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A STUDY ON THERMAL MODEL REDUCTION AND DYNAMIC RESPONSE

Hyoung Yoll Jun" and Jung-Hoon Kim
Satellite Thermal & Propulsion Team, KARL

A detailed satellite panel thermal model composed of more than thousands nodes can not be directly integrated
into a spacecraft thermal model due to its node size and the limitation of commercial satellite thermal analysis
programs. For the integration of the panel into the satellite thermal model, a reduced thermal model having proper
accuracy is required. A thermal model reduction method was developed and validated by using a geostationary
satellite panel. The temperature differences of main components between the detailed and the reduced thermal model
were less than 1T in steady state analysis. Also, the dynamic responses of the detailed and the reduced thermal
model show very similar trends. Thus, the developed reduction method can be applicable to actual satellite thermal
design and analysis with resonable accuracy and convenience.

Key Words : A H % $1°9(Geostationary Satellite), & 3l14(Thermal Analysis), %2 7FF3l(Model Reduction),
1’3413l (Satellite Panel), -&2}5/J(Dynamic Response)
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Fig. 1 Flow chart for the model reduction
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Table 1 Input main parameters for model reduction

Parameter Comment
(Gl all conductive conductor value
T,,T,1, kept, eliminated & condensed node
Ay detailed node vs. reduced node area
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Fig. 2 Thermal couplings through the panel
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Fig. 3 Detailed satellite panel model
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Fig. 4 Reduced satellite panel model
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Fig. 5 Temperature difference of components between detailed
model and reduced model
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Table 2 Node number of detailed vs. reduced model

Node Detailed model Reduced model
Environment 6 6
Panel 11200 210
Component 80 80
Heat pipe 550 14
Total 11836 310
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Fig. 6 Detailed panel model for high dissipating electronics units

Fig. 7 Reduced panel model for high dissipating electronics units
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Table 3 Temperature & heat transport capability

Node Item Det T | Red T | Det H | Red H
number ((0) (C) | (Wem) | (Wem)
270017 | Unit 1 31.845 | 31.934
270018 |  Unit 2 26422 | 26.459
270019 |  Unit 3 27.28 27.34
610000 | Heat pipe 1| 16.339 | 1621 | 13123 | 13749
610100 | Heat pipe 2| 17.845 | 17.887 | 573.7 5572
610200 | Heat pipe 3| 24382 | 24439 | 3545 | 3564.8
610300 | Heat pipe 4| 25.057 | 25.152 | 33594 | 33779
610400 | Heat pipe 5| 25.123 | 25.231 | 33653 | 3370.5
610500 | Heat pipe 6| 24.799 | 24.887 | 3543.2 | 3549.3
610600 | Heat pipe 7| 20.976 | 21.055 | 710.3 721.3
610700 | Heat pipe 8| 21.228 | 21.267 | 1177.6 | 1186.4
610800 | Heat pipe 9| 1899 | 18.944 | 1095.8 | 1101.1
640200 |Heat pipe 10| 20.929 | 20.97 298.6 304.3
640300 |Heat pipe 11| 21.023 | 21.06 274.5 280.7
640400 [Heat pipe 12| 20.739 | 20.774 | 294.6 3024

Average of Del T -0.042

Standard deviation of Del T 0.060
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Fig. 9 Temperature differences between 7} obtained from Eq. (7)
and Eq. (10) : internal skin of reduced model
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Heat Flux (W/m”2) vs. Orbit Time
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Fig. 10 Heat flux vs. orbit time(1 hour period)
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Fig. 11 Heat flux vs. orbit time(24 hours period)
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Table 4 Average and standard deviation of del 7

Item Reduced Model
Average -0.007
Standard deviation 0.143

Detailed Model Temperatue vs. Orbit Time
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Fig. 12 Detailed model temperature vs. orbit time(1 hour)
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Fig. 13 Reduced model temperature vs. orbit time(1 hour)
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Fig. 14 Temperature difference between detailed model and
reduced model vs. orbit time(1 hour)
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Fig. 15 Detailed model temperature vs. orbit time(24 hours)
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Fig. 16 Reduced model temperature vs. orbit time(24 hours)
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Fig. 17 Temperature difference between detailed model and
reduced model vs. orbit time(24 hours)
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