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Abstract: In order to meet the increasing demand for heat dissipation of power electronic device
and improve the heat transfer capability of its cooling system, a horizontal flow boiling heat
transfer system with double right angle pentagonal pin finned channel using Novec 649 as the
working fluid was proposed. A pentagonal pin finned channel structure with an inlet equivalent
diameter of 3. 81 mm was fabricated to experimentally study the average and local flow boiling
heat transfer characteristics in the pin finned channel. The working conditions are as follows:
1

heat flux ranges from 50 to 400 kW « m *, the inlet flow velocity ranges from 0.1t00.9m s ',

and the inlet subcooled temperature ranges from 15 to 35°C. The results show that when the heat
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flux is less than 100 kW » m™?, single-phase convection heat transfer dominates, and increasing

the flow velocity and subcooled temperature can significantly reduce the wall temperature. When

the heat flux is higher than 200 kW « m™?, boiling heat transfer dominates, and increasing the

flow velocity and subcooled temperature has a slight impact on the reduction of the wall tempera-

ture. When the heat flux is 400 kW » m % and subcooled temperature is 15 °C, the finned channel

displays the highest average heat transfer coefficient. Generally speaking, the local heat transfer

coefficient along flow direction presents an upward trend. With the increase of heat flux, decrease

of the flow velocity and subcooled temperature, the heat transfer coefficient at the outlet of the

channel increases more significantly than that at the inlet. At present, the boiling intensity of the

fluid in the channel along flow direction develops faster, and the boiling intensity at the outlet al-

so becomes more intense. The study results in this paper can provide a theoretical guidance for

the design of flow boiling heat transfer in a horizontal pin finned channel.

Keywords: electronic devices cooling; subcooled boiling; horizontal finned channel; double right

angle pentagonal fins; heat transfer characteristics
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Fig. 1 Schematic diagram of horizontal subcooled

boiling experimental system
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Fig. 2 Schematic and structural diagram of test section
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Table 1 Physical properties of Novec 649

YHES TRUAH A
Wl Ta/C 49.1 49.1
W o/ (kg + m *) 1527 12. 8
WEREMRAEC,/(Jkg '« K'Y 1121.7 900. 6
SHREBE/(Wem !« KD 0. 054 0.013
S SIFE 1/ (Pass) 4.4X107"  1.3X107°
Fimsk ) o/(Nem 1) 8.5X10°° 8.5X10°°
W /(K] kg™ D) 87.9 87.9
SE R Re 0 0
T 25 2800 ¥ R 1 1
KEFH A/ a 0.014 0.014
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Fig. 3 Results of single-phase experimental verification
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Fig. 6 Variations of average heat transfer coefficient with

heat flux, inlet flow velocity, inlet subcooling
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XF bb A 5O H R 2, 50 kW e mT
T WA 0.3~0.9m + s "YU A E L O
5 O /R E I E AR R 1. 34,10 21,1, 34,
1.30; 1M 7E 300 kW « m 2 & F, Wi # fE 0. 3~
0.9 m s U EEE S 053 0 AEE0 L E
R K 2,171, 741, 44 .1, 39, W] LLE W, & 0

http: // zkxb. xjtu. edu. cn

W ARG T A0 L E A 5 3 R AR A A
B 22 BT 3 YR o AR R T B A
B2 A Dy e a8 T i S A ) 2 I O IR R
R [ I FEAR A T 0T, B i A
AT A B B T I8 A 3l i ol S R R R 2L
T R 0T 5 A O T R 22 A B U T




118 W % oz M

PN

857 %

T Ay Y G, DR gt v A O 4 R A O T S R
Jri AR AR B 22 TR

Bl 7(e)~(DORE/ARTHHEN 0.3 m s BfIFHR
AR BEA O B A, TERRHE g =
100 kW « m & FF L34 8 o0 15 °C i 3 gk H 1
R RB MR 1. 671 kW « m 2 « °C ', i 7E T
RN 15 CHEK F 35 °C ot A2 v 3l 3 HE O AL A
RBEME SRR 15 CHAH L /IR 10020 .
80.3%.77.4%.69.1% .64.5% ., "] LLEH FEH L
A FE T BE TN, 30 T8 I T3 T R AR B 2E (A BE 22 U
N E <SS NS BRI -5 i miv =N < Wit
TR 3 0 TR A T A WA B T /D R S G Y s
AL UG AR AT . ST b Wk 9 L A BE T 0 A
w28 A3 BT A T 5 S 3 i T R A T G Ay o AR
et 2 R IR T A 1) ) s ) B R R AN T S,
7T A O 1) A% A 2R 500 38 (6 4558 G HF A%
MABB2ZE TR, MAE KSR T, b4
SR8, R AE 8 T i I R IR SUAE S R 2
F18) B TET o A S T DA T Bk 3k IR AL AU
A3 TN AR 2 (R (o AT A T AL 1) 1% 0 I TR R A4k 2 4
T R TV 3L ) 4% A 2R 000 1 o s A, 3 4 B 2% L 3
T ORI R B 22 R . (RIS AE U R
FUFRFE R 300 kW » m & FIEAM B, 5%
FEM 15 CHEK % 35 C ol #3818 3t AL #0 R
BEMS W E R 15 CH AL KRN 100%
98.7%.98.2%.98.1%.96. 5%, iX &K Atk i}
T AP R, R TR B O 5 VA Y TR AR O 1
1 e B AE A8 B ) 20 0% 0 5 IR

3 45 B

AR SR 4 i O A AR 7K P L3008 ) A 5 1A o
77 ARG B EE (50~400 kW « m 2) A i &
(0.1~0.9m s D AHSAREOA5~35C)THT
14 2o v W I e A S B T 5T, T AR I R 4548

CIOAR AT 2 B 55 F (g <<100 kW « m *) T,
T 1V B35S 8 T v e B L SR O R T 0 I
I T B AV BE UL L Y 9 A% B AL 5 B R A (e >
200 kW « m™*) T, 38 i P4 B DR A Wk s T B Ry
F, I I X BE I 5 A TR R S e AN W

(2) Yt M 2ok V8 T2 1 385 0 AT ) T 1 A% B 22 3K
Bl 7 AR R T U RE AR (L [ A £ A T A TR 3 i
T B A5 T 8 ) TR A G 0 AT A e T i
P R BN B s AR BRI 2 B 25 T el v B2 A8 Ak X
B VIR P 52 T B T 7 R PG B R R L R

http: // zkxb. xjtu. edu. cn

AR X A A 2R Y 5 T B 3 5 AR PR O 400
kW e m™* i ¥ B 15 °C 1 100 R A B i 18 1Y oF-
P R kR

(3D TE M T E H 1 Jay 3 4% £ 3R 806 A 2
B B TR S AR B B AR E TR I X 1
H T 1A R Y PG (R R AN R v B Y 4
TS (30 1 B A AR R MO 22 6 T A AR 5 T 7
o PR B AR E R L U T e 2 G 0 S
1 P A B L W T I T A 94 JRE X el g
e TR R 22 (R R A5/ 5 B 3 A O 2 J3E T 39 K L
5 I v R Y ARG, 38 T AR RCR O LR Y
B T o 2 A P 3 PN R T R 1) 64 8 1 ) 2
T 2 A % J3E P R T T I A R R R A

S 3K

(1] SRl fcdn i A id v v b i J2 < 3 1 4 e PE B
5% [D]. Vi VU452 K%, 2022,

[2] RIAZF, TSOCY., QIU Huihe, et al. Hybrid
nanofluid spray cooling performance and its residue
surface effects: toward thermal management of high
heat flux devices [J]. Applied Thermal Engineering.,
2022, 211 118454,

(3] wfh, 4E, Eipig, 55, R0 R R oAk

BARGE MG ES5IKE [J] B THRER,
2017, 32(2): 264-270.
HUANG Wei, FENG Wei, WANG Haifeng, et al.
Simulation and experimental study on the evaporative
cooling system of HVDC valve unit [J]. Transactions
of China Electrotechnical Society, 2017, 32 (2):
264-270.

(4] )7, skRut, S, KRIPRM Iy i 7 aF Bt
Feggk [J]. Jeaedess TR, 2020, 410D 8-14.
LI Guangyi, ZHANG Junhong, GAO Jianxin. Review
on heat dissipation of high power electronic devices [J].
Journal of Ordnance Equipment Engineering, 2020, 41
(11): 8-14.

(5] ®me, k5t F, EFM, % R FisH

THHE RS gY [J]. B T HRBEHTHE AR, 2014, 33
(7): 23-27.
HU Xiao, LIN Guiping, WANG Yupeng, et al. Ex-
perimental study of flow boiling in microchannel sys-
tem for high-heat-flux power electronic devices [J].
Advanced Technology of Electrical Engineering and
Energy, 2014, 33(7). 23-27.

(6] thkxR, FRE, KRB % Bl E N 3B <
JIE B AT O B B R WK Bl o i L], P4 % 5058 Ko sa Al
2020, 54(11): 175-184.




510 1

I L A6 L KT AT R T 4 9 R 2o v O T A R R 5

119

[7]

(8]

[9]

[10]

[11]

[12]

[13]

XU Zhihao, LI Liangxing, ZHANG Zhengzheng. Data
driven analysis for departure behavior characteristics of
flow boiling bubbles in the vertical channel [J]. Jour-
nal of Xi’ an Jiaotong University, 2020, 54 (11):
175-184.

B, B, B A, A EUINE R 03 18 i 3 o s
M BE B [J]. PEE3c R, 2019, 53
(11): 101-111.

LUO Wei, HE Jing, LUO Bing. et al. Numerical
study on the effect of cross-sectional shape of micro-
channels on flow boiling [J]. Journal of Xi’an Jiaotong
University, 2019, 53(11): 101-111.

NNANNA A G A, RUTHERFORD W, ELOMAR
W, et al. Assessment of thermoelectric module with
nanofluid heat exchanger [J]. Applied Thermal Engi-
neering, 2009, 29(2/3): 491-500.

THEEE, XIE, B, & BT R AR
1] H% 5=, 2021, 2112) ¢ 1-7.

NING Lulu, LIU Qingjiang, YANG Feng, et al. Research
progress of electronic device cooling technology []].
Refrigeration and Air-Conditioning, 2021, 21 (12).
1-7.

Sidde, AR, EBRE. B TG
e SRR [T AR T2, 2017AD):
40-42.

WENG Jianhua, SHI Mengqi, CUI Xiaoyu. Configu-
rations and research progress of heat sinks for elec-
tronic device cooling [JJ. New Technology & New
Process, 2017(11): 40-42.

MR, BRIERK ., SROKIE. J7 RERUES R R S eh i
Bk ARSI B g [T, VG & 38 K2 2# i, 2011,
45(1) . 31-37.

GUO Dong. WEI Jinjia, ZHANG Yonghai. Experi-
ment of flow boiling heat transfer on micro-pin-finned
chips with jet impingement [J]. Journal of Xi’an Jiao-
tong University, 2011, 45(1) . 31-37.

EARR, £, SRT, G SRR BUE E R A IS 1
PR IR IR BT ST [T, P& 52 R2E 224, 2021, 55
(9): 141-151.

HUO Fugiang, WANG Teng, YAN Tianyu, et al.
Experimental study on the saturated boiling heat trans-
fer characteristics of water in parallel rectangular chan-
nels [J]. Journal of Xi’an Jiaotong University, 2021,
55(9): 141-151.

MAO Ning, ZHUANG Jiaojiao. HE Tianbiao, et al.
A critical review on measures to suppress flow boiling
instabilities in microchannels [ ]J]. Heat and Mass

Transfer, 2021, 57(6): 889-910.

[14]

[15]

(16]

[17]

[18]

[19]

[20]

[21]

[22]

http: // zkxb. xjtu. edu. cn

LI Chong, FANG Xiande, DAI Qiumin. Two-phase
flow boiling instabilities: a review [J]. Annals of Nu-
clear Energy, 2022, 173: 109099,

INERHG . SR ZE, BN, SR TF OG5 R O Bk
Wk XSS A REEN B [T &% %8k,
2022, 43(1): 108-115.

SUN Ruirui. ZHANG Jing, HUA Junye. et al. Effect
of open structure on boiling heat transfer and bubble
dynamic growth characteristics of micro fin array [J].
Journal of Refrigeration, 2022, 43(1). 108-115.
PR, SR, bR, S AT (] E N I 3k I 5 e i
BUERT S [J]. TR B4 2022, 43(12) : 3352-
3358.

HE Jing, QI Di, LIN Mei, et al. Numerical simulation
on the effect of pin fin pitch on flow boiling [J]. Jour-
nal of Engineering Thermophysics, 2022, 43 (12):
3352-3358.

BEA . A, HOLR, SF RO R E P AR A
s e AR E S IR B 5T (1], WA 4. 2018, 39(3):
44-50.

LI Huijun, GUO Baocang, DU Baozhou, et al. Exper-
imental study of saturated flow boiling heat transfer in
an array of micro-pin-fins [J]. Journal of Refrigera-
tion, 2018, 39(3): 44-50.

SUN Ruirui, HUA Junye, ZHANG Xiugiang, et al.
Experimental study on the effect of shape on the boil-
ing flow and heat transfer characteristics of different
pin-fin microchannels [J]. Heat and Mass Transfer,
2021, 57(12): 2081-2095.

WAN Wei, DENG Daxiang, HUANG Qingsong, et
al. Experimental study and optimization of pin fin
shapes in flow boiling of micro pin fin heat sinks [J].
Applied Thermal Engineering, 2017, 114 436-449.
AR, 2208, ARG, . U B8 E 3 Bk
Bk 5 IRFEREE [T]. L T2, 2018, 69(12): 4979-
4989.

DU Baozhou, LI Huijun, GUO Baocang, et al. Flow
boiling heat transfer and pressure drop characteristics
in micro channel with micro pin fins [J]. CIESC Jour-
nal, 2018, 69(12) . 4979-4989.

ZHOU Fang, ZHOU Wei, ZHANG Chenying, et al.
Experimental and numerical studies on heat transfer
enhancement of microchannel heat exchanger embedded
with different shape micropillars [J]. Applied Thermal
Engineering, 2020, 175: 115296.

HUA Junye. HOU Wenxin, LI Gui, et al. The exper-
imental study on the boiling bubble behaviors and heat

transfer performance of the deionized water across va-




120 W % x W K ¥ ¥ 57 %
rious pin fins [J]. Heat and Mass Transfer, 2021, 57 in microchannel under different orientations [J]. Inter-
(10): 1609-1622. national Journal of Heat and Mass Transfer, 2019,

[23] ZHAO Zhenxing, HU Bin, HE Jing, et al. Effect of 129. 635-649.
fin shapes on flow boiling heat transfer with staggered [26] #AME., MRS F, EFMW, %, KIFE HE A&

fin arrays in a heat sink [J]. Applied Thermal Engi-
neering, 2023, 225: 120179.

[24] ZHOU Zhenlin, WANG Shuang, HE Jing, et al.

[25]

Bubble dynamics and heat transfer characteristics of
flow boiling in a single pentagonal rib channel []].
ASME Journal of Heat and Mass Transfer, 2023, 145
(1): 011602.

LI Wei, CHEN Zengchao, LI Junye, et al. Subcooled
flow boiling on hydrophilic and super-hydrophilic surfaces

http: // zkxb. xjtu. edu. cn

T E RS Sl gy ()] B LHRBEH B AR, 2014, 33
(7). 23-27.

HU Xiao, LIN Guiping, WANG Yupeng, et al. Ex-
perimental study of flow boiling in microchannel sys-
tem for high-heat-flux power electronic devices []J].
Advanced Technology of Electrical Engineering and
Energy, 2014, 33(7). 23-27.

(it AR




