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Real-time reconstruction strategy for full-domain temperature field
of multi-heat source systems

ZHANG Lu', YE Yuwei’, Al Qing®, LIU Meng®, SHUAI Yong’

(1. School of Computer Science, Shenyang Aerospace University, Shenyang 110136, China;
2. School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract ; In dynamic thermal management of multi-heat source systems, full-domain thermal analysis and real-time
assessment are core elements. However, conventional discrete measurements and reconstruction techniques struggle
to capture dynamic evolution of the temperature field in real time. Therefore, a full-domain temperature field
reconstruction strategy based on discrete measurements is described. The eigenbasis functions of the temperature
field are extracted by singular value decomposition (SVD) , and the Gray Wolf Optimization (GWO) is introduced
to optimize the layout of discrete sensors. A coefficient matrix for the full-domain temperature field reconstruction is
computed by combining the eigenbasis with the discrete measurements. The reliability of this approach is validated
based on numerical reconstruction experiments of four heat source systems. The results indicate that after sensor
placement optimization, the level of theoretical reconstruction error for the four heat source systems is significantly
reduced by at least three orders of magnitude. Moreover, in the temperature field reconstruction of a typical PCB
multi-heat source system, comparison with numerical experiment results shows an average error of 0. 12 C and a
root-mean-square percentage error below 1% . The reliability of the strategy in practical applications is validated,
providing a reference for thermal analysis and control of electronic equipment.
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Fig.1 Schematic diagram of temperature models
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Tab.1 Range of temperature model control parameters
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2.2 EME{TESR

TEM FE R i fe v e 16 AR idde, Ak
B B o BERIL 5 A, A% T I e 6 B AR s
AT TSR RE (B Dyl B (L5 SR, A il B2
RERAEXS IR ) 5 20 il B2 0 An EA T HE A, 5T 2

JE/R T U B R AR S, nT U A
LURIEBAE X S B s B s v &, itk
— X RBEATRAL PPl XA 2 Prs SALR
77 MR 23 BEIRZEEAT T 4T,

s RREPC 6 REE/,C . R AEPC R AE/°C
175 175 175 200
5 5 5
4 150 4 150 4 150 175
~ 3 125 ~ 3 125 ~ 3 125 150
2 2 2 s
| 100 00 100
0 0 0
rar Sl e TS el 100
* FREC * REIC I C x B C
6 200 6 200 6 225 250
> s O s 0 200 225
4 4 4
=3 150 = 3 150 = 3 175 200
2 2 2
125 125 150 175
1 1 1
0 100 0 100 0 125 150

6 6 6
5 5 5
4 4 4
~ 3 ~ 3 ~ 3
2 2 2
1 1 1
0 0 0
01 2 4 5 6

* WERE/C * WE/C

BE/,C * B/ C

6 150 6 150 6 150

5 5 5

4 100 4 100 4 100
~3 ~3 ~ 3

2 50 2 50 2 50

1 1 1

0 0 0 0 0 0

01 2 3 456 01 23 45 6

& 2

X X X

WIFEREFENER

Fig.2 Validation results of temperature field reconstruction
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Fig. 3 Reconstruction error for each model under different
operating conditions
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Tab.2 Optimization convergence validation

st 10 -6
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PAIERTHR 6.313 548 27 6.243 980 80 6.226 808 60
glE  3.232239 03 3.162 588 65 3.151 473 28
XU 4.358 864 50 4.211 688 03 4.153 184 83
I 2.456 535 63 2.410 488 17 2.376 451 12
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Fig.5 Optimized sensor placements for four temperature models
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Fig.7 Multi-chip PCB and measurement point placement
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Fig.8 Finite element solution and corresponding reconstruction
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