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Temperature Field of Plate-Fin Heat Exchanger Based on Joint Simulation
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Abstract: In order to further study the temperature field and flow distribution characteristics of plate-fin heat
exchanger (PFHE) under the condition of large temperature difference, a joint simulation method based on
FLUENT and program based on VC ' language is adopted. The simulation method is verified and analyzed
by taking a PFHE with a given structure as an example. The results show that the application of the joint
simulation method to the simulation of the PFHE is of pratical significane to the study of the temperature field
characteristics of the aviation precooler. The error between simulation results and experimental data is 0.6 %—
6.4% . And the joint simulation method is accurate and feasible. The lateral temperature change in the same
channel of the PFHE and the distance from the cold side entrance are close to linear distribution. The outlet
temperature of the hot-side core presents an uneven distribution with a large temperature gradient under the
superimposed influence of uneven flow distribution and the flow direction of the cold side. The research
method is universal and can provide a reference for the simulation of other heat exchangers.
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Table 1 Experimental instrument parameters and accu-

racy
o s ST A
1 G, FEHAET 1000~10000 £100 2%
2 P JEAERS 0~1 000 +5  0.5%
3 T, IREEARIERA 0~500 +2 A%
4 G, JFEEFEAE 1000~10000 £100 2%
5 P, JENAEERS 0~200 +1  0.5%
6 T, REEFERLS —30~300 +2 A%
7Ty IREEARIREE 0~500 +2 A%
8 AP JEZEAXAE 0~60 +0.3 0.5%
9 P, ENAEELS 0~1 000 +5  0.5%
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Table 2 Structure parameters of plate-fin heat exchang-
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Table 3 Influence of the number of grids on outlet

temperature
WA Btk /107 th R E/C
48 218.6
107 220.5
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Table 4 Heat transfer efficiency surface of ten sets of

tests
WEwFEs R/ % DiEE/ 0 HOREM/
1 91.28 92.44 1.16
2 88.60 89.13 0.52
3 81.70 83.68 1.98
4 75.07 75.44 0.37
5 68.39 68.85 0.46
6 43.71 47.16 3.45
7 46.49 47.28 0.79
8 56.81 59.63 2.82
9 49.71 54.02 4.31
10 43.42 46.15 2.73
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Table 5 Unevenness of 7; temperature measurement

surface of six sets of tests

75 g fE LEYE
5 0.016 69 0.010 19
6 0.005 35 0.018 58
7 0.005 41 0.022 81
8 0.005 38 0.009 47
9 0.006 36 0.01562
10 0.007 16 0.043 37

A5 8 9 M F A S IR RA R T 7, Ik
B IS SR 0, P 2 v B R AR R LI
(LA R 101,056 7 F0 10 Xy 2 i h i o ok T
W, H IS 8.9 M AN 350 BE A/ iR 5 1 6 4
D) S5 BFAS 2 G AN 34 5 BE/IN T 05 BUECE TR A5 21 O
HA 5 5 07 B0 e AR AN A5 ROR,
AU T UL A IS B D B R AN RE o 4 S
T I TET N Y A BRI AR A — e AR

XF EL R 56 B8 v LAAS ) O BT R IR 250N
0.6 %~6.4% , {fj FLIT53 09 1 243 B 25 2R 38 3 fIK T
B R BUE R/ BT (R 22, 3 2 2 B8
AL G 3 5 S PR s 2 () R 25 52 m 7= 2k iR 22
(49 55 — A~ D PR A 1k 0 0 3 1 B T 6 A
8 B /D, HDWR T A7 R R, 2 i e
Y TR ABE B R B 8 i 22 TR RE 23 X0 SF- 347 3 B 45
T3 B — S
2.3.2 HABFHARDHFHESI

R T PRI AR G R USRS 5o
BFEAT 53 BT L 38 T YR ) A A il OE 1) R v 1 3 Bl
7, Bl a3 S 1381 kg/h, IR R 398.5 °C,
HE AR S R A S R A A an B 6 (a) i
MRo TRV A 10.54 m/s, BEE 1 85 A 40 B i
BTN, /N R 3.07 m/s, ELIRI I 975 i
1AM, AR A D SRR AR A
A A= AE AN [R] 38 22 4] [A]— 38 38 N R REAAAE

TECGE GE 2, 7, 14 #F A7 6 L, IR R 4 A
EI6(b) s, ATLAE B, 78 [F il i, #h % S
Wi o U 2 S P 1 I R AL o ) R U A
I Jhak B B R DL M U A A S R i A P R
(3 38 P B AR bR ) B LR i . A, X T (L))
hy B E AT R (7)) BOIR B L TESEIE R A
FRy X8k, 3 38 1 A (W) A7 E R OEE 2 T, B
Ty(i,j)>T:(i,j) > Tu(i,j); fEE B &I A T
DI, T, (,7) <<T7(i,j) <<Tu(i,j)o

SISO N E S 2 3% T N S AT D 2
HE AR A AL I A A A 5 R RS A3 A R B A

Jad | (mes?)

(b) Temperature distribution of channels 2, 7 and 14
P63k 3L 37 23 A1 A3 e 3 N I BE o0 Al
Fig.6 Flow field distribution of inlet head and temperature

distribution in three channels

261.0

230.4

0.16 199.8

169.1

" 138.5

0.12 107.9

77.25

J 46.63

) 0. 16.00
0.04
0.00

0 4 8 12 16 20 24 28

WS
BT B IR A TR

Temperature distribution at the core outlet

=]

TIE P ALFR / m
&

Fig.7

[ fr) 72 Al LA, BRI g S 0 03 B g, RO A
R B, A A AR A o (HARE A SR AE
A T PR 1) 75 1) 3R A AR A BRI R R O ¥
2R 148 C AT, 5 H#GHIR Z R K, il 5
v 10T o B Al Y DX ORI A A — I, B VS
25 OB W AR B 3 B2 T2 W T e A BE ) R R, ke
AT w00 55 88 o A7 R ORI 22 0 7 Ui it 20 B
R RRES R ez W CINUE =31 B A A LS
JIT 7 9 R A S



%2

FEAEIR L AF T A 7 B O S A IR B 0t 5

319

TE X g TV Sk 4 DR A B L 15
B e A 1A B A% AR T I E A, AN AT 8 TR .
AT LU A A B IR E A R AR R Y
S, B A VR Sl B RS A5G0 R A R S T R0 il
JE 5 B Wi 142

Temperature / °C Temperature / °C
200 200
190 190
180 180
170 170
160 160
150 150
140 140
130 130
120 120
110 110
100 100
90 90
80 80
70 70
60 60
50 50
40 40
(@A) x=0m (b)x=03m
Temperature / °C Temperature / °C
200 200
190 190
180 180
170 170
160 160
150 150
140 140
130 130
120 120
110 110
100 100
90 90
80 80
70 70
60 60
50 30
40 40
(©)x=0.6m (dx=09m

I8 U LI 43 A1
Fig.8 Temperature distribution of outlet pipe
3 & i

(1) A SCR B & D5 57 5 0 0 T B e 34
0 B R KRR T RERCR X TR KR
ZEH AR IR T LA PV A il HE S e A B 0

(2) 1E45 5 AR A8 45 A I 0T 2547 1 1058 X
FEBGAIE iR 22 0 0.6 % ~6.4% , iR 28/ 78 T #4k
WHERAZHE L.

(3) 1% Gk 96 J7 ¥ % FAT FR ANl B2 o i £ 7
DN, I3 56 B s R 3R 1T 1% R o A 1 O IR
Gl ELRA W EAE

(4) 7E 7] —38 18 A, $ 25 SBE & It 3 1 B 1Y
SE A VR S A AR 5 WL AR o 3 JEE B BE T LA i
T RE B A 5 Ve T A B S Gl T PN R A R )
Lo .

(5) #3057 H5t Jag o 0 4 10 3L B 4 A R B0 AR
[F) F 22 A BE AR, B0 o 3 9 10 O vy, ARG i Y
R AR A B AN A I B R E 2y
A3 32 B 8 73 C AN 229 F0 v 113 3 T 16] /4 2 052 0
Sk
(1] D7z, mlhs, B4 —Fh 58 35 1 ARG PR AR I = Je 44

ARG S MR RE D AR B[P ] [ . 103149237,
2013-07-26.

z

(2]

[9]

[10]

[11]

[12]

WEN lJian, LI Yanzhong, ZHOU Aimin, et al. An
experimental and numerical investigation of flow pat-
terns in the entrance of plate-fin heat exchanger[J]. In-
ternational Journal of Heat and Mass Transfer, 2005,
49(9): 1667-1678.

ZHANG Zhe, MEHENDALE S, TIAN JinJin, et
al. Experimental investigation of distributor configura-
tion on flow maldistribution in plate-fin heat exchangers
[J]. Applied Thermal Engineering, 2015, 85: 111-123.
ZHANG Z, L1Y Z. CFD simulation on inlet configu-
ration of plate-fin heat exchangers[J]. Cryogenics,
2003,43 (12): 673-678.

B LEER WSS B AR A A
AW PR RE XS L [T B2 Bk 5 T AR,
2015,15(5) : 100-107.

FARER IME R RIE M, GF L 2 9T i Sk Ao X
AL T R O T R IR 3 N
2017,37(4): 62-66.

WU Jingwei, SUN Haoran, ZHANG Ruhong, et al.
Analysis on effect of multi-stage diversion header on
flow distribution characteristics in plate-fin heat ex-
changer[J]. Chinese Journal of Refrigeration Technol-
ogy, 2017, 37(4): 62-66.

W30, A L I, A T IS LAY B e B
4 PR PE AT ]L b B Al s s R AR
f),2020,44(3): 148-154.

CAO Xuewen, SHI Qian, BIAN Jiang, et al. Study
on heat transfer characteristics of plate-fin heat ex-
changer based on joint simulation[J]. Journal of China
University of Petroleum (Edition of Natural Science) ,
2020,44(3) : 148-154.

WEN Jian, LI Yanzhong. Study of flow distribution
and its improvement on the header of plate-fin heat ex-
changer[J]. Cryogenics, 2004, 44(11): 823-831.
WEN lJian, LI Yanzhong, ZHOU Aimin, et al. PIV
experimental investigation of entrance configuration on
flow maldistribution in plate-fin heat exchanger [J].
Cryogenics, 2005, 46(1): 37-48.

R E I RAE S AF 38 S 2 B A 2
BT T]. A2 3 Iy 244, 2016, 31(5) + 1087~
1096.

LI Jun, JTANG Yanlong, ZHOU Nianyong, et al.
Numerical study of multi-stream plate-fin heat ex-
changer with cross type[J]. Journal of Aerospace Pow-
er, 2016, 31(5): 1087-1096.

R E e, 5,5 DL = B A v BE AL
JERA R R AN B0 R 1 B NN = o
2017,49(3): 382-388.

LI Jun, JIANG Yanlong, WANG Yu, et al. Numeri-
cal calculation and experimental investigation on air-
borne three-stream plate-fin condenser[J]. Journal of
Nanjing University of Aeronautics &. Astronautics,
2017, 49(3): 382-388.

JOHN D, ANDERSON J R. Computational fluid dy-
namics, the basic with applicationsl M]. New York:
Mc Graw-Hill Companies, 1995: 75.

(%4 TR3E)



