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(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai, China, Post Code: 200241 )

Abstract: Accurate analysis and control strategy formulation of the thermal performance of complex heat
exchange structures require real-time evaluation of their temperature fields. The impingement/film cooling
walls were investigated and a reduced-order model (ROM) was introduced based on proper orthogonal
decomposition (POD) and sparse temperature sensor data to rapidly reconstruct three-dimensional steady-
state temperature fields. First, a fluid-structure coupling model was established, and a numerical simula-
tions based on the finite volume method (FVM) were performed to generate temperature field data sam-
ples. Next, a snapshot matrix was constructed from the numerical simulation data sample, and a reduced-
order model was built using the POD method to realize rapid reconstruction of the temperature field under
both adiabatic and non-adiabatic conditions. Finally, the model’s accuracy was verified through compari-
sons with both numerical simulation results and experimental data, and the computational efficiency of the
reduced-order model was further assessed on a central processing unit ( CPU) hardware platform. The re-

sults indicate that the reconstructed results are in high agreement with experimental data under non-adia-
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batic conditions, and the relative error between the reconstructed and simulated results does not exceed

0.18% under adiabatic conditions. The model can achieve rapid temperature field prediction within

0. 001 second, with a speed-up factor of up to 1.8 x 107 compared to traditional numerical simulation

methods. This approach provides a feasible technical means for the real-time monitoring and analysis of

temperature fields in engineering applications.

Key words: proper orthogonal decomposition, numerical simulation, double-wall cooling, reduced-order

model, temperature field prediction
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Tab. 1 Parameter settings in simulation cases

MY aRRE ARIRE
TH  Re,  CMR .

Qua/W - m T./K T./K
1 10000 0 1 870 292.08 291.30
210000 0.2 1 870 292.03 291.36
310000 0.3 1 870 292.05 291.29
4 15000 0.1 2697.19  292.49 292.9
5 15000 0.25  2697.19  292.79 293.04
6 20000 0 2776.67  291.33 292. 84
720000 0.2  3130.83  291.34 294.52
8 20000 0.3 3130.83  291.30 294.34
9 25000 0.1 2776.67  293.34 301.97
10 25000 0.25  2776.67  294.29 300. 89
1110000 0.1 1 870 291.97 291.29
1210000 0.25 1 870 292.05 291.29
1315000 0 2697.19  292.25 292.36
14 15000 0.2 2697.19  292.69 293.16
15 15000 0.3 2697.19  292.87 292. 84
16 20000 0.1 3130.83  291.38 294.78
1720000 0.25  2422.50  294.92 299.33
18 25000 0 2776.67  293.53 302. 11
19 25000 0.2  3609.67  293.00 301.54
20 25000 0.3 3609.67 29264 300. 04
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