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Preliminary Thermal Analysis for LEO Satellite Optical Payload’s
Thermal Vacuum Test

Jonglyul Lee*, Hwanil Huh**, Sangho Kim***, Su-Young Chang****, Deog-Gyu Lee****,
Seung-Hoon Lee*** and Hae-Jin Choi****

ABSTRACT

The purpose of satellite thermal control design is to maintain all the elements of a
spacecraft system within their temperature limits for all mission phases. The thermal
analysis model for Low Earth Orbit satellite payload level simulation is established by
considering thermal vacuum test environment condition, thermal vacuum chamber
configuration, and satellite’s payload inner thermal environment. The established
thermal analysis model is used to determine thermal vacuum test conditions and test
case requirements.
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71,

(mC,),; : thermal capacity of node i

T, T; : temperatures of node i (or j)

Glf : linear conductor between nodes i and j
=k A/L

ij : radiation conductor between nodes I and

j = Ai Fy

: thermal conductivity

A : cross sectional area through which heat
flows

Ea

L : length of conductor
o : Stefan-Boltzmann constant
A, : surface area

e : emissivity of the surface

F}; : view factor between nodes
@, ., : absorbed environmental heating
@, © internally generated heat
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Fig. 2. Orbit operating condition

Table 1. Orbit data of Hot/Cold Case

Hot case Cold case

Albedo 0.35 0.30
Solar B N
Radiation 1420 W/m 1287 W/m
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Table 3. Heater On/Off control Setpoints on
the Transition to Cold

Heater Setpoints Cold case Safe Hold

(on / off) [C] case [C]
Heater A (UCH A) 17.5/18.5 4.0/5.0
Heater B (UCH B) 17.5/18.5 4.0/5.0
Heater C (LCH) 10.0/11.0 4.0/5.0

Table 4. Boundary temperature of Shroud
on the Transition to Cold

Shroud | Shroud | Shroud A 1]
1 2 3
Temp- 1 00 5 5 20
[C]

Table 5. Thermal Balance Temperature of
the Transition to Cold

Hzetd daiM 2
component | 32 g [c]
HSTS 1.01 ~ 4.88 0.87 ~ 5.03
Heater A 4.41 4.67
Heater B 452 4.67
Lower Cavity 1.30 ~ 3.81 444 ~ 485
Mirror 1 1.92 7.93
Mirror 2 0.60 8.51
Mirror 3 0.20 7.53
Mirror 4 1.68 4.30
Mirror 5 1.05 416
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Table 6. Boundary temperature of Shroud

on the Cold Thermal Balance

Shroud | Shroud | Shroud 21 1]
1 2 3 =
Temp. B
(€] 70 10 10 20
Table 7. Thermal Balance Temperature of
the Cold Thermal Balance
HEEH gl 22
Component | g5 ez [C]
HSTS 1.01 ~ 488 364 T 644
Heater A 441 6.35
Heater B 452 6.41
Lower Cavity 1.30 ~ 3.81 255 7 359
Mirror 1 1.92 3.74
Mirror 2 0.60 6.88
Mirror 3 0.20 3.53
Mirror 4 1.68 427
Mirror 5 1.05 3.18
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Table 8. Boundary temperature of Shroud
on the Normal Cold Simulation

Shroud Shroud Shroud A 1

1 2 3 =

Temp. ~
[C] 90 0 0 20
Table 9. Heater duty-cycle

H T e oisl A 24m
(Cold case) 2o 2ot
Heater A 68% (41 W) 81% (49 W)
Heater B 1% (71 W) 43% (43 W)
Heater C 72% (11 W) 40% ( 6 W)

Total 123 W 98 W

Table 10. Thermal Balance Temperature of
the Normal Cold Simulation

HEed

sy 2=

Component HRLE[C] [C]
HSTS 1164 ~ 17.61 9.52 ~ 18.12
Heater A 17.55 17.56
Heater B 17.54 17.97
Lower Cavity 1062 ~ 11.55 1046 ~ 11.17
Mirror 1 11.88 8.93
Mirror 2 12.62 14.26
Mirror 3 7.81 8.75
Mirror 4 12.61 11.97
Mirror 5 8.97 9.88
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Table 11. Boundary temperature of Shroud
on the Transition to Hot & Hot

Thermal Balance

Shroud | Shroud | Shroud 2 1y
1 2 3
Temp.
(] 10 45 45 20

Table 12. Thermal Balance Temperature of
the Transition to Hot & Hot
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Component %?%Eéiﬁc] g 25 [T]
HSTS 18.69 ~ 25.70 2355 ~ 27.78
Heater A 18.08 23.67
Heater B 18.23 2418
Lower Cavity 33.02 ~ 33.80 26.01 ~ 27.29
Mirror 1 24.74 17.63
Mirror 2 16.19 20.14
Mirror 3 34.84 19.04
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