A % b # 2017F Foe2k £ 16H: 1788 ~ 1794 @Q(FPﬂ%) bk
SCIENCE CHINA PRESS

AN - &S ERURI P Bt as e i SR s

WET, FE, L, §H, ERE
PR ARG R S TREE R E A0 E, FY% 710049
* B & A\, E-mail: wanggw@mail.xjtu.edu.cn

2016-04-01 Wit fd, 2016-09-09 14 (71, 2016-09-09 #75Z, 2016-12-12 4% Jii & 3%
[ [ 98Bl 342 (51120165002, 51276139) %% i

2 HMEETAROELR, GRATEETRENAH AT RE, MARERAT -/ ZEANE
BAHT R, W EBERERBEAERRAEE. B&. GRERL, AELRAMAEERTNELT E. Sk
AR LAY A B Jh 2540 B ) v AR e A S B R R PR AT TR, R, RS MR FGR TEST
B, WA B GRS, BAKRAZEAY, WEY. B ESTEY, RARZANES
FERAG T RS En B, MxETFE M, st Z AR R e AR 3 BN R 5 7 20.2%, 7 £t 7 5.6%.

Ketin

Bl THRAL . H T A BRI P R
KIPRE AL T 2515 ) B BB 5 ERe, YT
TR E A H A R bR b v T B e A A PR
(PCHE) 1 %% [ Heatric 2y ] #2 tH Jf: B 7 b Ak 4 7= 2
H SRR — R T-1500 m2/m?, 2 —Fh ik B
I g, T IH RS R SR AR,
N R R R R B R AR R A s T, s
I S ve R G D R R G R A R AR IR R G4
A I B AR ik T DA R R Bl R 5 # AT 4 AT
Hamid%5 A BF5E T A [6] #5236 225 Bl F B R 5 A
Bk Bs gi A PR RER 0, Made AUVobr 7 i Sz A Ep
Jil) LS5 A A8 B A 5 T AR A T O AE IABH T M BB Ngo
25 NIRRT AR i S SHUR Fr, AT LAAS A5CHR v E R
BRI 25 O PERE . LeeMIKimI a2 T3
TR 235 Ka) 7 B Il B [ Al 3 RS TR B R, I b L HE
) EER IR R Xuss O —Fh B )61 1
R el BH 3% 11 A9 B b f55 Al e B2 i SRR B

AR SO SR FH Bl F B B g A8 LK Sk T
T PG B T OO AT A, BFAE T R EI R A 4

WA, MR BRGNS, RHREAM R, Sot it

e X B A5 PR RE RSN, 73 B LI Bl
B 1P TG Py e 3 2R A 2 D Rl L e A A AR

1 YBBT S0 R 5T

YRR N E LR, % H T O 143.2 mm,
Y30 mm, R T Y G 2 6.05%10° W/m?,
MR R4, B TR K, AR N 25°C, TAE
JEJ1°00.2 MPa. FLF-#514 b J7 1 B B2 it 18 ]
PR A P FH DAV JEORR, ST TIESL ALY . DB
Jol o AT L 3R A R et 3 AR 1 S SRR R A S5 R Y
El ) F B A e g, 54 RSFn R 1R . Horpop
NN Uppu Y L i R S S R =R i 3T B E RO L LVl
[ TE o 60 P 2 fly 0 i a3 A Ay I e 6 B &%
P, ARAR I 2 B AR AR R, T sh 4 Bh T in o
FU. B0 8 A AR A L S 8, Hoh S B
PCHEF i AR B #% 11 4 B 422.0 mmAd2ERIEHEHE, 3
FRAEESEN) (B2 . MHIRE . SEARUD) &5 4 RSF gl 3
It . TR W 45 ¥4 3t 3 %) e /) 9 0 7 T AR F B
S5 Ke) 1 /)N A BURH A, AR | SRR 5 RTE

SRR WD, SN, THE, S ASIE I Sk A B AR e A AR A B S B R B AR AR, 2017, 62: 1788-1794
ChuW X, Li X H, MaT, et al. Heat transfer and pressure drop performance of printed circuit heat exchanger with different fin structures (in Chi-
nese). Chin Sci Bull, 2017, 62: 1788-1794, doi: 10.1360/N972016-00433

© 2016 (PIERIE) Atk

www.scichina.com  csb.scichina.com



=L
*

B 1 (FIZROR () B AL A A RS R

Figurel (Color online) Physical model of numerical simulation
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Figure2 Simulation models of PCHE with continuous and discontinuous fins
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Figure4 (Color online) Computational model and boundary conditions
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Figure 8 (Color online) Average wall temperature distributions of
PCHE with plain fins and circle fins (m=1.0x102 kg/s)
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Figure 9 (Color online) Velocity distribution of cross section (m=
1.0x102 kg/s)

B ®
| w
0k 5
1 i 1 i 1
0 1 2

L i
4 5 6

| = o ,
0 6(ms)
z
i
X
[ E -3 T
0 5(ms™)

Figure10 (Color online) Streamline of PCHE with discontinuous fins (m=1.0x1072 kg/s)
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Figure 12 (Color online) Comparision of pressure loss per unit length
at different Reynolds numbers
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performance
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Heat transfer and pressure drop performance of printed
circuit heat exchanger with different fin structures

CHU WenXiao, LI XiongHui, MA Ting, ZENG Min & WANG QiuWang'

Key Laboratory of Thermal-fluid Science and Engineering, Ministry of Education, Xi’an Jiaotong University, Xi'an 710049, China
* Corresponding author, E-mail: wanggw@mail .xjtu.edu.cn

With the development of compact el ectronic system, the cooling problem with high heat flux in the electronic system has
attached much more attention. The high-efficiency cooling devices with micro-channels are investigated and widely used
in order to stabilize the surface of the component under the safe temperature. In recent years, a new type of cooler called
printed circuit heat exchanger (PCHE), which has characteristics of high heat transfer ability and high compactness, is
applied to act the heat sink of devices with high heat flux. The plates of the PCHE are fabricated by photochemical
etching method, which can easily process the complex flow channels at low cost. Then, the plates can be stacked and
brazed with the diffusion bonding technique in the vacuum circumstance. In this paper, the electronic device with the
heat flux of 6.05x105 W/m? is cooling by water at 25°C and 0.2 MPa. The geometric dimension is 143.2 mmx30 mm and
the material is copper. Meanwhile, the heat is original generated from the bottom of the device and the PCHE is fixed on
the top of the model to transfer heat. The hydrodynamic and heat transfer performances of PCHEs with different
structures of fins are analyzed by numerical method. The models of PCHE with continuous straight fins and
discontinuous fins, including the circle fins, ellipse fins, airfoil fins and modified airfoil fins, are constructed. It is worth
to point out that the straight model and the circle model are compared in the same cross section area and the other three
discontinuous models are compared in the same fin perimeters. Furthermore, the symmetry boundary condition is used in
the width direction and the edge effect is neglected according to previous research. The SST k- turbulence model
assembled in the commercial CFX 12.1 software is validated reasonably to solve the problem in our cases. The result
shows that the discontinuous circle fins have better heat transfer performance than the continuous straight fins, which
because the fluid can break the boundary layer more effectively with the velocity variation in flow direction. However,
the pressure drop & so increases in the discontinuous model due to the separated blocks. On the other hand, it can be seen
that the Nusselt number increases with the increase of Reynolds number and the gradient become slow, which indicated
that it is limited to enhance the heat transfer by increasing the mass flow rate. However, the pressure drop increase
exponentialy at high Reynolds number. The average Nusselt number of the PCHE with circle fins, elipse fins, airfoil
fins increases 70.2%, 45.5% and 29.1% and the pressure drop also increases 340%, 114% and 40.9%, respectively,
comparing with the continuous straight fins. Furthermore, it is found that the PCHE cooler with modified airfoil fins has
better comprehensive heat transfer performance, which is based on the heat transfer rate and pressure |oss per unit length,
especially under the high mass flow rate condition. Comparing with the continuous straight fins, it can be seen that the
average Nusselt number increases by 20.2%, and the pump power only increase by 5.6%. It can be concluded that the
reduction of pressure loss is the major point for the optimization of the PCHE with discontinuous fins.

electronic cooling, printed circuit heat exchanger, modified airfoil fin, compr ehensive heat transfer performance
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