823 | 0,009598 | 4,73E-06 0,1099
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303 | 0,002325 | 4,73E-06 -0,0749 1824 | 0,009602 | 4,73E-06 0,1098
304 | 0,00233 | 4,73E-06 -0,0745 1825 | 0,009607 | 4,73E-06 0,1096
305 | 0,002334 | 4,73E-06 -0,0741 1826 | 0,009612 | 4,73E-06 0,1095
306 | 0,002339 | 4,73E-06 -0,0736 1827 | 0,009616 | 4,73E-06 0,1094
307 | 0,002344 | 4,73E-06 -0,0731 1828 | 0,009621 | 4,73E-06 0,1093
308 | 0,002348 | 4,73E-06 -0,0727 1829 | 0,009626 | 4,73E-06 0,1092
309 | 0,002353 | 4,73E-06 -0,0722 1830 | 0,009631 | 4,73E-06 0,1091
310 | 0,002358 | 4,73E-06 -0,0717 1831 | 0,009635 | 4,73E-06 0,1090
311 0,002363 4,73E-06 -0,0712 1832 0,00964 4,73E-06 0,1089
312 | 0,002367 | 4,73E-06 -0,0707 1833 | 0,009645 | 4,73E-06 0,1088
313 | 0,002372 | 4,73E-06 -0,0702 1834 | 000965 | 4,73E-06 0,1087
314 | 0,002377 | 4,73E-06 -0,0697 1835 | 0,009654 | 4,73E-06 0,1086
315 | 0,002382 | 4,73E-06 -0,0692 1836 | 0,009659 | 4,73E-06 0,1085
316 | 0,002386 | 4,73E-06 -0,0687 1837 | 0,009664 | 4,73E-06 0,1084
317 | 0,002391 | 4,73E-06 -0,0681 1838 | 0,009669 | 4,73E-06 0,1083
318 | 0,002396 | 4,73E-06 -0,0676 1839 | 0,009673 | 4,73E-06 0,1082
319 | 0,002401 | 4,73E-06 -0,0671 1840 | 0,009678 | 4,73E-06 0,1081
320 | 0,002405 | 4,73E-06 -0,0666 1841 | 0,009683 | 4,73E-06 0,1079
321 | 0,00241 | 4,73E-06 -0,0660 1842 | 0,009687 | 4,73E-06 0,1078
322 | 0,002415 | 4,73E-06 -0,0655 1843 | 0,009692 | 4,73E-06 0,1077
323 | 0,00242 | 4,73E-06 -0,0650 1844 | 0,009697 | 4,73E-06 0,1076
324 | 0,002424 | 4,73E-06 -0,0644 1845 | 0,009702 | 4,73E-06 0,1075
325 | 0,002429 | 4,73E-06 -0,0639 1846 | 0,009706 | 4,73E-06 0,1074
326 | 0,002434 | 4,73E-06 -0,0634 1847 | 0,009711 | 4,73E-06 0,1073
327 | 0,002438 | 4,73E-06 -0,0628 1848 | 0,009716 | 4,73E-06 0,1072
328 | 0,002443 | 4,73E-06 -0,0623 1849 | 0,009721 | 4,73E-06 0,1071
329 | 0,002448 | 4,73E-06 -0,0618 1850 | 0,009725 | 4,73E-06 0,1070
330 0,002453 4,73E-06 -0,0612 1851 0,00973 9,47E-06 0,1069
331 0,002457 4,73E-06 -0,0607 1852 0,00974 4,73E-06 0,1067
332 | 0,002462 | 4,73E-06 -0,0602 1853 | 0,009744 | 4,73E-06 0,1066
333 | 0,002467 | 4,73E-06 -0,0597 1854 | 0,009749 | 4,73E-06 0,1065
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334 | 0,002472 | 4,73E-06 -0,0592 1855 | 0,009754 | 4,73E-06 0,1064
335 | 0,002476 | 4,73E-06 -0,0587 1856 | 0,009759 | 4,73E-06 0,1062
336 | 0,002481 | 4,73E-06 -0,0582 1857 | 0,009763 | 4,73E-06 0,1061
337 | 0,002486 | 4,73E-06 -0,0577 1858 | 0,009768 | 4,73E-06 0,1060
338 | 0,002491 | 4,73E-06 -0,0572 1859 | 0,009773 | 4,73E-06 0,1059
339 | 0,002495 | 4,73E-06 -0,0567 1860 | 0,009777 | 4,73E-06 0,1058
340 | 0,0025 | 4,73E-06 -0,0562 1861 | 0,009782 | 4,73E-06 0,1057
341 | 0,002505 | 4,73E-06 -0,0558 1862 | 0,009787 | 4,73E-06 0,1056
342 | 0,002509 | 4,73E-06 -0,0553 1863 | 0,009792 | 4,73E-06 0,1055
343 | 0,002514 | 4,73E-06 -0,0548 1864 | 0,009796 | 4,73E-06 0,1053
344 | 0,002519 | 4,73E-06 -0,0544 1865 | 0,009801 | 4,73E-06 0,1052
345 | 0,002524 | 4,73E-06 -0,0540 1866 | 0,009806 | 4,73E-06 0,1051
346 | 0,002528 | 4,73E-06 -0,0535 1867 | 0,009811 | 4,73E-06 0,1050
347 | 0,002533 | 4,73E-06 -0,0531 1868 | 0,009815 | 4,73E-06 0,1049
348 0,002538 4. 73E-06 -0,0527 1869 0,00982 4,73E-06 0,1048
349 | 0,002543 | 4,73E-06 -0,0523 1870 | 0,009825 | 4,73E-06 0,1046
350 0,002547 4. 73E-06 -0,0519 1871 0,00983 4,73E-06 0,1045
351 | 0,002552 | 4,73E-06 -0,0515 1872 | 0,009834 | 4,73E-06 0,1044
352 | 0,002557 | 4,73E-06 -0,0512 1873 | 0,009839 | 4,73E-06 0,1043
353 | 0,002562 | 4,73E-06 -0,0508 1874 | 0,009844 | 4,73E-06 0,1042
354 | 0,002566 | 4,73E-06 -0,0505 1875 | 0,009848 | 4,73E-06 0,1041
355 | 0,002571 | 4,73E-06 -0,0501 1876 | 0,009853 | 4,73E-06 0,1039
356 | 0,002576 | 4,73E-06 -0,0498 1877 | 0,009858 | 4,73E-06 0,1038
357 | 0,00258 | 4,73E-06 -0,0495 1878 | 0,009863 | 4,73E-06 0,1037
358 | 0,002585 | 4,73E-06 -0,0492 1879 | 0,009867 | 4,73E-06 0,1036
359 | 0,00259 | 4,73E-06 -0,0489 1880 | 0,009872 | 4,73E-06 0,1034
360 | 0,002595 | 4,73E-06 -0,0486 1881 | 0,009877 | 4,73E-06 0,1033
361 | 0,002599 | 4,73E-06 -0,0483 1882 | 0,009882 | 4,73E-06 0,1032
362 | 0,002604 | 4,73E-06 -0,0480 1883 | 0,009886 | 4,73E-06 0,1031
363 | 0,002609 | 4,73E-06 -0,0478 1884 | 0,009891 | 4,73E-06 0,1030
364 | 0,002614 | 4,73E-06 -0,0475 1885 | 0,009896 | 4,73E-06 0,1028
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365 | 0,002618 | 4,73E-06 -0,0473 1886 | 0,009901 | 4,73E-06 0,1027
366 | 0,002623 | 4,73E-06 -0,0471 1887 | 0,009905 | 4,73E-06 0,1026
367 0,002628 4,73E-06 -0,0468 1888 0,00991 4,73E-06 0,1025
368 | 0,002633 | 4,73E-06 -0,0466 1889 | 0,009915 | 4,73E-06 0,1023
369 0,002637 4,73E-06 -0,0464 1890 0,00992 4,73E-06 0,1022
370 | 0,002642 | 4,73E-06 -0,0462 1891 | 0,009924 | 4,73E-06 0,1021
371 | 0,002647 | 4,73E-06 -0,0461 1892 | 0,009929 | 4,73E-06 0,1020
372 | 0,002652 | 4,73E-06 -0,0459 1893 | 0,009934 | 4,73E-06 0,1018
373 | 0,002656 | 4,73E-06 -0,0457 1894 | 0,009938 | 4,73E-06 0,1017
374 | 0,002661 | 4,73E-06 -0,0456 1895 | 0,009943 | 4,73E-06 0,1016
375 | 0,002666 | 4,73E-06 -0,0454 1896 | 0,009948 | 4,73E-06 0,1015
376 | 0,00267 | 4,73E-06 -0,0453 1897 | 0,009953 | 4,73E-06 0,1014
377 | 0,002675 | 4,73E-06 -0,0452 1898 | 0,009957 | 4,73E-06 0,1012
378 | 0,00268 | 4,73E-06 -0,0450 1899 | 0,009962 | 4,73E-06 0,1011
379 | 0,002685 | 4,73E-06 -0,0449 1900 | 0,009967 | 4,73E-06 0,1010
380 | 0,002689 | 4,73E-06 -0,0448 1901 | 0,009972 | 4,73E-06 0,1008
381 | 0,002694 | 4,73E-06 -0,0447 1902 | 0,009976 | 4,73E-06 0,1007
382 | 0,002699 | 4,73E-06 -0,0447 1903 | 0,009981 | 4,73E-06 0,1006
383 | 0,002704 | 4,73E-06 -0,0446 1904 | 0,009986 | 4,73E-06 0,1005
384 | 0,002708 | 4,73E-06 -0,0445 1905 | 0,009991 | 4,73E-06 0,1003
385 | 0,002713 | 4,73E-06 -0,0444 1906 | 0,009995 | 4,73E-06 0,1002
386 0,002718 4,73E-06 -0,0444 1907 0,01 4,73E-06 0,1001
387 | 0,002723 | 4,73E-06 -0,0443 1908 | 0,010005 | 4,73E-06 0,1000
388 | 0,002727 | 4,73E-06 -0,0443 1909 | 0,010009 | 4,73E-06 0,0998
389 | 0,002732 | 4,73E-06 -0,0442 1910 | 0,010014 | 4,73E-06 0,0997
390 | 0,002737 | 4,73E-06 -0,0442 1911 | 0,010019 | 4,73E-06 0,0996
391 | 0,002741 | 4,73E-06 -0,0442 1912 | 0,010024 | 4,73E-06 0,0995
392 | 0,002746 | 4,73E-06 -0,0441 1913 | 0,010028 | 4,73E-06 0,0993
393 | 0,002751 | 4,73E-06 -0,0441 1914 | 0,010033 | 4,73E-06 0,0992
394 | 0,002756 | 4,73E-06 -0,0441 1915 | 0,010038 | 4,73E-06 0,0991
395 | 0,00276 | 4,73E-06 -0,0441 1916 | 0,010043 | 4,73E-06 0,0990
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396 | 0,002765 | 4,73E-06 -0,0440 1917 | 0,010047 | 4,73E-06 0,0988
397 | 0,00277 | 4,73E-06 -0,0440 1918 | 0,010052 | 4,73E-06 0,0987
398 | 0,002775 | 4,73E-06 -0,0440 1919 | 0,010057 | 4,73E-06 0,0986
399 | 0,002779 | 4,73E-06 -0,0440 1920 | 0,010062 | 4,73E-06 0,0984
400 | 0,002784 | 4,73E-06 -0,0440 1921 | 0,010066 | 4,73E-06 0,0983
401 | 0,002789 | 4,73E-06 -0,0440 1922 | 0,010071 | 4,73E-06 0,0982
402 | 0,002794 | 4,73E-06 -0,0440 1923 | 0,010076 | 4,73E-06 0,0981
403 0,002798 4,73E-06 -0,0440 1924 0,01008 4,73E-06 0,0979
404 | 0,002803 | 4,73E-06 -0,0440 1925 | 0,010085 | 4,73E-06 0,0978
405 0,002808 4,73E-06 -0,0440 1926 0,01009 4,73E-06 0,0977
406 | 0,002813 | 4,73E-06 -0,0439 1927 | 0,010095 | 4,73E-06 0,0976
407 | 0,002817 | 4,73E-06 -0,0439 1928 | 0,010099 | 4,73E-06 0,0974
408 | 0,002822 | 4,73E-06 -0,0439 1929 | 0,010104 | 4,73E-06 0,0973
409 | 0,002827 | 4,73E-06 -0,0439 1930 | 0,010109 | 4,73E-06 0,0972
410 | 0,002831 | 4,73E-06 -0,0439 1931 | 0,010114 | 4,73E-06 0,0971
411 | 0,002836 | 4,73E-06 -0,0438 1932 | 0,010118 | 4,73E-06 0,0969
412 | 0,002841 | 4,73E-06 -0,0438 1933 | 0,010123 | 4,73E-06 0,0968
413 | 0,002846 | 4,73E-06 -0,0438 1934 | 0,010128 | 4,73E-06 0,0967
414 | 0,00285 | 4,73E-06 -0,0437 1935 | 0,010133 | 4,73E-06 0,0966
415 | 0,002855 | 4,73E-06 -0,0437 1936 | 0,010137 | 4,73E-06 0,0964
416 | 0,00286 | 4,73E-06 -0,0436 1937 | 0,010142 | 4,73E-06 0,0963
417 | 0,002865 | 4,73E-06 -0,0436 1938 | 0,010147 | 4,73E-06 0,0962
418 | 0,002869 | 4,73E-06 -0,0435 1939 | 0,010152 | 4,73E-06 0,0961
419 | 0,002874 | 4,73E-06 -0,0434 1940 | 0,010156 | 4,73E-06 0,0960
420 | 0,002879 | 4,73E-06 -0,0433 1941 | 0,010161 | 4,73E-06 0,0958
421 | 0,002884 | 4,73E-06 -0,0432 1942 | 0,010166 | 4,73E-06 0,0957
422 0,002888 4,73E-06 -0,0431 1943 0,01017 4,73E-06 0,0956
423 | 0,002893 | 4,73E-06 -0,0430 1944 | 0,010175 | 4,73E-06 0,0955
424 0,002898 4,73E-06 -0,0429 1945 0,01018 4,73E-06 0,0954
425 | 0,002902 | 4,73E-06 -0,0428 1946 | 0,010185 | 4,73E-06 0,0952
426 | 0,002907 | 4,73E-06 -0,0426 1947 | 0,010189 | 4,73E-06 0,0951
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427 | 0,002912 | 4,73E-06 -0,0425 1948 | 0,010194 | 4,73E-06 0,0950
428 | 0,002917 | 4,73E-06 -0,0423 1949 | 0,010199 | 4,73E-06 0,0949
429 | 0,002921 | 4,73E-06 -0,0422 1950 | 0,010204 | 4,73E-06 0,0948
430 | 0,002926 | 4,73E-06 -0,0420 1951 | 0,010208 | 4,73E-06 0,0947
431 | 0,002931 | 4,73E-06 -0,0418 1952 | 0,010213 | 4,73E-06 0,0946
432 | 0,002936 | 4,73E-06 -0,0416 1953 | 0,010218 | 4,73E-06 0,0945
433 | 0,00294 | 4,73E-06 -0,0414 1954 | 0,010223 | 4,73E-06 0,0943
434 | 0,002945 | 4,73E-06 -0,0411 1955 | 0,010227 | 4,73E-06 0,0942
435 | 0,00295 | 4,73E-06 -0,0409 1956 | 0,010232 | 4,73E-06 0,0941
436 | 0,002955 | 4,73E-06 -0,0407 1957 | 0,010237 | 4,73E-06 0,0940
437 | 0,002959 | 4,73E-06 -0,0404 1958 | 0,010241 | 4,73E-06 0,0939
438 | 0,002964 | 4,73E-06 -0,0402 1959 | 0,010246 | 4,73E-06 0,0938
439 | 0,002969 | 4,73E-06 -0,0399 1960 | 0,010251 | 4,73E-06 0,0937
440 | 0,002973 | 4,73E-06 -0,0396 1961 | 0,010256 | 4,73E-06 0,0936
441 0,002978 4. 73E-06 -0,0393 1962 0,01026 4,73E-06 0,0935
442 | 0,002983 | 4,73E-06 -0,0390 1963 | 0,010265 | 4,73E-06 0,0934
443 0,002988 4. 73E-06 -0,0387 1964 0,01027 4,73E-06 0,0933
444 | 0,002992 | 4,73E-06 -0,0383 1965 | 0,010275 | 4,73E-06 0,0932
445 | 0,002997 | 4,73E-06 -0,0380 1966 | 0,010279 | 4,73E-06 0,0931
446 | 0,003002 | 4,73E-06 -0,0377 1967 | 0,010284 | 4,73E-06 0,0930
447 | 0,003007 | 4,73E-06 -0,0373 1968 | 0,010289 | 4,73E-06 0,0929
448 | 0,003011 | 4,73E-06 -0,0369 1969 | 0,010294 | 4,73E-06 0,0928
449 | 0,003016 | 4,73E-06 -0,0366 1970 | 0,010298 | 4,73E-06 0,0927
450 | 0,003021 | 4,73E-06 -0,0362 1971 | 0,010303 | 4,73E-06 0,0926
451 | 0,003026 | 4,73E-06 -0,0358 1972 | 0,010308 | 4,73E-06 0,0925
452 | 0,00303 | 4,73E-06 -0,0354 1973 | 0,010312 | 4,73E-06 0,0923
453 | 0,003035 | 4,73E-06 -0,0350 1974 | 0,010317 | 4,73E-06 0,0922
454 | 0,00304 | 4,73E-06 -0,0345 1975 | 0,010322 | 4,73E-06 0,0921
455 | 0,003045 | 4,73E-06 -0,0341 1976 | 0,010327 | 4,73E-06 0,0921
456 | 0,003049 | 4,73E-06 -0,0337 1977 | 0,010331 | 4,73E-06 0,0920
457 | 0,003054 | 4,73E-06 -0,0332 1978 | 0,010336 | 4,73E-06 0,0919
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458 | 0,003059 | 4,73E-06 -0,0328 1979 | 0,010341 | 4,73E-06 0,0918
459 | 0,003063 | 4,73E-06 -0,0323 1980 | 0,010346 | 4,73E-06 0,0917
460 0,003068 4,73E-06 -0,0318 1981 0,01035 4,73E-06 0,0916
461 | 0,003073 | 4,73E-06 -0,0313 1982 | 0,010355 | 4,73E-06 0,0915
462 0,003078 4,73E-06 -0,0309 1983 0,01036 4,73E-06 0,0914
463 | 0,003082 | 4,73E-06 -0,0304 1984 | 0,010365 | 4,73E-06 0,0913
464 | 0,003087 | 4,73E-06 -0,0299 1985 | 0,010369 | 4,73E-06 0,0912
465 | 0,003092 | 4,73E-06 -0,0294 1986 | 0,010374 | 4,73E-06 0,0911
466 | 0,003097 | 4,73E-06 -0,0288 1987 | 0,010379 | 4,73E-06 0,0910
467 | 0,003101 | 4,73E-06 -0,0283 1988 | 0,010384 | 4,73E-06 0,0909
468 | 0,003106 | 4,73E-06 -0,0278 1989 | 0,010388 | 4,73E-06 0,0908
469 | 0,003111 | 4,73E-06 -0,0273 1990 | 0,010393 | 4,73E-06 0,0907
470 | 0,003116 | 4,73E-06 -0,0267 1991 | 0,010398 | 4,73E-06 0,0906
471 | 0,00312 | 4,73E-06 -0,0262 1992 | 0,010402 | 4,73E-06 0,0905
472 | 0,003125 | 4,73E-06 -0,0256 1993 | 0,010407 | 4,73E-06 0,0904
473 | 0,00313 | 4,73E-06 -0,0251 1994 | 0,010412 | 4,73E-06 0,0903
474 | 0,003134 | 4,73E-06 -0,0245 1995 | 0,010417 | 4,73E-06 0,0902
475 | 0,003139 | 4,73E-06 -0,0239 1996 | 0,010421 | 4,73E-06 0,0901
476 | 0,003144 | 4,73E-06 -0,0234 1997 | 0,010426 | 4,73E-06 0,0900
477 | 0,003149 | 4,73E-06 -0,0228 1998 | 0,010431 | 4,73E-06 0,0899
478 | 0,003153 | 4,73E-06 -0,0222 1999 | 0,010436 | 4,73E-06 0,0898
479 0,003158 4,73E-06 -0,0216 2000 | 0,01044 | 4,73E-06 0,0897
480 | 0,003163 | 4,73E-06 -0,0210 2001 | 0,010445 | 4,73E-06 0,0896
481 0,003168 4,73E-06 -0,0204 2002 | 0,01045 | 4,73E-06 0,0895
482 | 0,003172 | 4,73E-06 -0,0198 2003 | 0,010455 | 4,73E-06 0,0894
483 | 0,003177 | 4,73E-06 -0,0192 2004 | 0,010459 | 4,73E-06 0,0893
484 | 0,003182 | 4,73E-06 -0,0186 2005 | 0,010464 | 4,73E-06 0,0892
485 | 0,003187 | 4,73E-06 -0,0180 2006 | 0,010469 | 4,73E-06 0,0891
486 | 0,003191 | 4,73E-06 -0,0174 2007 | 0,010473 | 4,73E-06 0,0890
487 | 0,003196 | 4,73E-06 -0,0168 2008 | 0,010478 | 4,73E-06 0,0889
488 | 0,003201 | 4,73E-06 -0,0162 2009 | 0,010483 | 4,73E-06 0,0888
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489 | 0,003205 | 4,73E-06 -0,0156 2010 | 0,010488 | 4,73E-06 0,0887
490 | 0,00321 | 4,73E-06 -0,0150 2011 | 0,010492 | 4,73E-06 0,0886
491 | 0,003215 | 4,73E-06 -0,0143 2012 | 0,010497 | 4,73E-06 0,0885
492 | 000322 | 4,73E-06 -0,0137 2013 | 0,010502 | 4,73E-06 0,0884
493 | 0,003224 | 4,73E-06 -0,0131 2014 | 0,010507 | 4,73E-06 0,0883
494 | 0,003229 | 4,73E-06 -0,0125 2015 | 0,010511 | 4,73E-06 0,0882
495 | 0,003234 | 4,73E-06 -0,0118 2016 | 0,010516 | 4,73E-06 0,0881
496 | 0,003239 | 4,73E-06 -0,0112 2017 | 0,010521 | 4,73E-06 0,0880
497 | 0,003243 | 4,73E-06 -0,0106 2018 | 0,010526 | 4,73E-06 0,0879
498 | 0,003248 | 4,73E-06 -0,0099 2019 | 0,01053 | 4,73E-06 0,0878
499 | 0,003253 | 4,73E-06 -0,0093 2020 | 0,010535 | 4,73E-06 0,0877
500 | 0,003258 | 4,73E-06 -0,0087 2021 | 0,01054 | 4,73E-06 0,0876
501 | 0,003262 | 4,73E-06 -0,0080 2022 | 0,010545 | 4,73E-06 0,0875
502 | 0,003267 | 4,73E-06 -0,0074 2023 | 0,010549 | 4,73E-06 0,0874
503 | 0,003272 | 4,73E-06 -0,0068 2024 | 0,010554 | 4,73E-06 0,0873
504 | 0,003277 | 4,73E-06 -0,0061 2025 | 0,010559 | 4,73E-06 0,0872
505 | 0,003281 | 4,73E-06 -0,0055 2026 | 0,010563 | 4,73E-06 0,0871
506 | 0,003286 | 4,73E-06 -0,0048 2027 | 0,010568 | 4,73E-06 0,0870
507 | 0,003291 | 4,73E-06 -0,0042 2028 | 0,010573 | 4,73E-06 0,0869
508 | 0,003295 | 4,73E-06 -0,0035 2029 | 0,010578 | 4,73E-06 0,0868
509 | 10,0033 | 4,73E-06 -0,0029 2030 | 0,010582 | 4,73E-06 0,0866
510 | 0,003305 | 4,73E-06 -0,0022 2031 | 0,010587 | 4,73E-06 0,0865
511 | 0,00331 | 4,73E-06 -0,0016 2032 | 0,010592 | 4,73E-06 0,0864
512 | 0,003314 | 4,73E-06 -0,0009 2033 | 0,010597 | 4,73E-06 0,0863
513 | 0,003319 | 4,73E-06 -0,0003 2034 | 0,010601 | 9,47E-06 0,0862
514 | 0,003324 | 4,73E-06 0,0004 2035 | 0,010611 | 4,73E-06 0,0860
515 | 0,008329 | 4,73E-06 0,0010 2036 | 0,010616 | 4,73E-06 0,0859
516 0,003333 4,73E-06 0,0017 2037 0,01062 4,73E-06 0,0858
517 | 0,003338 | 4,73E-06 0,0023 2038 | 0,010625 | 4,73E-06 0,0857
518 0,003343 4,73E-06 0,0029 2039 0,01063 4,73E-06 0,0855
519 | 0,003348 | 4,73E-06 0,0035 2040 | 0,010634 | 4,73E-06 0,0854
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520 | 0,003352 | 4,73E-06 0,0042 2041 | 0,010639 | 4,73E-06 0,0853
521 | 0,008357 | 4,73E-06 0,0048 2042 | 0,010644 | 4,73E-06 0,0852
522 | 0,003362 | 4,73E-06 0,0054 2043 | 0,010649 | 4,73E-06 0,0851
523 | 0,003366 | 4,73E-06 0,0060 2044 | 0,010653 | 4,73E-06 0,0850
524 | 0,003371 | 4,73E-06 0,0066 2045 | 0,010658 | 4,73E-06 0,0849
525 | 0,003376 | 4,73E-06 0,0073 2046 | 0,010663 | 4,73E-06 0,0848
526 | 0,003381 | 4,73E-06 0,0079 2047 | 0,010668 | 4,73E-06 0,0846
527 | 0,003385 | 4,73E-06 0,0085 2048 | 0,010672 | 4,73E-06 0,0845
528 | 0,00339 | 4,73E-06 0,0091 2049 | 0,010677 | 4,73E-06 0,0844
529 | 0,003395 | 9,47E-06 0,0098 2050 | 0,010682 | 4,73E-06 0,0843
530 | 0,003404 | 4,73E-06 0,0110 2051 | 0,010687 | 4,73E-06 0,0842
531 | 0,003409 | 4,73E-06 0,0116 2052 | 0,010691 | 4,73E-06 0,0841
532 | 0,003414 | 4,73E-06 0,0122 2053 | 0,010696 | 4,73E-06 0,0839
533 | 0,003419 | 9,47E-06 0,0129 2054 | 0,010701 | 4,73E-06 0,0838
534 | 0,003428 | 4,73E-06 0,0135 2055 | 0,010705 | 4,73E-06 0,0837
535 0,003433 4. 73E-06 0,0141 2056 0,01071 4,73E-06 0,0836
536 | 0,003438 | 4,73E-06 0,0147 2057 | 0,010715 | 4,73E-06 0,0835
537 0,003442 4. 73E-06 0,0153 2058 0,01072 4,73E-06 0,0834
538 | 0,003447 | 4,73E-06 0,0159 2059 | 0,010724 | 4,73E-06 0,0832
539 | 0,003452 | 4,73E-06 0,0166 2060 | 0,010729 | 4,73E-06 0,0831
540 | 0,003456 | 4,73E-06 0,0172 2061 | 0,010734 | 4,73E-06 0,0830
541 | 0,003461 | 4,73E-06 0,0178 2062 | 0,010739 | 4,73E-06 0,0829
542 | 0,003466 | 4,73E-06 0,0184 2063 | 0,010743 | 4,73E-06 0,0828
543 | 0,003471 | 4,73E-06 0,0190 2064 | 0,010748 | 4,73E-06 0,0826
544 | 0,003475 | 4,73E-06 0,0196 2065 | 0,010753 | 4,73E-06 0,0825
545 | 0,00348 | 4,73E-06 0,0202 2066 | 0,010758 | 4,73E-06 0,0824
546 | 0,003485 | 4,73E-06 0,0209 2067 | 0,010762 | 4,73E-06 0,0823
547 | 0,00349 | 4,73E-06 0,0215 2068 | 0,010767 | 4,73E-06 0,0822
548 | 0,003494 | 4,73E-06 0,0221 2069 | 0,010772 | 4,73E-06 0,0820
549 | 0,003499 | 4,73E-06 0,0227 2070 | 0,010777 | 4,73E-06 0,0819
550 | 0,003504 | 4,73E-06 0,0233 2071 | 0,010781 | 4,73E-06 0,0818
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551 | 0,003509 | 4,73E-06 0,0239 2072 | 0,010786 | 4,73E-06 0,0817
552 | 0,003513 | 4,73E-06 0,0245 2073 | 0,010791 | 4,73E-06 0,0815
553 | 0,003518 | 4,73E-06 0,0252 2074 | 0,010795 | 4,73E-06 0,0814
554 | 0,003523 | 4,73E-06 0,0258 2075 | 0,108 | 4,73E-06 0,0813
555 | 0,003527 | 4,73E-06 0,0264 2076 | 0,010805 | 4,73E-06 0,0812
556 0,003532 4,73E-06 0,0270 2077 0,01081 4,73E-06 0,0810
557 | 0,003537 | 4,73E-06 0,0276 2078 | 0,010814 | 4,73E-06 0,0809
558 | 0,003542 | 4,73E-06 0,0282 2079 | 0,010819 | 4,73E-06 0,0808
559 | 0,003546 | 4,73E-06 0,0288 2080 | 0,010824 | 4,73E-06 0,0806
560 | 0,003551 | 4,73E-06 0,0295 2081 | 0,010829 | 4,73E-06 0,0805
561 | 0,003556 | 4,73E-06 0,0301 2082 | 0,010833 | 4,73E-06 0,0804
562 | 0,003561 | 4,73E-06 0,0307 2083 | 0,010838 | 4,73E-06 0,0802
563 | 0,003565 | 4,73E-06 0,0313 2084 | 0,010843 | 4,73E-06 0,0801
564 | 0,00357 | 4,73E-06 0,0320 2085 | 0,010848 | 4,73E-06 0,0800
565 | 0,003575 | 4,73E-06 0,0326 2086 | 0,010852 | 4,73E-06 0,0798
566 | 0,00358 | 4,73E-06 0,0332 2087 | 0,010857 | 4,73E-06 0,0797
567 | 0,003584 | 4,73E-06 0,0338 2088 | 0,010862 | 4,73E-06 0,0796
568 | 0,003589 | 4,73E-06 0,0345 2089 | 0,010866 | 4,73E-06 0,0794
569 | 0,003594 | 4,73E-06 0,0351 2090 | 0,010871 | 4,73E-06 0,0793
570 | 0,003598 | 4,73E-06 0,0357 2091 | 0,010876 | 4,73E-06 0,0791
571 | 0,003603 | 4,73E-06 0,0364 2092 | 0,010881 | 4,73E-06 0,0790
572 | 0,003608 | 4,73E-06 0,0370 2093 | 0,010885 | 4,73E-06 0,0789
573 0,003613 4,73E-06 0,0377 2094 | 0,01089 | 4,73E-06 0,0787
574 | 0,003617 | 4,73E-06 0,0383 2095 | 0,010895 | 4,73E-06 0,0786
575 | 0,003622 | 4,73E-06 0,0390 2096 | 00109 | 4,73E-06 0,0784
576 | 0,003627 | 4,73E-06 0,0396 2097 | 0,010904 | 4,73E-06 0,0783
577 | 0,003632 | 4,73E-06 0,0403 2098 | 0,010909 | 4,73E-06 0,0781
578 | 0,003636 | 4,73E-06 0,0409 2099 | 0,010914 | 4,73E-06 0,0780
579 | 0,003641 | 4,73E-06 0,0416 2100 | 0,010919 | 4,73E-06 0,0778
580 | 0,003646 | 4,73E-06 0,0422 2101 | 0,010923 | 4,73E-06 0,0777
581 | 0,003651 | 4,73E-06 0,0429 2102 | 0,010928 | 4,73E-06 0,0775

274




582 | 0,003655 | 4,73E-06 0,0436 2103 | 0,010933 | 4,73E-06 0,0774
583 | 0,00366 | 4,73E-06 0,0443 2104 | 0,010937 | 4,73E-06 0,0773
584 | 0,003665 | 4,73E-06 0,0449 2105 | 0,010942 | 4,73E-06 0,0771
585 | 0,00367 | 4,73E-06 0,0456 2106 | 0,010947 | 4,73E-06 0,0770
586 | 0,003674 | 4,73E-06 0,0463 2107 | 0,010952 | 4,73E-06 0,0768
587 | 0,003679 | 4,73E-06 0,0470 2108 | 0,010956 | 4,73E-06 0,0766
588 | 0,003684 | 4,73E-06 0,0477 2109 | 0,010961 | 4,73E-06 0,0765
589 | 0,003688 | 4,73E-06 0,0484 2110 | 0,010966 | 4,73E-06 0,0763
590 | 0,003693 | 4,73E-06 0,0491 2111 | 0,010971 | 4,73E-06 0,0762
591 | 0,003698 | 9,47E-06 0,0498 2112 | 0,010975 | 4,73E-06 0,0760
592 | 0,003707 | 4,73E-06 0,0512 2113 | 001098 | 4,73E-06 0,0759
593 | 0,003712 | 4,73E-06 0,0519 2114 | 0,010985 | 4,73E-06 0,0757
594 0,003717 4. 73E-06 0,0527 2115 0,01099 4,73E-06 0,0756
595 | 0,003722 | 4,73E-06 0,0534 2116 | 0,010994 | 4,73E-06 0,0754
596 | 0,003726 | 4,73E-06 0,0541 2117 | 0,010999 | 4,73E-06 0,0753
597 | 0,003731 | 4,73E-06 0,0549 2118 | 0,011004 | 1,42E-05 0,0751
598 | 0,003736 | 4,73E-06 0,0556 2119 | 0,011018 | 4,73E-06 0,0747
599 | 0,003741 | 4,73E-06 0,0563 2120 | 0,011023 | 4,73E-06 0,0745
600 | 0,003745 | 4,73E-06 0,0571 2121 | 0,011027 | 4,73E-06 0,0744
601 | 000375 | 4,73E-06 0,0578 2122 | 0,011032 | 4,73E-06 0,0742
602 | 0,003755 | 4,73E-06 0,0586 2123 | 0,011037 | 4,73E-06 0,0741
603 | 0,003759 | 4,73E-06 0,0593 2124 | 0,011042 | 4,73E-06 0,0739
604 | 0,003764 | 4,73E-06 0,0601 2125 | 0,011046 | 4,73E-06 0,0738
605 | 0,003769 | 4,73E-06 0,0608 2126 | 0,011051 | 4,73E-06 0,0736
606 | 0,003774 | 4,73E-06 0,0616 2127 | 0,011056 | 4,73E-06 0,0735
607 | 0,003778 | 4,73E-06 0,0624 2128 | 0,011061 | 4,73E-06 0,0733
608 | 0,003783 | 4,73E-06 0,0631 2129 | 0,011065 | 4,73E-06 0,0732
609 | 0,003788 | 4,73E-06 0,0639 2130 | 0,01107 | 4,73E-06 0,0730
610 | 0,003793 | 4,73E-06 0,0647 2131 | 0,011075 | 4,73E-06 0,0729
611 | 0,003797 | 4,73E-06 0,0654 2132 | 0,01108 | 4,73E-06 0,0727
612 | 0,003802 | 4,73E-06 0,0662 2133 | 0,011084 | 4,73E-06 0,0726
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613 | 0,003807 | 4,73E-06 0,0670 2134 | 0,011089 | 4,73E-06 0,0724
614 | 0,003812 | 9,47E-06 0,0678 2135 | 0,011094 | 4,73E-06 0,0723
615 | 0,003821 | 4,73E-06 0,0693 2136 | 0,011098 | 4,73E-06 0,0721
616 | 0,003826 | 9,47E-06 0,0701 2137 | 0,011103 | 4,73E-06 0,0720
617 | 0,003835 | 4,73E-06 0,0717 2138 | 0,011108 | 4,73E-06 0,0718
618 | 0,00384 | 4,73E-06 0,0724 2139 | 0,011113 | 4,73E-06 0,0717
619 | 0,003845 | 4,73E-06 0,0732 2140 | 0,011117 | 4,73E-06 0,0715
620 | 0,003849 | 4,73E-06 0,0740 2141 | 0,011122 | 4,73E-06 0,0714
621 | 0,003854 | 4,73E-06 0,0748 2142 | 0,011127 | 4,73E-06 0,0712
622 | 0,003859 | 4,73E-06 0,0756 2143 | 0,011132 | 4,73E-06 0,0711
623 | 0,003864 | 4,73E-06 0,0764 2144 | 0,011136 | 4,73E-06 0,0709
624 | 0,003868 | 4,73E-06 0,0771 2145 | 0,011141 | 4,73E-06 0,0708
625 | 0,003873 | 4,73E-06 0,0779 2146 | 0,011146 | 4,73E-06 0,0706
626 | 0,003878 | 4,73E-06 0,0787 2147 | 0,011151 | 4,73E-06 0,0705
627 | 0,003883 | 4,73E-06 0,0795 2148 | 0,011155 | 4,73E-06 0,0703
628 | 0,003887 | 4,73E-06 0,0802 2149 | 0,01116 | 4,73E-06 0,0702
629 | 0,003892 | 4,73E-06 0,0810 2150 | 0,011165 | 4,73E-06 0,0701
630 0,003897 4. 73E-06 0,0818 2151 0,01117 4,73E-06 0,0699
631 | 0,003902 | 4,73E-06 0,0826 2152 | 0,011174 | 4,73E-06 0,0698
632 | 0,003906 | 4,73E-06 0,0833 2153 | 0,011179 | 4,73E-06 0,0696
633 | 0,003911 | 4,73E-06 0,0841 2154 | 0,011184 | 4,73E-06 0,0695
634 | 0,003916 | 4,73E-06 0,0849 2155 | 0,011188 | 4,73E-06 0,0693
635 | 000392 | 4,73E-06 0,0856 2156 | 0,011193 | 4,73E-06 0,0692
636 | 0,003925 | 4,73E-06 0,0864 2157 | 0,011198 | 4,73E-06 0,0690
637 | 000393 | 4,73E-06 0,0871 2158 | 0,011203 | 4,73E-06 0,0689
638 | 0,003935 | 4,73E-06 0,0879 2159 | 0,011207 | 4,73E-06 0,0688
639 | 0,003939 | 4,73E-06 0,0886 2160 | 0,011212 | 4,73E-06 0,0686
640 | 0,003944 | 4,73E-06 0,0894 2161 | 0,011217 | 4,73E-06 0,0685
641 | 0,003949 | 4,73E-06 0,0901 2162 | 0,011222 | 4,73E-06 0,0683
642 | 0,003954 | 4,73E-06 0,0909 2163 | 0,011226 | 4,73E-06 0,0682
643 | 0,003958 | 4,73E-06 0,0916 2164 | 0,011231 | 4,73E-06 0,0680
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644 | 0,003963 | 4,73E-06 0,0923 2165 | 0,011236 | 4,73E-06 0,0679
645 | 0,003968 | 4,73E-06 0,0930 2166 | 0,011241 | 4,73E-06 0,0678
646 | 0,003973 | 4,73E-06 0,0937 2167 | 0,011245 | 4,73E-06 0,0676
647 | 0,003977 | 4,73E-06 0,0944 2168 | 0,01125 | 4,73E-06 0,0675
648 | 0,003982 | 4,73E-06 0,0951 2169 | 0,011255 | 4,73E-06 0,0673
649 | 0,003987 | 4,73E-06 0,0958 2170 | 0,011259 | 4,73E-06 0,0672
650 | 0,003991 | 4,73E-06 0,0965 2171 | 0,011264 | 4,73E-06 0,0671
651 | 0,003996 | 4,73E-06 0,0972 2172 | 0,011269 | 4,73E-06 0,0669
652 | 0,004001 | 4,73E-06 0,0979 2173 | 0,011274 | 4,73E-06 0,0668
653 | 0,004006 | 4,73E-06 0,0986 2174 | 0,011278 | 4,73E-06 0,0666
654 | 0,00401 | 4,73E-06 0,0992 2175 | 0,011283 | 4,73E-06 0,0665
655 | 0,004015 | 4,73E-06 0,0999 2176 | 0,011288 | 4,73E-06 0,0664
656 | 0,00402 | 4,73E-06 0,1005 2177 | 0,011293 | 4,73E-06 0,0662
657 | 0,004025 | 4,73E-06 0,1012 2178 | 0,011297 | 4,73E-06 0,0661
658 | 0,004029 | 4,73E-06 0,1018 2179 | 0,011302 | 9,47E-06 0,0660
659 | 0,004034 | 4,73E-06 0,1024 2180 | 0,011312 | 4,73E-06 0,0657
660 | 0,004039 | 4,73E-06 0,1030 2181 | 0,011316 | 4,73E-06 0,0655
661 | 0,004044 | 4,73E-06 0,1036 2182 | 0,011321 | 4,73E-06 0,0654
662 | 0,004048 | 4,73E-06 0,1042 2183 | 0,011326 | 4,73E-06 0,0653
663 0,004053 4,73E-06 0,1048 2184 | 0,01133 | 4,73E-06 0,0651
664 | 0,004058 | 4,73E-06 0,1054 2185 | 0,011335 | 4,73E-06 0,0650
665 0,004063 4,73E-06 0,1060 2186 | 0,01134 | 4,73E-06 0,0649
666 | 0,004067 | 4,73E-06 0,1065 2187 | 0,011345 | 4,73E-06 0,0647
667 | 0,004072 | 4,73E-06 0,1071 2188 | 0,011349 | 4,73E-06 0,0646
668 | 0,004077 | 4,73E-06 0,1076 2189 | 0,011354 | 4,73E-06 0,0645
669 | 0,004081 | 4,73E-06 0,1081 2190 | 0,011359 | 4,73E-06 0,0643
670 | 0,004086 | 4,73E-06 0,1087 2191 | 0,011364 | 4,73E-06 0,0642
671 | 0,004091 | 4,73E-06 0,1092 2192 | 0,011368 | 4,73E-06 0,0641
672 | 0,004096 | 4,73E-06 0,1097 2193 | 0,011373 | 4,73E-06 0,0639
673 | 00041 | 4,73E-06 0,1101 2194 | 0,011378 | 4,73E-06 0,0638
674 | 0,004105 | 4,73E-06 0,1106 2195 | 0,011383 | 4,73E-06 0,0637
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675 | 0,00411 | 4,73E-06 0,1111 2196 | 0,011387 | 4,73E-06 0,0636
676 | 0,004115 | 4,73E-06 0,1115 2197 | 0,011392 | 4,73E-06 0,0634
677 | 0,004119 | 4,73E-06 0,1119 2198 | 0,011397 | 4,73E-06 0,0633
678 | 0,004124 | 4,73E-06 0,1124 2199 | 0,011402 | 4,73E-06 0,0632
679 | 0,004129 | 4,73E-06 0,1128 2200 | 0,011406 | 4,73E-06 0,0630
680 | 0,004134 | 4,73E-06 0,1132 2201 | 0,011411 | 4,73E-06 0,0629
681 | 0,004138 | 4,73E-06 0,1135 2202 | 0,011416 | 4,73E-06 0,0628
682 0,004143 4,73E-06 0,1139 2203 0,01142 4,73E-06 0,0627
683 | 0,004148 | 4,73E-06 0,1143 2204 | 0,011425 | 4,73E-06 0,0625
684 0,004152 4,73E-06 0,1146 2205 0,01143 4,73E-06 0,0624
685 | 0,004157 | 4,73E-06 0,1149 2206 | 0,011435 | 4,73E-06 0,0623
686 | 0,004162 | 4,73E-06 0,1152 2207 | 0,011439 | 4,73E-06 0,0621
687 | 0,004167 | 4,73E-06 0,1155 2208 | 0,011444 | 4,73E-06 0,0620
688 | 0,004171 | 4,73E-06 0,1158 2209 | 0,011449 | 4,73E-06 0,0619
689 | 0,004176 | 4,73E-06 0,1161 2210 | 0,011454 | 4,73E-06 0,0618
690 | 0,004181 | 4,73E-06 0,1163 2211 | 0,011458 | 4,73E-06 0,0616
691 | 0,004186 | 4,73E-06 0,1166 2212 | 0,011463 | 4,73E-06 0,0615
692 | 0,00419 | 4,73E-06 0,1168 2213 | 0,011468 | 4,73E-06 0,0614
693 | 0,004195 | 4,73E-06 0,1170 2214 | 0,011473 | 4,73E-06 0,0613
694 | 0,0042 | 4,73E-06 0,1172 2215 | 0,011477 | 4,73E-06 0,0611
695 | 0,004205 | 4,73E-06 0,1174 2216 | 0,011482 | 4,73E-06 0,0610
696 | 0,004209 | 4,73E-06 0,1175 2217 | 0,011487 | 4,73E-06 0,0609
697 | 0,004214 | 4,73E-06 0,1177 2218 | 0,011491 | 4,73E-06 0,0608
698 | 0,004219 | 4,73E-06 0,1178 2219 | 0,011496 | 4,73E-06 0,0606
699 | 0,004223 | 4,73E-06 0,1179 2220 | 0,011501 | 4,73E-06 0,0605
700 | 0,004228 | 9,47E-06 0,1180 2221 | 0,011506 | 4,73E-06 0,0604
701 0,004238 4,73E-06 0,1182 2222 0,01151 4,73E-06 0,0603
702 | 0,004242 | 4,73E-06 0,1182 2223 | 0,011515 | 4,73E-06 0,0601
703 0,004247 4,73E-06 0,1183 2224 0,01152 4,73E-06 0,0600
704 | 0,004252 | 4,73E-06 0,1183 2225 | 0,011525 | 4,73E-06 0,0599
705 | 0,004257 | 9,47E-06 0,1183 2226 | 0,011529 | 4,73E-06 0,0598
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706 | 0,004266 | 4,73E-06 0,1183 2227 | 0,011534 | 4,73E-06 0,0596
707 | 0,004271 | 4,73E-06 0,1183 2228 | 0,011539 | 4,73E-06 0,0595
708 | 0,004276 | 4,73E-06 0,1182 2229 | 0,011544 | 4,73E-06 0,0594
709 | 0,00428 | 4,73E-06 0,1182 2230 | 0,011548 | 4,73E-06 0,0593
710 | 0,004285 | 4,73E-06 0,1181 2231 | 0,011553 | 4,73E-06 0,0591
711 | 0,00429 | 4,73E-06 0,1180 2232 | 0,011558 | 4,73E-06 0,0590
712 | 0,004295 | 4,73E-06 0,1179 2233 | 0,011562 | 4,73E-06 0,0589
713 | 0,004299 | 4,73E-06 0,1178 2234 | 0,011567 | 4,73E-06 0,0588
714 | 0,004304 | 4,73E-06 0,1176 2235 | 0,011572 | 4,73E-06 0,0586
715 | 0,004309 | 4,73E-06 0,1175 2236 | 0,011577 | 4,73E-06 0,0585
716 | 0,004313 | 4,73E-06 0,1173 2237 | 0,011581 | 4,73E-06 0,0584
717 | 0,004318 | 4,73E-06 0,1172 2238 | 0,011586 | 4,73E-06 0,0582
718 | 0,004323 | 4,73E-06 0,1170 2239 | 0,011591 | 4,73E-06 0,0581
719 | 0,004328 | 4,73E-06 0,1168 2240 | 0,011596 | 4,73E-06 0,0580
720 0,004332 4. 73E-06 0,1166 2241 0,0116 4,73E-06 0,0579
721 | 0,004337 | 4,73E-06 0,1164 2242 | 0,011605 | 4,73E-06 0,0577
7122 0,004342 4. 73E-06 0,1161 2243 0,01161 4,73E-06 0,0576
723 | 0,004347 | 4,73E-06 0,1159 2244 | 0,011615 | 4,73E-06 0,0575
724 | 0,004351 | 4,73E-06 0,1156 2245 | 0,011619 | 4,73E-06 0,0574
725 | 0,004356 | 4,73E-06 0,1154 2246 | 0,011624 | 4,73E-06 0,0572
726 | 0,004361 | 4,73E-06 0,1151 2247 | 0,011629 | 4,73E-06 0,0571
727 | 0,004366 | 4,73E-06 0,1148 2248 | 0,011634 | 4,73E-06 0,0570
728 | 0,00437 | 4,73E-06 0,1145 2249 | 0,011638 | 4,73E-06 0,0569
729 | 0,004375 | 4,73E-06 0,1142 2250 | 0,011643 | 4,73E-06 0,0567
730 | 0,00438 | 4,73E-06 0,1139 2251 | 0,011648 | 4,73E-06 0,0566
731 | 0,004384 | 4,73E-06 0,1136 2252 | 0,011652 | 4,73E-06 0,0565
732 | 0,004389 | 4,73E-06 0,1133 2253 | 0,011657 | 4,73E-06 0,0564
733 | 0,004394 | 4,73E-06 0,1129 2254 | 0,011662 | 4,73E-06 0,0562
734 | 0,004399 | 4,73E-06 0,1126 2255 | 0,011667 | 4,73E-06 0,0561
735 | 0,004403 | 4,73E-06 0,1122 2256 | 0,011671 | 4,73E-06 0,0560
736 | 0,004408 | 4,73E-06 0,1119 2257 | 0,011676 | 4,73E-06 0,0559
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737 | 0,004413 | 4,73E-06 0,1115 2258 | 0,011681 | 4,73E-06 0,0557
738 | 0,004418 | 4,73E-06 0,1111 2259 | 0,011686 | 4,73E-06 0,0556
739 0,004422 4,73E-06 0,1107 2260 0,01169 4,73E-06 0,0555
740 | 0,004427 | 4,73E-06 0,1104 2261 | 0,011695 | 4,73E-06 0,0554
741 0,004432 4,73E-06 0,1100 2262 0,0117 4,73E-06 0,0553
742 | 0,004437 | 4,73E-06 0,1096 2263 | 0,011705 | 4,73E-06 0,0551
743 | 0,004441 | 4,73E-06 0,1092 2264 | 0,011709 | 4,73E-06 0,0550
744 | 0,004446 | 4,73E-06 0,1088 2265 | 0,011714 | 4,73E-06 0,0549
745 | 0,004451 | 4,73E-06 0,1084 2266 | 0,011719 | 4,73E-06 0,0548
746 | 0,004455 | 4,73E-06 0,1079 2267 | 0,011723 | 4,73E-06 0,0546
747 | 0,00446 | 4,73E-06 0,1075 2268 | 0,011728 | 4,73E-06 0,0545
748 | 0,004465 | 4,73E-06 0,1071 2269 | 0,011733 | 4,73E-06 0,0544
749 | 0,00447 | 4,73E-06 0,1067 2270 | 0,011738 | 4,73E-06 0,0543
750 | 0,004474 | 4,73E-06 0,1063 2271 | 0,011742 | 4,73E-06 0,0541
751 | 0,004479 | 4,73E-06 0,1058 2272 | 0,011747 | 4,73E-06 0,0540
752 | 0,004484 | 4,73E-06 0,1054 2273 | 0,011752 | 4,73E-06 0,0539
753 | 0,004489 | 4,73E-06 0,1050 2274 | 0,011757 | 4,73E-06 0,0538
754 | 0,004493 | 4,73E-06 0,1045 2275 | 0,011761 | 4,73E-06 0,0536
755 | 0,004498 | 4,73E-06 0,1041 2276 | 0,011766 | 4,73E-06 0,0535
756 | 0,004503 | 4,73E-06 0,1037 2277 | 0,011771 | 4,73E-06 0,0534
757 | 0,004508 | 4,73E-06 0,1032 2278 | 0,011776 | 4,73E-06 0,0533
758 0,004512 4,73E-06 0,1028 2279 | 0,01178 | 4,73E-06 0,0531
759 | 0,004517 | 4,73E-06 0,1023 2280 | 0,011785 | 4,73E-06 0,0530
760 0,004522 4,73E-06 0,1019 2281 | 0,01179 | 4,73E-06 0,0529
761 | 0,004527 | 4,73E-06 0,1015 2282 | 0,011795 | 4,73E-06 0,0528
762 | 0,004531 | 4,73E-06 0,1010 2283 | 0,011799 | 4,73E-06 0,0526
763 | 0,004536 | 4,73E-06 0,1006 2284 | 0,011804 | 4,73E-06 0,0525
764 | 0,004541 | 4,73E-06 0,1002 2285 | 0,011809 | 4,73E-06 0,0524
765 | 0,004545 | 4,73E-06 0,0997 2286 | 0,011813 | 4,73E-06 0,0522
766 | 0,00455 | 4,73E-06 0,0993 2287 | 0,011818 | 4,73E-06 0,0521
767 | 0,004555 | 4,73E-06 0,0989 2288 | 0,011823 | 4,73E-06 0,0520
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768 | 0,00456 | 4,73E-06 0,0985 2289 | 0,011828 | 4,73E-06 0,0519
769 | 0,004564 | 4,73E-06 0,0981 2290 | 0,011832 | 4,73E-06 0,0517
770 | 0,004569 | 4,73E-06 0,0976 2291 | 0,011837 | 4,73E-06 0,0516
771 | 0,004574 | 4,73E-06 0,0972 2292 | 0,011842 | 4,73E-06 0,0515
772 | 0,004579 | 4,73E-06 0,0968 2293 | 0,011847 | 4,73E-06 0,0513
773 | 0,004583 | 4,73E-06 0,0964 2294 | 0,011851 | 4,73E-06 0,0512
774 | 0,004588 | 4,73E-06 0,0960 2295 | 0,011856 | 4,73E-06 0,0511
775 | 0,004593 | 4,73E-06 0,0956 2296 | 0,011861 | 4,73E-06 0,0510
776 | 0,004598 | 4,73E-06 0,0953 2297 | 0,011866 | 4,73E-06 0,0508
777 0,004602 4,73E-06 0,0949 2298 0,01187 4,73E-06 0,0507
778 | 0,004607 | 4,73E-06 0,0945 2299 | 0,011875 | 4,73E-06 0,0506
779 0,004612 4. 73E-06 0,0942 2300 0,01188 4,73E-06 0,0504
780 | 0,004616 | 4,73E-06 0,0938 2301 | 0,011884 | 4,73E-06 0,0503
781 | 0,004621 | 4,73E-06 0,0935 2302 | 0,011889 | 4,73E-06 0,0502
782 | 0,004626 | 4,73E-06 0,0931 2303 | 0,011894 | 4,73E-06 0,0500
783 | 0,004631 | 4,73E-06 0,0928 2304 | 0,011899 | 4,73E-06 0,0499
784 | 0,004635 | 4,73E-06 0,0925 2305 | 0,011903 | 4,73E-06 0,0498
785 | 0,00464 | 4,73E-06 0,0921 2306 | 0,011908 | 9,47E-06 0,0497
786 | 0,004645 | 4,73E-06 0,0918 2307 | 0,011918 | 4,73E-06 0,0495
787 | 0,00465 | 4,73E-06 0,0915 2308 | 0,011922 | 4,73E-06 0,0494
788 | 0,004654 | 4,73E-06 0,0912 2309 | 0,011927 | 4,73E-06 0,0493
789 | 0,004659 | 4,73E-06 0,0910 2310 | 0,011932 | 4,73E-06 0,0492
790 | 0,004664 | 4,73E-06 0,0907 2311 | 0,011937 | 4,73E-06 0,0490
791 | 0,004669 | 4,73E-06 0,0904 2312 | 0,011941 | 4,73E-06 0,0489
792 | 0,004673 | 4,73E-06 0,0902 2313 | 0,011946 | 4,73E-06 0,0488
793 | 0,004678 | 4,73E-06 0,0899 2314 | 0,011951 | 4,73E-06 0,0486
794 | 0,004683 | 4,73E-06 0,0897 2315 | 0,011955 | 4,73E-06 0,0485
795 0,004688 4,73E-06 0,0895 2316 0,01196 4,73E-06 0,0484
796 | 0,004692 | 4,73E-06 0,0892 2317 | 0,011965 | 4,73E-06 0,0483
797 0,004697 4,73E-06 0,0890 2318 0,01197 4,73E-06 0,0481
798 | 0,004702 | 4,73E-06 0,0888 2319 | 0,011974 | 4,73E-06 0,0480
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799 | 0,004706 | 4,73E-06 0,0886 2320 | 0,011979 | 4,73E-06 0,0479
800 | 0,004711 | 4,73E-06 0,0885 2321 | 0,011984 | 4,73E-06 0,0478
801 | 0,004716 | 4,73E-06 0,0883 2322 | 0,011989 | 4,73E-06 0,0477
802 | 0,004721 | 4,73E-06 0,0881 2323 | 0,011993 | 4,73E-06 0,0475
803 | 0,004725 | 4,73E-06 0,0880 2324 | 0,011998 | 4,73E-06 0,0474
804 | 0,00473 | 4,73E-06 0,0878 2325 | 0,012003 | 4,73E-06 0,0473
805 | 0,004735 | 4,73E-06 0,0877 2326 | 0,012008 | 4,73E-06 0,0472
806 | 0,00474 | 4,73E-06 0,0876 2327 | 0,012012 | 4,73E-06 0,0470
807 | 0,004744 | 4,73E-06 0,0875 2328 | 0,012017 | 4,73E-06 0,0469
808 | 0,004749 | 4,73E-06 0,0874 2329 | 0,012022 | 4,73E-06 0,0468
809 | 0,004754 | 4,73E-06 0,0873 2330 | 0,012027 | 4,73E-06 0,0467
810 | 0,004759 | 4,73E-06 0,0872 2331 | 0,012031 | 4,73E-06 0,0466
811 | 0,004763 | 4,73E-06 0,0871 2332 | 0,012036 | 4,73E-06 0,0464
812 | 0,004768 | 4,73E-06 0,0870 2333 | 0,012041 | 4,73E-06 0,0463
813 | 0,004773 | 4,73E-06 0,0870 2334 | 0,012045 | 4,73E-06 0,0462
814 0,004777 4. 73E-06 0,0869 2335 0,01205 4,73E-06 0,0461
815 | 0,004782 | 4,73E-06 0,0868 2336 | 0,012055 | 4,73E-06 0,0460
816 0,004787 4. 73E-06 0,0868 2337 0,01206 4,73E-06 0,0458
817 | 0,004792 | 4,73E-06 0,0868 2338 | 0,012064 | 4,73E-06 0,0457
818 | 0,004796 | 4,73E-06 0,0867 2339 | 0,012069 | 4,73E-06 0,0456
819 | 0,004801 | 4,73E-06 0,0867 2340 | 0,012074 | 4,73E-06 0,0455
820 | 0,004806 | 4,73E-06 0,0867 2341 | 0,012079 | 4,73E-06 0,0454
821 | 0,004811 | 9,47E-06 0,0867 2342 | 0,012083 | 4,73E-06 0,0452
822 | 0,00482 | 4,73E-06 0,0866 2343 | 0,012088 | 4,73E-06 0,0451
823 | 0,004825 | 4,73E-06 0,0866 2344 | 0,012093 | 4,73E-06 0,0450
824 | 0,00483 | 4,73E-06 0,0866 2345 | 0,012098 | 4,73E-06 0,0449
825 | 0,004834 | 4,73E-06 0,0866 2346 | 0,012102 | 4,73E-06 0,0448
826 | 0,004839 | 4,73E-06 0,0866 2347 | 0,012107 | 4,73E-06 0,0447
827 | 0,004844 | 4,73E-06 0,0866 2348 | 0,012112 | 4,73E-06 0,0445
828 | 0,004848 | 4,73E-06 0,0866 2349 | 0,012116 | 4,73E-06 0,0444
829 | 0,004853 | 4,73E-06 0,0866 2350 | 0,012121 | 4,73E-06 0,0443
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830 | 0,004858 | 4,73E-06 0,0866 2351 | 0,012126 | 4,73E-06 0,0442
831 | 0,004863 | 4,73E-06 0,0866 2352 | 0,012131 | 4,73E-06 0,0441
832 | 0,004867 | 4,73E-06 0,0866 2353 | 0,012135 | 4,73E-06 0,0440
833 | 0,004872 | 4,73E-06 0,0867 2354 | 0,01214 | 4,73E-06 0,0439
834 | 0,004877 | 4,73E-06 0,0867 2355 | 0,012145 | 4,73E-06 0,0437
835 | 0,004882 | 4,73E-06 0,0867 2356 | 0,01215 | 4,73E-06 0,0436
836 | 0,004886 | 4,73E-06 0,0867 2357 | 0,012154 | 4,73E-06 0,0435
837 | 0,004891 | 4,73E-06 0,0867 2358 | 0,012159 | 4,73E-06 0,0434
838 | 0,004896 | 4,73E-06 0,0867 2359 | 0,012164 | 4,73E-06 0,0433
839 | 0,004901 | 4,73E-06 0,0867 2360 | 0,012169 | 4,73E-06 0,0432
840 | 0,004905 | 4,73E-06 0,0867 2361 | 0,012173 | 4,73E-06 0,0431
841 | 0,00491 | 4,73E-06 0,0867 2362 | 0,012178 | 4,73E-06 0,0430
842 | 0,004915 | 4,73E-06 0,0867 2363 | 0,012183 | 4,73E-06 0,0429
843 | 0,00492 | 4,73E-06 0,0867 2364 | 0,012187 | 9,47E-06 0,0427
844 | 0,004924 | 4,73E-06 0,0866 2365 | 0,012197 | 4,73E-06 0,0425
845 | 0,004929 | 4,73E-06 0,0866 2366 | 0,012202 | 4,73E-06 0,0424
846 | 0,004934 | 4,73E-06 0,0866 2367 | 0,012206 | 4,73E-06 0,0423
847 | 0,004938 | 4,73E-06 0,0866 2368 | 0,012211 | 4,73E-06 0,0422
848 | 0,004943 | 4,73E-06 0,0865 2369 | 0,012216 | 4,73E-06 0,0421
849 | 0,004948 | 4,73E-06 0,0865 2370 | 0,012221 | 4,73E-06 0,0420
850 | 0,004953 | 4,73E-06 0,0864 2371 | 0,012225 | 4,73E-06 0,0419
851 0,004957 4,73E-06 0,0864 2372 | 0,01223 | 4,73E-06 0,0418
852 | 0,004962 | 4,73E-06 0,0863 2373 | 0,012235 | 4,73E-06 0,0417
853 0,004967 4,73E-06 0,0863 2374 | 0,01224 | 4,73E-06 0,0416
854 | 0,004972 | 4,73E-06 0,0862 2375 | 0,012244 | 4,73E-06 0,0415
855 | 0,004976 | 4,73E-06 0,0861 2376 | 0,012249 | 4,73E-06 0,0414
856 | 0,004981 | 4,73E-06 0,0860 2377 | 0,012254 | 4,73E-06 0,0413
857 | 0,004986 | 4,73E-06 0,0860 2378 | 0,012259 | 4,73E-06 0,0412
858 | 0,004991 | 4,73E-06 0,0859 2379 | 0,012263 | 4,73E-06 0,0411
859 | 0,004995 | 4,73E-06 0,0858 2380 | 0,012268 | 4,73E-06 0,0410
860 0,005 4,73E-06 0,0856 2381 | 0,012273 | 4,73E-06 0,0409
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861 | 0,005005 | 4,73E-06 0,0855 2382 | 0,012277 | 4,73E-06 0,0408
862 | 0,005009 | 4,73E-06 0,0854 2383 | 0,012282 | 4,73E-06 0,0407
863 | 0,005014 | 4,73E-06 0,0852 2384 | 0,012287 | 4,73E-06 0,0406
864 | 0,005019 | 4,73E-06 0,0851 2385 | 0,012292 | 4,73E-06 0,0405
865 | 0,005024 | 4,73E-06 0,0849 2386 | 0,012296 | 4,73E-06 0,0404
866 | 0,005028 | 4,73E-06 0,0848 2387 | 0,012301 | 4,73E-06 0,0403
867 | 0,005033 | 4,73E-06 0,0846 2388 | 0,012306 | 4,73E-06 0,0402
868 | 0,005038 | 4,73E-06 0,0844 2389 | 0,012311 | 4,73E-06 0,0401
869 | 0,005043 | 4,73E-06 0,0842 2390 | 0,012315 | 4,73E-06 0,0400
870 0,005047 4,73E-06 0,0840 2391 0,01232 4,73E-06 0,0399
871 | 0,005052 | 4,73E-06 0,0838 2392 | 0,012325 | 4,73E-06 0,0398
872 0,005057 4. 73E-06 0,0836 2393 0,01233 4,73E-06 0,0397
873 | 0,005062 | 4,73E-06 0,0834 2394 | 0,012334 | 4,73E-06 0,0396
874 | 0,005066 | 4,73E-06 0,0831 2395 | 0,012339 | 4,73E-06 0,0395
875 | 0,005071 | 4,73E-06 0,0829 2396 | 0,012344 | 4,73E-06 0,0393
876 | 0,005076 | 4,73E-06 0,0826 2397 | 0,012348 | 4,73E-06 0,0392
877 | 0,00508 | 4,73E-06 0,0823 2398 | 0,012353 | 4,73E-06 0,0391
878 | 0,005085 | 4,73E-06 0,0820 2399 | 0,012358 | 4,73E-06 0,0390
879 | 0,00509 | 4,73E-06 0,0817 2400 | 0,012363 | 4,73E-06 0,0389
880 | 0,005095 | 4,73E-06 0,0814 2401 | 0,012367 | 4,73E-06 0,0388
881 | 0,005099 | 4,73E-06 0,0811 2402 | 0,012372 | 4,73E-06 0,0387
882 | 0,005104 | 4,73E-06 0,0808 2403 | 0,012377 | 4,73E-06 0,0386
883 | 0,005109 | 4,73E-06 0,0805 2404 | 0,012382 | 4,73E-06 0,0385
884 | 0,005114 | 9,47E-06 0,0801 2405 | 0,012386 | 4,73E-06 0,0384
885 | 0,005123 | 4,73E-06 0,0794 2406 | 0,012391 | 4,73E-06 0,0383
886 | 0,005128 | 4,73E-06 0,0790 2407 | 0,012396 | 4,73E-06 0,0382
887 | 0,005133 | 4,73E-06 0,0786 2408 | 0,012401 | 4,73E-06 0,0381
888 | 0,005137 | 4,73E-06 0,0782 2409 | 0,012405 | 4,73E-06 0,0380
889 0,005142 4,73E-06 0,0778 2410 0,01241 4,73E-06 0,0378
890 | 0,005147 | 4,73E-06 0,0774 2411 | 0,012415 | 4,73E-06 0,0377
891 0,005152 4,73E-06 0,0770 2412 0,01242 4,73E-06 0,0376
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892 | 0,005156 | 4,73E-06 0,0766 2413 | 0,012424 | 4,73E-06 0,0375
893 | 0,005161 | 4,73E-06 0,0761 2414 | 0,012429 | 4,73E-06 0,0374
894 | 0,005166 | 4,73E-06 0,0757 2415 | 0,012434 | 4,73E-06 0,0373
895 | 0,00517 | 4,73E-06 0,0752 2416 | 0,012438 | 4,73E-06 0,0372
896 | 0,005175 | 4,73E-06 0,0748 2417 | 0,012443 | 4,73E-06 0,0371
897 | 0,00518 | 4,73E-06 0,0743 2418 | 0,012448 | 4,73E-06 0,0370
898 | 0,005185 | 4,73E-06 0,0738 2419 | 0,012453 | 4,73E-06 0,0369
899 | 0,005189 | 4,73E-06 0,0733 2420 | 0,012457 | 4,73E-06 0,0368
900 | 0,005194 | 4,73E-06 0,0728 2421 | 0,012462 | 4,73E-06 0,0366
901 | 0,005199 | 4,73E-06 0,0723 2422 | 0,012467 | 4,73E-06 0,0365
902 | 0,005204 | 4,73E-06 0,0718 2423 | 0,012472 | 4,73E-06 0,0364
903 | 0,005208 | 4,73E-06 0,0713 2424 | 0,012476 | 4,73E-06 0,0363
904 | 0,005213 | 4,73E-06 0,0707 2425 | 0,012481 | 4,73E-06 0,0362
905 | 0,005218 | 4,73E-06 0,0702 2426 | 0,012486 | 4,73E-06 0,0361
906 | 0,005223 | 4,73E-06 0,0697 2427 | 0,012491 | 4,73E-06 0,0360
907 | 0,005227 | 4,73E-06 0,0691 2428 | 0,012495 | 4,73E-06 0,0359
908 0,005232 4. 73E-06 0,0686 2429 0,0125 4,73E-06 0,0358
909 | 0,005237 | 4,73E-06 0,0680 2430 | 0,012505 | 4,73E-06 0,0357
910 | 0,005241 | 4,73E-06 0,0675 2431 | 0,012509 | 4,73E-06 0,0356
911 | 0,005246 | 4,73E-06 0,0669 2432 | 0,012514 | 4,73E-06 0,0355
912 | 0,005251 | 4,73E-06 0,0663 2433 | 0,012519 | 4,73E-06 0,0354
913 | 0,005256 | 4,73E-06 0,0658 2434 | 0,012524 | 4,73E-06 0,0353
914 | 0,00526 | 4,73E-06 0,0652 2435 | 0,012528 | 4,73E-06 0,0352
915 | 0,005265 | 4,73E-06 0,0646 2436 | 0,012533 | 4,73E-06 0,0351
916 | 000527 | 4,73E-06 0,0640 2437 | 0,012538 | 4,73E-06 0,0350
917 | 0,005275 | 4,73E-06 0,0634 2438 | 0,012543 | 4,73E-06 0,0349
918 | 0,005279 | 4,73E-06 0,0629 2439 | 0,012547 | 4,73E-06 0,0348
919 | 0,005284 | 4,73E-06 0,0623 2440 | 0,012552 | 4,73E-06 0,0347
920 | 0,005289 | 4,73E-06 0,0617 2441 | 0,012557 | 4,73E-06 0,0346
921 | 0,005294 | 4,73E-06 0,0611 2442 | 0,012562 | 4,73E-06 0,0345
922 | 0,005298 | 4,73E-06 0,0605 2443 | 0,012566 | 4,73E-06 0,0344
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923 | 0,005303 | 4,73E-06 0,0599 2444 | 0,012571 | 4,73E-06 0,0343
924 | 0,005308 | 4,73E-06 0,0594 2445 | 0,012576 | 4,73E-06 0,0342
925 | 0,005313 | 4,73E-06 0,0588 2446 | 0,01258 | 4,73E-06 0,0341
926 | 0,005317 | 4,73E-06 0,0582 2447 | 0,012585 | 4,73E-06 0,0340
927 | 0,005322 | 4,73E-06 0,0576 2448 | 0,01259 | 4,73E-06 0,0339
928 | 0,005327 | 4,73E-06 0,0570 2449 | 0,012595 | 4,73E-06 0,0338
929 | 0,005331 | 4,73E-06 0,0565 2450 | 0,012599 | 4,73E-06 0,0337
930 | 0,005336 | 4,73E-06 0,0559 2451 | 0,012604 | 4,73E-06 0,0336
931 | 0,005341 | 4,73E-06 0,0553 2452 | 0,012609 | 4,73E-06 0,0335
932 | 0,005346 | 4,73E-06 0,0548 2453 | 0,012614 | 4,73E-06 0,0335
933 | 0,00535 | 4,73E-06 0,0542 2454 | 0,012618 | 4,73E-06 0,0334
934 | 0,005355 | 4,73E-06 0,0536 2455 | 0,012623 | 4,73E-06 0,0333
935 | 0,00536 | 4,73E-06 0,0531 2456 | 0,012628 | 4,73E-06 0,0332
936 | 0,005365 | 4,73E-06 0,0525 2457 | 0,012633 | 4,73E-06 0,0331
937 | 0,005369 | 4,73E-06 0,0520 2458 | 0,012637 | 4,73E-06 0,0330
938 | 0,005374 | 4,73E-06 0,0514 2459 | 0,012642 | 4,73E-06 0,0329
939 | 0,005379 | 4,73E-06 0,0509 2460 | 0,012647 | 4,73E-06 0,0328
940 | 0,005384 | 4,73E-06 0,0504 2461 | 0,012652 | 4,73E-06 0,0327
941 | 0,005388 | 4,73E-06 0,0498 2462 | 0,012656 | 4,73E-06 0,0327
942 | 0,005393 | 4,73E-06 0,0493 2463 | 0,012661 | 4,73E-06 0,0326
943 | 0,005398 | 4,73E-06 0,0488 2464 | 0,012666 | 4,73E-06 0,0325
944 0,005402 4,73E-06 0,0483 2465 | 0,01267 | 4,73E-06 0,0324
945 | 0,005407 | 4,73E-06 0,0478 2466 | 0,012675 | 4,73E-06 0,0323
946 0,005412 4,73E-06 0,0473 2467 | 0,01268 | 4,73E-06 0,0322
947 | 0,005417 | 4,73E-06 0,0468 2468 | 0,012685 | 4,73E-06 0,0321
948 | 0,005421 | 4,73E-06 0,0463 2469 | 0,012689 | 4,73E-06 0,0320
949 | 0,005426 | 4,73E-06 0,0458 2470 | 0,012694 | 4,73E-06 0,0320
950 | 0,005431 | 4,73E-06 0,0453 2471 | 0,012699 | 4,73E-06 0,0319
951 | 0,005436 | 4,73E-06 0,0448 2472 | 0,012704 | 4,73E-06 0,0318
952 | 0,00544 | 4,73E-06 0,0443 2473 | 0,012708 | 4,73E-06 0,0317
953 | 0,005445 | 4,73E-06 0,0439 2474 | 0,012713 | 4,73E-06 0,0316
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954 | 0,00545 | 4,73E-06 0,0434 2475 | 0,012718 | 4,73E-06 0,0315
955 | 0,005455 | 4,73E-06 0,0430 2476 | 0,012723 | 4,73E-06 0,0314
956 | 0,005459 | 4,73E-06 0,0425 2477 | 0,012727 | 4,73E-06 0,0314
957 | 0,005464 | 4,73E-06 0,0421 2478 | 0,012732 | 4,73E-06 0,0313
958 | 0,005469 | 4,73E-06 0,0416 2479 | 0,012737 | 4,73E-06 0,0312
959 | 0,005473 | 4,73E-06 0,0412 2480 | 0,012741 | 4,73E-06 0,0311
960 | 0,005478 | 4,73E-06 0,0408 2481 | 0,012746 | 4,73E-06 0,0310
961 | 0,005483 | 4,73E-06 0,0404 2482 | 0,012751 | 4,73E-06 0,0309
962 | 0,005488 | 4,73E-06 0,0399 2483 | 0,012756 | 4,73E-06 0,0308
963 0,005492 4,73E-06 0,0395 2484 0,01276 4,73E-06 0,0308
964 | 0,005497 | 4,73E-06 0,0391 2485 | 0,012765 | 4,73E-06 0,0307
965 0,005502 4. 73E-06 0,0387 2486 0,01277 4,73E-06 0,0306
966 | 0,005507 | 4,73E-06 0,0383 2487 | 0,012775 | 4,73E-06 0,0305
967 | 0,005511 | 4,73E-06 0,0379 2488 | 0,012779 | 4,73E-06 0,0304
968 | 0,005516 | 4,73E-06 0,0376 2489 | 0,012784 | 4,73E-06 0,0303
969 | 0,005521 | 4,73E-06 0,0372 2490 | 0,012789 | 4,73E-06 0,0303
970 | 0,005526 | 4,73E-06 0,0368 2491 | 0,012794 | 4,73E-06 0,0302
971 | 0,00553 | 4,73E-06 0,0364 2492 | 0,012798 | 4,73E-06 0,0301
972 | 0,005535 | 4,73E-06 0,0361 2493 | 0,012803 | 4,73E-06 0,0300
973 | 0,00554 | 4,73E-06 0,0357 2494 | 0,012808 | 4,73E-06 0,0299
974 | 0,005545 | 4,73E-06 0,0353 2495 | 0,012812 | 4,73E-06 0,0298
975 | 0,005549 | 4,73E-06 0,0350 2496 | 0,012817 | 4,73E-06 0,0298
976 | 0,005554 | 4,73E-06 0,0346 2497 | 0,012822 | 4,73E-06 0,0297
977 | 0,005559 | 4,73E-06 0,0343 2498 | 0,012827 | 4,73E-06 0,0296
978 | 0,005563 | 4,73E-06 0,0340 2499 | 0,012831 | 4,73E-06 0,0295
979 | 0,005568 | 4,73E-06 0,0336 2500 | 0,012836 | 4,73E-06 0,0295
980 | 0,005573 | 4,73E-06 0,0333 2501 | 0,012841 | 4,73E-06 0,0294
981 | 0,005578 | 4,73E-06 0,0329 2502 | 0,012846 | 4,73E-06 0,0293
982 0,005582 4,73E-06 0,0326 2503 0,01285 4,73E-06 0,0292
983 | 0,005587 | 4,73E-06 0,0323 2504 | 0,012855 | 4,73E-06 0,0292
984 0,005592 4,73E-06 0,0320 2505 0,01286 4,73E-06 0,0291
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985 | 0,005597 | 4,73E-06 0,0316 2506 | 0,012865 | 4,73E-06 0,0290
986 | 0,005601 | 4,73E-06 0,0313 2507 | 0,012869 | 4,73E-06 0,0290
987 | 0,005606 | 4,73E-06 0,0310 2508 | 0,012874 | 4,73E-06 0,0289
988 | 0,005611 | 4,73E-06 0,0307 2509 | 0,012879 | 4,73E-06 0,0288
989 | 0,005616 | 4,73E-06 0,0304 2510 | 0,012884 | 4,73E-06 0,0288
990 | 0,00562 | 4,73E-06 0,0301 2511 | 0,012888 | 4,73E-06 0,0287
991 | 0,005625 | 4,73E-06 0,0298 2512 | 0,012893 | 4,73E-06 0,0286
992 | 0,00563 | 4,73E-06 0,0295 2513 | 0,012898 | 4,73E-06 0,0286
993 | 0,005634 | 4,73E-06 0,0292 2514 | 0,012902 | 4,73E-06 0,0285
994 | 0,005639 | 4,73E-06 0,0289 2515 | 0,012907 | 4,73E-06 0,0284
995 | 0,005644 | 4,73E-06 0,0286 2516 | 0,012912 | 4,73E-06 0,0284
996 | 0,005649 | 4,73E-06 0,0283 2517 | 0,012917 | 4,73E-06 0,0283
997 | 0,005653 | 4,73E-06 0,0280 2518 | 0,012921 | 4,73E-06 0,0282
998 | 0,005658 | 4,73E-06 0,0277 2519 | 0,012926 | 4,73E-06 0,0282
999 | 0,005663 | 4,73E-06 0,0274 2520 | 0,012931 | 4,73E-06 0,0281
1000 | 0,005668 4. 73E-06 0,0271 2521 | 0,012936 | 4,73E-06 0,0281
1001 | 0,005672 4. 73E-06 0,0269 2522 0,01294 4,73E-06 0,0280
1002 | 0,005677 4. 73E-06 0,0266 2523 | 0,012945 | 4,73E-06 0,0279
1003 | 0,005682 4. 73E-06 0,0263 2524 0,01295 4,73E-06 0,0279
1004 | 0,005687 9,47E-06 0,0260 2525 | 0,012955 | 4,73E-06 0,0278
1005 | 0,005696 4,73E-06 0,0255 2526 | 0,012959 | 4,73E-06 0,0278
1006 | 0,005701 4,73E-06 0,0252 2527 | 0,012964 | 4,73E-06 0,0277
1007 | 0,005705 4,73E-06 0,0249 2528 | 0,012969 | 4,73E-06 0,0277
1008 | 0,00571 | 4,73E-06 0,0247 2529 | 0,012973 | 4,73E-06 0,0276
1009 | 0,005715 | 4,73E-06 0,0244 2530 | 0,012978 | 4,73E-06 0,0275
1010 | 0,00572 | 4,73E-06 0,0241 2531 | 0,012983 | 4,73E-06 0,0275
1011 | 0,005724 4,73E-06 0,0239 2532 | 0,012988 | 4,73E-06 0,0274
1012 | 0,005729 4,73E-06 0,0236 2533 | 0,012992 | 4,73E-06 0,0274
1013 | 0,005734 4,73E-06 0,0234 2534 | 0,012997 | 4,73E-06 0,0273
1014 | 0,005739 4,73E-06 0,0231 2535 | 0,013002 | 4,73E-06 0,0272
1015 | 0,005743 4,73E-06 0,0229 2536 | 0,013007 | 4,73E-06 0,0272
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1016 | 0,005748 | 4,73E-06 0,0226 2537 | 0,013011 | 4,73E-06 0,0271
1017| 0,005753 | 4,73E-06 0,0224 2538 | 0,013016 | 4,73E-06 0,0271
1018 | 0,005758 | 4,73E-06 0,0221 2539 | 0,013021 | 4,73E-06 0,0270
1019 | 0,005762 | 4,73E-06 0,0219 2540 | 0,013026 | 4,73E-06 0,0269
1020 | 0,005767 | 4,73E-06 0,0217 2541 | 0,01303 | 4,73E-06 0,0269
1021 | 0,005772 | 4,73E-06 0,0214 2542 | 0,013035 | 4,73E-06 0,0268
1022 | 0,005777 | 4,73E-06 0,0212 2543 | 0,01304 | 4,73E-06 0,0267
1023 | 0,005781 | 4,73E-06 0,0210 2544 | 0,013045 | 4,73E-06 0,0267
1024 | 0,005786 | 4,73E-06 0,0208 2545 | 0,013049 | 4,73E-06 0,0266
1025 | 0,005791 | 4,73E-06 0,0205 2546 | 0,013054 | 4,73E-06 0,0265
1026 | 0,005795 | 1,42E-05 0,0203 2547 | 0,013059 | 4,73E-06 0,0265
1027 | 0,00581 | 4,73E-06 0,0199 2548 | 0,013063 | 4,73E-06 0,0264
1028 | 0,005814 | 4,73E-06 0,0197 2549 | 0,013068 | 4,73E-06 0,0263
1029 | 0,005819 | 4,73E-06 0,0195 2550 | 0,013073 | 4,73E-06 0,0263
1030 | 0,005824 | 4,73E-06 0,0193 2551 | 0,013078 | 4,73E-06 0,0262
1031 | 0,005829 | 4,73E-06 0,0191 2552 | 0,013082 | 4,73E-06 0,0261
1032 | 0,005833 | 4,73E-06 0,0190 2553 | 0,013087 | 4,73E-06 0,0260
1033 | 0,005838 4. 73E-06 0,0188 2554 | 0,013092 | 4,73E-06 0,0260
1034 | 0,005843 4. 73E-06 0,0186 2555 | 0,013097 | 4,73E-06 0,0259
1035 | 0,005848 4,73E-06 0,0185 2556 | 0,013101 | 4,73E-06 0,0258
1036 | 0,005852 4,73E-06 0,0183 2557 | 0,013106 | 4,73E-06 0,0257
1037 | 0,005857 4,73E-06 0,0181 2558 | 0,013111 | 4,73E-06 0,0256
1038 | 0,005862 4,73E-06 0,0180 2559 | 0,013116 | 4,73E-06 0,0256
1039 | 0,005866 4,73E-06 0,0179 2560 | 0,01312 | 4,73E-06 0,0255
1040 | 0,005871 | 4,73E-06 0,0177 2561 | 0013125 | 4,73E-06 0,0254
1041 | 0,005876 4,73E-06 0,0176 2562 0,01313 4,73E-06 0,0253
1042 | 0,005881 4,73E-06 0,0175 2563 | 0,013134 | 4,73E-06 0,0253
1043 | 0,005885 4,73E-06 0,0174 2564 | 0,013139 | 4,73E-06 0,0252
1044 | 0,00589 | 4,73E-06 0,0173 2565 | 0,013144 | 4,73E-06 0,0251
1045 | 0,005895 4,73E-06 0,0172 2566 | 0,013149 | 4,73E-06 0,0250
1046 | 0,0059 | 4,73E-06 0,0171 2567 | 0,013153 | 4,73E-06 0,0249
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1047 | 0,005904 4,73E-06 0,0170 2568 | 0,013158 | 4,73E-06 0,0249
1048 | 0,005909 4,73E-06 0,0169 2569 | 0,013163 | 4,73E-06 0,0248
1049 | 0,005914 4,73E-06 0,0169 2570 | 0,013168 | 4,73E-06 0,0247
1050 | 0,005919 | 4,73E-06 0,0168 2571 | 0,013172 | 4,73E-06 0,0246
1051 | 0,005923 4,73E-06 0,0168 2572 | 0,013177 | 4,73E-06 0,0245
1052 | 0,005928 4,73E-06 0,0167 2573 | 0,013182 | 4,73E-06 0,0245
1053 | 0,005933 4,73E-06 0,0167 2574 | 0,013187 | 4,73E-06 0,0244
1054 | 0,005938 4,73E-06 0,0167 2575 | 0,013191 | 4,73E-06 0,0243
1055 | 0,005942 4,73E-06 0,0167 2576 | 0,013196 | 4,73E-06 0,0242
1056 | 0,005947 4,73E-06 0,0166 2577 | 0,013201 | 4,73E-06 0,0242
1057 | 0,005952 | 4,73E-06 0,0166 2578 | 0,013205 | 4,73E-06 0,0241
1058 | 0,005956 4. 73E-06 0,0167 2579 0,01321 4,73E-06 0,0240
1059 | 0,005961 4. 73E-06 0,0167 2580 | 0,013215 | 4,73E-06 0,0239
1060 | 0,005966 4. 73E-06 0,0167 2581 0,01322 4,73E-06 0,0239
1061 | 0,005971 4. 73E-06 0,0168 2582 | 0,013224 | 4,73E-06 0,0238
1062 | 0,005975 4. 73E-06 0,0168 2583 | 0,013229 | 4,73E-06 0,0237
1063 | 0,00598 | 4,73E-06 0,0169 2584 | 0,013234 | 4,73E-06 0,0236
1064 | 0,005985 4. 73E-06 0,0169 2585 | 0,013239 | 4,73E-06 0,0236
1065 | 000599 | 4,73E-06 0,0170 2586 | 0,013243 | 4,73E-06 0,0235
1066 | 0,005994 4,73E-06 0,0171 2587 | 0,013248 | 4,73E-06 0,0234
1067 | 0,005999 4,73E-06 0,0172 2588 | 0,013253 | 4,73E-06 0,0234
1068 | 0,006004 4,73E-06 0,0173 2589 | 0,013258 | 4,73E-06 0,0233
1069 | 0,006009 4,73E-06 0,0174 2590 | 0,013262 | 4,73E-06 0,0232
1070 | 0,006013 4,73E-06 0,0175 2591 | 0,013267 | 4,73E-06 0,0232
1071 | 0,006018 | 4,73E-06 0,0176 2592 | 0,013272 | 4,73E-06 0,0231
1072 | 0,006023 4,73E-06 0,0178 2593 | 0,013277 | 4,73E-06 0,0230
1073 | 0,006027 4,73E-06 0,0179 2594 | 0,013281 | 4,73E-06 0,0230
1074 | 0,006032 4,73E-06 0,0181 2595 | 0,013286 | 4,73E-06 0,0229
1075 | 0,006037 4,73E-06 0,0182 2596 | 0,013291 | 4,73E-06 0,0229
1076 | 0,006042 4,73E-06 0,0184 2597 | 0,013295 | 4,73E-06 0,0228
1077 | 0,006046 4,73E-06 0,0186 2508 0,0133 4,73E-06 0,0227
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1078 | 0,006051 | 4,73E-06 0,0188 2599 | 0,013305 | 4,73E-06 0,0227
1079 | 0,006056 | 4,73E-06 0,0190 2600 | 0,01331 | 4,73E-06 0,0226
1080 | 0,006061 | 4,73E-06 0,0192 2601 | 0,013314 | 4,73E-06 0,0226
1081 | 0,006065 | 4,73E-06 0,0194 2602 | 0,013319 | 4,73E-06 0,0225
1082 | 0,00607 | 4,73E-06 0,0196 2603 | 0,013324 | 4,73E-06 0,0225
1083 | 0,006075 | 4,73E-06 0,0198 2604 | 0,013329 | 4,73E-06 0,0224
1084 | 0,00608 | 4,73E-06 0,0201 2605 | 0,013333 | 4,73E-06 0,0224
1085 | 0,006084 | 4,73E-06 0,0203 2606 | 0,013338 | 4,73E-06 0,0223
1086 | 0,006089 | 4,73E-06 0,0206 2607 | 0,013343 | 4,73E-06 0,0223
1087 | 0,006094 | 4,73E-06 0,0208 2608 | 0,013348 | 4,73E-06 0,0222
1088 | 0,006098 | 4,73E-06 0,0211 2609 | 0,013352 | 4,73E-06 0,0222
1089 | 0,006103 | 4,73E-06 0,0214 2610 | 0,013357 | 4,73E-06 0,0221
1090 | 0,006108 | 4,73E-06 0,0216 2611 | 0,013362 | 4,73E-06 0,0221
1091 | 0,006113 | 4,73E-06 0,0219 2612 | 0,013366 | 4,73E-06 0,0221
1092 | 0,006117 | 4,73E-06 0,0222 2613 | 0,013371 | 4,73E-06 0,0220
1093 | 0,006122 | 4,73E-06 0,0225 2614 | 0,013376 | 4,73E-06 0,0220
1094 | 0,006127 | 4,73E-06 0,0228 2615 | 0,013381 | 4,73E-06 0,0219
1095 | 0,006132 | 4,73E-06 0,0231 2616 | 0,013385 | 4,73E-06 0,0219
1096 | 0,006136 | 4,73E-06 0,0234 2617 | 0,01339 | 4,73E-06 0,0218
1097 | 0,006141 | 4,73E-06 0,0238 2618 | 0,013395 | 4,73E-06 0,0218
1098 | 0,006146 | 4,73E-06 0,0241 2619 | 0,0134 | 4,73E-06 0,0217
1099 | 0,006151 | 4,73E-06 0,0244 2620 | 0,013404 | 4,73E-06 0,0217
1100 | 0,006155 | 4,73E-06 0,0248 2621 | 0,013409 | 4,73E-06 0,0216
1101 | 0,00616 | 4,73E-06 0,0251 2622 | 0,013414 | 4,73E-06 0,0216
1102 | 0,006165 | 4,73E-06 0,0254 2623 | 0,013419 | 4,73E-06 0,0215
1103 | 0,00617 | 4,73E-06 0,0258 2624 | 0,013423 | 4,73E-06 0,0215
1104 | 0,006174 | 4,73E-06 0,0261 2625 | 0,013428 | 4,73E-06 0,0215
1105 | 0,006179 4,73E-06 0,0265 2626 | 0,013433 | 4,73E-06 0,0214
1106 | 0,006184 4,73E-06 0,0269 2627 | 0,013437 | 4,73E-06 0,0214
1107 | 0,006188 4,73E-06 0,0272 2628 | 0,013442 | 4,73E-06 0,0213
1108 | 0,006193 4,73E-06 0,0276 2629 | 0,013447 | 4,73E-06 0,0213
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1109 | 0,006198 | 4,73E-06 0,0280 2630 | 0,013452 | 4,73E-06 0,0212
1110 | 0,006203 | 4,73E-06 0,0284 2631 | 0,013456 | 4,73E-06 0,0212
1111 | 0,006207 | 4,73E-06 0,0287 2632 | 0,013461 | 4,73E-06 0,0211
1112 | 0,006212 | 4,73E-06 0,0291 2633 | 0,013466 | 4,73E-06 0,0211
1113 | 0,006217 | 4,73E-06 0,0295 2634 | 0,013471 | 4,73E-06 0,0210
1114 | 0,006222 | 4,73E-06 0,0299 2635 | 0,013475 | 4,73E-06 0,0210
1115 | 0,006226 | 4,73E-06 0,0303 2636 | 0,01348 | 4,73E-06 0,0209
1116 | 0,006231 | 4,73E-06 0,0307 2637 | 0,013485 | 4,73E-06 0,0208
1117 | 0,006236 | 4,73E-06 0,0311 2638 | 0,01349 | 4,73E-06 0,0208
1118 | 0,006241 | 4,73E-06 0,0315 2639 | 0,013494 | 4,73E-06 0,0207
1119 | 0,006245 | 4,73E-06 0,0319 2640 | 0,013499 | 4,73E-06 0,0207
1120 | 0,00625 | 4,73E-06 0,0323 2641 | 0,013504 | 4,73E-06 0,0206
1121 | 0,006255 | 4,73E-06 0,0327 2642 | 0,013509 | 4,73E-06 0,0206
1122 | 0,006259 | 4,73E-06 0,0331 2643 | 0,013513 | 4,73E-06 0,0205
1123 | 0,006264 | 4,73E-06 0,0335 2644 | 0,013518 | 4,73E-06 0,0205
1124 | 0,006269 | 4,73E-06 0,0339 2645 | 0,013523 | 4,73E-06 0,0204
1125 | 0,006274 | 4,73E-06 0,0343 2646 | 0,013527 | 4,73E-06 0,0203
1126 | 0,006278 4. 73E-06 0,0348 2647 | 0,013532 | 4,73E-06 0,0203
1127 | 0,006283 4. 73E-06 0,0352 2648 | 0,013537 | 4,73E-06 0,0202
1128 | 0,006288 4,73E-06 0,0356 2649 | 0,013542 | 4,73E-06 0,0202
1129 | 0,006293 4,73E-06 0,0360 2650 | 0,013546 | 4,73E-06 0,0201
1130 | 0,006297 4,73E-06 0,0364 2651 | 0,013551 | 4,73E-06 0,0201
1131 | 0,006302 4,73E-06 0,0369 2652 | 0,013556 | 4,73E-06 0,0200
1132 | 0,006307 4,73E-06 0,0373 2653 | 0,013561 | 4,73E-06 0,0199
1133 | 0,006312 | 4,73E-06 0,0377 2654 | 0,013565 | 4,73E-06 0,0199
1134 | 0,006316 4,73E-06 0,0381 2655 0,01357 4,73E-06 0,0198
1135 | 0,006321 4,73E-06 0,0386 2656 | 0,013575 | 4,73E-06 0,0197
1136 | 0,006326 4,73E-06 0,0390 2657 0,01358 4,73E-06 0,0197
1137| 0,00633 | 4,73E-06 0,0394 2658 | 0,013584 | 4,73E-06 0,0196
1138 | 0,006335 4,73E-06 0,0398 2659 | 0,013589 | 4,73E-06 0,0196
1139 | 0,00634 | 4,73E-06 0,0403 2660 | 0,013594 | 4,73E-06 0,0195
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1140 | 0,006345 4,73E-06 0,0407 2661 | 0,013598 | 4,73E-06 0,0194
1141 | 0,006349 4,73E-06 0,0411 2662 | 0,013603 | 4,73E-06 0,0194
1142 | 0,006354 4,73E-06 0,0416 2663 | 0,013608 | 4,73E-06 0,0193
1143 | 0,006359 | 4,73E-06 0,0420 2664 | 0,013613 | 4,73E-06 0,0192
1144 | 0,006364 4,73E-06 0,0424 2665 | 0,013617 | 4,73E-06 0,0192
1145 | 0,006368 4,73E-06 0,0429 2666 | 0,013622 | 4,73E-06 0,0191
1146 | 0,006373 4,73E-06 0,0433 2667 | 0,013627 | 4,73E-06 0,0190
1147 | 0,006378 4,73E-06 0,0437 2668 | 0,013632 | 4,73E-06 0,0190
1148 | 0,006383 4,73E-06 0,0442 2669 | 0,013636 | 4,73E-06 0,0189
1149 | 0,006387 4,73E-06 0,0446 2670 | 0,013641 | 4,73E-06 0,0188
1150 | 0,006392 | 4,73E-06 0,0450 2671 | 0,013646 | 4,73E-06 0,0188
1151 | 0,006397 4. 73E-06 0,0455 2672 | 0,013651 | 4,73E-06 0,0187
1152 | 0,006402 4. 73E-06 0,0459 2673 | 0,013655 | 4,73E-06 0,0187
1153 | 0,006406 4. 73E-06 0,0464 2674 0,01366 4,73E-06 0,0186
1154 | 0,006411 4. 73E-06 0,0468 2675 | 0,013665 | 4,73E-06 0,0185
1155 | 0,006416 4. 73E-06 0,0472 2676 0,01367 4,73E-06 0,0185
1156 | 000642 | 4,73E-06 0,0477 2677 | 0,013674 | 4,73E-06 0,0184
1157 | 0,006425 4. 73E-06 0,0481 2678 | 0,013679 | 4,73E-06 0,0183
1158 | 0,00643 | 4,73E-06 0,0486 2679 | 0,013684 | 4,73E-06 0,0183
1159 | 0,006435 4,73E-06 0,0490 2680 | 0,013688 | 4,73E-06 0,0182
1160 | 0,006439 4,73E-06 0,0495 2681 | 0,013693 | 4,73E-06 0,0182
1161 | 0,006444 4,73E-06 0,0499 2682 | 0,013698 | 4,73E-06 0,0181
1162 | 0,006449 4,73E-06 0,0503 2683 | 0,013703 | 4,73E-06 0,0181
1163 | 0,006454 4,73E-06 0,0508 2684 | 0,013707 | 4,73E-06 0,0180
1164 | 0,006458 | 4,73E-06 0,0512 2685 | 0,013712 | 4,73E-06 0,0179
1165 | 0,006463 4,73E-06 0,0517 2686 | 0,013717 | 4,73E-06 0,0179
1166 | 0,006468 4,73E-06 0,0521 2687 | 0,013722 | 4,73E-06 0,0178
1167 | 0,006473 4,73E-06 0,0526 2688 | 0,013726 | 4,73E-06 0,0178
1168 | 0,006477 4,73E-06 0,0530 2689 | 0,013731 | 4,73E-06 0,0177
1169 | 0,006482 4,73E-06 0,0535 2690 | 0,013736 | 4,73E-06 0,0177
1170 | 0,006487 4,73E-06 0,0539 2691 | 0,013741 | 4,73E-06 0,0176
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1171 | 0,006491 4,73E-06 0,0544 2692 | 0,013745 | 4,73E-06 0,0176
1172 | 0,006496 4,73E-06 0,0548 2693 0,01375 4,73E-06 0,0175
1173 | 0,006501 4,73E-06 0,0553 2694 | 0,013755 | 4,73E-06 0,0175
1174 | 0,006506 | 4,73E-06 0,0557 2695 | 0,013759 | 4,73E-06 0,0174
1175 0,00651 | 4,73E-06 0,0562 2696 | 0,013764 | 4,73E-06 0,0174
1176 | 0,006515 4,73E-06 0,0566 2697 | 0,013769 | 4,73E-06 0,0173
1177 0,00652 | 4,73E-06 0,0571 2698 | 0,013774 | 4,73E-06 0,0173
1178 | 0,006525 4,73E-06 0,0575 2699 | 0,013778 | 4,73E-06 0,0173
1179 | 0,006529 4,73E-06 0,0580 2700 | 0,013783 | 4,73E-06 0,0172
1180 | 0,006534 4,73E-06 0,0585 2701 | 0,013788 | 4,73E-06 0,0172
1181 | 0,006539 | 4,73E-06 0,0589 2702 | 0,013793 | 4,73E-06 0,0171
1182 | 0,006544 4. 73E-06 0,0594 2703 | 0,013797 | 4,73E-06 0,0171
1183 | 0,006548 4. 73E-06 0,0598 2704 | 0,013802 | 4,73E-06 0,0170
1184 | 0,006553 4. 73E-06 0,0603 2705 | 0,013807 | 4,73E-06 0,0170
1185 | 0,006558 4. 73E-06 0,0607 2706 | 0,013812 | 4,73E-06 0,0169
1186 | 0,006563 4. 73E-06 0,0612 2707 | 0,013816 | 4,73E-06 0,0169
1187 | 0,006567 4. 73E-06 0,0616 2708 | 0,013821 | 4,73E-06 0,0169
1188 | 0,006572 4. 73E-06 0,0621 2709 | 0,013826 | 4,73E-06 0,0168
1189 | 0,006577 4. 73E-06 0,0625 2710 0,01383 4,73E-06 0,0168
1190 | 0,006581 4,73E-06 0,0630 2711 | 0,013835 | 4,73E-06 0,0167
1191 | 0,006586 4,73E-06 0,0634 2712 | 0,01384 | 4,73E-06 0,0167
1192 | 0,006591 4,73E-06 0,0639 2713 | 0,013845 | 4,73E-06 0,0166
1193 | 0,006596 4,73E-06 0,0643 2714 | 0,013849 | 4,73E-06 0,0166
1194 | 0,0066 | 4,73E-06 0,0647 2715 | 0,013854 | 4,73E-06 0,0166
1195 | 0,006605 | 4,73E-06 0,0652 2716 | 0,013859 | 4,73E-06 0,0165
1196 | 0,00661 | 4,73E-06 0,0656 2717 | 0,013864 | 4,73E-06 0,0165
1197 | 0,006615 | 4,73E-06 0,0661 2718 | 0,013868 | 4,73E-06 0,0164
1198 | 0,006619 | 4,73E-06 0,0665 2719 | 0,013873 | 4,73E-06 0,0164
1199 | 0,006624 | 4,73E-06 0,0669 2720 | 0,013878 | 4,73E-06 0,0163
1200 | 0,006629 | 4,73E-06 0,0674 2721 | 0,013883 | 4,73E-06 0,0163
1201 | 0,006634 | 4,73E-06 0,0678 2722 | 0,013887 | 4,73E-06 0,0162
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1202 | 0,006638 4,73E-06 0,0682 2723 | 0,013892 | 4,73E-06 0,0162
1203 | 0,006643 4,73E-06 0,0686 2724 | 0,013897 | 4,73E-06 0,0161
1204 | 0,006648 4,73E-06 0,0691 2725 | 0,013902 | 4,73E-06 0,0161
1205 | 0,006652 | 4,73E-06 0,0695 2726 | 0,013906 | 4,73E-06 0,0161
1206 | 0,006657 4,73E-06 0,0699 2727 | 0,013911 | 4,73E-06 0,0160
1207 | 0,006662 4,73E-06 0,0703 2728 | 0,013916 | 4,73E-06 0,0159
1208 | 0,006667 4,73E-06 0,0707 2729 0,01392 4,73E-06 0,0159
1209 | 0,006671 4,73E-06 0,0711 2730 | 0,013925 | 4,73E-06 0,0158
1210 | 0,006676 4,73E-06 0,0715 2731 0,01393 4,73E-06 0,0158
1211 | 0,006681 4,73E-06 0,0719 2732 | 0,013935 | 4,73E-06 0,0157
1212 | 0,006686 | 4,73E-06 0,0723 2733 | 0,013939 | 4,73E-06 0,0157
1213 | 0,00669 | 4,73E-06 00727 2734 | 0,013944 | 4,73E-06 0,0156
1214 | 0,006695 4. 73E-06 0,0731 2735 | 0,013949 | 4,73E-06 0,0156
1215 0,0067 | 4,73E-06 0,0735 2736 | 0,013954 | 4,73E-06 0,0155
1216 | 0,006705 4. 73E-06 0,0739 2737 | 0,013958 | 4,73E-06 0,0154
1217 | 0,006709 4. 73E-06 0,0743 2738 | 0,013963 | 4,73E-06 0,0154
1218 | 0,006714 4. 73E-06 0,0747 2739 | 0,013968 | 4,73E-06 0,0153
1219 | 0,006719 | 4,73E-06 0,0750 2740 | 0,013973 | 4,73E-06 0,0153
1220 | 0,006723 | 4,73E-06 0,0754 2741 | 0,013977 | 4,73E-06 0,0152
1221 0,006728 | 4,73E-06 0,0758 2742 | 0,013982 | 4,73E-06 0,0151
12221 0,006733 | 4,73E-06 0,0761 2743 | 0,013987 | 4,73E-06 0,0151
1223 | 0,006738 | 4,73E-06 0,0765 2744 | 0,013991 | 4,73E-06 0,0150
12241 0,006742 | 4,73E-06 0,0768 2745 | 0,013996 | 4,73E-06 0,0149
1225 | 0,006747 | 4,73E-06 0,0772 2746 | 0,014001 | 4,73E-06 0,0149
1226 | 0,006752 | 4,73E-06 0,0775 2747 | 0,014006 | 4,73E-06 0,0148
1227 | 0,006757 | 4,73E-06 0,0779 2748 | 0,01401 | 4,73E-06 0,0147
1228 | 0,006761 | 4,73E-06 0,0782 2749 | 0,014015 | 4,73E-06 0,0147
1229 | 0,006766 | 4,73E-06 0,0786 2750 | 0,01402 | 4,73E-06 0,0146
1230 | 0,006771 | 4,73E-06 0,0789 2751 | 0,014025 | 4,73E-06 0,0145
1231 | 0,006776 | 4,73E-06 0,0792 2752 | 0,014029 | 4,73E-06 0,0145
1232 /| 0,00678 | 4,73E-06 0,0795 2753 | 0,014034 | 4,73E-06 0,0144
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1233 | 0,006785 | 4,73E-06 0,0799 2754 | 0,014039 | 4,73E-06 0,0143
1234 | 0,00679 | 4,73E-06 0,0802 2755 | 0,014044 | 4,73E-06 0,0143
1235 | 0,006795 | 4,73E-06 0,0805 2756 | 0,014048 | 4,73E-06 0,0142
1236 | 0,006799 | 4,73E-06 0,0808 2757 | 0,014053 | 4,73E-06 0,0142
1237 | 0,006804 | 4,73E-06 0,0811 2758 | 0,014058 | 4,73E-06 0,0141
1238 | 0,006809 | 4,73E-06 0,0814 2759 | 0,014062 | 4,73E-06 0,0140
1239 | 0,006813 | 4,73E-06 0,0817 2760 | 0,014067 | 4,73E-06 0,0140
1240 | 0,006818 | 4,73E-06 0,0820 2761 | 0,014072 | 4,73E-06 0,0139
1241 | 0,006823 | 4,73E-06 0,0824 2762 | 0,014077 | 4,73E-06 0,0139
1242 | 0,006828 | 4,73E-06 0,0827 2763 | 0,014081 | 4,73E-06 0,0138
1243 | 0,006832 | 4,73E-06 0,0829 2764 | 0,014086 | 4,73E-06 0,0138
1244 | 0,006837 | 4,73E-06 0,0832 2765 | 0,014091 | 4,73E-06 0,0137
1245 | 0,006842 | 4,73E-06 0,0835 2766 | 0,014096 | 4,73E-06 0,0137
1246 | 0,006847 | 4,73E-06 0,0838 2767 | 0,0141 | 4,73E-06 0,0136
1247 | 0,006851 | 4,73E-06 0,0841 2768 | 0,014105 | 4,73E-06 0,0136
1248 | 0,006856 | 4,73E-06 0,0844 2769 | 0,01411 | 4,73E-06 0,0135
1249 | 0,006861 | 4,73E-06 0,0847 2770 | 0,014115 | 4,73E-06 0,0135
1250 | 0,006866 | 4,73E-06 0,0850 2771 | 0,014119 | 4,73E-06 0,0134
1251 | 0,00687 | 4,73E-06 0,0853 2772 | 0,014124 | 4,73E-06 0,0134
1252 | 0,006875 | 4,73E-06 0,0856 2773 | 0,014129 | 4,73E-06 0,0134
1253 | 0,00688 | 4,73E-06 0,0859 2774 | 0,014134 | 4,73E-06 0,0133
1254 | 0,006884 | 4,73E-06 0,0861 2775 | 0,014138 | 4,73E-06 0,0133
1255 | 0,006889 | 4,73E-06 0,0864 2776 | 0,014143 | 4,73E-06 0,0133
1256 | 0,006894 | 4,73E-06 0,0867 2777 | 0,014148 | 4,73E-06 0,0133
12571 0,006899 | 4,73E-06 0,0870 2778 | 0,014152 | 4,73E-06 0,0132
1258 | 0,006903 | 4,73E-06 0,0873 2779 | 0,014157 | 4,73E-06 0,0132
1259 | 0,006908 | 4,73E-06 0,0876 2780 | 0,014162 | 4,73E-06 0,0132
1260 | 0,006913 | 4,73E-06 0,0879 2781 | 0,014167 | 4,73E-06 0,0132
1261 | 0,006918 | 4,73E-06 0,0882 2782 | 0,014171 | 4,73E-06 0,0131
1262 | 0,006922 | 4,73E-06 0,0885 2783 | 0,014176 | 4,73E-06 0,0131
1263 | 0,006927 4,73E-06 0,0888 2784 | 0,014181 | 4,73E-06 0,0131
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1264 | 0,006932 | 4,73E-06 0,0891 2785 | 0,014186 | 4,73E-06 0,0131
1265 | 0,006937 | 4,73E-06 0,0894 2786 | 0,01419 | 4,73E-06 0,0130
1266 | 0,006941 | 4,73E-06 0,0897 2787 | 0,014195 | 4,73E-06 0,0130
1267 | 0,006946 | 4,73E-06 0,0900 2788 | 00142 | 4,73E-06 0,0130
1268 | 0,006951 | 4,73E-06 0,0903 2789 | 0,014205 | 4,73E-06 0,0130
1269 | 0,006955 | 4,73E-06 0,0906 2790 | 0,014209 | 4,73E-06 0,0130
1270 | 0,0069 | 4,73E-06 0,0909 2791 | 0,014214 | 4,73E-06 0,0129
1271 0,006965 | 4,73E-06 0,0912 2792 | 0,014219 | 4,73E-06 0,0129
1272 | 0,00697 | 4,73E-06 0,0915 2793 | 0,014223 | 4,73E-06 0,0129
1273 | 0,006974 | 4,73E-06 0,0919 2794 | 0,014228 | 4,73E-06 0,0129
1274 | 0,006979 | 4,73E-06 0,0922 2795 | 0,014233 | 4,73E-06 0,0128
1275 | 0,006984 | 4,73E-06 0,0925 2796 | 0,014238 | 4,73E-06 0,0128
1276 | 0,006989 | 4,73E-06 0,0928 2797 | 0,014242 | 4,73E-06 0,0128
1277 | 0,006993 | 4,73E-06 0,0932 2798 | 0,014247 | 4,73E-06 0,0127
1278 | 0,006998 | 4,73E-06 0,0935 2799 | 0,014252 | 4,73E-06 0,0127
1279 | 0,007003 | 4,73E-06 0,0938 2800 | 0,014257 | 4,73E-06 0,0127
1280 | 0,007008 | 4,73E-06 0,0942 2801 | 0,014261 | 4,73E-06 0,0126
1281 | 0,007012 4. 73E-06 0,0945 2802 | 0,014266 | 4,73E-06 0,0126
1282 | 0,007017 4. 73E-06 0,0949 2803 | 0,014271 | 4,73E-06 0,0126
1283 | 0,007022 4,73E-06 0,0952 2804 | 0,014276 | 4,73E-06 0,0125
1284 | 0,007027 4,73E-06 0,0956 2805 | 0,01428 | 4,73E-06 0,0125
1285 | 0,007031 4,73E-06 0,0960 2806 | 0,014285 | 4,73E-06 0,0124
1286 | 0,007036 4,73E-06 0,0963 2807 | 0,01429 | 4,73E-06 0,0124
1287 | 0,007041 4,73E-06 0,0967 2808 | 0,014295 | 4,73E-06 0,0123
1288 | 0,007045 | 4,73E-06 0,0971 2809 | 0,014299 | 4,73E-06 0,0123
1289 | 0,00705 | 4,73E-06 0,0974 2810 | 0,014304 | 4,73E-06 0,0122
1290 | 0,007055 4,73E-06 0,0978 2811 | 0,014309 | 4,73E-06 0,0122
1291 | 0,00706 | 4,73E-06 0,0982 2812 | 0,014313 | 4,73E-06 0,0121
1292 | 0,007064 4,73E-06 0,0986 2813 | 0,014318 | 4,73E-06 0,0121
1293 | 0,007069 4,73E-06 0,0989 2814 | 0,014323 | 4,73E-06 0,0120
1294 | 0,007074 4,73E-06 0,0993 2815 | 0,014328 | 4,73E-06 0,0120

297




1295 | 0,007079 | 4,73E-06 0,0997 2816 | 0,014332 | 4,73E-06 0,0119
1296 | 0,007083 | 4,73E-06 0,1001 2817 | 0,014337 | 4,73E-06 0,0119
1297 | 0,007088 | 4,73E-06 0,1005 2818 | 0,014342 | 4,73E-06 0,0118
1298 | 0,007093 | 4,73E-06 0,1009 2819 | 0,014347 | 4,73E-06 0,0117
1299 | 0,007098 | 4,73E-06 0,1013 2820 | 0,014351 | 4,73E-06 0,0117
1300 | 0,007102 | 4,73E-06 0,1017 2821 | 0,014356 | 4,73E-06 0,0116
1301 | 0,007107 | 4,73E-06 0,1021 2822 | 0,014361 | 4,73E-06 0,0116
1302 | 0,007112 | 4,73E-06 0,025 2823 | 0,014366 | 4,73E-06 0,0115
1303 | 0,007116 | 4,73E-06 0,1030 2824 | 0,01437 | 4,73E-06 0,0115
1304 | 0,007121 | 4,73E-06 0,1034 2825 | 0,014375 | 4,73E-06 0,0114
1305 | 0,007126 | 4,73E-06 0,0906 2826 | 0,01438 | 4,73E-06 0,0114
1306 | 0,007131 | 4,73E-06 0,0909 2827 | 0,014384 | 4,73E-06 0,0113
1307 | 0,007135 | 4,73E-06 0,0912 2828 | 0,014389 | 4,73E-06 0,0113
1308 | 0,00714 | 4,73E-06 0,0915 2829 | 0,014394 | 4,73E-06 0,0113
1309 | 0,007145 | 4,73E-06 0,0919 2830 | 0,014399 | 4,73E-06 0,0112
1310 | 000715 | 4,73E-06 0,0922 2831 | 0,014403 | 4,73E-06 0,0112
1311 | 0,007154 | 4,73E-06 0,0925 2832 | 0,014408 | 4,73E-06 0,0112
1312 | 0,007159 | 4,73E-06 0,0928 2833 | 0,014413 | 4,73E-06 0,0111
1313 | 0,007164 4. 73E-06 0,0932 2834 | 0,014418 | 4,73E-06 0,0111
1314 | 0,007169 4,73E-06 0,0935 2835 | 0,014422 | 4,73E-06 0,0111
1315 | 0,007173 4,73E-06 0,0938 2836 | 0,014427 | 4,73E-06 0,0111
1316 | 0,007178 4,73E-06 0,0942 2837 | 0,014432 | 4,73E-06 0,0111
1317 | 0,007183 9,47E-06 0,0945 2838 | 0,014437 | 4,73E-06 0,0111
1318 | 0,007192 | 4,73E-06 0,0949 2839 | 0,014441 | 4,73E-06 0,0111
1319 | 0,007197 | 4,73E-06 0,0952 2840 | 0014446 | 4,73E-06 0,0111
1320 | 0,007202 | 4,73E-06 0,0956 2841 | 0,014451 | 4,73E-06 0,0111
1321 | 0,007206 | 4,73E-06 0,0960 2842 | 0,014455 | 4,73E-06 0,0111
1322 | 0,007211 | 4,73E-06 0,0963 2843 | 0,01446 | 4,73E-06 0,0111
1323 | 0,007216 | 4,73E-06 0,0967 2844 | 0,014465 | 4,73E-06 0,0111
1324 | 0,007221 | 4,73E-06 0,0971 2845 | 0,01447 | 4,73E-06 0,0111
1325 | 0,007225 | 4,73E-06 0,0974 2846 | 0,014474 | 4,73E-06 0,0111
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1326 | 0,00723 | 4,73E-06 0,0978 2847 | 0,014479 | 4,73E-06 0,0111
1327| 0,007235 | 4,73E-06 0,0982 2848 | 0,014484 | 4,73E-06 0,0112
1328 | 0,00724 | 4,73E-06 0,0986 2849 | 0,014489 | 4,73E-06 0,0112
1329 | 0,007244 | 4,73E-06 0,0989 2850 | 0,014493 | 4,73E-06 0,0112
1330 | 0,007249 | 4,73E-06 0,0993 2851 | 0,014498 | 4,73E-06 0,0112
1331 | 0,007254 | 4,73E-06 0,0997 2852 | 0,014503 | 4,73E-06 0,0113
1332 | 0,007259 | 4,73E-06 0,1001 2853 | 0,014508 | 4,73E-06 0,0113
1333 | 0,007263 | 4,73E-06 0,1005 2854 | 0,014512 | 4,73E-06 0,0113
1334 | 0,007268 | 4,73E-06 0,1009 2855 | 0,014517 | 4,73E-06 0,0114
1335 | 0,007273 | 4,73E-06 0,1013 2856 | 0,014522 | 4,73E-06 0,0114
1336 | 0,007277 | 4,73E-06 0,1017 2857 | 0,014527 | 4,73E-06 0,0115
1337 | 0,007282 | 4,73E-06 0,1021 2858 | 0,014531 | 4,73E-06 0,0115
1338 | 0,007287 | 4,73E-06 0,1025 2859 | 0,014536 | 4,73E-06 0,0116
1339 | 0,007292 | 4,73E-06 0,1030 2860 | 0,014541 | 4,73E-06 0,0116
1340 | 0,007296 | 4,73E-06 0,1034 2861 | 0,014545 | 4,73E-06 0,0116
1341 | 0,007301 4. 73E-06 0,0906 2862 0,01455 4,73E-06 0,0117
1342 | 0,007306 4. 73E-06 0,0909 2863 | 0,014555 | 4,73E-06 0,0117
1343 | 0,007311 4. 73E-06 0,0912 2864 0,01456 4,73E-06 0,0118
1344 | 0,007315 4. 73E-06 0,0915 2865 | 0,014564 | 4,73E-06 0,0118
1345 | 0,00732 | 4,73E-06 0,0919 2866 | 0,014569 | 4,73E-06 0,0119
1346 | 0,007325 4,73E-06 0,0922 2867 | 0,014574 | 4,73E-06 0,0119
1347 | 0,00733 | 4,73E-06 0,0925 2868 | 0,014579 | 4,73E-06 0,0119
1348 | 0,007334 4,73E-06 0,0928 2869 | 0,014583 | 4,73E-06 0,0120
1349 | 0,007339 4,73E-06 0,0932 2870 | 0,014588 | 4,73E-06 0,0120
1350 | 0,007344 | 4,73E-06 0,0935 2871 | 0,014593 | 4,73E-06 0,0121
1351 | 0,007348 4,73E-06 0,0938 2872 | 0,014598 | 4,73E-06 0,0121
1352 | 0,007353 4,73E-06 0,0942 2873 | 0,014602 | 4,73E-06 0,0121
1353 | 0,007358 4,73E-06 0,0945 2874 | 0,014607 | 4,73E-06 0,0122
1354 | 0,007363 4,73E-06 0,0949 2875 | 0,014612 | 4,73E-06 0,0122
1355 | 0,007367 4,73E-06 0,0952 2876 | 0,014616 | 4,73E-06 0,0122
1356 | 0,007372 4,73E-06 0,0956 2877 | 0,014621 | 4,73E-06 0,0123
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1357 | 0,007377 | 4,73E-06 0,0960 2878 | 0,014626 | 4,73E-06 0,0123
1358 | 0,007382 | 4,73E-06 0,0963 2879 | 0,014631 | 4,73E-06 0,0123
1359 | 0,007386 | 4,73E-06 0,0967 2880 | 0,014635 | 4,73E-06 0,0123
1360 | 0,007391 | 4,73E-06 0,0971 2881 | 0,01464 | 4,73E-06 0,0123
1361 | 0,007396 | 4,73E-06 0,0974 2882 | 0,014645 | 4,73E-06 0,0124
1362 | 0,007401 | 4,73E-06 0,0978 2883 | 0,01465 | 4,73E-06 0,0124
1363 | 0,007405 | 4,73E-06 0,0982 2884 | 0,014654 | 4,73E-06 0,0124
1364 | 0,00741 | 4,73E-06 0,0986 2885 | 0,014659 | 4,73E-06 0,0124
1365 | 0,007415 | 4,73E-06 0,0989 2886 | 0,014664 | 4,73E-06 0,0124
1366 | 0,00742 | 4,73E-06 0,0993 2887 | 0,014669 | 4,73E-06 0,0124
1367 | 0,007424 | 4,73E-06 0,0997 2888 | 0,014673 | 4,73E-06 0,0124
1368 | 0,007429 | 4,73E-06 0,1001 2889 | 0,014678 | 4,73E-06 0,0124
1369 | 0,007434 | 4,73E-06 0,1005 2890 | 0,014683 | 4,73E-06 0,0124
1370 | 0,007438 | 4,73E-06 0,1009 2891 | 0,014687 | 4,73E-06 0,0124
1371 | 0,007443 | 4,73E-06 0,1013 2892 | 0,014692 | 4,73E-06 0,0124
1372 | 0,007448 | 4,73E-06 0,1017 2893 | 0,014697 | 4,73E-06 0,0124
1373 | 0,007453 | 4,73E-06 0,1021 2894 | 0,014702 | 4,73E-06 0,0124
1374 | 0,007457 4. 73E-06 0,1025 2895 | 0,014706 | 4,73E-06 0,0124
1375 | 0,007462 4. 73E-06 0,1030 2896 | 0,014711 | 4,73E-06 0,0124
1376 | 0,007467 4,73E-06 0,1034 2897 | 0,014716 | 4,73E-06 0,0123
1377 | 0,007472 4,73E-06 0,0906 2898 | 0,014721 | 4,73E-06 0,0123
1378 | 0,007476 4,73E-06 0,0909 2899 | 0,014725 | 4,73E-06 0,0123
1379 | 0,007481 4,73E-06 0,0912 2900 | 0,01473 | 4,73E-06 0,0123
1380 | 0,007486 4,73E-06 0,0915 2901 | 0,014735 | 4,73E-06 0,0123
1381 | 0,007491 | 4,73E-06 0,0919 2902 | 0,01474 | 4,73E-06 0,0122
1382 | 0,007495 4,73E-06 0,0922 2903 | 0,014744 | 4,73E-06 0,0122
1383 | 0,0075 | 4,73E-06 0,0925 2904 | 0,014749 | 9,47E-06 0,0122
1384 | 0,007505 4,73E-06 0,0928 2905 | 0,014759 | 4,73E-06 0,0122
1385 | 0,007509 4,73E-06 0,0932 2906 | 0,014763 | 4,73E-06 0,0121
1386 | 0,007514 4,73E-06 0,0935 2907 | 0,014768 | 4,73E-06 0,0121
1387 | 0,007519 4,73E-06 0,0938 2908 | 0,014773 | 4,73E-06 0,0121
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1388 | 0,007524 | 4,73E-06 0,0942 2909 | 0,014777 | 4,73E-06 0,0121
1389 | 0,007528 | 4,73E-06 0,0945 2910 | 0,014782 | 4,73E-06 0,0120
1390 | 0,007533 | 4,73E-06 0,0949 2911 | 0,014787 | 4,73E-06 0,0120
1391 | 0,007538 | 4,73E-06 0,0952 2912 | 0,014792 | 4,73E-06 0,0120
1392 | 0,007543 | 4,73E-06 0,0956 2913 | 0,014796 | 9,47E-06 0,0119
1393 | 0,007547 | 4,73E-06 0,0960 2914 | 0,014806 | 4,73E-06 0,0119
1394 | 0,007552 | 4,73E-06 0,0963 2915 | 0,014811 | 4,73E-06 0,0119
1395 | 0,007557 | 4,73E-06 0,0967 2916 | 0,014815 | 4,73E-06 0,0118
1396 | 0,007562 | 4,73E-06 0,0971 2017 | 0,01482 | 4,73E-06 0,0118
1397 | 0,007566 | 4,73E-06 0,0974 2918 | 0,014825 | 4,73E-06 0,0118
1398 | 0,007571 | 4,73E-06 0,0978 2010 | 0,01483 | 4,73E-06 0,0118
1399 | 0,007576 | 4,73E-06 0,0982 2920 | 0,014834 | 4,73E-06 0,0117
1400 | 0,00758 | 4,73E-06 0,0986 2921 | 0,014839 | 4,73E-06 0,0117
1401 | 0,007585 | 4,73E-06 0,0989 2922 | 0,014844 | 4,73E-06 0,0117
1402 | 0,00759 | 4,73E-06 0,0993 2923 | 0,014848 | 4,73E-06 0,0117
1403 | 0,007595 | 4,73E-06 0,0997 2924 | 0,014853 | 4,73E-06 0,0116
1404 | 0,007599 | 4,73E-06 0,1001 2925 | 0,014858 | 4,73E-06 0,0116
1405 | 0,007604 4. 73E-06 0,1005 2926 | 0,014863 | 4,73E-06 0,0116
1406 | 0,007609 4. 73E-06 0,1009 2927 | 0,014867 | 4,73E-06 0,0116
1407 | 0,007614 4,73E-06 0,1013 2928 | 0,014872 | 4,73E-06 0,0115
1408 | 0,007618 4,73E-06 0,1017 2929 | 0,014877 | 4,73E-06 0,0115
1409 | 0,007623 4,73E-06 0,1021 2930 | 0,014882 | 4,73E-06 0,0115
1410 | 0,007628 4,73E-06 0,1025 2931 | 0,014886 | 4,73E-06 0,0115
1411 | 0,007633 | 4,73E-06 0,1030 2032 | 0,014891 | 4,73E-06 0,0114
1412 | 0,007637 | 4,73E-06 0,1034 2033 | 0014896 | 4,73E-06 0,0114
1413 | 0,007642 | 4,73E-06 0,0906 2034 | 0,014901 | 4,73E-06 0,0114
1414 | 0,007647 | 4,73E-06 0,0909 2035 | 0,014905 | 4,73E-06 0,0114
1415 | 0,007652 | 4,73E-06 0,0912 2036 | 0,01491 | 4,73E-06 0,0113
1416 | 0,007656 | 4,73E-06 0,0915 2037 | 0,014915 | 4,73E-06 0,0113
1417 | 0,007661 | 4,73E-06 0,0919 2038 | 0,01492 | 4,73E-06 0,0113
1418 | 0,007666 | 4,73E-06 0,0922 2039 | 0,014924 | 4,73E-06 0,0113
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1419 | 0,00767 | 4,73E-06 0,0925 2940 | 0,014929 | 4,73E-06 0,0112
1420 | 0,007675 4,73E-06 0,0928 2941 | 0,014934 | 4,73E-06 0,0112
1421 0,00768 | 4,73E-06 0,0932 2942 | 0,014938 | 4,73E-06 0,0112
1422 | 0,007685 4,73E-06 0,0935 2043 | 0,014943 | 4,73E-06 0,0112
1423 | 0,007689 4,73E-06 0,0938 2044 | 0,014948 | 4,73E-06 0,0111
1424 | 0,007694 4,73E-06 0,0942 2045 | 0,014953 | 4,73E-06 0,0111
1425 | 0,007699 4,73E-06 0,0945 2046 | 0,014957 | 4,73E-06 0,0111
1426 | 0,007704 4,73E-06 0,0949 2047 | 0,014962 | 4,73E-06 0,0110
1427 | 0,007708 4,73E-06 0,0952 2048 | 0,014967 | 4,73E-06 0,0110
1428 | 0,007713 4,73E-06 0,0956 2049 | 0,014972 | 4,73E-06 0,0110
1429 | 0,007718 | 4,73E-06 0,0960 2950 | 0,014976 | 4,73E-06 0,0110
1430 | 0,007723 4. 73E-06 0,0963 2051 | 0,014981 | 4,73E-06 0,0109
1431 | 0,007727 4. 73E-06 0,0967 2052 | 0,014986 | 4,73E-06 0,0109
1432 | 0,007732 4. 73E-06 0,0971 2053 | 0,014991 | 4,73E-06 0,0109
1433 | 0,007737 4. 73E-06 0,0974 2054 | 0,014995 | 4,73E-06 0,0108
1434 | 0,007741 4. 73E-06 0,0978 2955 0,015 4,73E-06 0,0108
1435 | 0,007746 4. 73E-06 0,0982 2956 | 0,015005 | 4,73E-06 0,0107
1436 | 0,007751 4. 73E-06 0,0986 2957 | 0,015009 | 4,73E-06 0,0107
1437 | 0,007756 4. 73E-06 0,0989 2058 | 0,015014 | 4,73E-06 0,0107
1438 | 000776 | 4,73E-06 0,0993 2959 | 0,015019 | 4,73E-06 0,0106
1439 | 0,007765 4,73E-06 0,0997 2960 | 0,015024 | 4,73E-06 0,0106
1440 | 000777 | 4,73E-06 0,1001 2961 | 0,015028 | 4,73E-06 0,0106
1441 | 0,007775 4,73E-06 0,1005 2962 | 0,015033 | 4,73E-06 0,0105
1442 | 0,007779 4,73E-06 0,1009 2963 | 0,015038 | 4,73E-06 0,0105
1443 | 0,007784 | 4,73E-06 0,1013 2964 | 0,015043 | 4,73E-06 0,0104
1444 | 0,007789 4,73E-06 0,1017 2965 | 0,015047 | 4,73E-06 0,0104
1445 | 0,007794 4,73E-06 0,1021 2966 | 0,015052 | 4,73E-06 0,0104
1446 | 0,007798 4,73E-06 0,1025 2967 | 0,015057 | 4,73E-06 0,0103
1447 | 0,007803 4,73E-06 0,1030 2968 | 0,015062 | 4,73E-06 0,0103
1448 | 0,007808 4,73E-06 0,1034 2969 | 0,015066 | 4,73E-06 0,0102
1449 | 0,007813 4,73E-06 0,0906 2970 | 0,015071 | 4,73E-06 0,0102
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1450 | 0,007817 4,73E-06 0,0909 2971 | 0,015076 | 4,73E-06 0,0102
1451 | 0,007822 4,73E-06 0,0912 2972 0,01508 4,73E-06 0,0101
1452 | 0,007827 4,73E-06 0,0915 2973 | 0,015085 | 4,73E-06 0,0101
1453 | 0,007831 | 4,73E-06 0,0919 2974 | 0,01509 | 4,73E-06 0,0101
1454 | 0,007836 4,73E-06 0,0922 2975 | 0,015095 | 4,73E-06 0,0100
1455 | 0,007841 4,73E-06 0,0925 2976 | 0,015099 | 4,73E-06 0,0100
1456 | 0,007846 4,73E-06 0,0928 2977 | 0,015104 | 4,73E-06 0,0100
1457 0,00785 | 4,73E-06 0,0932 2978 | 0,015109 | 4,73E-06 0,0099
1458 | 0,007855 4,73E-06 0,0935 2979 | 0,015114 | 4,73E-06 0,0099
1459 | 0,00786 | 4,73E-06 0,0938 2980 | 0,015118 | 4,73E-06 0,0099
1460 | 0,007865 | 4,73E-06 0,0942 2981 | 0,015123 | 4,73E-06 0,0098
1461 | 0,007869 4. 73E-06 0,0945 2082 | 0,015128 | 4,73E-06 0,0098
1462 | 0,007874 4. 73E-06 0,0949 2083 | 0,015133 | 4,73E-06 0,0098
1463 | 0,007879 4. 73E-06 0,0952 2084 | 0,015137 | 4,73E-06 0,0098
1464 | 0,007884 4. 73E-06 0,0956 2085 | 0,015142 | 4,73E-06 0,0098
1465 | 0,007888 4. 73E-06 0,0960 2086 | 0,015147 | 4,73E-06 0,0097
1466 | 0,007893 4. 73E-06 0,0963 2087 | 0,015152 | 4,73E-06 0,0097
1467 | 0,007898 4. 73E-06 0,0967 2988 | 0,015156 | 4,73E-06 0,0097
1468 | 0,007902 4. 73E-06 0,0971 2089 | 0,015161 | 4,73E-06 0,0097
1469 | 0,007907 4,73E-06 0,0974 2990 | 0,015166 | 4,73E-06 0,0097
1470 | 0,007912 4,73E-06 0,0978 2991 | 0,01517 | 4,73E-06 0,0096
1471 | 0,007917 4,73E-06 0,0982 2992 | 0,015175 | 4,73E-06 0,0096
1472 | 0,007921 4,73E-06 0,0986 2993 | 0,01518 | 4,73E-06 0,0096
1473 | 0,007926 4,73E-06 0,0989 2994 | 0,015185 | 4,73E-06 0,0096
1474 | 0,007931 | 4,73E-06 0,0993 2995 | 0,015189 | 4,73E-06 0,0096
1475 | 0,007936 4,73E-06 0,0997 2996 | 0,015194 | 4,73E-06 0,0096
1476 | 000794 | 4,73E-06 0,1001 2997 | 0,015199 | 4,73E-06 0,0096
1477 | 0,007945 4,73E-06 0,1005 2998 | 0,015204 | 4,73E-06 0,0096
1478 | 000795 | 4,73E-06 0,1009 2999 | 0,015208 | 4,73E-06 0,0096
1479 | 0,007955 4,73E-06 0,1013 3000 | 0,015213 | 4,73E-06 0,0096
1480 | 0,007959 4,73E-06 0,1017 3001 | 0,015218 | 4,73E-06 0,0096
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1481 | 0,007964 4,73E-06 0,1021 3002 | 0,015223 | 4,73E-06 0,0095
1482 | 0,007969 4,73E-06 0,1025 3003 | 0,015227 | 4,73E-06 0,0095
1483 | 0,007973 4,73E-06 0,1030 3004 | 0,015232 | 4,73E-06 0,0095
1484 | 0,007978 | 4,73E-06 0,1034 3005 | 0,015237 | 4,73E-06 0,0095
1485 | 0,007983 4,73E-06 0,0906 3006 | 0,015241 | 4,73E-06 0,0095
1486 | 0,007988 4,73E-06 0,0909 3007 | 0,015246 | 4,73E-06 0,0095
1487 | 0,007992 4,73E-06 0,0912 3008 | 0,015251 | 4,73E-06 0,0095
1488 | 0,007997 4,73E-06 0,0915 3009 | 0,015256 | 4,73E-06 0,0095
1489 | 0,008002 4,73E-06 0,0919 3010 0,01526 4,73E-06 0,0095
1490 | 0,008007 4,73E-06 0,0922 3011 | 0,015265 | 4,73E-06 0,0095
1491 | 0,008011 | 4,73E-06 0,0925 3012 | 0,01527 | 4,73E-06 0,0095
1492 | 0,008016 4. 73E-06 0,0928 3013 | 0,015275 | 4,73E-06 0,0095
1493 | 0,008021 4. 73E-06 0,0932 3014 | 0,015279 | 4,73E-06 0,0094
1494 | 0,008026 4. 73E-06 0,0935 3015 | 0,015284 | 4,73E-06 0,0094
1495 | 000803 | 4,73E-06 0,0938 3016 | 0,015289 | 4,73E-06 0,0094
1496 | 0,008035 4. 73E-06 0,0942 3017 | 0,015294 | 9,47E-06 0,0094
1497 | 0,00804 | 4,73E-06 0,0945 3018 | 0,015303 | 4,73E-06 0,0094
1498 | 0,008045 4. 73E-06 0,0949 3019 | 0,015308 | 4,73E-06 0,0094
1499 | 0,008049 4. 73E-06 0,0952 3020 | 0,015312 | 4,73E-06 0,0093
1500 | 0,008054 4,73E-06 0,0956 3021 | 0,015317 | 4,73E-06 0,0093
1501 | 0,008059 4,73E-06 0,0960 3022 | 0,015322 | 4,73E-06 0,0093
1502 | 0,008063 4,73E-06 0,0963 3023 | 0,015327 | 4,73E-06 0,0093
1503 | 0,008068 4,73E-06 0,0967 3024 | 0,015331 | 4,73E-06 0,0093
1504 | 0,008073 4,73E-06 0,0971 3025 | 0,015336 | 4,73E-06 0,0093
1505 | 0,008078 | 4,73E-06 0,0974 3026 | 0,015341 | 4,73E-06 0,0092
1506 | 0,008082 4,73E-06 0,0978 3027 | 0,015346 | 4,73E-06 0,0092
1507 | 0,008087 9,47E-06 0,0982 3028 0,01535 4,73E-06 0,0092
1508 | 0,008097 4,73E-06 0,0986 3029 | 0,015355 | 4,73E-06 0,0092
1509 | 0,008101 4,73E-06 0,0989 3030 0,01536 4,73E-06 0,0091
1510 | 0,008106 4,73E-06 0,0993 3031 | 0,015365 | 4,73E-06 0,0091
1511 | 0,008111 4,73E-06 0,0997 3032 | 0,015369 | 4,73E-06 0,0091
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1512 | 0008116 ) 4.73E-06 01001 | 3033 | 0,015374 | 4,73E-06 |  0,0091
1513] 000812 | 4,73E-06 01005 | 3034 | 0,015379 | 4,73E-06 |  0,0090
1514 | 0008125 | 4.73E-06 01009 [ 3035 | 0015384 | 473E-06 |  0,0090
1515 | 000813 ) 4.73E-00 01013 [ 3036 | 0,015388 | 473E-06 |  0,0090
1516 0.008134 | 4.73E-06 01017 | 3037 | 0,015303 | 4,73E-06 |  0,0090
1517 0008139 | 4,73E-06 01021 | 3038 | 0,015398 | 4,73E-06 |  0,0089
1518 | 0,008144 | 4,73E-06 01075 | 3039 | 0015402 | 473606 | 00089
1519 | 0008149 | 473E-06 | 01030 | 3040 | 0,015407 | 4,73E-06 |  0,0089
1520 | 0,008153 | 4,73E-06 01034 | som1 | ooisaiz | 473606 | 00088
1521 | 0008158 | 4,73E-06 01539 | 3042 | 0,015417 | 4,73E-06 |  0,0088
e Trudng hgp cum hong / xdpap nap cai tién méi
STT | Thoigian | Timestep | "™ | ST | Thoigian | Timestep | ™'
(m®) (m?)

1 | L1B9E-05 | 7.64E-02 | 01113 | 408 | 0007727 | 170805 | 04397

2 | 3.79E-05 | -TA1E-05 | 01142 | 409 | 0.007746 | 2026:05 | 01392

3 | 568E-05 | -3.73E-04 | 01118 | 410 | 0.007765 | 240E.05 | 04387

4 | 7.58E-05 | -LI2E04 | 01105 | a11 | 0007784 | 282805 | 01382

5 | 947E-05 | -4.13E-05 | 01097 | 412 | 0.007803 | 3.296.05 | 04377

6 | 0000114 | -3,74E05 | 0,1091 | 413 | 0007822 | 3.80E05 | 01371

7 | 0000133 | -410E-05 | 0,1086 | 414 | 0007841 | 4.36E05 | 01365

§ | 0000152 | -4,92E-05 | 0,1083 | 415 | 000786 | 4.96E05 | 01359

9 | 000017 | -598E-05 | 0,1081 | 416 | 0.007879 | 560E05 | 01352

10 | 0,000189 | -7.12E-05 | 01080 | 417 | 0007898 | 629E-05 | 0.1346

11 | 0000208 | -8,27E-05 | 01079 | 418 | 0007917 | 701605 | 01339

12 | 0000227 | 938E-05 | 01078 | 419 | 0007936 | 7.776-05 | 01332

13 | 0,000246 | -105E-04 | 01076 | 420 | 0,007955 | 856805 | 01325

14 | 0,000265 | -117E-04 | 01071 | 421 | 0007973 | 939805 | 01317

15 | 0,000284 | -130E-04 | 01065 | 422 | 0007992 | L03E-04 | 01310

16 | 0,000308 | -1456-04 | 01056 | 423 | 0008011 | L116-04 | 01302
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17 | 0000322 | -1,65E-04 | 10,1045 | 424 | 0,00803 | 1,21E-04 0,1294
18 | 0,000341 | -1,88E-04 | 10,1033 | 425 | 0,008049 | 1,30E-04 0,1287
19 | 000036 | -2,14E-04 | 10,1020 | 426 | 0,008068 | 1,40E-04 0,1279
20 | 0,000379 | -2,44E-04 | 10,1006 | 427 | 0,008087 | 1,49E-04 | 0,1271
21 | 0,000398 | -2,75E-04 | 0,0993 | 428 | 0,008106 | 1,59E-04 0,1263
22 | 0,000417 | -3,06E-04 | 00981 | 429 | 0,008125 | 1,70E-04 0,1255
23 | 0,000436 | -3,37E-04 | 00969 | 430 | 0,008144 | 1,80E-04 0,1247
24 | 0,000455 | -3,65E-04 | 00958 | 431 | 0,008163 | 1,90E-04 0,1239
25 | 0,000473 | -3,90E-04 | 10,0948 | 432 | 0,008182 | 2,01E-04 0,1231
26 | 0,000492 | -4,09-04 | 00938 | 433 | 0,008201 | 2,11E-04 0,1223
27 | 0,000511 | -4,23E-04 | 00929 | 434 | 0,00822 | 2,22E-04 | 0,1216
28 | 000053 | -4,29E-04 | 0,0920 | 435 | 0,008239 | 2,33E-04 0,1208
29 | 0,000549 | -4,28E-04 | 00911 | 436 | 0,008258 | 2,43E-04 0,1200
30 | 0,000568 | -4,19E-04 | 10,0903 | 437 | 0,008277 | 2,54E-04 0,1192
31 | 0,000587 | -4,01E-04 | 0,0895 | 438 | 0,008295 | 2,65E-04 0,1184
32 | 0,000606 | -3,75E-04 | 10,0887 | 439 | 0,008314 | 2,75E-04 0,1176
33 | 0,000625 | -3,42E-04 | 10,0880 | 440 | 0,008333 | 2,86E-04 0,1169
34 | 0,000644 | -3,03E-04 | 00873 | 441 | 0,008352 | 2,96E-04 0,1161
35 | 0,000663 | -2,50E-04 | 0,0868 | 442 | 0,008371 | 3,07E-04 0,1153
36 0,000682 -2,12E-04 0,0863 443 0,00839 3,17E-04 0,1145
37 | 0,000701 | -1,64E-04 | 10,0858 | 444 | 0,008409 | 3,27E-04 0,1138
38 | 000072 | -1,17E-04 | 00855 | 445 | 0,008428 | 3,37E-04 0,1130
39 | 0,000739 | -7,29E-05 | 0,0852 | 446 | 0,008447 | 3,47E-04 0,1122
40 | 0,000758 | -3,28E-05 | 10,0849 | 447 | 0,008466 | 3,57E-04 0,1115
41 | 0,000777 | 2,05E-06 | 00847 | 448 | 0,008485 | 3,67E-04 0,1107
42 | 0,000795 | 3,10E-05 | 00844 | 449 | 0,008504 | 3,77E-04 0,1100
43 | 0,000814 | 536E-05 | 00842 | 450 | 0,008523 | 3,86E-04 0,1093
44 | 0,000833 | 7,01E-05 | 00839 | 451 | 0,008542 | 3,96E-04 0,1085
45 | 0,000852 | 8,09E-05 | 00836 | 452 | 0,008561 | 4,05E-04 0,1078
46 0,000871 8,68E-05 0,0833 453 0,00858 4,14E-04 0,1071
47 | 0,00089 | 887E-05 | 00828 | 454 | 0,008598 | 4,23E-04 0,1065

306




48 | 0,000909 | 8,77E-05 | 00824 | 455 | 0,008617 | 4,31E-04 0,1058
49 | 0000928 | 8,48E-05 | 00818 | 456 | 0,008636 | 4,40E-04 0,1051
50 | 0,000947 | 813E-05 | 00812 | 457 | 0,008655 | 4,48E-04 0,1045
51 | 000096 | 7,79E-05 | 00805 | 458 | 0,008674 | 4,56E-04 | 0,1039
52 | 0,000985 | 7,56E-05 | 00796 | 459 | 0,008693 | 4,65E-04 0,1032
53 | 0,001004 | 7,48E-05 | 00787 | 460 | 0,008712 | 4,72E-04 0,1026
54 | 0001023 | 7,57E-05 | 00777 | 461 | 0,008731 | 4,80E-04 0,1021
55 | 0,001042 | 7,84E-05 | 00765 | 462 | 0,00875 | 4,87E-04 0,1015
56 | 0001061 | 827E-05 | 00752 | 463 | 0,008769 | 4,95E-04 0,1009
57 | 000108 | 881E-05 | 00738 | 464 | 0,008788 | 5,02E-04 0,1004
58 | 0001098 | 9,42E-05 | 00724 | 465 | 0,008807 | 509E-04 | 0,0999
59 | 0001117 | 1,00E-04 | 00708 | 466 | 0,008826 | 5,15E-04 0,0994
60 | 0001136 | 1,06E-04 | 00691 | 467 | 0,008845 | 5,22E-04 0,0989
61 | 0001155 | 1,11E-04 | 00674 | 468 | 0,008864 | 5,28E-04 0,0984
62 | 0001174 | 1,13E-04 | 00657 | 469 | 0,008883 | 5,34E-04 0,0979
63 | 0001193 | 1,14E-04 | 00639 | 470 | 0,008902 | 5,40E-04 0,0974
64 0,001212 1,13E-04 0,0621 471 0,00892 5,46E-04 0,0970
65 | 0001231 | 1,10E-04 | 10,0604 | 472 | 0,008939 | 552E-04 0,0965
66 | 000125 | 1,04E-04 | 00586 | 473 | 0,008958 | 5,57E-04 0,0961
67 | 0001269 | 9,62E-05 | 00569 | 474 | 0,008977 | 5,62E-04 0,0957
68 | 0001288 | 8,71E-05 | 00553 | 475 | 0,008996 | 5,67E-04 0,0953
69 | 0001307 | 7,66E-05 | 00537 | 476 | 0,009015 | 5,72E-04 0,0948
70 | 0,001326 | 6,55E-05 | 10,0522 | 477 | 0,009034 | 5,76E-04 0,0945
71 | 0,001345 | 538E-05 | 00508 | 478 | 0,009053 | 5,81E-04 0,0941
72| 0,001364 | 4,23E-05 | 00495 | 479 | 0,009072 | 5,85E-04 0,0937
73 | 0001383 | 3,18E-05 | 10,0482 | 480 | 0,009091 | 5,89E-04 0,0933
74 | 0001402 | 2,22E-05 | 00471 | 481 | 0,00911 | 5,93E-04 0,0929
75 | 000142 | 1,40E-05 | 0,0460 | 482 | 0,009129 | 5,96E-04 0,0926
76 | 0,001439 | 6,56E-06 | 0,0450 | 483 | 0,009148 | 6,00E-04 0,0922
77 | 0001458 | 1,82E-06 | 10,0440 | 484 | 0,009167 | 6,03E-04 0,0919
78 | 0001477 | -1,55E-06 | 0,0431 | 485 | 0,009186 | 6,06E-04 0,0915

307




79 | 0,001496 | -3,31E-06 | 00423 | 486 | 0,009205 | 6,09E-04 0,0912
80 | 0,001515 | -3,52E-06 | 00415 | 487 | 0,009223 | 6,11E-04 0,0909
81 | 0,001534 | -2,30E-06 | 0,0407 | 488 | 0,009242 | 6,14E-04 0,0905
82 | 0001553 | 1,85E-07 | 00400 | 489 | 0,009261 | 6,16E-04 | 0,0902
83 | 0001572 | 3,76E-06 | 00392 | 490 | 0,00928 | 6,19E-04 0,0899
84 | 0001591 | 827E-06 | 00383 | 491 | 0,009299 | 6,21E-04 0,0896
85 | 000161 | 1,36E-05 | 00374 | 492 | 0,009318 | 6,22E-04 0,0893
86 | 0001629 | 1,95E-05 | 00363 | 493 | 0,009337 | 6,24E-04 0,0890
87 | 0001648 | 2,59E-05 | 00350 | 494 | 0,009356 | 6,26E-04 0,0887
88 | 0,001667 | 3,28E-05 | 00335 | 495 | 0,009375 | 6,27E-04 0,0884
89 | 0001686 | 4,01E-05 | 00318 | 496 | 0,009394 | 6,29E-04 | 10,0881
9 | 0001705 | 4,79E-05 | 00297 | 497 | 0,009413 | 6,32E-04 0,0878
91 | 0001723 | 562E-05 | 00273 | 498 | 0,009432 | 6,34E-04 0,0875
92 | 0001742 | 6,50E-05 | 00244 | 499 | 0,009451 | 6,35E-04 0,0872
93 | 0001761 | 743E-05 | 00211 | 500 | 0,00947 | 6,37E-04 0,0870
94 | 000178 | 841E-05 | 00173 | 501 | 0,009489 | 6,38E-04 0,0867
95 | 0001799 | 9,44E-05 | 00131 | 502 | 0,009508 | 6,38E-04 0,0864
9 | 0001818 | 1,05E-04 | 00083 | 503 | 0,009527 | 6,42E-04 | 0,0861
97 | 0001837 | 1,16E-04 | 00031 | 504 | 0,009545 | 6,42E-04 0,0858
98 | 000185 | 1,27E-04 | -0,0026 | 505 | 0,009564 | 6,43E-04 0,0855
99 | 0001875 | 1,37E-04 | -0,0086 | 506 | 0,009583 | 6,45E-04 0,0852
100 0,001894 1,47E-04 -0,0149 507 0,009602 | 6,47E-04 0,0849
101 0,001913 1,57E-04 -0,0213 508 0,009621 | 6,40E-04 0,0846
102 | 0,001932 | 1,65E-04 | -0,0277 | 509 | 000964 | 6,51E-04 | 00843
103 | 0001951 | 1,72E-04 | -0,0341 | 510 | 0009659 | 6,50E-04 | 0,0840
104 | 0,00197 | 1,778-04 | -0,0402 | 511 | 0,009678 | 6,49E-04 0,0837
105 | 0,001989 | 1,80E-04 | -0,0461 | 512 | 0,009697 | 6,50E-04 | 0,0834
106 | 0,002008 | 1,80E-04 | -0,0515 | 513 | 0,009716 | 6,51E-04 | 0,0830
107 | 0,002027 | 1,78E-04 | -0,0565 | 514 | 0,009735 | 6,55E-04 | 00827
108 | 0,002045 | 1,73E-04 | -0,0609 | 515 | 0,009754 | 6.46E-04 | 00823
109 | 0,002064 | 1,65E-04 | -0,0647 | 516 | 0,009773 | 6,39E-04 | 0,0820
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110 0,002083 1,53E-04 -0,0679 517 0,009792 6,27E-04 0,0816
111 0,002102 1,38E-04 -0,0704 518 0,009811 6,23E-04 0,0812
112 0,002121 1,20E-04 -0,0723 519 0,00983 6,22E-04 0,0808
113 | 000214 | 9,798-05 | -0,0736 | 520 | 0,009848 | 6,23E-04 |  0,0804
114 0,002159 7,28E-05 -0,0744 521 0,009867 6,24E-04 0,0800
115 0,002178 4, 47E-05 -0,0746 522 0,009886 6,24E-04 0,0796
116 0,002197 1,38E-05 -0,0743 523 0,009905 6,24E-04 0,0791
117 0,002216 -1,97E-05 -0,0736 524 0,009924 6,24E-04 0,0787
118 0,002235 -5,53E-05 -0,0725 525 0,009943 6,24E-04 0,0783
119 0,002254 -9,26E-05 -0,0711 526 0,009962 6,23E-04 0,0778
120 | 0,002273 | -1,31E-04 | -0,0695 527 | 0,009981 | 6,23E-04 0,0774
121 0,002292 -1,71E-04 -0,0675 528 0,01 6,22E-04 0,0769
122 0,002311 -2,11E-04 -0,0654 529 0,010019 6,22E-04 0,0765
123 | 0,00233 | -2,53E-04 | -0,0631 | 530 | 0,010038 | 1,24E-03 | 0,0760
124 0,002348 -2,96E-04 -0,0607 531 0,010057 6,20E-04 0,0756
125 0,002367 -3,37E-04 -0,0582 532 0,010076 6,19E-04 0,0751
126 0,002386 -3,78E-04 -0,0556 533 0,010095 6,19E-04 0,0746
127 0,002405 -4,18E-04 -0,0530 534 0,010114 6,18E-04 0,0742
128 0,002424 -4 57E-04 -0,0503 535 0,010133 6,18E-04 0,0737
129 0,002443 | -4,95E-04 -0,0477 536 0,010152 | 6,17E-04 0,0732
130 | 0,002462 | -5,32E-04 | -0,0450 537 0,01017 | 6,16E-04 0,0728
131 | 0,002481 | -5,68E-04 | -0,0423 | 538 | 0,010189 | 6,16E-04 0,0723
132 | 0,0025 | -6,02E-04 | -0,0397 | 539 | 0,010208 | 6,15E-04 0,0719
133 | 0,002519 | -6,36E-04 | -0,0371 | 540 | 0,010227 | 6,15E-04 0,0714
134 | 0,002538 | -6,68E-04 | -0,0346 | 541 | 0,010246 | 6,14E-04 | 0,0710
135 | 0,002557 | -6,98E-04 | -0,0321 | 542 | 0,010265 | 6,14E-04 0,0705
136 | 0,002576 | -7,28E-04 | -0,0297 | 543 | 0,010284 | 6,14E-04 0,0701
137 | 0,002595 | -7,56E-04 | -0,0273 | 544 | 0,010303 | 6,13E-04 0,0697
138 | 0,002614 | -7,82E-04 | -0,0250 | 545 | 0,010322 | 6,13E-04 0,0692
139 | 0,002633 | -8,07E-04 | -0,0228 | 546 | 0,010341 | 6,13E-04 0,0688
140 | 0,002652 | -8,31E-04 | -0,0207 547 0,01036 | 6,13E-04 0,0684
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141 | 000267 | -8,53E-04 | -0,0187 | 548 | 0,010379 | 6,13E-04 0,0680
142 | 0,002689 | -8,74E-04 | -0,0167 | 549 | 0,010398 | 6,13E-04 0,0676
143 | 0,002708 | -8,93E-04 | -0,0148 | 550 | 0,010417 | 6,13E-04 0,0671
144 | 0002727 | -9,11E-04 | -0,0130 | 551 | 0,010436 | 6,13E-04 | 0,0667
145 | 0,002746 | -9,28E-04 | -0,0112 | 552 | 0,010455 | 6,13E-04 0,0663
146 | 0,002765 | -9,44E-04 | -0,0095 | 553 | 0,010473 | 6,14E-04 0,0659
147 0,002784 -9,58E-04 -0,0078 554 0,010492 6,14E-04 0,0654
148 0,002803 -9,71E-04 -0,0062 555 0,010511 6,15E-04 0,0650
149 0,002822 -9,82E-04 -0,0046 556 0,01053 6,15E-04 0,0646
150 0,002841 -9,91E-04 -0,0030 557 0,010549 6,16E-04 0,0641
151 | 000286 | -9,98E-04 | -0,0015 | 558 | 0,010568 | 6,17E-04 | 0,0637
152 0,002879 -1,00E-03 0,0001 559 0,010587 6,18E-04 0,0632
153 0,002898 -1,00E-03 0,0016 560 0,010606 6,19E-04 0,0628
154 0,002917 -1,00E-03 0,0032 561 0,010625 6,20E-04 0,0623
155 0,002936 -9,96E-04 0,0048 562 0,010644 6,21E-04 0,0619
156 0,002955 -9,88E-04 0,0064 563 0,010663 6,23E-04 0,0614
157 0,002973 -9,77E-04 0,0080 564 0,010682 6,24E-04 0,0609
158 0,002992 -9,63E-04 0,0096 565 0,010701 6,26E-04 0,0605
159 0,003011 -9,48E-04 0,0113 566 0,01072 6,28E-04 0,0600
160 | 0,00303 | -9,31E-04 | 00131 | 567 | 0,010739 | 6,29E-04 | 0,0596
161 0,003049 -9,13E-04 0,0148 568 0,010758 | 6,31E-04 0,0591
162 0,003068 | -8,96E-04 0,0167 569 0,010777 | 6,34E-04 0,0586
163 0,003087 -8,79E-04 0,0185 570 0,010795 | 6,36E-04 0,0582
164 | 0,003106 | -8,65E-04 | 0,0205 571 | 0,010814 | 6,38E-04 0,0577
165 | 0,003125 | -8,54E-04 | 0,0224 572 | 0,010833 | 6,41E-04 0,0572
166 | 0,003144 | -8,46E-04 | 0,0244 573 | 0,010852 | 6,43E-04 0,0568
167 | 0,003163 | -8,43E-04 | 0,0265 574 | 0,010871 | 6,46E-04 0,0563
168 | 0,003182 | -8,46E-04 | 0,0286 575 0,01089 | 6,49E-04 0,0558
169 | 0,003201 | -8,56E-04 | 0,0307 576 | 0,010909 | 6,52E-04 0,0553
170 | 000322 | -8,73E-04 | 00328 | 577 | 0,010928 | 6,55E-04 | 0,0549
171 | 0,003239 | -8,99E-04 | 0,0349 578 | 0,010947 | 6,59E-04 0,0544
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172 | 0,003258 | -9,35E-04 | 00371 | 579 | 0,010966 | 6,62E-04 0,0539
173 | 0,003277 | -9,82E-04 | 00393 | 580 | 0,010985 | 6,65E-04 0,0535
174 | 0003295 | -1,04E-03 | 00415 | 581 | 0,011004 | 6,69E-04 0,0530
175 | 0003314 | -1,11E-03 | 00437 | 582 | 0,011023 | 6,72E-04 | 0,0525
176 | 0,003333 | -1,20E-03 | 0,0458 | 583 | 0,011042 | 6,76E-04 0,0521
1771 00003352 | -1,30E-03 | 00480 | 584 | 0,011061 | 6,79E-04 0,0516
178 | 0,003371 | -1,42E-03 | 0,0502 585 0,01108 | 6,83E-04 0,0512
179 | 000339 | -1,55E-03 | 0,523 | 586 | 0,011098 | 6,87E-04 0,0507
180 | 0,003409 | -1,70E-03 | 10,0544 | 587 | 0,011117 | 6,91E-04 0,0503
181 | 0,003428 | -8,91E-04 | 0,0565 | 588 | 0,011136 | 6,95E-04 0,0498
182 | 0003447 | -9,31E-04 | 00586 | 589 | 0,011155 | 6,98E-04 | 0,0494
183 | 0,003466 | -9,74E-04 | 0,0607 | 590 | 0,011174 | 7,02E-04 0,0489
184 | 0,003485 | -1,02E-03 | 0,0627 | 591 | 0,011193 | 7,06E-04 0,0485
185 | 0,003504 | -1,07E-03 | 10,0647 | 592 | 0,011212 | 1,42E-03 0,0480
186 | 0,003523 | -1,11E-03 | 10,0667 | 593 | 0,011231 | 7,17E-04 0,0476
187 | 0,003542 | -1,16E-03 | 0,0687 594 0,01125 | 7,21E-04 0,0471
188 | 0,003561 | -1,22E-03 | 10,0706 | 595 | 0,011269 | 7,25E-04 0,0467
189 | 000358 | -1,27E-03 | 00726 | 596 | 0,011288 | 7,29E-04 |  0,0462
190 | 0,003598 | -1,32E-03 | 00745 | 597 | 0,011307 | 7,32E-04 0,0458
191 | 0,003617 | -1,38E-03 | 0,764 | 598 | 0,011326 | 7,36E-04 0,0453
192 | 0,003636 | -1,43E-03 | 00783 | 599 | 0,011345 | 7,39E-04 0,0449
193 | 0,003655 | -1,49E-03 | 10,0802 | 00 | 0,011364 | 7,42E-04 0,0444
194 | 0,003674 | -1,55E-03 | 10,0820 | o1 | 0,011383 | 7,46E-04 0,0440
195 | 0,003693 | -1,60E-03 | 00839 | 02 | 0,011402 | 7,49E-04 0,0435
196 | 0003712 | -1,66E-03 | 00858 | go3 | 001142 | 7,52E-04 | 0,0431
197 | 0,003731 | -1,72E-03 | 0,0876 | 604 | 0,011439 | 7,55E-04 0,0427
198 | 0,00875 | -1,77E-03 | 0,0895 | 605 | 0,011458 | 7,58E-04 0,0422
199 | 0,003769 | -1,82E-03 | 0,0914 | 606 | 0,011477 | 7,60E-04 0,0418
200 | 0,003788 | -1,87E-03 | 00932 | 607 | 0,011496 | 7,63E-04 0,0414
201 | 0,003807 | -192E-03 | 00950 | 6og8 | 0,011515 | 7,65E-04 0,0410
202 | 0,003826 | -1,96E-03 | 00969 | 609 | 0,011534 | 7,68E-04 0,0406

311




203 | 0,003845 | -2,00E-03 | 00987 | 610 | 0,011553 | 7,70E-04 0,0401
204 | 0,003864 | -2,04E-03 | 0,1005 | 611 | 0,011572 | 7,72E-04 0,0397
205 | 0,003883 | -2,08E-03 | 01023 | 612 | 0,011591 | 7,74E-04 0,0393
206 | 0,003902 | -2,11E-03 | 0040 | 13 | 001161 | 7,75E-04 | 0,0389
207 | 0,00392 | -2,14E-03 | 01057 | 14 | 0,011629 | 7,77E-04 0,0385
208 | 0,003939 | -2,17E-03 | 01074 | @15 | 0,011648 | 1,56E-03 0,0381
209 | 0,003958 | -2,19E-03 | 0,090 | 16 | 0,011667 | 7,80E-04 0,0377
210 | 0,003977 | -2,20E-03 | 10,1105 | 617 | 0,011686 | 1,56E-03 0,0373
211 | 0,003996 | -2,22E-03 | 01120 | 18 | 0,011705 | 7,83E-04 0,0369
212 | 0,004015 | -2,23E-03 | 01134 | 19 | 0,011723 | 7,83E-04 0,0364
213 | 0,004034 | -2,23E-03 | 01148 | 20 | 0,011742 | 7,83E-04 | 0,0360
214 | 0,004053 | -2,23E-03 | 01160 | 21 | 0,011761 | 7,83E-04 0,0356
215 | 0,004072 | -2,22E-03 0,1172 622 0,01178 | 7,83E-04 0,0352
216 | 0,004091 | -2,21E-03 | 01182 | 23 | 0,011799 | 7,82E-04 0,0348
217 | 000411 | -2,20E-03 | 01191 | 624 | 0,011818 | 7,81E-04 0,0344
218 | 0,004129 | -2,18E-03 | 01199 | 25 | 0,011837 | 7,81E-04 0,0340
219 | 0,004148 | -2,15E-03 | 0,1206 | 626 | 0,011856 | 7,80E-04 0,0336
220 | 0004167 | -2,12E-03 | 01211 | @27 | 0,011875 | 7,78E-04 | 0,0332
221 | 0,004186 | -2,09-03 | 01215 | 28 | 0,011894 | 7,77E-04 0,0328
222 | 0,004205 | -2,05E-03 | 01218 | 629 | 0,011913 | 7,75E-04 0,0324
223 | 0,004223 | -2,01E-03 | 01218 | 30 | 0,011932 | 7,73E-04 0,0320
224 | 0,004242 | -1,96E-03 | 01218 | 31 | 0,011951 | 7,71E-04 0,0317
225 | 0,004261 | -1,91E-03 | 10,1216 632 0,01197 | 7,69E-04 0,0313
226 | 000428 | -1,86E-03 | 01212 | 33 | 0,011989 | 7,66E-04 0,0310
227 | 0,004299 | -1,80E-03 | 0,1207 | 634 | 0,012008 | 7,64E-04 |  0,0306
228 | 0,004318 | -1,74E-03 | 0,1200 | 635 | 0,012027 | 7,61E-04 0,0303
229 | 0,004337 | -1,68E-03 | 01191 | 636 | 0,012045 | 7,58E-04 0,0300
230 | 0,004356 | -162E-03 | 01182 | 637 | 0,012064 | 7,54E-04 0,0296
231 | 0,004375 | -1,55E-03 | 01170 | 638 | 0,012083 | 7,51E-04 0,0293
232 | 0,004394 | -148E-03 | 01158 | 639 | 0,012102 | 7,47E-04 0,0290
233 | 0,004413 | -1,41E-03 | 01144 | 640 | 0,012121 | 7,43E-04 0,0287
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234 | 0,004432 | -1,35E-03 0,1129 641 0,01214 | 7,39E-04 0,0284
235 | 0,004451 | -128E-03 | 01114 | 642 | 0,012159 | 7,34E-04 0,0281
236 | 000447 | -121E-03 | 0,1097 | 643 | 0,012178 | 7,29E-04 0,0277
237 | 0,004489 | -1,14E-03 | 0,1080 | 644 | 0,012197 | 7,25E-04 0,0274
238 | 0,004508 | -1,07E-03 | 0,1062 | 645 | 0,012216 | 7,19E-04 0,0271
239 | 0,004527 | -1,00E-03 | 01043 | 46 | 0,012235 | 7,14E-04 0,0268
240 | 0,004545 | -9,37E-04 | 10,1024 | 47 | 0,012254 | 7,08E-04 0,0265
241 | 0,004564 | -8,72E-04 | 10,1006 | 48 | 0,012273 | 7,03E-04 0,0261
242 | 0,004583 | -8,08E-04 | 10,0987 | 49 | 0,012292 | 6,97E-04 0,0258
243 | 0,004602 | -7,46E-04 | 10,0968 | 50 | 0,012311 | 6,90E-04 0,0255
244 | 0,004621 | -6,86E-04 | 0,0949 651 0,01233 | 6,84E-04 0,0252
245 | 0,00464 | -6,28E-04 | 0,0931 | 52 | 0,012348 | 6,77E-04 0,0249
246 | 0,004659 | -5,72E-04 | 10,0913 | 53 | 0,012367 | 6,70E-04 0,0246
247 0,004678 -5,18E-04 0,0895 654 0,012386 6,63E-04 0,0243
248 0,004697 -4,66E-04 0,0878 655 0,012405 6,55E-04 0,0240
249 0,004716 -4,16E-04 0,0862 656 0,012424 6,48E-04 0,0237
250 0,004735 -3,69E-04 0,0847 657 0,012443 6,40E-04 0,0234
251 0,004754 -3,24E-04 0,0832 658 0,012462 6,31E-04 0,0231
252 0,004773 -2,82E-04 0,0818 659 0,012481 6,23E-04 0,0228
253 0,004792 -2,41E-04 0,0805 660 0,0125 6,14E-04 0,0226
254 0,004811 -2,03E-04 0,0792 661 0,012519 | 6,05E-04 0,0223
255 | 000483 | -1,68E-04 | 00780 | 662 | 0,012538 | 596E-04 | 0,0221
256 0,004848 | -1,34E-04 0,0769 663 0,012557 | 5,87E-04 0,0218
257 0,004867 -1,02E-04 0,0759 664 0,012576 | 5,77E-04 0,0215
258 | 0,004886 | -7,31E-05 | 0,0749 665 | 0,012595 | 5,68E-04 0,0213
259 0,004905 -4,56E-05 0,0740 666 0,012614 5,57E-04 0,0210
260 0,004924 -2,01E-05 0,0731 667 0,012633 5,47E-04 0,0208
261 0,004943 3,62E-06 0,0723 668 0,012652 5,37E-04 0,0205
262 0,004962 2,57E-05 0,0716 669 0,01267 5,26E-04 0,0203
263 0,004981 4,61E-05 0,0708 670 0,012689 5,15E-04 0,0200
264 | 0,005 6,51E-05 | 00701 | 671 | 0,012708 | 504E-04 | 0,0197
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265 | 0,005019 | 8,26E-05 | 00695 | 672 | 0,012727 | 4,92E-04 0,0194
266 | 0,005038 | 9,89E-05 | 00688 | 673 | 0,012746 | 4,81E-04 0,0191
267 | 0,005057 | 1,14E-04 | 00682 | 674 | 0,012765 | 4,69E-04 0,0188
268 | 0,005076 | 1,28E-04 | 00676 | 675 | 0,012784 | 4,57E-04 | 0,0184
269 | 0,005095 | 1,41E-04 | 00670 | 676 | 0,012803 | 4,44E-04 0,0181
270 | 0,005114 | 1,53E-04 | 00664 | 677 | 0,012822 | 4,32E-04 0,0178
271 | 0,005133 | 1,64E-04 | 00658 | 678 | 0,012841 | 4,19E-04 0,0175
272 | 0,005152 | 1,75E-04 0,0652 679 0,01286 | 4,06E-04 0,0171
273 | 0,00517 | 1,85E-04 | 00646 | 680 | 0,012879 | 3,93E-04 0,0168
274 0,005189 1,94E-04 0,0640 681 0,012898 | 3,80E-04 0,0165
275 | 0,005208 | 2,03E-04 | 00634 | g2 | 0,012917 | 3.66E-04 0,0162
276 0,005227 2,12E-04 0,0629 683 0,012936 | 3,53E-04 0,0159
277 0,005246 2,20E-04 0,0623 684 0,012955 | 3,39E-04 0,0156
278 0,005265 2,28E-04 0,0618 685 0,012973 | 3,25E-04 0,0153
279 0,005284 2,36E-04 0,0613 686 0,012992 | 3,11E-04 0,0151
280 0,005303 2,43E-04 0,0608 687 0,013011 2.97E-04 0,0148
281 0,005322 2,51E-04 0,0603 688 0,01303 2.82E-04 0,0146
282 | 0005341 | 259E-04 | 00598 | gg9 | 0,013049 | 2,68E-04 0,0144
283 | 0,00536 | 2,66E-04 | 00594 | g90 | 0,013068 | 2,53E-04 0,0142
284 0,005379 2,74E-04 0,0591 691 0,013087 | 2,38E-04 0,0140
285 0,005398 2,82E-04 0,0587 692 0,013106 | 2,23E-04 0,0138
286 0,005417 2,89E-04 0,0584 693 0,013125 | 2,08E-04 0,0136
287 0,005436 2,97E-04 0,0581 694 0,013144 | 1,93E-04 0,0135
288 | 0,005455 | 3,05E-04 | 00579 | 695 | 0013163 | 1,78E-04 0,0133
289 | 0,005473 | 3,13E-04 | 00577 | o | 0,013182 | 1,63E-04 0,0132
290 | 0,005492 | 321E-04 | 00576 | g97 | 0013201 | 1,48E-04 0,0131
291 | 0005511 | 3,30E-04 | 00575 | gog | 0,01322 | 1,33E-04 0,0129
292 | 000553 | 3,38E-04 | 00574 | 699 | 0,013239 | 1,18E-04 0,0128
293 | 0,005549 | 3,47E-04 | 00574 | 700 | 0,013258 | 1,02E-04 0,0127
294 | 0,005568 | 3,55E-04 | 00574 | 701 | 0,013277 | 1,59E-04 0,0126
295 | 0,005587 | 3,64E-04 | 00575 | 702 | 0,013295 | 5,68E-05 0,0125
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296 | 0,005606 | 3,72E-04 | 00576 | 703 | 0,013314 | 4,17E-05 0,0125
297 | 0,005625 | 3,81E-04 | 0,05/8 | 704 | 0,013333 | 2,67E-05 0,0124
298 | 0,005644 | 3,90E-04 | 0,05/9 | 705 | 0,013352 | 1,17E-05 0,0124
299 | 0,005663 | 3,99E-04 | 00582 | 706 | 0,013371 | -2,11E-05 | 0,0123
300 | 0,005682 | 4,07E-04 0,0584 707 0,01339 | -3,26E-05 0,0123
301 | 0,005701 | 4,16E-04 | 00588 | 708 | 0,013409 | -4,72E-05 | 0,0123
302 | 000572 | 4,24E-04 | 00591 | 709 | 0,013428 | -6,15E-05 | 0,0123
303 | 0005739 | 4,338-04 | 00595 | 710 | 0,013447 | -7,58E-05 | 0,0123
304 | 0,005758 | 4,41E-04 | 00600 | 711 | 0,013466 | -8,99E-05 | 0,0123
305 | 0,005777 | 4,49E-04 | 0,0604 | 712 | 0,013485 | -1,04E-04 | 0,0124
306 | 0,005795 | 4,56E-04 | 00610 | 713 | 0,013504 | -1,18E-04 | 0,0124
307 | 0,005814 | 4,64E-04 | 00616 | 714 | 0,013523 | -1,31E-04 | 0,0124
308 | 0,005833 | 4,71E-04 | 00622 | 715 | 0,013542 | -1,44E-04 | 0,0125
309 | 0005852 | 4,78E-04 | 00629 | 716 | 0,013561 | -1,57E-04 | 0,0125
310 | 0,005871 | 4,85E-04 0,0637 717 0,01358 | -1,70E-04 0,0125
311 | 000589 | 4,91E-04 | 00645 | 718 | 0,013598 | -1,83E-04 | 0,0126
312 | 0,005909 | 4,97E-04 | 00654 | 719 | 0,013617 | -1,95E-04 | 0,0126
313 | 0,005928 | 503E-04 | 00663 | 720 | 0,013636 | -2,07E-04 | 0,0126
314 | 0,005947 | 508E-04 | 00672 | 721 | 0,013655 | -2,19E-04 | 0,0126
315 | 0,0059%6 | 513E-04 | 00683 | 722 | 0,013674 | -2,31E-04 | 0,0126
316 | 0,005985 | 517E-04 | 00693 | 723 | 0,013693 | -2,42E-04 |  0,0126
317 | 0,006004 | 521E-04 | 00704 | 724 | 0,013712 | -2,53E-04 | 0,0126
318 | 0,006023 | 524E-04 | 00716 | 725 | 0,013731 | -2,64E-04 | 0,0126
319 | 0,006042 | 527E-04 | 00727 | 726 | 001375 | -2,74E-04 | 0,0126
320 | 0,006061 | 530E-04 | 00740 | 727 | 0,013769 | -2,84E-04 | 0,0125
321 | 0,00608 | 532E-04 | 00752 | 728 | 0,013788 | -2,94E-04 | 0,0125
322 | 0,006098 | 533E-04 | 00765 | 729 | 0,013807 | -3,03E-04 | 0,0124
323 | 0,006117 | 534E-04 | 00778 | 730 | 0,013826 | -3,12E-04 | 0,0124
324 | 0006136 | 535E-04 | 00791 | 731 | 0,013845 | -3,21E-04 | 0,0123
325 | 0,006155 | 5,35E-04 | 00804 | 732 | 0,013864 | -3,30E-04 | 0,0122
326 | 0006174 | 534E-04 | 00818 | 733 | 0,013883 | -3,38E-04 | 0,0121
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327 | 0,006193 | 533E-04 | 00832 | 734 | 0,013902 | -3,45E-04 | 0,0120
328 | 0,006212 | 5,31E-04 0,0846 735 0,01392 | -3,53E-04 0,0119
329 | 0,006231 | 529E-04 | 00860 | 736 | 0,013939 | -3,60E-04 | 0,0118
330 | 000625 | 527E-04 | 00875 | 737 | 0,013958 | -3,67E-04 | 0,0117
331 | 0,006269 | 524E-04 | 00889 | 738 | 0,013977 | -3,74E-04 | 0,0116
332 | 0,006288 | 520E-04 | 00904 | 739 | 0,013996 | -3,80E-04 | 0,0115
333 | 0,006307 | 516E-04 | 00919 | 740 | 0,014015 | -3,86E-04 | 0,0114
334 | 0,006326 | 511E-04 | 00933 | 741 | 0,014034 | -3,91E-04 | 0,0112
335 | 0,006345 | 507E-04 | 00949 | 742 | 0,014053 | -3,96E-04 | 0,0111
336 | 0,006364 | 5,01E-04 | 00964 | 743 | 0,014072 | -4,01E-04 | 0,0110
337 | 0006383 | 4,95E-04 | 00979 | 744 | 0,014091 | -4,06E-04 | 0,0109
338 | 0006402 | 4,89E-04 | 00994 | 745 | 001411 | -4,10E-04 | 00107
339 | 000642 | 4,82E-04 | 0,1009 | 746 | 0,014129 | -4,14E-04 | 0,0106
340 | 0,006439 | 4,75E-04 | 0,1025 | 747 | 0,014148 | -4,18E-04 | 0,0105
341 | 0,006458 | 4,68E-04 | 0,1040 | 748 | 0,014167 | -4,21E-04 | 0,0104
342 | 0,006477 | 4,61E-04 | 0,105 | 749 | 0,014186 | -4,24E-04 |  0,0102
343 | 0,006496 | 4,53E-04 | 01070 | 750 | 0,014205 | -4,27E-04 | 0,001
344 | 0,006515 | 4,44E-04 | 01085 | 751 | 0,014223 | -4,29E-04 |  0,0100
345 | 0,006534 | 4,36E-04 | 01100 | 752 | 0,014242 | -4,31E-04 | 0,009
346 | 0,006553 | 4,27E-04 | 01115 | 753 | 0,014261 | -4,33E-04 |  0,0097
347 0,006572 4,18E-04 0,1129 754 0,01428 -4,35E-04 0,0096
348 | 0,006591 | 4,098-04 | 01143 | 755 | 0,014299 | -4,36E-04 |  0,0095
349 | 000661 | 3,998-04 | 01157 | 756 | 0,014318 | -4,37E-04 |  0,0094
350 | 0,006629 | 3,90E-04 | 01170 | 757 | 0,014337 | -4,37E-04 |  0,0093
351 | 0006648 | 3,80E-04 | 01183 | 758 | 0,014356 | -4,37E-04 |  0,0091
352 | 0,006667 | 3,70E-04 | 0,1196 | 759 | 0,014375 | -4,37E-04 |  0,0090
353 | 0,006686 | 3,60E-04 | 0,1209 | 760 | 0,014394 | -4,36E-04 |  0,0089
354 | 0,006705 | 3,50E-04 | 01221 | 761 | 0,014413 | -4,36E-04 | 0,0088
355 | 0,006723 | 3,40E-04 | 01233 | 762 | 0,014432 | -4,34E-04 |  0,0087
356 | 0006742 | 3,30E-04 | 01244 | 763 | 0,014451 | -4,33E-04 | 0,0085
357 | 0,006761 | 3,20E-04 | 01255 | 74 | 001447 | -4,31E-04 | 0,0084
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358 | 0,00678 | 3,09E-04 | 01266 | 765 | 0,014489 | -4,29E-04 |  0,0083
359 | 0,006799 | 2,99E-04 | 01276 | 766 | 0,014508 | -4,26E-04 |  0,0082
360 | 0,006818 | 2,89E-04 | 0,1286 | 767 | 0,014527 | -4,23E-04 |  0,0081
361 | 0,006837 | 2,79E-04 | 0,1295 | 768 | 0,014545 | -4,20E-04 |  0,0079
362 | 0,006856 | 2,69E-04 | 01305 | 769 | 0,014564 | -4,17E-04 | 0,0078
363 | 0,006875 | 2,58E-04 | 01314 | 770 | 0,014583 | -4,13E-04 |  0,0077
364 | 0006894 | 2,48E-04 | 01322 | 771 | 0,014602 | -4,09E-04 | 0,0076
365 | 0,006913 | 2,38E-04 | 01330 | 772 | 0,014621 | -4,04E-04 | 0,0074
366 | 0,006932 | 2,28E-04 0,1338 773 0,01464 | -3,99E-04 0,0073
367 | 0,006951 | 2,18E-04 | 0,1346 | 774 | 0,014659 | -3,94E-04 | 0,0072
368 | 000697 | 2,09E-04 | 01353 | 775 | 0,014678 | -3,88E-04 |  0,0070
369 | 0,006989 | 1,99E-04 | 0,1360 | 776 | 0,014697 | -3,82E-04 |  0,0069
370 | 0,007008 | 1,89E-04 | 0,1367 | 777 | 0,014716 | -3,76E-04 |  0,0067
371 | 0,007027 | 1,80E-04 | 01373 | 778 | 0,014735 | -3,70E-04 |  0,0066
372 | 0,007045 | 1,71E-04 | 01379 | 779 | 0,014754 | -3,63E-04 |  0,0065
373 | 0,007064 | 1,62E-04 | 0,1385 | 780 | 0,014773 | -3,56E-04 |  0,0063
374 | 0,007083 | 1,53E-04 | 01390 | 781 | 0,014792 | -3,49E-04 | 0,0062
375 | 0007102 | 1,44E-04 | 01395 | 782 | 0,014811 | -3,41E-04 |  0,0060
376 | 0,007121 | 1,35E-04 0,1399 783 0,01483 | -3,34E-04 0,0059
377 | 000714 | 1,27E-04 | 01404 | 784 | 0,014848 | -3,25E-04 |  0,0057
378 | 0,007159 | 1,18E-04 | 0,1408 | 785 | 0,014867 | -3,17E-04 |  0,0056
379 | 0007178 | 1,10E-04 | 01411 | 786 | 0,014886 | -3,09E-04 |  0,0054
380 | 0,007197 | 1,02E-04 | 01415 | 787 | 0,014905 | -3,00E-04 |  0,0052
381 | 0007216 | 9,48E-05 | 01418 | 788 | 0,014924 | -2,91E-04 | 0,0051
382 | 0007235 | 8,74E-05 | 01421 | 789 | 0,014943 | -2,82E-04 |  0,0049
383 | 0,007254 | 8,03E-05 | 01423 | 790 | 0,014962 | -2,73E-04 |  0,0047
384 | 0007273 | 7,34E-05 | 01426 | 791 | 0,014981 | -2,64E-04 |  0,0046
385 | 0,007292 | 6,67E-05 | 01428 | 702 | 0,015 | -2.55E-04 | 0,0044
386 | 0,007311 | 6,04E-05 | 01430 | 793 | 0,015019 | -2,45E-04 | 0,0042
387 | 000733 | 543E-05 | 01431 | 794 | 0,015038 | -2,36E-04 |  0,0040
388 | 0,007348 | 4,86E-05 | 01432 | 705 | 0015057 | -2,26E-04 |  0,0038
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389 0,007367 4,31E-05 0,1433 796 0,015076 | -2,16E-04 0,0037
390 0,007386 3,81E-05 0,1434 797 0,015095 | -2,07E-04 0,0035
391 0,007405 3,33E-05 0,1435 798 0,015114 | -1,97E-04 0,0033
392 | 0,007424 | 2,89E-05 0,1435 799 | 0,015133 | -1,88E-04 0,0031
393 0,007443 2,49E-05 0,1435 800 0,015152 | -1,78E-04 0,0029
394 0,007462 2,13E-05 0,1434 801 0,01517 -1,69E-04 0,0027
395 0,007481 1,81E-05 0,1433 802 0,015189 | -1,59E-04 0,0025
39 | 00075 | 152E-05 | 01432 | 803 | 0,015208 | -1,50E-04 |  0,0023
397 0,007519 1,28E-05 0,1431 804 0,015227 | -1,41E-04 0,0021
398 0,007538 1,09E-05 0,1429 805 0,015246 | -1,32E-04 0,0019
399 | 0,007557 | 9,37E-06 0,1427 806 | 0,015265 | -1,23E-04 0,0017
400 0,007576 8,33E-06 0,1425 807 0,015284 | -1,14E-04 0,0015
401 0,007595 7,69E-06 0,1422 808 0,015303 | -1,06E-04 0,0013
402 0,007614 7,56E-06 0,1420 809 0,015322 | -9,76E-05 0,0011
403 0,007633 7,94E-06 0,1417 810 0,015341 | -8,96E-05 0,0010
404 0,007652 8,80E-06 0,1413 811 0,01536 -8,18E-05 0,0008
405 | 000767 | 101E-05 | 01410 | 812 | 0,015379 | -7,43E-05 |  0,0006
406 0,007689 1,19E-05 0,1406 813 0,015398 | -6,71E-05 0,0005
407 0,007708 1,42E-05 0,1401 814 0,015417 | -6,01E-05 0,0004
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Phu luc 13

GIAY CHUNG NHAN KET QUA PO KIEM PONG CO VIKYNO RV165-2
SAU KHI CAI TIEN CUM HONG NAP CUA TRUNG TAM KY THUAT
TIEU CHUAN PO LUONG CHAT LUQNG 3

2 = 2 2 5 .
O TONG CUC TIEU CHUAN DO LUONG CHAT LUONG
" TRUNG TAM KY THUAT TIEU CHUAN B0 LUGNG CHAT LUGNG 3
QUATEST3 QUALITY ASSURANCE & TESTING CENTER 3
KT3-00858BCK9/2 PHIE UK_EI PQA_T_H}_J _!‘l_(_;HlEM 16/05/2019
IrES7 | ORI Trang 01/06
1. Tén mau : PONG CO DIESEL RV165-2 .
(SAU KHI THAY NAP XYLANH VA CO NOI BO LQC GIO)

2. S luong mau 101
3. Mb ta mau :+Dong co RV165-2 - Vikyno — Khéi lugng 132,2 kg — S5 hiéu 6556

+Hg thono thir tai dong co PTB-60R-B - Nhat - Kha nang do10,7 kgf.m; 8 000 r/min|
+Cam bién tai LU-IOOKE Nhat — Kha ning do100 kgf — Sé hiéu YP 2080010

+ Chleu dai canh

¥ \ép xylanh

+ Cb ndi bg loc gi6

( Xem trang 03/06 ... 06/06 )

4. Ngay nhin miu :21/03/2019
5. Noi giri mu : CONG TY VIKYNO & VINAPPRO

KHU PHO 1, PHUONG BINH DA, BIEN HOA, PONG NAI
6. Noi thir nghiém : KHU PHO I, PHUONG BINH DA, BIEN HOA, PONG NAI
7. Diéu kién thir nghiém: (27 £ 5) °C; (50 = 20) %RH

=

. Ngay thir nghiém : 13/05/2019

0

. Phuong phép thir  : QUI TRINH KIEM TRA CONG SUAT DONG CORV165-2
( Qui trinh kiém tra ctia phong Quan 1y chét lugng - Vi kyno ngay 29/12/2010)

10. Két qua thirnghiém : Xem trang 02/06...06/06

P.TRUONG PTN CO KHi

icu nay chi co gid trj @i voi mdu do khich his Test results are valid for the namely submitted sample(s) only

in bin ciia mm tim K thujt 3,

ang tin.
r information

Website: www,quat
E-mail: tn-cs
E-mail

i CMC,
No. 1, Bie nII.nlILDur Nai

Viemam

Fax: (i
. K1 road, Cat Lai IZ, Dist. 2, HOMC, Vietnam Tel: (84 Fax: (34-28)

Lan sira d6i: 0 BH12 (07/2018)
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KT3-00858BCK9/2

PHIEU KET QUA TH
TEST

EP

10. Két qua thir nghiém :

Thong s6 kiém tra Két qua thir nghiém
Chédotai | Chédo tai
dinh mirc max
(4/4) No-0)
- Thoi diém kiém tra, Py Ps
- Thoi gian hoat dong, min 2 2
- Técdd quayn, /min 2200 2400
- Mo men xoin M, kefm 4,58 5,54
N.m 449 54,8
‘ - CongsudtN, w 10 344 13 766
hp 13,9 185
- Dungtich di‘u}, mL 30 -
- Khoi lugng dau m, g 249 -
| - Thoi gian tidu thu nhién lidu t, s 34,5 -
| - Suit tiéu hao nhién ligu S, ghph 187 -

Ghi chu:

© Cong sudt N=M.ILn/30 [W]

o Suét tiéu hao nhién liéu S =3 600 m /N,
e lhp#746 W

o Gia tdc trong trudng g = 9,81 m/s’

-t [¢/hp.h]

TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUQNG 3

QUALITY ASSU

IRANCE & TESTING CENTER 3

|
@ Head Office: 49 Pasteur, Dist. 1, HCMC, Vietnam Tel: (84-28) 38294274  Fax: (84-28) 38293012 Website: www.quatest3.com.vn
nlll'[[s]' 8 Teting  No.7road No I, Bien Hoa | 12, Dong Nai, Viemam  Tel: (84251) 3836212 Fax: (84.251) 383 6298 E-mail: tocskh@ t3.comyn
CS5 lot, K1 road, Cat Lai 1Z, Dist. 2, HCMC, Vietnam  Tel: (84-28) 37423160  Fax: (84-28) 37423174 E-mail: myn
Lén sira ddi: 0

BHI2 (07/2018) MO03/2 - TTTNO9
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DONG CO RV165-2

TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUQNG 3
QUALITY ASSURANCE & TESTING CENTER 3

>
©  Head Office: 49 Pasteur, Dist, 1, HOMC, Vietnam Tel: (84-28) 38294274 Fax: (84-28) 38293012 Website: www.quatest3.com.vn
ﬂ[ll]'Es]' Q8 Tosing  No.7,roadNo., Bien Hos | 1Z, Dong Nai, Vietam  Tel (84.251) 3836212 Fax: (84251)383 6298 E-mails in-cskh@quatest3.com.va
CSlot, K1 road, Cat Lai IZ, Dist. 2, HCMC, Vietnam ~ Tel: (84-28) 37423160  Fax: (84-28) 3742 3174  E-mail: @
Lin sira ddi: 0 BHI2 (07/2018) M03/2 - TTTNO9
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C:a

KT3-00858BCK9/2 | PHIEU KET QUA TH
TEST REPORT

Ong dong

Ddng co RV165-2

Cam bién téc @6

HE THONG THU TAI PONG CO PTB-60R-B

QUALITY ASSURANCE & TESTING CENTER 3
® Head Office: 49 Pasteur, Dist. 1, HOMC, Victnam Tel: (84-28) 36294274 Fax; (84-28) 38293012 Website: www.quatestd.comvn
QUATEST3" Tewine  No.7.rosd No. 1, Bien Hoa | IZ, Dong Nai, Viewam  Tel:(84-251) 3836212 Fax: (34.251) 383 6295 E-mail: m-cekhigquatost.oman
CSlot. K1 road, Cat Lai IZ, Dist. 2, HCMC, Vietnam  Tel: (84-28) 37423160  Fax: (84-28) 3742 3174 E-mail: n

Lin sira ddi: 0 BHI12 (07/2018) MO3/72— TTTNO9

o TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUQNG 3
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KT3-00858BCK9/2 PHIEU

Ong dong 38ml

HE THONG CAP NHIEN LIEU

2 = = - 2 = ~.
TRUNG TAM KY THUAT TIEU CHUAN BO LUGNG CHAT LUQNG 3
Q QUALITY ASSURANCE & TESTING CENTER 3
®  Head Office: 49 Pasteur, Dist. |, HOMC, Vietnam Tel: (8428) 38294274 Fax: (84-28) 35293012 Website: www.quatest3.comvn
QUATEST3" Teine  No.7.roud No. 1, Bien Ho | 12, Dong N, Viemam  Tel: (84.251) 383 6212 Fan: (84.251) 383 6295 Evmail: eoskbioquatestt.coman
C5 lot, K1 road, Cat Lai IZ, Dist. 2, HCMC, Vietnam  Tel; (84-28) 37423160  Fax: (84-28) 3742 3174 E-mail:

Lin sira doi: 0 BHI2 (07:2018) MO03/2 - TTTNO9
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KT3-00858BCK9f2 PHIEU T HU NGH]EM \\‘0" p8R/2019

TEST REP ORI T /06

Co Nél ‘B(i) Loc GIO

4

TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUONG 3
QUALITY ASSURANGE & TESTING CENTER 3

® Head Office: 49 Pasteur, Dist

WATESTS" 122

Lan sira 46i: 0 BHI2

e
ad, Cat Lai 1Z, Dist

Hinh 1. Gidy chiing nhan két qua thuc nghiém cia dong co VIKYNO RV165-2 sau

khi cai tién com hong / xtpap nap bén trong ldn bén ngoai nap xilanh cua tong cuc
tiéu chuan va do luong chat lwgng TRUNG TAM KY THUAT VA PO LUONG

CHAT LUONG 3.
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Phu luc 14

CODE MATLAB MANG NO-RON NHAN TAO (ANN) VA
TIEN HOA VI PHAN (DE)

%%%lop an la 1

clc

clear all;

close all;

dataa=xIsread(‘datal00.xIsx’,'al:f100";

inputs = dataa(:,1:end-1)";

targets =dataa(:,end)’;

performance = 9999;

1=0;

while performance>.4 && i<100
i=i+1;

hiddenLayerSize = 5;

net = fitnet(hiddenLayerSize);

% Set up Division of Data for Training, Validation, Testing

net.divideParam.trainRatio = 60/100;

net.divideParam.valRatio = 20/100;

net.divideParam.testRatio = 20/100;

% Train the Network

[net,tr] = train(net,inputs,targets);

tind = tr.valind:;

tstOutputs = net(inputs(tind));

performance = perform(net,targets(tind),tstOutputs);

end

% View the Network performance
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view(net)

save('modelG.mat','net’,'tr")

clear all;

close all;

clc;

res=[];

k =51; %51 is function approximated by ANN.

func = callFunction2(k); %get the function struct for [1...51] functions
objfun = func.name; % function to be optimized

dim = func.dim; %dimension of the problem

Lb = func.lowerlimit*[15 102 11 2 40]; %lower limit of the problem
Ub = func.upperlimit*[18 105 13 4 42]; %upper limit of the problem
Popsize = 20;

Options.Popsize = 20;

Options.tol = 1e-6;

Options.Totalgen = 5000;

Options.Display ='yes’;

Options.Nolnteger = 0;

tic

[itr,xval,fval,fve] = DE_Unconstraintve(objfun,Popsize,dim,Lb,Ub)

toc;

%ham dot bien va lai tao
function offpop = AdaptiveReproduce(Fx, Pop, Popsize, lu, dim, delta)
offpop = zeros(Popsize, dim);
fori=1: Popsize
F=0.4 + (1-0.4).*rand;
if abs(delta) > 1e-6

326



% rand/1
r = BasicSelection(Popsize, i, Fx, 'rand/1");% lua chon ba ca the tham gia dot
bien
%thuc hien dot bien
for k = 1:dim
v(1,k) = Pop(r(1), k) + F * (Pop(r(2), k) - Pop(r(3), k));

end

else
% current/to/best/1
r = BasicSelection(Popsize, i, Fx, 'best/1");% lua chon ba ca the tham gia dot

bien
%v =x(, :) +F.*(x(r(1), :) - x(i, :)) + F.* (x(r(2), : ) - x(r(3), :));
for k = 1:dim
v(1,k) = Pop(i, k) + F * (Pop(r(1), k) - Pop(i, k)) + F.* (Pop(r(2), k) -
Pop(r(3), k));

end

end

% X? ly cac phan tu vi pham dieu kien bien

vioLow = find(v < lu(l, :));

if ~isempty(vioLow)
v(1, vioLow) =2 .* lu(1, vioLow) - v(1, vioLow);
vioLowUpper = find(v(1, vioLow) > lu(2, vioLow));
If ~isempty(vioLowUpper)

v(1, vioLow(vioLowUpper)) = lu(2, vioLow(vioLowUpper));

end

end

vioUpper = find(v > lu(2, :));

If ~isempty(vioUpper)
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v(1, vioUpper) =2 .* lu(2, vioUpper) - v(1, vioUpper);
vioUpperLow = find(v(1, vioUpper) < lu(1, vioUpper));
It ~isempty(vioUpperLow)

v(1, vioUpper(vioUpperLow)) = lu(1, vioUpper(vioUpperLow));
end

end

% lai tao

CR =0.7 + (1-0.7).*rand;
jRand = floor(rand * dim + 1);
t = rand(1, dim)<CR,;

t(1, jRand) = 1;

t =1-t¢;

u=t.*v+t_ *Pop(,:);

% cap nhat dan so sau khi lai tao

offpop(1i,:)=u;

end

function [ ObjVal ] = annfunc( Cs)
load(‘'model4u.mat’);
Cs(:,5)=round(Cs(:,5),0);

ObjVal =-net(Cs"),

end
%%%lop an la 1 hoac 1a 9

clc

clear all;
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close all;

dataa=xlsread('kqg.xlIsx’,'al:f84";

inputs = dataa(:,1:end-1)";

targets =dataa(:,end)’;

corT=-1;

corV=-1;

1=923;

while (corT<0.25 || corV<.25 || isnan(corT) || isnan(corV)) && i<1000
i=i+1

hiddenLayerSize = 6;

net = fitnet(hiddenLayerSize);

% Set up Division of Data for Training, Validation, Testing

net.divideParam.trainRatio = 60/100;

net.divideParam.valRatio = 20/100;

net.divideParam.testRatio = 20/100;

% Train the Network

[net,tr] = train(net,inputs,targets);

tInd = tr.trainInd;

tstOutputs = net(inputs(tind));

corT=corr(targets(tind)',tstOutputs’, Type','Spearman’);

%corr tren tap validation

tind = tr.vallnd;

tstOutputs = net(inputs(tind));

corV=corr(targets(tind)',tstOutputs', Type','Spearman’);

end

i

corT

corV

%performance in test case
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tind = tr.testInd,;

tstOutputs = net(inputs(tind));
corTest=corr(targets(tind)',tstOutputs’, Type','Spearman’)
%performance in test case

% View the Network performance

view(net)

save(‘'model2.mat’,'net’)

%%%lop an la 1 hoac la 9
clc
clear all;
close all;
dataa=xIsread('kqg.xlsx','al:f78";
inputs = dataa(:,1:end-1)";
targets =dataa(:,end)’;
performance=9999;
performanceval=9999;
i=330;
while (performance>2 || performanceval>2 || isnan(performance) ||
isnan(performanceval)) && i<1000
i=i+1
hiddenLayerSize = 10;
net = fitnet(hiddenLayerSize);
% Set up Division of Data for Training, Validation, Testing
net.divideParam.trainRatio = 60/100;
net.divideParam.valRatio = 20/100;
net.divideParam.testRatio = 20/100;
% Train the Network

[net,tr] = train(net,inputs,targets);
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%chi so nhung phan tu train

tind = tr.trainInd;

% gia tri nhung phan tu train
inputtrain=inputs(:,tind);

%nhan nhung phan tu train
labtrain=targets(tind);

% focus vao nhung pt co ket qua lon
idx=find(labtrain>79.9999);
tstOutputs = net(inputtrain(:,idx));

performance = perform(net,labtrain(idx),tstOutputs);

%per tren tap validation

tind = tr.valind,;

% gia tri nhung phan tu val
inputval=inputs(:,tind);

%nhan nhung phan tu train
labval=targets(tind);

% focus vao nhung pt co ket qua lon
idx=find(labval>79.9999);
tstOutputs = net(inputval(:,idx));
performanceval = perform(net,labval(idx),tstOutputs);
end

i

%per tren tap test

tind = tr.testInd,

% gia tri nhung phan tu val
Inputtest=inputs(;,tind);

%nhan nhung phan tu train
labtest=targets(tind);
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% focus vao nhung pt co ket qua lon
idx=find(labtest>79.9999);

tstOutputs = net(inputtest(:,idx));

performancetest = perform(net,labtest(idx),tstOutputs);
performance

performanceval

performancetest

% View the Network performance

view(net)

save(‘'model6.mat’,'net’)

%tam luu model 6

function [r] = BasicSelection(NP, j, Fx, Mutation)
switch Mutation

case 'rand/1'

rl =j; % randomly select rl1
while rl==j;
r1 =randi(NP,1,1); end
r2 = j; % randomly select r2
while r2==rl || r2==j
r2 = randi(NP,1,1); end
r3 =j; % randomly select r3
while r3==j||[r3==rl|r3==r2
r3 = randi(NP,1,1); end
r=1[rl,r2,r3j;

case 'rand/2'
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rl =j; % randomly select rl1
while rl==j;
r1 =randi(NP,1,1); end
r2 = j; % randomly select r2
while r2==rl || r2==j
r2 = randi(NP,1,1); end
r3 = J; % randomly select r3
while r3==j||r3==r1|[r3==r2
r3 = randi(NP,1,1); end
r4 = j; % randomly select r2
while r4==r3 || r4==r2 || rd==r1 || rd==]
r4 = randi(NP,1,1); end
r5 = J; % randomly select r3
while r5==r4 || r5==r3 || r5==r2 || r5==r1 || r5==]
r5 = randi(NP,1,1); end
r=1[rl,r2,r3,r4,r5];

case 'best/1'

% Select rbest
[~,rb] = min(Fx); rb = rb(1);
rl =j; % randomly select rl1
while r1==j || r1==rb
r1 = randi(NP,1,1); end
r2=j; % randomly select r2
while r2==r1 || r2==j || r2==rb
r2 = randi(NP,1,1); end
r=[rb,r1,r2];
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case 'best/2'

% Select rbest

[~,rb] = min(Fx); rb = rb(1);

rl =j; % randomly select rl1

while rl==j || rl==rb;
rl =randi(NP,1,1); end

r2=j; % randomly select r2

while r2==rl || r2==j || r2==rb;
r2 = randi(NP,1,1); end

r3 = J; % randomly select r3

while r3==j || r3==r1||r3 ==r2 || r3==rb;
r3 = randi(NP,1,1); end

r4 = j; % randomly select r2

while r4==r3 || rd==r2 || rd==r1 || r4==j || rd==rb;
r4 = randi(NP,1,1); end

r=[rb,rl,r2,r3,r4];

% choose all r1, r2, r3, r4 are different

case 'best/worst'

[~,rb] = min(Fx); rb = rb(1); % select rbest
[~,rw] = max(Fx); rw = rw(1); % select rworst
r1=j; % randomly select r2
while r1==j || r1==rb || rl==rw;

r1 = randi(NP,1,1); end
r=[rl,rb,rwj;

end
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function [ func ] = callFunction2( funcNum)

funcs(1).name = 'stepint’;
funcs(1).upperlimit = 5.12;
funcs(2).name = 'step’;
funcs(2).upperlimit = 100;
funcs(3).name = 'sphere’;
funcs(3).upperlimit = 100;
funcs(4).name = 'sumsquares’;
funcs(4).upperlimit = 10;
funcs(5).name = 'quartic’;
funcs(5).upperlimit = 1.28;
funcs(6).name = 'beale’;
funcs(6).upperlimit = 4.5;
funcs(7).name = 'easom’;
funcs(7).upperlimit = 100;
funcs(8).name = 'matyas’;
funcs(8).upperlimit = 10;
funcs(9).name = ‘colville’;
funcs(9).upperlimit = 10;
funcs(10).name = 'trid6";
funcs(10).upperlimit = 36;
funcs(11).name = 'trid10";
funcs(11).upperlimit = 100;
funcs(12).name = 'zakharov';

funcs(12).upperlimit = 10;

funcs(1).lowerlimit = -5.12;
funcs(1).dim = 5;
funcs(2).lowerlimit = -100;
funcs(2).dim = 30;
funcs(3).lowerlimit = -100;
funcs(3).dim = 30;
funcs(4).lowerlimit = -10;
funcs(4).dim = 30;
funcs(5).lowerlimit = -1.28;
funcs(5).dim = 30;
funcs(6).lowerlimit = -4.5;
funcs(6).dim = 5;
funcs(7).lowerlimit = -100;
funcs(7).dim = 2;
funcs(8).lowerlimit = -10;
funcs(8).dim = 2;
funcs(9).lowerlimit = -10;
funcs(9).dim = 4;
funcs(10).lowerlimit = -36;
funcs(10).dim = 6;
funcs(11).lowerlimit = -100;
funcs(11).dim = 10;
funcs(12).lowerlimit = -5;
funcs(12).dim = 10;
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funcs(13).name = 'powell’; funcs(13).lowerlimit = -4;
funcs(13).upperlimit = 5; funcs(13).dim = 24;

funcs(14).name = 'schwefel222"; funcs(14).lowerlimit = -10;
funcs(14).upperlimit = 10; funcs(14).dim = 30;
funcs(15).name = 'schwefel12’; funcs(15).lowerlimit = -100;
funcs(15).upperlimit = 100;  funcs(15).dim = 30;
funcs(16).name = 'rosenbrock’; funcs(16).lowerlimit = -30;
funcs(16).upperlimit = 30; funcs(16).dim = 30;
funcs(17).name = 'dixonprice’; funcs(17).lowerlimit = -10;
funcs(17).upperlimit = 10; funcs(17).dim = 30;
funcs(18).name = ‘foxholes"; funcs(18).lowerlimit = -65536;
funcs(18).upperlimit = 65536;  funcs(18).dim = 2;
funcs(19).name = 'branin’; funcs(19).lowerlimit = -5;

funcs(19).upperlimit = 10; funcs(19).dim = 2;
funcs(20).name = ‘bohachevsky1’; funcs(20).lowerlimit = -100;
funcs(20).upperlimit = 100;  funcs(20).dim = 2;

funcs(21).name = 'booth’; funcs(21).lowerlimit = -10;
funcs(21).upperlimit = 10; funcs(21).dim = 2;
funcs(22).name = 'rastrigin’; funcs(22).lowerlimit = -5.12;
funcs(22).upperlimit =5.12;  funcs(22).dim = 30;
funcs(23).name = 'schwefel’; funcs(23).lowerlimit = -500;
funcs(23).upperlimit =500;  funcs(23).dim = 30;
funcs(24).name = 'michalewicz2"; funcs(24).lowerlimit = 0;

funcs(24).upperlimit = pi; funcs(24).dim = 2;
funcs(25).name = 'michalewicz5"; funcs(25).lowerlimit = 0;
funcs(25).upperlimit = pi; funcs(25).dim = 5;
funcs(26).name = 'michalewicz10'; funcs(26).lowerlimit = 0;

funcs(26).upperlimit = pi; funcs(26).dim = 10;

336



funcs(27).name = 'schaffer’, funcs(27).lowerlimit = -100;
funcs(27).upperlimit = 100; funcs(27).dim = 2;

funcs(28).name = 'sixhumpcamelback’; funcs(28).lowerlimit = -5;
funcs(28).upperlimit = 5; funcs(28).dim = 2;

funcs(29).name = 'bohachevsky?2'; funcs(29).lowerlimit = -100;
funcs(29).upperlimit = 100;  funcs(29).dim = 2;

funcs(30).name = 'bohachevsky3’; funcs(30).lowerlimit = -100;
funcs(30).upperlimit = 100;  funcs(30).dim = 2;

funcs(31).name = 'shubert’; funcs(31).lowerlimit = -10;
funcs(31).upperlimit = 10; funcs(31).dim = 2;

funcs(32).name = 'goldsteinprice’;  funcs(32).lowerlimit = -2;

funcs(32).upperlimit = 2; funcs(32).dim = 2;

funcs(33).name = 'kowalik’; funcs(33).lowerlimit = -5;
funcs(33).upperlimit = 5; funcs(33).dim = 4;
funcs(34).name = 'shekel5’; funcs(34).lowerlimit = 0;
funcs(34).upperlimit = 10; funcs(34).dim = 4;
funcs(35).name = 'shekel7"; funcs(35).lowerlimit = 0;
funcs(35).upperlimit = 10; funcs(35).dim = 4;
funcs(36).name = 'shekel10'; funcs(36).lowerlimit = 0;
funcs(36).upperlimit = 10; funcs(36).dim = 4;
funcs(37).name = 'perm’; funcs(37).lowerlimit = -4;

funcs(37).upperlimit = 4; funcs(37).dim = 4;
funcs(38).name = 'powersum’; funcs(38).lowerlimit = 0;
funcs(38).upperlimit = 4; funcs(38).dim = 4;
funcs(39).name = 'hartman3’; funcs(39).lowerlimit = 0;
funcs(39).upperlimit = 1, funcs(39).dim = 3;
funcs(40).name = 'hartman6’; funcs(40).lowerlimit = 0;

funcs(40).upperlimit = 1; funcs(40).dim = 6;
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funcs(41).name = 'griewank’; funcs(41).lowerlimit = -600;
funcs(41).upperlimit = 600;  funcs(41).dim = 30;

funcs(42).name = ‘ackley’; funcs(42).lowerlimit = -32;
funcs(42).upperlimit = 32; funcs(42).dim = 30;
funcs(43).name = 'nhi’; funcs(43).lowerlimit = -10;
funcs(43).upperlimit = 10; funcs(43).dim = 2;
funcs(44).name = 'chungkhoan’; funcs(44).lowerlimit = 0;

funcs(44).upperlimit = 1; funcs(44).dim =7,
funcs(45).name = ‘chungkhoanl’; funcs(45).lowerlimit = 0;

funcs(45).upperlimit = 1; funcs(45).dim =7,

funcs(46).name = ‘chungkhoan?2’; funcs(46).lowerlimit = 0;
funcs(46).upperlimit =999;  funcs(46).dim=7;
funcs(47).name = ‘chungkhoan3’; funcs(47).lowerlimit = 0;
funcs(47).upperlimit =999;  funcs(47).dim =7,
funcs(48).name = ‘chungkhoan4’; funcs(48).lowerlimit = 0;
funcs(48).upperlimit =999;  funcs(48).dim=7;
funcs(49).name = 'sanhose’; funcs(49).lowerlimit = 0;
funcs(49).upperlimit =999;  funcs(49).dim = 4;
funcs(50).name = 'sanhose2’; funcs(50).lowerlimit = 0;
funcs(50).upperlimit =999;  funcs(50).dim = 5;
funcs(51).name = ‘annfunc’; funcs(51).lowerlimit = 1;

funcs(51).upperlimit=1;  funcs(51).dim = 5;
func = funcs(:,funcNum);

end

clear all

close all
dataa=xlsread('kq.xIsx’,'al:f109");
inputs = dataa(:,1:end-1)";
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targets =dataa(:,end)’;

load('model4u.mat’);

[net,Y ,E,Pf Af tr]=adapt(net,inputs,targets);

Outputs = net(inputs);

corT=corr(Outputs',targets’, Type','Spearman’);
labtrain=targets;

% focus vao nhung pt co ket qua lon
idx=find(labtrain>79.9999);

tstOutputs = net(inputs(:,idx));

performance = perform(net,labtrain(idx),tstOutputs);

save('model4u.mat’,'net’);

function [iter, xval, fval, fve] = DE_Unconstraintve( Object,Popsize,dim,Lb,Ub)
Pop=[I;
for j = 1:Popsize

for k =1:dim

Pop(j,k) = Lb(k) + (Ub(k)-Lb(k)).*rand;

end
end
iniPop=Pop;
% Danh gia ham muc tieu cho moi ca the trong dan so
for ik = 1:Popsize

Fx(ik) = feval(Object,Pop(ik,:));
end
FES = Popsize;
delta = 10; iter = 1;
fve=[J;
while delta>1e-6

iter = iter + 1;
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% Generate the offspring population
lu = [Lb;Ub];
offpop = AdaptiveReproduce(Fx, Pop, Popsize, lu, dim, delta);
% Danh gia ham muc tieu cho moi ca the trong dan so
for ik = 1:Popsize
Fnew(ik) = feval(Object,offpop(ik,:));
end
% Update Pop, Fx
[Fit,idb] = sort([Fx Fnew]);
Offpop = [Pop; offpop];
Fx = Fit(1:Popsize);
Pop = Offpop(idb(1:Popsize),:);
FES = FES + Popsize;
% Check stopping conddtition
[Fbest,idb] = min(Fx);
Fmean = mean(Fx) ;
delta = abs(abs(mean(Fx))-abs(Fbest));
fval = Fbest;
xval = Offpop(idb(1),:);
fve=[fve;Fbest];
end
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