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Abstract

During the initial thermal design process, determining the thermal effect of various design variables in a complex
orbital thermal environment is time-consuming. To save time in the initial design phase, it is necessary to quickly derive
optimal design parameters and predict the temperature. To address these challenges, Veritrek, a software specialized in
optimal design using a reduced-order model (ROM), was released in 2018. In this paper, we utilized the Veritrek software
to build a reduced-order model, conduct sensitivity analysis, and perform optimal design analysis for a graphite sheet-
based cryogenic cooler thermal control system. The goal was to determine the optimal design values for the number of
graphite sheet layers, radiator area, and thickness that would meet the allowable temperature of the cryogenic cooler.
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Fig. 2 Configuration of cryogenic cooler system based

on graphite sheets

Table 1 Specification of graphite

sheet [5]

Item Specification

Configuration

Thickness [ym] 25 + 3
Thermal Conductivity
1,350 150
[W/m/K]
Th 1 Diffusi
erma; iffusion 850 +0.1
[mm?/sec]
Density [g/cm®] 2+ 0.1
Specific Heat [J/g/K] 0.8 £ 0.1
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Fig. 4 Configuration of orbit profile

Table 2 Thermal properties for thermal analysis

Thermal Physical Properties

Ttem Density Conductivity Specific Heat
[kg/m®] [W/mK] [J/kgK]
Al-6061 2,700 171 920
Graphite
Sheet 2,000 1,350 800
Thermal Optical Properties
Item So.la'r . IR
Absorptivity [a] Emissivity [e]
SSM BOL 0.100 0.800
SSM EOL 0.240 0.800
MLI* 0.014 0.005

# Effective Value

Table 3 Information of orbit analysis parameters

Parameter Orbit Condition
Worst Cold | Worst Hot
Altitude [km] 500
Solar Flux [W/m?K] 1,287 1,420
Albedo 0.30 0.35
Earth IR Flux [W/m?K] 227 249
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Table 4 Thermal design input parameters
Value
Input Parameters -
Min. Max.
Radiator Width [mm] 250 500
Radiator Length [mm] 400 700
Radiator Thickness [mm] 4 7
Graphite Sheet
0.461 3.072
Conductance [W/K]
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Fig. 10 Thermal distribution of worst condition ((a)Worst cold case, (b)Worst hot case)

st Ao AAMSTE s S8t
HA AA A Horeol mexAoa QFxAS v
she A FXE AR JbEegleow, 1 AT
Fig. 99} #o] “&H AT}, 7] d3s d77] ko
e wdyd A 2YTE Lo xAS wEsid
A, ddste] FAZE HastHs #HA o] kst EA
E dins wdy Z Zolo] dig HA MdA @
Z+7F 1.533 W/K, 397.75 mm, 503.81 mmo 2 &5
Ak, olw ZElHol|EXNE AALLE o] wE HZ
5 108% et} AtEd Aaghs vutow ok A
2zdd g #AS FYsielon, W¥hrle] %7t
11 T2 =& ugt 2% 27218 %3t 3
89S AMEshA] 55 g1ek3it). Table 62 4
AA Azt wE AA W ik Ags JER
™, Fig. 102 &% HA AA 2o & A= 4
4 5] WS e
3 *
. ? .
28 ’ *
" +*
—_ * 4
2
sz 26 ]
[}
=
:s *
Z 24 d .
g
& e
2.2
2

25 27 29 31 33 35
Cooler Temp. Max. [°C]

Fig. 9 Results of optimal design analysis at worst hot case

Table 6 Results of final optimal design

Optimal Design Parameter Value
Graphite Sheet Conductance [W/K] 1.533
Radiator Width [mm] 397.75
Radiator Length [mm] 503.81
Radiator Thickness [mm] 4
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