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Optimisation of finned tube structure based on BP neural network

and genetic algorithm

SHAO Mengwei', YUAN Shifei*, ZHOU Hongzhi’, WANG Naihua*”*
(1. Shandong Shuilongwang Scicence and Technology Co., Ltd., Jinan 250301, Shandong, China; 2. Institute of Thermal Science
and Technology, Shandong University, Jinan 250061, Shandong, China)

Abstract: To enhance the comprehensive performance of the heat pipe heat exchanger, the finned tube structure in a thermosyphon
evaporator for nuclear power plant passive cooling systems was optimized using the hybrid back propagation ( BP) neural network
prediction model and non-dominated sorting genetic algorithm II ( NSGA-1I ). Six structural parameters, such as fin thickness,
spacing, height, transverse tube pitch, longitudinal tube pitch, and aspect ratio, were selected as design variables. Predictive models
for the Nusselt number, pressure drop, and minimum cross-sectional airflow velocity were developed, enabling multi-objective
optimization targeting maximum heat transfer and minimum flow resistance. The optimal configuration (1 mm fin thickness, 6 mm
spacing, 5 mm height, 70 mm transverse tube pitch, 75 mm longitudinal tube pitch, 1.4 aspect ratio) resulted in a 25.86% increase
in the heat factor, a 17.96% reduction in the flow resistance, and a 35.24% improvement in the overall performance coefficient.
These results validated the effectiveness of the combined BP neural network and genetic algorithm for heat pipe design, providing
both critical parameters and theoretical guidance for engineering optimization of nuclear power plant passive cooling systems.

Keywords: BP neural network; non-dominated sorting genetic algorithm; passive cooling system; thermosyphon; multi-

objective optimization
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Fig.1 Schematic diagram of the passive cooling system in
the main control room
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Table 2 Range of finned tube structure parameters

t S h,

P\ Pl Crat’

f/h/mm FA/mm B/Vmm RA/mm RAVmm RK/mm FAV/mm fRA/mm &/Vmm & A/mm D ORK

0.5 2.5 3 7 4 12

60 80 60 80 1.0 1.8

2 X 1 1% % ( back propagation, BP)
i 2 P 25 B A A A T

2.1 BP#HZMLEENT

P22 X LAY R — SR AR | A2 N 2K il f
ZouH E AU B AL B AR R e, m
LRIV R N A28 o0 (AR 35 s 2800
AR, B RZITEE Ok B A A 28 T B
AP A 2 A s 80T, 4 2
ZLTT TR R Y B A — S @ M AUR 1
iR,
BP 125 0 45 2 — i DL ) i 28 0 25 RS 7R 3 3o
T ) A2 5 R0 S [ % 56 W A~ B B A7 2 20 Fn )l 25
TEHT ALK B B, BRI 1 22 )2 k28 70 % g A\ 85080
HEATTHE AL 6 | B0 A i R A5 R, 7R R AL 1
W B, A AU RR A 2 ol 0 i 45 2R 5 S PR AR 2 2 R Y
25 I LU Z A A A, DA4R /N TE 5
SEBRE Z ) A 1R 25, 3K iR 2 38 o B B R R ORI
HEATAEAE I FH T 508 W 45 2850, fF I 4% 3% 7 i 4 )
B P O A . AR A 22 4 BP 25
ERENEF ) B AR AR R ME X R TEAL B Z8 A A 5
BOIN SRl AT 55 i SR B4, b4h, BP #fi e
) £ A5 AU 5 R AR DR 7 B AR S AR XS 45 5 . BP i
2 M2 R R B AN 2 B

f 2

AR

K2 BP #Z MBS EIE
Fig.2 Schematic diagram of BP neural network model

2.2 HiEAIERARBGEMNIERR
221 HdEa

1E BP #2825 A AU 1| Zhond 2 o, 75 20 B s
HEATIALEE R 53 N R A . IIZREEH] T
YIZAAY | 38 o I8 4B A S BORAL R, A RE 8 =
> A AR iR R AR 22 ) i OC R, DA R Tt
TRAE TIPS YR Gy r A AR XA 78 %o 3 45 4 11
FMGE Sy, 7 (DAl AR R A o g 4
fili, AT DA A 2 A i LA BRI G . AWFSTRE
MU 200 255405 e B 150 418080 1 Al 2k | )
A% 50 AAEAIAAE . MBI BROCR,

R 4R, o BE AT A — b b B TR
MATLAB 7, 7] {fi H mapminmax & 50CE: 504 V817
IH—14k, Hir reverse TIHE 1] 5 25 ) 265 T 00 4 i 2F
T H—1k,
222 FRIEPEMFEBR

AWFEXS Nu,, AP Fl v, A3 5158 57 ] AR
XA AL A T 22 YT AL I 5 3k, DA o
B E SRR EA S, G0N HES RS i
e B AR TSR Y T i 7, A o B AR R 4D A
LA TR, AT BP 428 0 2 T [R5 A5 R0 f
HERRE , ARG R Y T ARIR 2 By HRE REL R
FVEM AR TITA

E s FH T 7 428 T00 00 {1 5 552 B A 22 () 7 0 22
E s 8/]N R FROME 55 SEBRAE Y 22 58008 2R (1)
TR RS o Eqys TR CH

(1)

Aoy, A A TRINEE , y, N A SRR,
M NEAREL

K R PEARAS ARG B (#0045 FE B, BV fit
B ARSI 2200 L0, R® A BR(E T 0~ 1,8
P2 1, FORBR LG RO . R® TR



%6 M AR, 55 2T BP M4 4 Al AR 505 il i S5 iRk 79
d 3007
;(nrn, vl .
- (2)
Z (Fpi= ) 2007
Sty B BRER R £
2.3 BT 1007
AWFFEELERZ BP MM 2573 5% Nu,,, (AP 50t
F v AT TN of
X Nu, HOT 55 1 BB 2 7 A 2 N
B 20 40 60 80 100 120 140
52 JRBCE 4 DA, REBEBIE N 107, B REA 4
%%ﬁ 0.01 Nuty, A AN [ HCHE 4 o i L0 245 4 0 (@ IR
g 3 i,
100 [0
801
'- £
60 fe S 60
50T ¢ olb 40
& a0 !
= 20
30
) 4
20 | 0 10 20 30 40 50 60
TR G
10 (b) MRS SFAS H
0 50 80 100 150 140 B4 AP ERRIZARSE T py B0 45 5%t L
TRE A 252 Fig.4 Comparison of prediction results of AP in different datasets
(a) VIZREETOSE XS 1L 8r __
90f , e
—* A 7t ? —o— Tl {
8ot —o—Tilili
—~ o[
£ s
: KA
g -~
3 -
L @®
2 +
r > ®
101 W

10 20 30 40 30 60
TRAEA 25
(b) MR AT 25 % L
K3 Nu,, FEATEECESE A N 45 5 % He

Fig.3 Comparison of prediction results of Nu,,, in
different datasets

XEF AP BTN, 5 1 RREZ R E 7 s
IC, 55 2 JBIRE 3 M4 TT, 1REBIE KL R
B Nuy, BTN, AP FEAS R RS Hh B T 28 51
e 4 frs

XFF v FIHUI 565 1 2 BR0E)Z 38 8 M
JC, 55 2 RIWE 5 MM ATT, R B L E ) Rk

B[] Nug, ST v, FEAS RV B B Hh ) F0 0 235 21
e s fis .,

0 20 40 60 80 100 120 140

TR AL
S (a) VIZREETII L RS L
—— I3
! —o— il

v /(ms™)

max’

0 10 20 30 40 50 60
TR A G
(b) XA B L5 X
BIS v FEAFIRGE A S 45 500

Fig.5 Comparison of prediction results of v, in different datasets



80 TR VNI S

Y b RSN AT BP R 25 0 £ e 1543 11
HSHOR B, e i A B AR B T R RS
ZEF, 3 Fh ARSI TN 25 R an 3k 3 i, h &
3 AL 3 A AR B /8T 1, R IR T
0.980, I a2 2 HirtliAk

£33 Fh AT 2,

Table 3 Prediction results of three regression models

PRI A i VeI S R’ Egys
FURIE S 0.992 0.243

Ntas iR AE 0.988 0.462
T 4 0.996 0.153

A M4 0.989 0.347
FURYIE S 0.990 0.375

I i 4 0.994 0.368

3 % HARM

31 dEXEHIFEEEE

AF 7 it HE /7 35t 1% 5 7% ( non-dominated sorting
genetic algorithms, NSGA) &k F P 4k B HE ¥
AR A 2 BB AL e A AU Ay 2
A AR TR, 7 A A 9 R s ) R S C
WHEHD (NSGA- I ) &7 NSGA F ik itk imik
— 7 T, A S FCHE R RERE AR A AT o 24>
EZBLZ R, R B B RE b %) 22 R R N A
ST, 5 AT R RE B 0 ME S, AR S A IR R AR
Vb S R OR A5 A 22 R | i A ik R SR
JryFR e AN i, A S R AR B A LA, NSGA- 1T
X R UG b A R 2 B0 A B BURR B R 4P AR
EPE,
32 ZBRRLEE
321 HIbReR%L

W S5 R0 Ak TR) T 2 H bR ek A0 2 H AR
TR, SCHR[22 T34 . f RT3k T LAPEA e 34
artERE, o j R AR AR ) S i pA g 1 4
FRBE 15 f B BH ) T 7, B e I 2 1 3k 3 BEL
J1o BR Nug, AP v, SF S B RS20 5h K
S AT

J BEFRIEAN

Nu

ave

“Re-pr’ )
P Re R VEL Prog 5 WIRREL, 25 0 e L
Ho.7,

FIRTFFRIKA N

J

w (T % W) 555 4
2APD, »
il

K, D, AFFIEREE, p W E, L N sh 75 ) L
KE,

FEH ARG R 8 TS 1 8 TR R R T 40 2k 2 [+
AR — R, B AR RE $2 T 2371 oI5 461 2k 48
i, BRI PR B AR AR SRS PR RE R T 25 S et R B

Cy=if (5)
3.2.2 oA

BEXTER R 25 R LA TR, AR ST £ 6 R
SRR IR f A H bR e, 22
HEstiA i, 2004k B bR 3R fw /) fife 8l K
fift, DL ASBRSE AR B AR 200 R L 7

Z HEr AL BB oy

Fou=0""f)
J=fi(t, s he , PPy Cro) s (6)
I=H(t s, he , PPy, Cro)
K, F o 0 Pareto sREUREE £, IR EAR j,f N
AL HF5 fo
3.3 MUEHRIEXTLL

WRAEABTE 7 1 2 B AR AL H NSGA- I
141 Pareto LA , WAl 6 Fros , b s s —
W B SR SR, B4R Pareto RifTi , Pareto R
B A R A AR . T e R T i A
fitHE ¥ 12 (technique for order preference by similarity
to ideal solution, TOPSIS ) A HU AT fift

0.45
040} ©
0.35
0.30
025}

« 020} &

015t §
00f &

0.05 @%@,Q%
0t "Co

-0.05 - . p ; . . ; y !
110 140 170 200 230 260 290 320 350 380
j'fl
El 6 Pareto VT4 R E
Fig.6 Pareto frontier calculation result diagram
25 A SRR B C, T AL 0.5, £V KL

N 0.5, PCALRT)E g S5 S BN 4 FroR
M1 4 a0, AL R S AR i AR S f] B
R B T4 (8] B AN, 20 1) A5 ) L O, AR LE
1.4,




5 6 3]

Ab i, 45 2T BP M2 I 2% a2 50 1 1S A AR L Ak 81

K4 ALETE RS S ET I
Table 4 Comparison of finned tube structure parameters

before and after optimisation
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