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Tom tit nhirtng déng gép mai vé Iy luan va hoc thuat cia luan an:

Trong luan an nay, cac déc tinh truyén nhiét cua qua trinh ngung tu trong cac b trao ddi nhiét
kénh micro va ong micro da duoc thuc hién bang phuong phap mé phong sé va thuc nghiém. Dya
vao céc nghién ctru trudc, hai thiét bi ngung tu kénh micro W150 va W200 c6 cdng suat nhiét tuong
ing 150 W va 200 W da duoc tinh toan thiét ké. Cin ctr vao cac thdng s tinh toan thiét ké cho 2
mau trén, chin mau khac di dugc dé xuat cho mé phong sé dé tim ra thong sé thiét ké téi wu cho
thiét bi ngung tu. Tir két qua thu dugc bang md phong sb, hai mau L32 va L52 duogc dé xuat cho ché
tao va thuc nghiém kiém chung. Dé so sanh dic tinh truyén nhiét caa dong mot pha va hai pha trén
cuing maot thiét bi, hai mau L32/1 va L32/2 da dugc dua vao thuc nghiém. Cac két qua md phong sb
va thyc nghiém vé dic tinh truyén nhiét cua qua trinh ngung tu trong kénh micro dugc thé hién nhu
sau:

Céc két qua mo phéng so:

Dé nghién cau dnh hwong cia ong gop dén qud trinh ngung hoi, ba mau W150- A/B/C (dva
trén W150) va ba mau W200-A/B/C (dya trén W200) di dugc dua vao dé md phong sb su dung
phan mém COMSOL Multiphysics, phién ban 5.2a. Trong cung diéu kién mo phong s6, Mau
W150-A va Mau W200-A c6 bé rong 6ng gop 2,5 mm déu cho két qua ti wu nhat vé mat truyén
nhiét va chuyén pha tuong ng véi khoang chiéu dai kénh micro lan luot 1a 32 mm va 52 mm.

Véi céc két qua mod phong sb vé danh hwéng thong sé hoi dén qud trinh ngung tu trong cac
mau kénh micro trong nghién cau nay, nhiét do hoi vao thiét bi trong pham vi tir 101 dén 108 °C
(tng véi luu luong hoi 16n nhat 0,08 g/s va luu luong nudc giai nhiét 1on nhat 3,244 g/s) thi qué
trinh ngung tu méi 6 thé xay ra.

Cac két qua mo phong sé thé hién bién dang chuyén pha tir hoi sang léng trong thiét bi
ngung tu kénh micro. Thém vao d6, mot sy so sanh boi phuong phap s6 cho thiét bi ngung tu kénh
micro gitta hai truong hop dit thang dung va nam ngang ciing duoc thuc hién. Céc két qua thé hién
bién dang ngung khong bi anh husng nhiéu boi luc trong truong.

Dé nghién ciu dnh hwéng ciia hinh dang kénh micro dén sy ngung tu cua hoi nudc, ba thiét
bi ngung tu kénh micro W200-D1/2/3 véi cac hinh dang kénh khac nhau da duogc dua vao mo
phong. Trong ba thiét bi ngung tu, thiét bi ngung tu W200-D1 c6 hiéu suit ngung tu va kha ning
gia cdng cao nhat. Tuy nhién, sy khac biét vé hiéu qua ngung tu cua ba thiét bi nay 1a khong dang
ké. Cac két qua md phong sb nay ciing da duoc kiém ching bai thuc nghiém va véi cac nghién ciu
lien quan. Su so sanh cho thay céac két qua md phong phu hop véi thuc nghiém véi sai sé cuc dai
nho hon 8%.

Céc két qua thuc nghiém:

Trong phan thuc nghiém, bén thiét bi ngung tu kénh micro (L32, L52, L32/1 va L32/2) da
dugc dua vao nghién ciru. Trong d6 miu L32 va mau L52 dugc ché tao dya trén cic két qua mo
phong cia 11 mau mo phong trén (W150-A/B/C va W200-A/B/C/D1/D2/D3).

Vi thiét bj ngung ty kénh micro L32 dit nam ngang, khi luu lugng hot tang tir 0,01 g/s dén
0,06 g/s, ton that 4p suat tang twong @ng tir 1,5 kPa dén 50 kPa. Trong khi d6, luu luong hoi trong
mau dat thang dimg tang 0,01 g/s dén 0,06 g/s, ton that 4p suat ting twong tng tir 2,0 kPa dén 44
kPa. Cac két qua nay thu duoc & diéu kién hoi nudc vao cé nhiét d6 106,5 °C va nudc giai nhiét co
luu lwong 3,244 g/s va nhiét d6 dau vao khoang 30,8 °C. Pay 1a sy khac biét giita luu chat mot pha
va luu chat hai pha trong cac bo trao ddi nhiét kénh micro. Cong suat nhiét tang tir 20 dén 140 W
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khi ting luu lwong hoi tir 0,01 g/s dén 0,06 g/s cho ca hai truong hop nam ngang va thang déng.
Céc két qua vé cong suét nhiét twong dong véi cc két qua thu duoc tir dong luu chat mét pha: anh
huong cua luc trong trudng 18n cdng suat caa thiét bi trao ddi nhiét kénh micro nho khong déng ké.
Khi tang Iuu lugng hoi tir 0,01 g/s den 0,06 g/s, chi sé hoan thién cho truong hop nam ngang giam
tir 0,0141 dén 0,0029 W/Pa; chi sé hoan thién cho trudng hop dung giam tir 0,0145 dén 0,0025
W/Pa. Trong nghién ciru ndy, hé sb truyén nhiét cao nhat (6925 W/m?.K) cua thiét bi ngung tu L32
da thu dugc ¢ do chénh nhiét do trung binh logarit 35,7 K.

M6t nghién ciru thuc nghiém da dwoc thyuc hién cho thiét bi ngung tu L52 trong truong hop
dat thang dang va ndm ngang dé danh gia hiéu suat. Cong sut nhiét cuc dai thu dugc cho thiét bi
ngung tu nay la 180 W. T6n that nhiét cho ca hai truong hop 12 20 W. Tai luu lugng nuéc 1,028 g/s,
hé s6 truyén nhiét cua thiét bi ngung tu ting tir 1704 dén 5200 W/(m?.K) véi viéc tang luu lwong
hoi tir 0,008993 dén 0,038923 g/s. Tuy nhién, hé s truyén nhiét giam khi luu lugng hoi ting tir
0,042767 dén 0,067150 g/s. Cac phuong trinh xac dinh hé s truyén nhiét va tén that ap suét ciing
da dua ra.

Trong diéu kién nhiét do hoi dau vao duy tri ¢ 100,3 °C dén 101,9 °C va lugng nuéc giai nhiét
0,47 g/s thi ton that &p suat thu duoc tir thiét bi ngung tu kénh micro L32 thap hon gia tri thu duoc
tir thiét bi ngung tu kénh micro L52: tai luu luong hoi 0,0264 g/s, ton that &p suat caa L32 1a 1257
Pa trong khi ton that &p suat cia L52 1a 6105 Pa. Thém vao d6, trong pham vi nghién cau, chi s6
hoan thién giam khi ting luu luong hoi. Véi thiét bi ngung L32, chi s6 hoan thién giam tir 0,053 dén
0,038 khi tang luu lugng hoi tir 0,0264 g/s dén 0,0314 gls.

Theec nghigm cho hai thiét bi ngung te 1.32/1 va L32/2 c¢6 dudng kinh twong duong tuong
mg 375 pm va 265 pm da duoc thuc hién dé nghién ciu qué trinh truyén nhiét ngung. Cho thiét bi
ngung tu L32/1, cdng suat nhiét 272,9 W da dat duoc cho phia hoi c6 nhiét do 101 °C va luu luong
0,123 g/s va cho phia nudc giai nhiét c6 nhiét d6 dau vao 32°C va luu luong nudc 3,1133 g/s. Nhiét
luong trong qué trinh ngung tu cao hon so véi dong mot pha khi cung cac kich thuéc cua thiét bi
ngung tu. Trong nghién ctu nay, nhiét luong thu dugc tr so dod nguoc chiéu Iuén cao hon so dd
cung chiéu: gia tri thu duoc tir so d6 nguoc chiéu gip 1,04 d¢én 1,05 lan so véi so dd cung chiéu.
Cac két qua vé so do dong chay cho dong hai pha phi hop véi cac két qua cho dong mot pha; tuy
nhién, anh hudng cua so d6 dong chay trong dong hai pha it hon so voi dong chay mét pha.

Nhirng dong gop moi

Céc két qua md phong sb ciia qué trinh ngung tu cho 10 kénh micro trén toan thiét bi véi mo
hinh 3D 14 nhitng két qua méi, rat it cong bd dat trén mic md phong nay. Bé mé phong sé duoc md
hinh nay, nhiing phuong trinh toan hoc, ky thuat phan ludi va chon loi giai da dugc tim ra phu hgp
cho mé hinh nghién ctru. N6 1a co so dé cac nghién ctu ké tiép tham khao nham phat trién xa hon
trong linh vuc md phong sé.

Bén canh d6, nhitng két qua so sénh giira truyén nhiét mot pha va hai pha trong cac thiét bi
trao d6i nhiét kénh micro trong cuing diéu Kién ciing da duoc dua ra. Thém vao do, cac két qua thyc
nghiém nhu truong nhiét dg, cong suat nhiét/mat do dong nhiét, hé sé truyén nhiét tong, do giam ap
Suét trong qua trinh ngung tu kénh micro 1a nhitng dir liéu quy bo sung thém trong linh vuc tinh
toan thiét ké céc thiét bi ngung tu kénh micro.

Nhiing dit liéu khoa hoc trong luan an nay da cong bé trén céc tap chi khoa hoc uy tin, nd sé la
nén tang cho viéc phat trién cac thiét bi ngung tu c6 cdng suat 16n hay cac luu chat khéc trong cong
nghiép nhu la cac moi chét lanh, chét tai lanh,. ..

Tp. Ho Chi Minh, ngay 18 thang 5 nam 2021
Nghién cwiu sinh

DPoan Minh Hung
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Summary of theoretical and academic contribution of the dissertation:

The heat transfer phenomena of the condensation process in microchannel heat exchangers
have been investigated by numerical and experimental methods. Based on previous studies, two
microchannel condensers W150 and W200 with their thermal capacities of 150 W and 200 W were
calculated. Based on the design calculation parameters for the two above models, 9 other models
were proposed for numerical simulation to find the optimal design parameters for the condensers.
From the results obtained by numerical simulation, two models L32 and L52 were proposed for
fabrication and experiment. To compare the heat transfer behaviors of the single phase flow and the
two-phase flow on the same device, two models L32/1 and L32/2 were experimented. The results of
numerical simulation and experimental data are shown as follows:

Numerical results:

To study the effect of the manifold on condensation, three models W150-A/B/C (based on
W150) and three models W200-A/B/C (based on W200) were included for numerical simulation
using the COMSOL Multiphysics software, version 5.2a. Under the same conditions of numerical
simulation, W150-A and W200-A (with the manifold width of 2.5 mm) gives the most optimal
results in terms of heat transfer and phase change corresponding to the microchannel length of 32
mm and 52 mm, respectively.

With the numerical results on the effect of steam parameters on the condensation process in
microchannel samples in this study, the inlet temperature of steam is from 101 to 108 °C
(corresponding to the maximum steam flow rate of 0.08 g/s and the maximum water flow rate of
3.244 g/s) will condense from vapor to liquid.

The numerical results show the profile of phase change from vapor to liquid in the
microchannel condenser. In addition, a numerical comparison of microchannels between two cases
for horizontal and vertical directions has presented also. The results showed that the condensation
profile is not strongly affected the gravitational force.

To investigate the effect of microchannel shape on steam condensation, three microchannel
condensers W200-D1/2/3 with different channel shapes were simulated. With these three
condensers in this study, the condenser W200-D1 is the best for condensation efficiency and
fabrication. However, the difference on condensation efficiency of three condensers is not strong.
The numerical results in this study were compared with the experimental results and the results
obtained from literature reviews. The comparison indicated that the numerical results are in good
agreement with the experimental results, with the maximum percentage error to be less than 8%.
Experimental results:

In the experimental section, four microchannel condensers (L32, L52, L32/1 and L32/2) were
investigated. In this study, the condenser L32 and the condenser L52 were fabricated based on the
numerical results of the 11 models above (W150-A/B/C va W200-A/B/C/D1/D2/D3).

With the horizontal microchannel condenser L32, as mass flow rate of steam is increasing
from 0.01 g/s to 0.06 g/s, the pressure drop increases from 1.5 kPa to 50 kPa, respectively. While,
the mass flow rate of steam in the vertical microchannel condenser is increasing from 0.01 g/s to
0.06 g/s, the pressure drop increases from 2.0 kPa to 44 kPa, respectively. These results were
obtained under conditions where the steam input temperature is 106.5 °C and the cooling water flow
rate is 3.244 g/s and the water input temperature is about 30.8 °C. This is the difference between the
single-phase fluid and the two-phase fluid in microchannel heat exchangers. The capacity is
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increasing from 20 to 140 W as increasing mass flow rate of steam from 0.01 g/s to 0.06 g/s in both
of horizontal and vertical cases. The results of the condenser capacity are similar to those obtained
from the single-phase flow: the influence of gravity on the capacity of the microchannel heat
exchanger is negligible. With increasing mass flow rate of steam from 0.01g/s to 0.06 g/s, the
performance index for horizontal microchannel case is decreasing from 0.0141 to 0.0029 W/Pa; the
performance index for vertical case, from 0.0145 to 0.0025 W/Pa. In this study, the highest overall
heat transfer coefficient (of 6925 W/m?K) of the microchannel condenser is obtained at the log
mean temperature difference of 35.7 K.

An experimental study has been done on both vertical and horizontal cases of the
microchannel condenser L52 to evaluate their performance. The maximum capacity of
microchannels condenser is 180W. The thermal losses in both cases are 20W. At the water flow rate
of 1.028 g/s, heat transfer coefficient of the microchannel condenser increases from 1704 to 5200
W/m?K with rising the mass flow rate of steam from 0.008993 to 0.038923 g/s. However, the heat
transfer coefficient decreases, with the mass flow rate of steam rising from 0.042767 to 0.067150
g/s. The relationship equations of the heat transfer coefficient and the pressure drop were found out.

With the inlet steam temperature is maintained at 100.3 °C to 101.9 °C and the cooling water
rate is 0.47 g/s, the pressure drop obtained from the microchannel condenser L32 is lower than that
obtained from the microchannel condenser L52: at mass flow rate of 0.0264 g/s, the pressure drop
of L32 is 1,257 Pa while the pressure drop of L52 is 6,105 Pa. In addition, the performance index
decreases as rising mass flow rate of steam. With the microchannel condenser L32, the performance
index is decreasing from 0.053 to 0.038 as varying mass flow rate of steam from 0.0264 g/s to
0.0314 g/s.

Experimental work was done for the two microchannel condensers L32/1 and L32/2 with
rectangular channels having hydraulic diameters of 375 pum and 265 pm to investigate the
condensation heat transfer. For the microchannel condenser L32/1, the capacity of 272.9 W was
achieved for the vapor having the inlet temperature of 101 °C and the mass flow rate of 0.123 g/s
and for the cooling water having the inlet temperature of 32°C and mass flow rate of 3.1133 g/s. The
heat transfer rate of condensation is higher than that of the single phase flow with the same
dimensions of a heat exchanger. In this study the heat transfer rate obtained from the counter flow
arrangement is always higher than that obtained from the parallel one: the value obtained from the
counter flow arrangement is 1.04 to 1.05 times of that obtained from the parallel flow. The results
for two phases are in good agreement with the results for single phase; however, it is shown that the
effect of flow arrangement in two phases is not stronger than single phase.

New contributions

The numerical results for 3D two-phase heat transfer process in microchannel condensers are
new results and they are difficult to accomplish. To simulate these models numerically, the
mathematical equations, meshing techniques and selecting solutions were found to be suitable. It is
the basis to refer for further development in the field of numerical simulation.

Besides, comparative results between single-phase and two-phase heat transfer in
microchannel heat exchangers under the same conditions have also been given. In addition,
experimental results such as temperature profile, heat transfer rate, heat flux, overall heat transfer
coefficient, pressure drop for microchannel condensation are valuable data for calculating and
designing microchannel condensers.

The scientific data in this dissertation have been published in prestigious scientific journals;
they will be the foundation for the development of condensers with high capacity or other industrial
fluids such as refrigerants, second refrigerants, etc.

HCMC, 18/05/2021

PhD candidate

Minh Hung Doan



