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Temperature decreasing model of U pipe heat exchanger based on CFD
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Abstract: Heat exchanger is an important part of fumigation oven.
However, in many cases, the actual design of fumigation oven is de-
pended on experience and experimental verification after the design.
So, how to simplify the design of fumigation oven has been an impor-
tant issue. Based on fluent software platform, this research explored
the heat exchange mechanism of U pipe heat exchanger by the simu-
lation of U pipe heat exchanger. By considering the structure charac-
teristics of U pipe, a layer of U pipe is used as a basic unit. The basic
unit is simulated and the data get in the simulation is numerical fitted
Then a function of inlet temperature of U pipe, the layer number of
U pipe and the temperature of outlet is get, and a temperature de-
creasing mathematical model of the layer number and the tempera-
ture of outlet is built. The function can reflect the trend of the tem-
perature decreasing efficiently, so it provide a theoretical reference
for actual design.
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Figure 1 The structure diagram of heat exchanger
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Figure 2 The model of U pipe
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Figure 3 Main pipe 1
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Figure 4 Main pipe 2
153



F£31EFE2H p !

2145 3L F CFD (1Y U 5% e A 25 15 B R vt Ay

2.1.2 UBERFESNT X U B BEAT 40 Bk 55, 20 i
(0 /NI 15 N S T N s 1 i 1 D 1 N B

F1 ANOBSKHEESE

Table 1 The performance parameters of liquid
water in entrance
o E TR A/ g/ BWNFE,
W/ WwEE/ EJy/
(J e kg! (Wem™! (kg « m™!
(kg *m™3) K Pa
c KD c KD es
988. 2 4182 0.6 0.001 003 373 2 000

£ 2 SUS304 BRGNS 8

Table 2 Material parameters of SUS304 stainless steel

cK™) (Wem!

IR/
+K™) (kgem lesh)

R/ JE R I/
(kgem®) (Jekg!

8 030 502. 48 16. 27 8 330 000

®3 FEE1IPITAHOMEBESEE
Table 3 The temperature and velocity of 17 outlets

in main pipe 1

e HH Mg/ A HH
(VA WE/K (mes™H 7 & WBE/K (mes™D)

Bl 367.31 0.48 HE10 0 372.80 0.43
a2 371.13 0.47 M1 372,77 0. 46
3 371. 47 0. 46 M2 372,77 0.48

4 372.23 0. 44 HH 13 372.76 0. 49

s 372. 40 0. 40 14 372,75 0.51
6 372,43 0.33 W15 372,76 0.52
o7 363. 22 0.18 M6 372,77 0.52
Hes 370. 89 0.29 M7 372.82 0.54
W9 372,49 0.35

- 3.74e+02

3.70e+02
3.67e+02
3.63¢+02
3.60e+02
[ 3.57e402
3.53e+02
3.500+02
3.460+02

. 3.43e+02 Y
3400402 PN
Contours of Total Temperature (K)
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Figure 5 Temperature of 17 outlets in main pipe 1
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Figure 6 Velocity of 17 outlets in main pipe 1
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Figure 7 The diagram of the inlet part in U pipe
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Figure 8 The diagram of the middle part in U pipe
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Figure 9 The diagram of the outlet part in U pipe
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Figure 10 The diagram of the minimum element in U pipe
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Table 4 The temperature and velocity of 5 outlets
AL E /K BEE/(m+s™ D)

ACGHE D 367.31 0.48
B A 7D 363. 22 0.18
CHia 9) 372.49 0. 35
D17 372.82 0. 54
EC(H T 8) 370. 89 0.29

B 33 454 S X 3 38 34 Cconvection) , W 25 7K G 38 4 2 B
J3 1 000(FF 2Z 5 W13 R v L Fluent #4845 53X BE B9 ED
23] O i B ALY H OEE .
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Table 5 The temperature and velocity every outlet in U pipe
A B C D E
MEGE g i/ Wi, R/ W/ I/ W, R/ W/ O/
K (me+s D) K (mes 1) K (me+s b K (mes 1) K (me+s D
Ha o 360. 47 0.49 348.61 0.18 362.99 0. 35 366.12 0.55 360. 04 0. 29
HIT 0-1 349. 63 0.49 331.65 0.19 348. 88 0. 36 355. 25 0. 56 344,72 0. 30
Hao-2 340. 80 0.49 320.67 0.18 338. 06 0. 36 346.19 0. 56 333. 45 0. 30
H o 0-3 333.49 0. 50 313. 25 0.19 329.58 0. 36 338.73 0.56 324.98 0. 30
HIT 04 327.19 0. 50 308. 97 0.18 321.97 0. 36 332. 39 0. 56 318. 88 0. 30
H 1 0-5 322.78 0.49 305.75 0.18 316.73 0. 36 327.16 0.55 314.06 0. 30
H 1T 0-6 320. 56 0. 50 304.62 0.18 314.71 0. 37 324.78 0.56 312.09 0. 30
2.2 BEQKESEIHFRE 6 0-1,0-2,0-3,0-4 0 O-5 e WIHOBE
MES AT ANEEESRBEEHRSKIEA U BE> Table 6 The temperature of O-1, 0O-2, O-3, O-4 and
e REREE U B R, 2 B8 N B, U 0-5 K
VRS IR A i 5 AT /ML L B 3o S
= TR G L L 6L YN S =33
JZ 0 RS LR 6. BLU AT RO i A8 363.22  367.31  370.89  372.49  372.82
y AR EEC i =1~51E N « kR, U BRI 42 00 1R
o B 1 331. 65 349.63 344.72 348. 88 355. 25
TER = Aebr R H 2 W TR E LA AR 2T
, . . 2 320. 67 340. 80 333.45 338.06 346.19
z=a,ta, *xtas 2" +a,* ytas ey +as -y +
B 3 313. 25 333.49 324.98 329.58 338.73
a; *y (@D)
. 4 308. 97 327.19 318. 88 321.97 332.39
K
a,=—"5.426 443 858X 10° 5 305. 75 322.78 314. 05 316.73 327.16
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The 3D surface by Numerical fitting
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