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Three-dimensional reduced-order analysis method for flow and heat transfer performance of

PCHE based on Bayesian optimized GPR model

ZHAO Ziyan WEN Congyi ZHAO Pengcheng LIU Zijing
(School of Nuclear Science and Technology, University of South China, Hengyang 421001, China)

Abstract [Background] Printed circuit plate heat exchanger (PCHE) has the characteristics of high efficiency and
compact heat transfer, but the analysis method of PCHE flow and heat transfer based on finite volume method (FVM)
is inefficient and difficult to carry out large-scale optimization calculation. [Purpose] This study aims to improve the
analysis and optimization efficiency of three-dimensional models by constructing a fusion field reduction model for
PCHE low and heat transfer. [Methods] Firstly, the trapezoidal PCHE was taken as the research object, supercritical
CO, as the working fluid for the hot channel, and water as the working fluid for the cold channel. Then, the proper
orthogonal decomposition (POD), truncated singular value decomposition (tSVD), and gaussian process regression
(GPR) were combined to construct a reduced-order model by Latin hypercube sampling and a small amount of

sample data generated by Fluent software. Thereafter, the reduced-order model was applied to the prediction of flow
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and heat transfer characteristics and overall performance of PCHE under new working conditions. [Results] The

prediction results show that the fusion field reduction model efficiently decomposes the high rank matrix and

accurately predict the multi-physics field distribution of trapezoidal PCHE. For the temperature field and velocity

field of PCHE, the root mean square error of the new working condition in the sample space is 1.5%107, and the root

mean square error of the new working condition outside the sample space is 6.2x107, and the calculation efficiency is

improved by 270 times. However, the prediction effect of the fusion field reduction model on the overall performance

of PCHE is poor. [Conclusions] The reduced-order model of the fusion field has certain reference significance for the

future optimization analysis work.

Key words PCHE, GPR, Singular value decomposition, Proper orthogonal decomposition, Model reduction
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T HE R BERE R E
Fluid domain Inlet temperature / K Inlet pressure / MPa Inlet flowrate / kg's™
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R2 WRIIE fif# (rSVD) 5 POD J5 % 45 & K 2 rPOD £ 7Y , Jf 5
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5175 3 R3 HASHEEEE
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10773 5978 Z00 Hot side  640~780 (4.82-14.45)x10"
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Fig.4 FVM calculation results (color online)
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Table 4 Comparison of decomposition algorithms

Fee i A2 7Y I ARSI 5 bR B I FARFEINS H IR ZE(RMSE) Ko &
Reduced-order model Decomposition ~ Number of basis High decomposition  Reconstruction error Data size
model functions / order time-consumption /s
5 7 P AR T tPOD 46 6 0.001 1 130.2x10*x60
Fusion field reduction model {pQpD 46 0.9 0.001 1
FEA A A TR rPOD 39 (D)+50 (V) 4.23 (1)+0.72 (V) 0.001 3 (7)+0.000 2 (V) 94.7x10°x60
Basic reduced-order model +35.5%10*x60
Average: 0.001 0
tPOD 39 (D+50 (V)  0.67 (1)+0.21 (V) 0.001 3 (7)+0.000 2 (V)

Average: 0.001 0
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Table 5 Proxy model effect

ARELREY MAE RMSE R
Delegation model

SVM 0.0311 0.061 1 0.78
A4k GPR 0.0181  0.0268  0.94
GPR can be optimized

A SR AR 0.0492  0.0649  0.76
Optimized tree integration

BP #1452 0.0412 0.066 1 0.82
BP neural network

RBF #1428 [ 2% 0.0355 0.065 7 0.75

RBF neural network

o PR TR B S . D IE B GPROAS A B I 7 1)
RS R, AN SC A R T T 4 ol e 0 IR 2 A 2R A Ry it
EEEs200, Y 80% IR A2 25, 171 20% [ 8R4 596
VI, 15 AN [F] W 2 5 L (A& R 0, iR S BT . W]
PLE Y, 2 DU 3708 4k 1) GPR AR AL 40 & 250U R B
e, 32 B B g 3 B AS R U B4 23 A7, HLRETEARE A
/D B R 2 ) SRR AL, DRI U, A SO AT AR AL
GPR R Ry 2 [ 557 , 22 o4k 5 1) GPR B Y i 5
a2 6 Fizw o

*6 GPRIZERBESYH
Table 6 GPR model hyperparameters

iRt FrifEAL TR R Sigma
Model Standardization Kernel function Kernel scale
GPR Yes Nonisotropic Matern 5/2 3.3801 1.2052
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Fig.5 Comparison of temperature field (a), velocity field (b) between FVM calculation results (upper) and reconstruction results
(bottom) (color online)
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Fig.6 Comparison of reconstruction results of longitudinal section of temperature field (a), velocity field (b) between FVM
calculation results (upper) and reconstruction results (bottom) (color online)
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Fig.7 Comparison of reconstruction results of cross section of temperature field (a),velocity field (b) between FVM calculation
results (left) and reconstruction results (right) (color online)
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