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Tém tit nhirng déng gép méi vé 1y luin va hoc thuit ciia luin 4n:

Lu4n an nghién ctru cic dic tinh truyén nhiét cua thiét bi bay hoi kénh micro trong may

diéu hoa khong khi c¢& nho sir dung madi chat lanh CO2 da duoc thuc hién bang phuong

phéap phan tich 1y thuyét, phuong phiap mo phong sd va phuong phéap thuc nghiém. Hé
thdng duoc thiét ké c6 ning suit lanh khoang 9000BTU/h (~2600W), dwoc lip dat tai TP.

HCM va duoc van hanh & ché d6 trén t6i han (31°C va 73 bar). Ngoai ra, thiét bi 1am mat

dugc dat ¢ vi tri c6 mai che, bong mat dé nhiét d6 moi truong xunh quanh khoang 31 dén

34°C. Céac két qua dat dugc nhu sau:

D3 trinh bay duoc co so Iy thuyét va phuong trinh truyén nhiét

D4 tinh toén, thiét ké va lap dat hé théng lanh ¢& nho voi méi chat CO;

P mb phong sé cho dng dep ¢6 10 kénh micro bang nhém, ¢ canh vaéi kich thudc
0,9 x 0,9 x 200 cho két qua do dugc c6 gia tri tuong dwong véi dir liéu thyc nghiém.
Sy chuyén pha mdi chat CO; tai dau vao 0,5, thay d6i ¢ dau ra 14 0,52

D3 thyc nghiém so sanh véi két qua ly thuyét tinh toan ké hé théng trong cung diéu
kién &p suat dau day 82 bar va nhiét do bay hoi 10°C. Két qua dat duoc 14 nhiét do
dau day phia thuc nghiém Ién hon 10°C so véi nhiét do phia ly thuyét, do phan tinh
toan Iy thuyét bo qua ton that & qua trinh nén. Ton that &p suat qua TBBH kénh
micro 1,5 — 2 bar. B qué nhiét trén TBBH & thuc nhiém ( 8,2°C ) cao hon 3,2°C so
Vvéi gia thiét caa ly thuyét (5°C)



- Khi thém qué trinh qua lanh, qué trinh hdi nhiét s& 1am giam nhiét do gas trudc tiét
lru nén nang sut lanh ting.

- Ti sb nén giita ap suat 1am mat/ap suat bay hoi ting thi luu lwong khéi lwong méi
chat lanh giam. Tai gia trj ti s6 nén 1,56, hé thong dat ning suat lanh I6n nhat

- Khi ting vén tdc khong khi qua TBBH thi d6 qua nhiét phia khong khi giam nhung
d6 qua nhiét phia gas lanh thi ting. Trong khoang van téc khdng khi 2 — 4 m/s, nang
suit lanh riéng dat gid tri tot trong khoang 90 — 100 kJ/kg.
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Summary of theoretical and academic contribution of the dissertation:

The thesis researching the heat transfer characteristic of microchannel evaporators

in small air conditioners using CO: refrigerant was performed by theoretical analysis,

numerical simulation, and experiment. The system is designed with a cooling capacity of
9000BTU/h (~ 2600W), installed in TP. Ho Chi Minh City and operated in the supercritical

mode (31°C and 73 bar). In addition, the cooler is located in a sheltered, shaded location

so that the ambient temperature is between 31 and 34°C. The results were as follows:

- Present the theoretical basis and heat transfer equation

- Calculate, design and install small refrigeration systems with CO2

- Numerical simulation for a flat tube with 10 aluminum microchannels, with fins
with a size of 0.9 mm x 0.9 mm x 200 mm. The results are compared with experimental
data and have equivalent values.

- Experimental comparison with the results of the theoretical calculation of the system
under the same conditions of propulsion pressure 82 bar and evaporation temperature of
10°C. The result is that the discharge temperature in the experiment is greater than the
discharge temperature in the theoretical side because the theoretical calculation neglects
the loss in compression. Pressure loss across microchannel is 1.5 - 2 bar. Overheating in
the experiment is higher than the overheating on the theoretical side.

- When adding a sub-cooler, an internal heat exchanger will reduce the gas

temperature before the expansion valve. Therefore, the cooling capacity increases.



- The compression ratio between discharge pressure and suction pressure increases,
the refrigerant mass flow rate decreases. At the value of compression ratio of 1.56, the
system has the largest cooling capacity

- When the air velocity increases through the evaporator, the temperature difference
on the airside decreases, but the temperature difference on the refrigerant side increases.
In the range of air velocity 2 - 4 m/s, specific refrigeration capacity reaches the good
value in the range of 90 - 100 kJ/kg.
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LOI CAM ON

Dé tai “Nghién ciru cac dic tinh truyén nhiét cua thiét bi bay hoi kénh micro trong
may diéu hoa khong khi ¢& nhé ding méi chat lanh CO2” dugc thyc hién tai phong
thi nghiém Truyén nhiét (Heat Transfer Lab) thuéc B mon Cong nghé Nhiét -
bién lanh, Khoa Co khi Bong luc, Truong Pai hoc Su pham K¥ thuat Tp.HCM.

Trudc tién, xin cam on Lanh dao nha truong, cdc don vi Phong ban trong
trudong da tao nhiéu diéu kién cho cac NCS hoc tap va nghién ctiru. Bac biét 1a
nhing chinh sach hd tro hoat dong nghién ciru khoa hoc danh cho NCS dé phuc
vu dé tai, gidi1 thiéu cac HOo1 nghi ¢6 uy tin trong va ngoai nudc dé cong bo két
qua nghién ctu.

Xin gtri 161 cdm on dén ban chu nhi€ém Chu nhiém khoa Co Khi Ché Tao
May, théy cd vAn NCS di tao diéu kién dé NCS hoc tdp cac mon hoc bd sung,
gia cong cac mau thi nghiém. Pong thoi, tac gia xin gui 101 cam on dén Thay/Co
trong va ngoai truong di nhan xét va dong gop tich cuc dé dé tai dugc hoan
thién.

Xin cam on dén Théy/CG trong BO mon Cong nghé Nhiét - Dién lanh,
Thay/C6 trong Khoa Co khi Dong luc, da trang bi co s vat chat hién dai, nhiing
thiét bi do chinh xac cho céc phong thi nghiém phuc vu nghién ctru khoa hoc
cho Giang vién va cac Nghién ctru vién.

Cubi cuing, xin gtri 101 cam on Thay huéng dan PGS.TS. Pang Thanh Trung
va GS.TS Jyh-tong Teng da chi ra cac hudng nghién ctru, cac phuong phap
nghién ctru phi hop muc tiéu dé tai. Xin cdm on PGS.TS Jau-Huai Lu d3 c6
nhimg gop vy hitu ich va bai hoc bo ich tai Phong thi nghiém Clean Power and
Green Energy-NCHU, bai Loan, cac nhom nghién ctru khac cung phong thi
nghiém, cac ban hoc vién cao hoc, cac ban sinh vién da hd tro tac gia thuc hién

de tai.




TOM TAT

Luan an “Nghién ctru cac dic tinh truyén nhiét cta thiét bj bay hoi kénh micro

trong may diéu hoa khong khi c& nho str dung moi cht lanh CO2” d3 dugc thyuc hién

bang phuong phap phan tich 1y thuyét, phuong phap mé phong sé va phuong phap

thuc nghiém. Hé thong dugc thiét ké co niang sudt lanh khoang 9000BTU/h
(~2600W), duoc lép dat tai TP. HCM va duge van hanh & ché d6 trén t&i han (31°C

va 73,8 bar). Céc két qua dat duoc nhu sau:

D3 trinh bay duoc co s& Iy thuyét va phuong trinh truyén nhiét

Pa tinh toan, thiét ké va lap dat hé thong lanh ¢& nho véi mdi chat CO;

M6 phong sé cho ng dep c6 10 kénh micro biang nhém, c6 canh véi kich
thugc 0,9 x 0,9 x 200 cho két qua cd gia tri twong duong véi dir liéu thuc
nghiém. Sy chuyén pha moi chat CO> tai dau vao 0,5, thay doi ¢ dau ra 14 0,52
D4 thuc nghiém so sénh véi két qua ly thuyét tinh toan ké hé thdng trong ciing
diéu kién ap suat dau day 82 bar va nhiét do bay hoi 10°C. Két qua dat dugc
la nhiét do dau day phia thuc nghiém Ién hon 10°C so véi nhiét do phia ly
thuyét, do phan tinh toan ly thuyét bo qua tén that & qua trinh nén. Ton that ap
suat qua TBBH kénh micro 1,5 — 2 bar. P qué nhiét trén TBBH & thyc nhiém
(8,2°C ) cao hon 3,2°C so véi gia thiét caa ly thuyét ( 5°C )

Khi thém qua trinh qua lanh, qua trinh hoi nhiét s& 1am giam nhiét d6 gas truéc
tiét lvu nén nang suét lanh ting.

Ti s6 nén &p suat lam mat va ap suét bay hoi ting thi luu lugng khéi luong moi
chét lanh giam. Tai gi4 tri ti s6 nén 1,56, hé théng dat ning suat lanh Ién nhat
Khi ting van téc khong khi qua TBBH thi d6 qua nhiét phia khong khi giam
nhung d6 qua nhiét phia gas lanh thi ting. Trong khoang van toc khong khi 2
— 4 m/s, nang suit lanh riéng dat gia tri tot trong khoang 90 — 100 kJ/kg.




ABSTRACT

The thesis researching the heat transfer characteristic of microchannel
evaporators in small air conditioners using CO: refrigerant was performed by
theoretical analysis, numerical simulation, and experiment. The system is designed
with a cooling capacity of 9000BTU/h (~ 2600W), installed in TP. Ho Chi Minh City
and operated in the supercritical mode (31°C and 73.8 bar). In addition, the cooler is
located in a sheltered, shaded location so that the ambient temperature is between 31
and 34°C. The results were as follows:

- Present the theoretical basis and heat transfer equation

- Calculate, design and install small refrigeration systems with CO2

- Numerical simulation for a flat tube with 10 aluminum microchannels, with
fins with a size of 0.9 mm x 0.9 mm x 200 mm. The results are compared with
experimental data and have equivalent values.

- Experimental comparison with the results of the theoretical calculation of the
system under the same conditions of propulsion pressure 82 bar and evaporation
temperature of 10°C. The result is that the discharge temperature in the experiment
IS greater than the discharge temperature in the theoretical side because the
theoretical calculation neglects the loss in compression. Pressure loss across
microchannel is 1.5 - 2 bar. Overheating in the experiment is higher than the
overheating on the theoretical side.

- When adding a sub-cooler, an internal heat exchanger will reduce the gas
temperature before the expansion valve. Therefore, the cooling capacity increases.

- The compression ratio between discharge and suction pressure increases, the
refrigerant mass flow rate decreases. At the value of compression ratio of 1.56, the
system has the largest cooling capacity
- When the air velocity increases through the evaporator, the temperature
difference on the airside decreases, but the temperature difference on the
refrigerant side increases. In the range of air velocity 2 - 4 m/s, specific

refrigeration capacity reaches the good value in the range of 90 - 100 kJ/Kkg.
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DANH MUC CAC KY HIEU, CHU VIET TAT

dién tich mat cat 6ng dong, m?

Nhiét dung riéng,

dung 4m cua khong khi, (kgH20/kg khong khi kho)
duong kinh thuy luc quy udc, m

duong kinh trong cia ong dong, m

hé s6 ma sat

Mt d6 luu lugng 2 (22

chiéu cao, (m)

enthalpy, kK/kg.K

nhiét an hoa hoi, kJ/kg.K

hé s6 truyén nhiét tong, W/m?K

Iru lwong khéi lugng, kg/s

hé s6 Nusselt

ap suat, Pa

chu vi u6t, m

cong suit, W

Thoéng s6 P trong tinh toan do chénh nhiét 4o phuc tap
hé sb Prantle ciia moi chat

lugng nhiét truyén qua thiét bi, W

Budc canh tan nhiét, m

mat do dong nhiét, W/m?

Hé s6 Reynolds

Thong s6 R trong tinh toan do chénh nhiét do phtc tap
nhiét do, K

TTBH: Thiét bi bay hoi
TBLM: Thiét bi lam mat

t
V:

nhiét dg, °C

Luu luong thé tich qua thiét bi, m%s

Vil



X:

tham sd Martinelli

Greek symbols

o

< = =

g & D0

€

At
At:

hé sb téa nhiét doi luu, W/m?K

hi¢u suat

d6 nhét @ong hoc, uPa — s

do nhét dong luc hoc, m?/s

khéi luong riéng, kg/m?

hé sb dan nhiét, W/m K

van tée, m/s

hiéu suat

do chénh nhiét do, °C

dd chénh nhiét do trung binh logarit, °C

Chir viét tit bén dwdi ky hig¢u

1,2,3,4: vitri cac diém nut cua chu trinh lanh

a
ac
C

e

f

f
fr
gr
in
out

IHX
tp
Sp
gn

air, moi chatt khong khi

acceleration, gia toc

cooler, thiét bi lam mat; come, dau vao
Evaporator, thiét bi bay hoi; exit, dau ra
fin, canh tan nhiét.

fluid, dong moi chét lanh,

friction, ma sat

gravity, trong truong.

inlet, dau vao

outlet, dau ra

refrigerant, moi chit lanh

xét mat trong dng dong

internal heat exchanger, thiét bi hdi nhiét
Two phase, mdi chat & trang thai 2 pha
single phase, mdi chat & trang thai 1 pha
qué nhiét

thanh vach (wall)
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Chwong 1. TONG QUAN

1.1. LY DO CHON PE TAI NGHIEN CUU
1.2. TONG QUAN VE LINH VUC NGHIEN CUU
1.2.1. Tinh hinh nghién ctru & ngoai nwéc
1.2.1.1. Hinh dang — Kich thwéc kénh
1.2.1.2. Tén thit ap suit
1.2.1.3. Sw truyén nhiét
1.2.1.4. P6i véi méi chit 1a CO>
1.2.2. Tinh hinh nghién ciru trong nwéc:
1.3. MUC TIEU NGHIEN CUU CUA PE TAI
- Xac dinh duogc cac dat tinh truyén nhiét cta thiét bi bay hoi (TBBH) kénh
micro trong hé thong diéu hoa khong khi dung méi chét lanh CO,.

- Xac dinh dugc cac yéu to anh huong dén qua trinh bay hoi trong thiét bi bay
hoi kénh micro cho mai chat lanh CO2, tir d6 c6 nhiing giai phap dé nang cao
hiéu qua truyén nhiét trong quéa trinh nay.

1.4. POI TUQNG, PHAM VI VA PHUONG PHAP NGHIEN CUU
1.4.1. Poi twong.

- Cac dac tinh truyén nhiét: Truong nhiét d9g, ap suat, hé s téa nhiét dbi luu, hé
sd truyén nhiét, mat d6 dong nhiét, cong suat nhiét/nhiét luong.

- Ti s6 nén, qua trinh qua lanh, qua trinh hoi nhiét.

- Van tdc va d6 am tuong d6i cuia khong khi.

1.4.2. Pham vi nghién ciru.

Chu trinh may nén 1 cap chay & ché d6 trén t6i han (31°C va 73,8 bar)

Ning suét lanh ctia hé thong: 9000 BTU/h (~ 2600W)

Hé thong diéu hoa khong khi nay duoc lip dit tai TP. HCM




Dan nong c6 mai che.
1.4.3. Phwong phap nghién ciru.
Nghién ctru ly thuyét
Mb phong sd.
Nghién ctru thyc nghiém.

Phuong phap so sanh va kiém chung két qua.

1.4.4. Trién vong ciia dé tai nghién ctru.
Céc thiét bi bay hoi nay c6 thé tmg dung thuc té dé giai nhiét cho cac hé théng
lanh c& nhoé (xe hoi, may lanh gia dinh,...), linh kién dién tu, trong linh vuc
k¥ thuat hoa hoc, trong y sinh, trong cac nha may di¢n nguyén tir micro, h¢
théng lanh cong nghiép...
Céc cong bd khoa hoc cua dé tai nay ciing c6 thé dugc dung lam co sé tham
khao, trich luc cho cac nha nghién ctru vé qua trinh bay hoi cho TBBH kénh

micro.

1.5. NOI DUNG NGHIEN CcUU

Tong quan tai liéu lién quan dén TBBH compact cho qué trinh bay hoi trong
hé théng diéu hoa khéng khi ding mai chét lanh CO..

Trinh bay co sé ly thuyét va phuong trinh truyén nhiét

Tinh toan, thiét ké va lap dat hé thong lanh ¢& nho véi méi chat CO.

M6 phong sb cho 1 6ng c6 canh tan nhiét, gom 10 kénh micro 0,9x0,9x200
Thuc nghiém, so sanh két qua vi mé phong va tinh toan.

Xac dinh anh huong luu luong khong khi qua TBBH dén ning suét lanh.

Xac dinh hiéu qua 1am lanh trén thiét bi bay hoi khi thém qua trinh qua lanh,
qué trinh hoi nhiét [én hé théng lanh.

X&c dinh duoc anh huong cua ti s nén dau day/dau hat dén hiéu qua 1am lanh




Chwong 2. TINH TOAN VA THIET KE

2.1. M6 hinh hoa thiét bi bay hei kénh micro

2.1.1. Hé s6 truyén nhiét tong cia TBBH
Gia str khong khi luu chuyén qua cac canh tai nhiét véi van tbc Ua, nhiét do
Ta. M6i chit COz vao kénh micro luu luong khoi lwgng .., 4p suit p;,, enthalpy h;,.

Trang thai ban dau duoc biéu dién nhu Hinh 2.1

Hinh 2. 1 M6i chat va khong khi chuyén dong qua 6ng.
Ap dung dinh lut nhiét dong hoc I vé phia moi chét lanh.

Ning suat lanh ctia dan bay hoi:

Qe = My (hoyt — hin) (2.1)

Q, = k,A At, (2.2)

Trong d6, 1, 14 luu lugng khdi lugng ctia méi chat lanh qua thiét bi (kg/s);
- h 14 enthalpy cua trang thai vao va trang thai ra ctia moi chat lanh.
- Acla dién tich trao doi nhiét c6 canh cua TBBH (m?)

- Ee: D0 chénh nhiét do trung binh logarit dugc xac dinh:

A_te _ Atmax,e - Atmin,e (2-3)

In Atmax,e

Atmin,e

- Atmaxe, Atmine duoc thé hién ¢ hinh dudi.
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Hinh 2. 2 Bién thién nhiét do tai thiét bi bay hoi.

Ke: Hé s6 truyén nhiét tong cia TBBH, W/m?K tinh quy doi vé phia khong khi

+ R, + Pe

e Age Ay tp

(2.4)

- Rp: Tong nhiét tré phia khong khi, gdm nhiét tro tiép xuc giita ong va canh
R=0,005 m2.K/W (canh lap ghép), va nhiét trd 16p byi bam 1én bé mit canh,
R=3.10"* m2.K/W.

- B, hé sb 1am cach trén thiét bi bay hoi, ti s6 gitra tong dién tich bén ngoai dng
c6 canh tiép xuc voi khong khi va dién tich trong dng tiép xtic voi moi chat.

- g, hé s6 tod nhiét cia TBBH vao khong khi (W/m?K)

- Qs HE sO toa nhiét ddi luu ctia moi chét trong kénh micro (W/m2K)

2.1.2. H¢ so toa nhiét phia khong khi [93]

-0,54 —-0,14
Ao (Do) % B\ ™"
Aadry = C g (g) (g Rel} (2.5)

C, n 1a hé s6 thuc nghiém. Do thiét bi bay hoi chim ong song song,
canh hinh chir nhat nén C, n duogc chon 0,094 va 0,72.

A,: hé s dan nhiét cua khong khi tai nhiét 6 xét (W/m.K)

Sp: budc canh, canh ctia dan mini hoac micro ¢6 bude 1—-1,2.10° (m)

D,: Puong kinh ngoai ciia 6ng (m)




ht: chiéu cao canh (m)

Re,: hé s6 Re cta khong khi tai khe canh
2.1.3. Hé s6 toa nhiét ddi lwu ciia mdi chit lanh CO>

2.1.3.1. Hé s6 toa nhiét 2 pha
Theo nghién ctru [98], hé s6 toa nhiét 2 pha c6 thé tinh:

Artp = S.ayg + F. (2.13)

ayg: hé 6 toa nhiét khi moi chat soi

;.- hé sb toa nhiét d6i luu ciia pha long trong ong

ayp = 55P%12(—0,4343InP) %55 M~052°7 (2.14)

(2.15)

0,0234, [G,. (1 — x). Dy ]™® fcputti\O*
Ay = ( )

Dy, 28] A

M: 1a khéi lwong mol ciia méi chat (kg/kmol)
2.1.3.2. Mdi chit & trang thai hoi bdo hoa kho va qua nhiét
Khi méi chét chi con 1 pha hodc bi qua nhiét thi hé sé trao doi nhiét ctia thiét

bi bay hoi dugc tinh nhu cong thic:

— ’19
amp = Nug D— (2.26)
h
fq Pr,
Nu, = <§ (Rey; —1000) 05 i (2.27)
1+12,7 (gg) (Pr;”" —1)

2.1.4. g chénh ap trong TBBH kénh micro
Trong khi d6, Kandiklar [98], [101] trinh bay d6 chénh &p suat trong 6ng

mini hodc micro gitta dau vao va dau ra nhu sau:

Ap = Ap. + Apfr,lph + Apfr,tp + Apgc + Apgr + Ap. (2.30)

Trong do:
Ap,: d6 chénh ap tai dau vao

Apfr 1pn: 0 chénh ap do ma sat dong 1 pha




Apfr tp: A6 chénh ap do ma sat dong 2 pha
Ap,.: 46 chénh ap do gia tbc dong chay
Ap g, d6 chénh ap do luc trong trudng
Ap,: @6 chénh ap tai dau ra
2.2. Tinh toan hé thong lanh
2.2.1. Luu db tinh toan

Mbi chét DK ban déu Khéng
Co, TBLM khi

Van tiét luu

Tinh toan

TBLM

Hé théng lanh CO, |«
Hinh 2. 3 Luu db giai thuat tinh toan hé théng lanh
2.2.1.1. Piéu kién ban dau cho bai toan thiét ké:
- Hé théng lam mat ¢ cong suat lanh 9000BTU/h (~2600W)
- Hé thong lanh CO2 duoc thiét ké hoat dong trén tdi han trong khoang (74
—90), v6i ap suét chon 13 pk= 82 bar,
- Theo [91], nhi¢t d0 khong khi tai TP.HCM vao mua he 1a 35,4°C, Tuy

nhién, thiét bi lam mat trong trong thiét ké nay s& dugc lap dat tai vi tri co




mai che va di duoc khao sat, nhiét do thay doi trong khoang 30 — 33°C
Vay, chon nhiét d6 khong khi vao thiét bi lam mat 1a 33°C.

- Nhiét d6 méi chat khi ra khoi thiét bi 1am mat c6 nhiét do tk= 36°C

- Tai thiét bi bay hoi, méi chit lanh s6i & nhiét do to = 10°C, trng v6i ap suét
bao hoa 1a 45 bar. o qua nhiét 5 °C khi moi chét ra khoi thiét bi.

- Thiét bj lam mét: chum éng ddng sole hoic song song, canh tai nhiét nhom,
c6 duong kinh 6ng ngoai 6,4mm, dudng kinh dng trong trong 4,98 mm

- Thiét bi bay hoi 1a thiét bi dng dep nhém, canh nhém, kénh micro.

Thiét bj lam mat

May nén

Thiét bi bay hoi

Van tiét luu

Hinh 2. 4 So d6 thiét ké chu trinh lanh
2.2.2. Tinh toan may nén lanh
Cong suat may nén:

N = Ny, 0,6932
n 0,666

May nén can thiét cho hé thdng c6 cong suit 1a 1,04 kW. Chon may nén Daikin

= 1,04(kW)

c¢6 cong sudt 1,2 KW (1,8 HP), do méi chit lanh CO, chua duoc Gmg dung rong rii
nén cic chung loai may nén ding méi chit nay chwa dugc san xuat nhiéu.

2.2.3. Tinh toan thiét bi lam mat

2.2.3.1. Buwéc tinh toan thiét bi 1am mat




Mbi chét Dk ban dau
CcoO, TBLM
A\ 4 A\ 4 \ 4

Hé sd toa nhiét Hé sb toa nhiét Do chénh nhiét
CO2 vao KK do TB logarit

A 4

. (Heé s6 truyén

nhiét tong

D.tich trao d6i nhiét

Chon TBLM

Hinh 2. 5 Luu do giai thuat tinh toan TBLM

Dién tich cia TBLM ciing 12 1 ham cua ke, va duge biéu dién nhu hinh 2.11

13
o 12
E
< 11
&
£ 10
£ C=03
=
e
=
S
|7
C=0,45
6
28 33 38 43 48 53

H¢ s6 trao truyén nhiét k, (W/m2K)

Hinh 2. 6 Dién tich TBLM phu thudc k¢




Hinh 2.11 thé hién mdi quan hé giita hé sb truyén nhiét va dién tich trao doi
nhiét cia TBLM. Vi thiét ké chum 6ng song song, thiét bi lam mét can dién tich trao
d6i nhiét tir 9,5 — 12 m2. Tuy nhién, voi thiét ké chum dng so le thiét bi 1am mat can
dién tich trao d6i nhiét tir 7 - 8,5 mZ.

Véi cac s6 lidu duoc tinh toan va thé hién trén cac do thi trén, thiét bj 1am mat
Panasonic 1 (Phu luc 2) c6 thiét ké chum 6ng so le va co dién tich trao d6i nhiét bén
ngoai ¢ canh la 8,8 m? phu hop va duoc duoc chon.

2.2.4. Tinh toan thiét bi bay hoi kénh micro

2.2.4.1. Cac buée tinh toan
- Chon cac diéu kién van hanh cia thiét bi bay hoi
- Tinh toan hé sd trao d6i nhiét cia khong khi trong diéu kién khong khi am
- Chon hé s6 trao ddi nhiét cia médi chat CO; trong 6ng
- Tinh hé s6 trao d6i nhiét tong cua thiét bi bay hoi

- Tinh dién tich trao ddi nhiét cta thiét bi va chon thiét bi phu hop

Mbi chat Dk ban dau Khéng
CO, TBBH khi
A 4 A A

A A
Cuong do toa Cuong do toa Do chénh nhiét
nhiét CO2 nhiét vao KK d6 TB logarit

. (Hé sb truyén
"\ nhiét téng

D.tich trao ddi nhiét

Chon TBBH

Hinh 2. 7 Luu db giai thuat tinh toan TBBH




2645,6 .
_0 _ 211 6m) 277
k,At, 112,4.11,13

A,

Xét Phu luc 2, thiét bi trao doi nhiét Danfoss microchannel 2, c6 dién tich
trao trao d6i nhiét bén ngoai c¢6 canh 2,5 m? 1a phu hop dé lap dit thiét bi bay hoi
kénh micro cho hé théng lanh COa.

2.3. Du do4n hé sd toa nhiét ciia mdi chit CO; trong TBBH kénh micro

2.3.1. Hé s6 toa nhiét d6i lwu cia CO> ¢ trang thai 2 pha.

Hé s6 toa nhiét ddi luu ciia mdi chat CO; trong kénh micro s& dugc tinh toan
cu thé dya vao Iy thuyét da duogc trinh bay & muc 2.3. M6i chat lanh CO2 vao thiét bi
& nhiét do bo hoa 10°C, va ra khoi thiét bi ¢ trang thai hoi qué nhiét.

Hé s6 toa nhiét d6i luu cuia moi chat CO2 trong thiét bi bay hoi kénh micro s&

duoc tinh nhu trong Bang 2.3.

A(1.500)
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RN A AV AN AN AV AV VAV VAV AN AV AV AVAV AV AV AVAV AV AV AVAVAV VIR
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ALY NV NNV V.YV |
: o] \Vung qua
] nhiét
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Hinh 2. 8 M6 hinh thiét bi bay hoi kénh micro.
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Béang 2. 1 Bang gia tri tinh toan cdc ham theo d¢ khoé x

ONB dlo Otp

X Re Rey X? P2 S | (Wm?K)| F | (W/m3K) | (W/m?K)
0,61 | 5813,67 | 47944,13 050| 32,60 | 0,37 | 6,84E+03 | 2,58 4194,32 | 1,34E+04
0,65 | 5208,08 | 51057,39 042 | 3565| 0,37 | 6,84E+03 | 2,73 3840,99 | 1,30E+04
0,69 | 4602,49 | 54170,64 0,35| 39,21 | 0,37 | 6,84E+03 | 2,91 3479,33 | 1,27E+04
0,73 | 3996,90 | 57283,90 0,29 | 4349 | 0,37 | 6,84E+03 | 3,12 3107,99 | 1,22E+04
0,77 | 3391,31| 60397,16 0,23 | 4881 | 0,37 | 6,84E+03 | 3,39 2725,18 | 1,18E+04
0,81 | 2785,72 | 63510,41 0,18 | 55,73 | 0,37 | 6,84E+03 | 3,74 2328,36 | 1,12E+04
0,85 | 2180,13 | 66623,67 0,14 | 65,37 | 0,37 | 6,84E+03 | 4,22 1913,75 | 1,06E+04
0,89 | 1574,54 | 69736,92 0,09| 80,30 | 0,37 | 6,84E+03 | 4,96 1475,10 | 9,88E+03
0,93 968,95 | 72850,18 0,06 | 108,53 | 0,37 | 6,84E+03 | 6,38 1000,32 | 8,94E+03
0,97 363,35 | 75963,43 0,02 | 200,48 | 0,38 | 6,84E+03 | 10,97 456,42 | 7,58E+03

Hé s toa nhiét doi luu cua mdi chat CO, hai pha thay d6i dan theo d6 kho

dugc thé hién nhu hinh 2.16. Do khod cuia méi chat vao thiét bi bay hoi ¢ trang théi 2

pha ¢ gia tri 0,61 va ting dan do kho cho dén khi hod hoi hoan toan. Khi do kho tang
tir 0,61 dén 0,97 thi hé s6 toa nhiét d6i luu cia mdi chat giam dan déu tir 13 KW/m2K
xuéng gan 7,5 kW/m2K.

16

=
w

Cuong do toa nhiét oy,
(KW/m?K)
|
~ o

0,5

Hinh 2. 9 Dy doan hé sb toa nhiét CO2 theo do kho

0,6

0,7

0,8

Pj khd x

0,9
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Cac thyc nghiém [102] duoc thé hién & Hinh 2.17 véi duong kinh thuy luc
tuong dwong 3 mm, nhiét d6 bdo hoa caa mdi chat ¢ 10 °C, luu luong khéi lwong 300
kg/m2.s. Tai vi tri dau vao, moi chat co d6 kho x >0, cuong do toa nhiét ddi luu cua
méi chat CO; trong kénh trong khoang tir 10 — 21 kW/m2K. Cudng d6 toa nhiét giam
dan 10 — 4 KW/m2K khi d6 kho ting x 1én 1. Nhu vay, cudng do toa nhiét caa moi
chat COz tai TBBH trong luan vin nay dat 13 kW/m?K - 7,5 kW/m?K trong khoang

d6 khd (0,6 - 0,98) c6 gia tri twong dwong voi cac nghién ctru di cong bé.

22 T T v T ¢ T > I

R 0] A Experimental data from Pamitran et al. (2011) ]

2 ! ‘--.\A\ D=3mm,t=10C, .
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Hinh 2. 10 Hé sb toa nhiét CO; trong nghién ctru [102]

2.3.2. Hé s6 toa nhiét d6i luwu CO2 & trang thai bdo hoa khd va qué nhiét.

Nu, A (2.83)
agp = 5h P = 6,144 (kW /m?K)

2.3.3. P9 chénh 1énh &p suit trén thiét bi bay hoi kénh micro.

Ap = Apc + Apgapn + ADfep + Apg + Ape (2.85)

Ap = 28,48 + 4,3 + 4,6 + 5,68 + 139,29 = 182(kPa) = 1,82(bar) | (2.86)

12




Chuong 3. MO PHONG SO VA THIET LAP THUC NGHIEM

3.1. M6 phéng s6 cho TBBH kénh micro.
3.1.1. Thiét lap md hinh mé phéng thir | [79]

3.1.2. Thiét 1ap md hinh mé phéng thit 11

Thiét bi bay hoi kénh micro di duoc tinh toan va chon ¢ muc trén. Do thiét bi
bay hoi c¢6 nhiéu kénh nho, canh mong, kich thudc thiét bi 16n so vai kich thudc bé
cua kénh va canh tan nhiét nén nén viéc md phong ca thiét bi bay hoi thi can c6 may
tinh rat manh dé c6 thé thuc hién duoc. Bé giai quyét van dé nay, mot doan kénh
micro cua thiét bi bay hoi (Hinh 3.2) s& duoc chon dé mé phong sb trén phan mém
md phong s6 COMSOL Multiphysics phién ban 5.3.

ks 3

o
—

14

28

<

330 DETAIL A
' SCALE 1,500

___________ Vao

] < 1[4
Vi tri lay
mau dé
mo phong

g: | e—

‘ Ra

—SEE DETAIL A

@12

3135

302

Hinh 3. 1 Liy mau kénh micro dé mé phong sé.
Mot doan kénh dugc dung mé phong dwoc goi 1a mau sé 11 ¢é chiéu dai 200
mm. Mau nay duogc vé lai nhu Hinh 3.3 thé hién. Hai mat cua thiét déu c6 canh tai

nhiét day 0,1mm, cao 5mm, rong 14mm. Cac kénh micro c6 hinh vudng véi canh
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900um, chiéu dai méi kénh 1a 200 mm.

Hinh 3. 2 Mau TBBH kénh micro ding trong mé phong so.
3.1.3. Piéu kién bién cho mau mo phéng so 11
Céc diéu kién ban dau cua bai toan dit ra duoc thé hién trong Bang 3.3. M6i
chat dung trong md phong 1a CO2, ¢6 nhiét do dau vao la 5°C, ap suat 37 bar. Moi

truong lam mat 1a khong khi c6 nhiét o 18,6 °C, van tdc gid tir 3m/s.

Bang 3. 1. Diéu kién mo6 phong s6 mau s 11

Moi
M6i | trwong | Kich thwée kénh | Vit .
, Diéu kién m6 phéng
chat gidi (mm) liéu
nhiét
CO2 Khdng Hinh chir nhat, Nhom Pin=37 bar, m = 5.2g/s, Vair=
Khi W=0,9; H=10,9; 3m/s, Tair=18.6°C, Tcoo=5°C,
LL.=200, 10 kénh h_air = 10 [W/m"?*K]

3.1.4. L&i giai s6 cho miu mé phéng s6 1+11
Céc phuong trinh trén va cac diéu kién mé phong (Bang 3. 1, Bang 3. 2 va
Bang 3.3 ) duoc giai bang phuong phap phan tir hitu han véi loi giai PARDISO
(Parallel Direct Solver) [107] dé tim ra cac gia tri nhiét do, van tdc, ap suat va entalpy.
Gia tri 4p suét bay hoi p_out duoc dung dua trén cac nghién ctru trude da cong bd

[107]. M6 hinh nay dugc giai boi phan mém da vat [y COMSOL, phién ban 5.2a. Cau
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hinh may: Core 17-3740QM 2.7 GHz; DDRAM2 ECC CORSAIR 16GB; SSD
SATA3 250GB; VGA roi QUADPRO K3000M. Lu¢i sau khi dugc tao xong cd: 240
dinh, 9887 canh, 44466 bién va 180522 phan tir.

Sai s6 tuong d6i va tuyét ddi da chon cho 1oi giai 1a 10, Sai sé tuyét ddi va
tuong doi kiém soét sai s trong timg budc giai. Cu thé hon, dé cho vector cta dai
lwong U twong tng voi 101 giai tai budc thoi gian nao d6 va E 1a uéc lugng sai sb

trong U cua cong cu giai dugc xac nhan trong sudt budc nay. Bude duge chap nhan

l |EI| 2 1/2
—Z{—J ] <1
{N A+RIUj (3.13)

trong d6 Ai 1a sai s6 tuyét d6i cua dai lwong i, R 12 sai s6 twong dbi, N 1a s bac ty do.

ncu

3.1.5. Két qua va thao luan mau md phéng s6
Cac két qua va thao ludn di duogc trinh bay ¢ chuong sau.
3.2. Thiét 1ap thuwe nghiém hé théng lanh CO:

3.2.1. Lap so do thi nghiém
® 0 \mum s @9
N e 5

Phong lanh

sl
r

Ong qué lanh

Val tiét

CB nhiét do
Irru

[~

TB bay hoi
kénh micro

Hinh 3. 3 So d6 hé théng thi nghiém.

3.2.2. Cac thiét bi sir dung.
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3.2.2.1. M4y nén lanh CO:
May nén lanh COz2 cta hang Dorin v6i1 model CD 180H dugc stir dung trong
nghién ctru thuc nghiém nay nhu Hinh 3.5. May nén dugc cap ngudn 3 pha, dién ap

380V va tan s6 50Hz.

3.2.2.2. Thiét bi 1am mat.

Thiét bj 1am mat sir dung trong mé hinh thyc nghiém 1a loai panasonic éng
dong ¢6,4 mm, v6i dién tich trao d6i nhiét 8,8 m2, mdi chat sir dung trudc do6 1a R22,
duogc thé hién trong Hinh 3.6. Thiét bi lam mat di dugc thir nghiém vé6i phuwong phap
kiém tra thury luc khong bi pha huy hodc bi bién dang & ap suat 150 bar [81].

3.2.2.3. Dan bay hoi kénh micro

Dién tich dan bay hoi theo tinh toan thiét ké ban dau 13 2,5 m2. Trong nghién
ctru thue nghiém nay, mot dan bay hoi kénh micro ¢ dién tich trao d6i nhiét bé mit
ngoai thiét bi 1a 2,5 m? da dugc str dung, nhu duoc thé hién & Hinh 3.7. Chat liéu cho
b trao ddi nhiét nay 1a nhom, dugc sir dung 1am chat nén v6i do dan nhiét 237 W/mK,
khéi luong riéng 2700 kg/m? va nhiét dung riéng khdi lugng dang ap 1a 904 J/(kg°C).
Thiét bi bay hoi kénh micro di duoc thir nghiém; khong bién dang hay bi phd huy &
ap suat 90 bar [81].

3.2.2.4. Van tiét lwu tay

3.2.3. Thiét bi qua lanh
Hinh 3. 9 mé ta kich thudc thiét bi qua lanh duoc st dung trong hé théng thuc

nghi¢m nay. Cac thong s6 hinh hoc cua cac thiét bi duge thé hién:
3.2.4. Dung cu thi nghiém

3.3. Lip dit hé thong diéu hoa khong khi CO..

Sau khi tinh toan va chon thiét bi, hé thong thuc nghiém dugc lap dat nhu Hinh
3.10. H¢ théng gém cod phén lam lanh chira THBH kénh mini hodc micro, van tiét
lwu, thiét bi qua lanh. Phan giai nhiét gdbm may nén va thiét bi 1am mat. Ong dong
duoc boc cach nhiét, két ndi cac thiét bi lai voi nhau. Khoéng gian lam mat duoc boc

cach nhiét dé cac thong sb do dat duoc chinh xéc.
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Hinh 3. 4 Hoan thién hé thdng lanh CO;

(1. May nén; 2. Van tiét luu; 3. Dan bay hoi micro; 4. Dan lam mat)
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Chuong 4. CAC KET QUA VA THAO LUAN
4.1. Céac két qua va thao luan mé phéng so
4.1.1. Két qua va thao luan mé phéng sé mau |
4.1.2. Két qua va thao luan mé phéng thir 11

4.1.2.1. Két qua vé nhiét do

Surface: Temperature (dzqC)

s
0.0

Hinh 4. 2. Truong nhiét do cua TBBH sir dung camera nhiét.
4.1.2.2. Két qua vé ap suat
4.1.2.3. Két qua bé mit thay déi pha
4.2. Céac két qua thuc nghiém va thao luan

4.2.1. Thuc nghiém so sanh ly thuyét tinh toan

18



Bang 4. 1 Thong s thuc nghiém so sanh 1y thuyét

pl t1 | p2=p3| t2 t3 p4 t4 At Ap m COP
(bar) | (°C) | (bar) | (°C) | (°C) | (bar) | (°C) | (°C) | (bar) | (kg/h)

Expr

43 | 187 | 82 |719|365| 45 |105| 82 | 2 | 1067 | 2,63

Calc

45 | 15 82 61 | 36 | 45 10 5 0 | 1095 | 3,77

CarbonDioxide

2
3x10

—HmE—calculation
—k—experiment

;

»~

33°C /
B5°C /
,

-300 -200
h [kJ/kg]

Hinh 4. 3. Piém nut cta chu trinh thuc nghiém va 1y thuyét trén do thi 1g p-h

Véi nhiét d6 moi truong 32°C, nhé hon 1°C so véi 1y thuyét, nhung nhiét do
moi chat ra khoi dan 1am mat t3 cao hon nhiét d6 ra khoi dan 1am mat theo ly
thuyét 0,5°C.

Theo tinh toan 1y thuyét, qua trinh 1 - 2 nén doan nhiét, dang entropy nén S1
= S2. Tuy nhién trén thyc nhiém, t6n that xay ra ¢ qu4 trinh ndy nén nhiét do
dau day t2 (71,9°C) cao hon nhiét do dau day Iy thuyét (61°C).

Qua trinh 4 — 1: moi chat qua thiét bi bay hoi kénh micro bi t6n that ap suat

khoang 1,5 — 2 bar. Trong khi tinh toan dugc bo qua.

D6 qua nhiét trén thiét bi bay hoi 1a 8,2°C. Cao hon 3,2°C so v&i do qué nhiét
theo 1y thuyét (5°C). C6 thé do mot vai 1y do sau: nhiét do va luu luong khong
khi qua TBBH, dién tich trao ddi nhiét cia TBBH 16n hon so véi tinh toan ly

thuyét, luu luong khdi lugng gas lanh qua hé théng, ...
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4.2.2. Anh hwéng cia quéa trinh quéa lanh

2x10"

102

CarbonDioxide

—_

P [bar]

0%}

33°C

—o—Nomal

—o—Subcooler

-300

-200

h [kJ/kg]

100

Hinh 4. 4. Céac diém cua chu trinh ¢ qua lanh va khéng qua lanh

Hinh 4.11 biéu dién cac diém cua chu trinh cua hé thong c6 qué lanh va hé

théng khong c6 qué lanh c6 cung &p suat day 77 bar. Do anh huéng cua qua trinh qué

lanh, khi ra khoi TBLM, gas lanh duoc 1am mat 1 1an nita, nhiét do giam thém tir 1 —

2°C. Piéu nay lam cho ning suét lanh riéng cua chu trinh ¢6 qua lanh I6n hon nang

sut lanh riéng caa chu trinh khong c6 qué lanh.

4.2.3. Anh hwéng cia quéa trinh hoi nhiét dén dic tinh truyén nhiét

Bang 4. 2 Thong sé diém nit caa hé thdng lanh ¢é hdi nhiét.

pl tl t1> | p2,p3 | t2 3> t3’ t3 p4 t4 x4 cop qo I m
(bar) | (°C) | (°C) | (bar) |(°C) | (°C) | (°C) | (°C) |(bar) | (°C) (kJ/kg) (kJ/kg) | (kg/h)
405 | 12 | 105 | 77 |635 | 345 |334 (319|425 | 81 | 041 | 427 | 130,5| 30,51 | 105,6

Dura vao cé4c thdng sb do duoc trén, d6 thi chu trinh lanh duoc hién thi trong Hinh
4.14 boi phan mém EES.
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CarbonDioxide

2x102
10°
o
2
o
2x10" :
-300 200 -100 0
h [kJ/kg]

Hinh 4. 5. Céac diém thi nghiém ctia hé thong c6 hoi nhiét
Mdi chat lanh duoc nén dén diém 2 (77 bar, 63,5°C), sau d6 duoc giai nhiét
qua thiét bi 1am mat bang gi6 téi diém 3°* (77 bar, 34,5°C). Tai thiét bi hoi nhiét, dng
dong dong gas di co nhiét do cao tiép xuc, trao doi nhiét véi 6ng dong dong gas vé
cd nhiét d6 thap, 1am nhiét d6 mdi chét lanh dwoc 1am mat lan 2 t6i diém 3° (77 bar,
33,4°C). Thiét bi qua lanh duoc dit trong phong lanh, nén nhiét o gas lai duoc 1am
mét lan 3 toi diém 3 (77 bar, 31,9°C). Tiét luu lam ap suit mdi chat giam dot ngot,
nhiét d6 ti 1& thuan véi ap suat nén nhiét do ciing giam theo dén diém 4 (42,5 bar,
8,1°C). Qua thiét bj bay hoi kénh micro, méi chat nhan nhiét d6 va bi giam ap suét
t6i diém 1° (40,5 bar, 10,5°C). Gas qua thiét bi hdi nhiét dé nhan nhiét dat diém 1
(40,5bar, 12°C). Sau d6, méi chat vé may nén dé bat ¢au chu trinh mai.
Khao st chu trinh lanh c6 qué nhiét tai cac gié tri 4p suat khac nhau, nhiét d6 bay

hoi khac nhau. Céac thong sb duoc thé hién & Bang 4.8.
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Bang 4. 3 Thong sé diém ndt cua hé thong lanh 6 hdi nhiét, qua lanh

pl t1 t1’ | p2,p3 | t2 t3” t3’ 3 p4 t4 x4 coP qo I m
(bar) | (°C) | (°C) | (bar) |(°C) | (°C) | (°C) | (°C) |(bar) | (°C) (kJ/kg) (kJ/kg)| (kg/h)
40 10 8,4 78 64,6 34,8 | 335|321 | 415 7 041 | 3,9 | 1299 | 332 | 1031
40,5 12 | 105 | 77 |63,5 345 | 334319425 | 81 |041 | 427 | 1305 | 305 | 105,6
415 | 132 | 11,1 | 76 |62,6 34,4 | 332|318 | 43 85 | 043 | 413 | 1245 | 30,1 | 106,8
42 154|132 | 75 |62,4 345 | 336 | 316 | 44 93 | 047 | 403 | 117,3| 29,1 108
425 | 16,7 | 141 | 74 |61,2 343 | 333|314 | 45 10 | 0,71 | 2,67 | 70,87 | 26,54 | 110

— -=%=-11-t1' ——1t3"-t3'

S 6

:9.

H 5

&

=

s 4

=

(5-

o 3

*so

= Ss~o

: D

=0 TSN meemmo 3

0
73 74 75 76 77 78 79

Hinh 4. 6. Mi quan hé giira ap suat day va do chénh nhiét d6 tai THX

Ap suét diu diy p2 (bar)

Khao sat d6 chénh nhiét d6 vao ra tai thiét bi hoi nhiét va ap suat dau day duoc
thé hién ¢ Hinh 4.15. Khi thay doi 4p suat dau day tir 74 - 78 bar, d6 chénh nhiét o

giita dau vao va ra ¢ phia gas nong thay doi trong khoang 1°C; d6 chénh nhiét do giira

dau vao va ra phia gas lanh thi giam nhe tir 2,5°C — 1,5°C.

22




140 - 79
e 130
é - 78
3 120 -
%n 110 ]
‘= 100
: R
s 90 05
= 80 75 2
2 70 q0
o8 - 74
I~ 60 p2
Z

50 - 73

5 6 7 8 9 10 11

Nhiét do bay hoi t4 (°C)

Hinh 4. 7. Mdi quan hé nhiét 46 bay hoi vs ning suét lanh riéng va ap day
Hinh 4.16 thé hién mdi quan hé giita nhiét d6 bay hoi tai TBBH véi nang suat
lanh riéng va ap suat tai dau day cua hé thong. Khi nhiét do bay hoi ¢ 7; 8°C; &p suat
dau day dat 78, 77 bar thi ning suét lanh riéng caa chu trinh c6 hoi nhiét dat khoang
130 kJ/kg. Khi tang nhiét do bay hoi cia CO2 1én dén 10°C, twong @ng Vai viéc giam
4p suat dau day xudng tir 77 — 74 bar thi ning suat lanh riéng giam dan xubng 70
kJ/kg.

4.2.4. So sanh qua trinh hdi nhiét, qua lanh va chu trinh thwong

Bang 4. 4 Thong s6 diém ndt cua 3 chu trinh lanh.

pl tl t1’> | p2,p3| t2 3”7 | t3 t3 p4 t4 coP do lo m
(bar) | (°C) | (°C) | (bar)|(°C) | (°C) | (°C) | (°C) | (bar) | (°C) (kJ/kg) (kI/kg)| (kg/h)

TT 435|194 - 77 | 684 | - - 343 45 10 | 214 | 67,1 | 31,22 | 105,2
QL |43518,6 - 77 | 668 | - |346|329| 45 |10,2| 3,45 |105,1| 30,41 | 107,2
HN,QL| 405 | 12 10,5 77 635 | 345|334 |319 | 425 | 81 | 427 | 130,5| 305 | 1056
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102

/

-300 -200 -
h [kJ/kg]

210" '
100 0
Hinh 4. 8. So sanh ca 3 chu trinh trén d0 thi Ig p-h

Vai nhiét 6 moi truong khoang 31°C, kha nang giai nhi¢t cua TBLM khi gas
CO:z ra khoi thiét bi cO gia tri trén 34°C trén ca 3 chu trinh, cao hon nhiét do moi
truong 3°C. Khi quéa lanh duoc thém vao hé thong, nhiét do trudc tiét luu giam 1,5°C
s0 vai nhiét do trudc tiét luu ciia chu trinh thong thudng. Pidu ndy lam cho ning sut
lanh trén chu trinh ¢ qué lanh dat 105 kJ/kg, 16n hon so véi nang suét lanh cua chu
trinh thong thuong.

Haoi nhiét thém vao truéc qua lanh trong hé théng, gas sau khi ra khoi TBLM vao
thiét bi hoi nhiét (IHX). Tai day (3> — 37), gas s& nha nhiét cho dudng gas lanh vé
may nén (1> — 1), gas duoc lam mat lan nixa tai thiét bi qué lanh, 1am cho nhiét do
trudc tiét luu duoc cai thién 2 1an dat gié tri khoang 32°C, thap hon chu trinh chi c6
qua lanh va chu trinh thong thuong lan luot 14 1°C va 2,3°C. Ning suat lanh riéng
trén chu trinh c¢6 hdi nhiét, qué lanh dat 130 kJ/kg, cd gié tri 16n hon 2 chu trinh chi
6 qué lanh va chu trinh thong thuong lan lugt 1a 105 kd/kg va 67 kJ/kg.
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Hinh 4.18 thé hién chu trinh hé thdng lanh CO2 cua dé tai so véi cac nghién ctu
lien quan. Trong cac nghién cau [104, 105], &p suat dau day duoc thyc nghiém kha
cao (trén 90 bar). Nhung véi dé tai nay, ap suat dau day dugc khao sat & muc tir 75
dén 90 bar.

CarbonDioxide

10° \
33°C
VT
102 | —4+—Kwon [104]
-—:—Luan van
|
--=#--Wang [105] 3 d
—
—
©
o]
| —
o
wc 4
5°C 4
2:10"

-300 100 0

-200 -
h [kJ/kg]
Hinh 4. 9. So sanh chu trinh hién tai v&i nghién ctru khactrén do thi 1g p-h

4.2.5. Anh hwéng ciia ti s6 nén dén ning suat lanh.

4 130
: g
53 125 "

=.
El 120 2 _
<= =D
= 115 = X
g1 110 £
Z m g
0 105 3

15 155 16 165 17 1,75 18 185
Ti s6 nén (-)

Hinh 4. 10. Anh huong ti s6 nén dén ning suit lanh va luu legng khéi luong gas
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Hinh 4.20 thé hién mdi twong quan giita ti s6 nén p2/p1, ning suit lanh, va luu

luong khéi lugng CO2 qua hé thong. Khi thay doi ti sé nén tir 1,54 18n 1,82 thi luu

luong khdi lwong gas qua hé thong giam tir 121 kg/h xubng 108 kg/h. Tuy nhién,

nang suit lanh trén TBBH thay d6i it xung quanh gié tri 3 kW, khi ti s6 nén thay d6i

tir 1,6 — 1,82 va dat gia tri tot nhat 3,5 KW tai ti s6 nén 1,56.

1,5 1,6 1,7 1,8 1,9
Ti s6 nén p2/pl

Hinh 4. 11. Anh huéng luu luong gas dén hé sé COP
Hinh 4.23 thé hién su anh huong cia ti sé nén p2/pl t6i hé sé6 COP cua chu

trinh. Khi ti s6 nén p2/pl ting tir 1,6 dén 1,8 thi hé s6 COP thay ddi it xung quanh

gia tri 3,1. Tuy nhién, ti s6 nén 1,56 thi hé s6 COP cua hé théng va dat gia tri cao nhat

la4,1.

Nhu vay, hé théng dugc thuc nghi€ém trong diéu kién nhiét do khong khi lam mat

30,5°C. Nhiét do bay hoi trong khoang 11 — 14,5°C. Khao sat ti so nén p2/pl bang

phuong phap diéu chinh van tiét luu:

Ti s6 nén trong khoang 1,54 — 1,61 thi d§ qua nhié¢t trén TBBH gidm nhanh,
dd chénh nhiét do tir diu ra TBBH vé may nén lai ting nhan.

Ti s6 nén p2/p1 tang thi luu luong khéi lwgng moi chat lanh giam.

Tai gia tri ti s6 nén 1,56, hé théng dat ndng suat lanh 16n nhit 3,5 kW va hé sb

COP dat 4,1.
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4.2.6. Anh hwéng cia luu lwgng khong khi qua TBBH dén niing suat lanh

o, 120
& 110
_;;Aloo //\\
52 90 N
&3 80 /
2% 70 e
e
5 60
“ 50
0 1 2 3 4 5

Van toc khong khi (m/s)

Hinh 4. 12. Méi quan hé giita van toc khong khi va nang suét lanh riéng
Hinh 4.29 thé hién rang gia tri ning suét lanh riéng ting tir 70 kd/kg lén 100
kJ/kg khi tang van téc khong khi tir 0,5 dén 2 m/s. Nang suét lanh riéng dat gia tri
cuc dai khi van toc khong khi 12 2,5 m/s. Sau d6, nang suét lanh riéng c6 chiéu hudng

giam dan khi van tdc khong khi dau vao ting 1én dén 4,5 m/s.
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Chuong 5. KET LUAN VA HUONG PHAT TRIEN

5.1. Két luan

Luan an “Nghién ctru cac dic tinh truyén nhiét cta thiét bj bay hoi kénh micro
trong may diéu hoa khong khi ¢ nho sir dung méi chat lanh CO2” da duoc thyc hién
bang phuong phap phan tich 1y thuyét, phuong phap mé phong sé va phuwong phap
thuc nghiém. H¢ thong duoc thiét ké c6 nang suat lanh khoang 9000BTU/h
(~2600W), duoc lap dit tai TP. HCM va duoc van hanh ¢ ché do trén t6i han (31°C
va 73,8 bar). Ngoai ra, thiét bi lam mat duoc dat & vi tri ¢6 mai che, bong mét dé nhiét
d6 moi truong xunh quanh khoang 31 dén 34°C. Cac két qua dat dugc nhu sau:

- Pa trinh bay duoc co s& Iy thuyét va cac phuong trinh truyén nhiét

- Patinh toan, thiét ké va lap dat hé thdng lanh ¢& nho véi mdi chat CO2

- M0 phong s cho éng dep c6 canh tai nhiét gém 10 kénh micro bang nhém c6

kich thudc 0,5 x 0,5 x 120 véi cac diéu kién ban dau 1a &p suat vao dan bay
hoi 38 bar, luu lugng khéi lugng 1,6 g/s va 3,2 g/s; van toc khong khi thay doi
tir 2 — 5 m/s, nhiét do khéng khi qua kénh 35°C, nhiét ¢6 méi chat lanh CO;
bio hoa 5°C. Két qua dat dugc khi thay d6i van toc khdng khi tir 2 — 5 m/s thi
nhiét 46 dau ra thiét bi tang 1an luot 1a 13 dén 16°C va 10 dén 12°C. Luu luong
khdi lugng gas qua TBBH ti 1 nghich véi do qua nhiét cua thiét bi. Ton that
&p suat qua TBBH 12 0,164 bar.

- M6 phong sb cho 6ng dep c6 10 kénh bang nhém, ¢6 canh véi kich thude 0,9
x 0,9 X200, trong diéu kién ban dau: ap suat vao dan bay hoi 37 bar, luu luong
khdi lwong 5,2 g/s; van toc khong khi thay d6i tir 3 m/s, nhiét d6 khong khi
qua dan 18,6°C, nhiét & mdi chat lanh CO2 5°C. Két qua do duoc cd gia tri
trong dwong véi dit lidu thuc nghiém. Su chuyén pha méi chat CO> tai dau
vao 0,50, thay d6i & dau ra 1a 0,52. Cac két qua mo phong sb la nhitng dong
gop mai va quan trong trong linh viec moé phong dong hai pha.

- Thuc nghiém so sanh véi két qua Iy thuyét tinh toan ké hé théng trong cling

diéu kién ap suat dau day 82 bar va nhiét do bay hoi 10°C. Két qua dat dugc

1a & thuc nghiém nhiét d6 dau day Ién hon 10°C so véi nhiét d6 theo ly thuyét,
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do phan tinh toén Iy thuyét bo qua tén thit & qué trinh nén. Tén that ap suat
qua TBBH kénh micro 1,5 — 2 bar. B qua nhiét trén TBBH ¢ thuc nhiém
(8,2°C) cao hon 3,2°C s0 véi gia thiét cua ly thuyét (5°C).

- Hé théng lanh sir dung méi chit CO, di dugc thuc nghiém trong diéu kién
nhiét d6 méi trudng 31°C, ap suat dau day 77 bar, khong thay ddi luu lwong
khéi lwgng mai chét (~ 107 kg/h). Cac két luan nhu sau:

o Qua trinh qua lanh 1am giam nhiét 6 gas trudce tiét luu tir 1 - 2°C nén
nang sut lanh riéng cua hé thong ciing ting tir 67,1 dén 105,1 kJ/kg.

o Qua trinh hoi nhiét tan dung nhiét lanh vé may nén dé giam nhiét do
gas trude tiét luu. Khi hé thdng c6 ca qua trinh hoi nhiét va qué trinh
qua lanh, gas trudc tiét luu co nhiét do thap nhat so véi 2 truong hop
trén (31,9°C < 32,9°C < 34,3°C), nén nhiét d6 bay hoi gas sau tiét luu
dat 8°C thap hon 10°C & 2 trudng hop trén. Nang suét lanh riéng dat
130,5 kJ/kg.

o Ton that ap suét tr 1 — 1,5 bar. Nhiét do gas khi qua qua lanh giam
khoang 1 — 2°C, qua hoi nhiét thi giam ~ 1°C. Qué trinh hdi nhiét con
lam tang nhiét d6 vé may nén, dam bao moi chat bay hoi hoan toan.

- Hé thong duoc thuc nghiém trong diéu kién nhiét do khong khi lam mat
30,5°C. Nhiét do bay hoi trong khoang 11 — 14,5°C. Khao sat su thay doi ti s6
nén p2/p1 bang phuong phap diéu chinh van tiét luu:

o Ti s6 nén trong khoang 1,54 — 1,61 thi d6 qué nhiét trén TBBH giam
nhanh, d6 chénh nhiét do tir dau ra TBBH vé may nén lai ting nhanh.

o Tisbnén p2/pl tang thi luu lwong khdi lugng méi chat lanh giam.

o Tai gia tri ti s6 nén 1,56, hé thong dat ning suat lanh Ion nhat 3,5 kW
va hé s6 COP dat 4,1.

- Anh huong cua Iuu lugng khong khi qua TBBH dén ning suat lanh dugc khao
sat khi thay doi van téc khong khi qua TBBH trong diéu kién nhiét 6 moi
truong giai nhiét 32°C, ap day 77 bar, ap hat 50 bar, nhiét d6 bay hoi ~ 15°C.
Khong khi vao TBBH c6 nhiét do ~28,3°C, do am ~66,5%
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o Khi ting van téc khong khi qua TBBH tir 0,5 — 4,5 m/s thi d6 qua nhiét
phia khéng khi giam tir 5 xuéng 3°C, nhung d6 qua nhiét phia gas lanh
thi tang tr 3 1én 12°C.

o Khi van tdc khong khi ting tir 0,5 dén 2 m/s thi luu lwong khéi luong
nuéc ngung ting tir 0,1 g/s dén 0,3 g/s, va nang suat lanh riéng phia
moi chit ciing ting tir 70 kJ/kg dén 100 kJ/kg. Trong khoang van téc
khong khi 2 — 4 m/s, luu lugng khéi lwong nuéc ngung thay doi it tai
0,3 g/s, trong khi ning suét lanh riéng dat gié tri cuc dai 105 kJ/kg tai

gia tri van toc 2,5 m/s.

- Cac két qua nghién ciru da gép phan bo sung mot luong dir lidu khoa hoc hiru
ich vé diéu hoa khdng khi ding mdi chat CO; trén téi han nhung ap suat dau
day duéi 90 bar.

5.2. Huéng phat trién
- Pé tai hé théng didu hoa sir dung thiét bi bay hoi kénh micro ding méi chit lanh
CO2 14 dé tai moi & viét nam va trén thé giéi. Vi thé, con nhidu van dé co thé tiép tuc
nghién ctru ¢ dé tai nay:

+ X4c dinh cac yéu t anh hudng dén qua trinh nén

+ Xac dinh cac yéu té anh hudng cia ton that 4p suat trén TBBH, TBLM

+ Nghién ctru hé théng lanh ghép tng, hé thong lanh 2 cép.
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