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Inversion of Interfacial Heat Transfer Coefficient for Hot Working Process Based on
Physics-Informed Neural Networks

CAO Liu, WEI Ruwei, ZHANG Qindan
(School of Mechanical and Electrical Engineering, Guangzhou University, Guangzhou)

Abstract: Physics-informed neural networks (PINNSs), as a typical representative of scientific intelligence, have set off a research boom in the
manufacturing field in recent years. This paper constructed the PINNs network architecture and inversion process based on the open-source
PINNs framework DeepXDE for the inversion of interfacial heat transfer coefficient of the hot working process. In order to verify the accuracy
of the inversion parameters of PINNs, the finite difference method was utilized to obtain the temperature data of the sampling point under a
given interfacial heat transfer coefficient, and then the interfacial heat transfer coefficient was inverted using PINNs and compared with the
original parameters. The comparison results showed that the parameter inversion accuracy of the single-linear model was very high and almost
independent of the initial values of the parameters. In order to verify the practicality of the interfacial heat transfer coefficient inversion, the
interfacial heat transfer coefficient of the copper alloy GKMS60 in the actual casting process was inverted and used for the prediction of the
filling process of low-pressure casting with multiple wall thicknesses. Comparing the simulation and experimental results, it was found that the
casting heights obtained from simulation and experiment were basically the same for different wall thicknesses.
Key Words: Physics-informed Neural Networks, Interfacial Heat Transfer Coefficient, Parameter Inversion, Hot Working, Artificial Intelligence
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Fig.1 Adopted PINNs network architecture and interfacial heat transfer coefficient inversion process
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Tab. 1 Required calculation parameters and artificially set interfacial heat transfer coefficients
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h, p hg B B
1 000 100 0.2 600 0.005 1 000 1 1 500 1 5
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Tab. 2 Initial values of different parameters for the single/bilinear model and inverse values of the final interfacial heat transfer coefficients

WRAE  HE  SEBEW - m? K B RBE/(W + m? K)
Al hS =1500 p =15 hs =1011.39 £ =1.03
h. =500 =15 h. =1006.06 =1.01

Gyt : p : p
s h, =1500 S =05 h, =1007.10 S =1.02
As hs =500 pg=05 hS =1008.90 £ =1.02

B h,=2500 B,=15 B,=7 h,=204199 B, =258 p,=6.99
B, h,=2000 B, =15 B,=3 h =1691.75 B =155 fB,=2.99
B, h,=1250 B, =05 B,=7 h, =1462.94 B, =0.87 S, =6.99
B+ h,=1000 B, =05 B,=3 h, =146235 B, =087 p,=2.80
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Fig.2 Train and test errors in different cases
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Fig.3 Comparison of interfacial heat transfer coefficients obtained by inversion in different cases
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Tab. 3 Mean error and standard deviation of interfacial heat transfer coefficient curves for different cases compared to the reference case
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Bs -15.5414  80.267 1
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(a) T Ar~As BURE SR E; (b) 77 %8 Bi~Ba BURE RUIRLIE; () J7 %8 Av~Aa ZCRIESM A7 (d) T35 Bi~Ba i L5347
Fig.4 Comparison of the results of substituting the inversion values of different cases into the finite difference method program
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Fig.5 Measured temperature data processing
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Tab. 4 Required calculation parameters
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Tab. 5 Interfacial heat transfer coefficients obtained by inversion for different initial values
SEHIEE/(W » m? K RERBME/(W - m? K')
h, B h, B
G 500 0 994.76 1.05
(@) 1 000 0 997.76 1.06
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(6] 2000 0 979.84 0.98

Cs 500 1 998.74 1.07
Cs 1 000 1 1 009.02 1.12
Cs 2000 1 1029.53 1.22
Cr 500 3 1.004.58 1.10
Cs 1 000 3 977.46 0.97
Co 2000 3 1032.22 1.22
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Fig.6 Train and test errors in different cases
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Fig.7 Comparison of interfacial heat transfer coefficients obtained by inversion under different cases
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Fig.8 Geometric model and casting mold used for the experiment
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Fig.9 Comparison of simulation and experimental results for different wall thicknesses
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Tab. 6 Comparison of simulated and experimental casting heights for different wall thicknesses

BEE/mm ESEREmm  SERRFHEE)/mm AERE %

23 182.68 184 0.72
2.5 192.27 194 0.89
2.8 203.48 206 1.22

3.2 222.68 221 0.76
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