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Analytical Investigation of In-direct Heater to Simulate

Space Thermal Environment for Thermal Vacuum Test
Cheul-Woo Baek*, So-Min Shin* and Hyun-Ung Oh*

ABSTRACT

To simulate space thermal environment in thermal vacuum test, direct or in-direct heater
has been applied on the radiator. Both of them, direct heater attached on the radiator and
indirect heater with a distance from the radiator, simulate the heat fluxes from the Sun
radiation, the Earth IR and Albedo. They also supply the heat fluxes to the radiator of
spacecraft to achieve the target temperature according to thermal test conditions. In general,
indirect heater is used when the heater is not allowed to attach on the radiator directly due
to constraints of coating property or contamination. For in-direct heater design, it is needed
to estimate the heat power to make the extreme test conditions and minimize the
interference with heat exchange of radiator and shroud. In this study, optimized thermal
design of in-direct heater is proposed and investigated by commercial S/W SINDA. The
effective values of design factors are also derived.
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Fig. 1. Example of Direct Heater application
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Fig. 2. In—-direct Heater Configuration
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Fig. 3. In—direct Heating plate design
configuration
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Fig. 4. In—-direct Heating plate Thermal Model
and Design factors

Table 1. Boundary Condition temperature

for Thermal Analysis

B.C. temp.
-10C / 45C
-190C

Operating temp. Limit

Chamber Shroud

Thermal Analysis
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Fig. 5. Heat Source temperature by In-direct
Heating plate Position at Operating mode
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Table 2. Temperature values(IDH & Heat source)
with or without MLI under the same

input power
Temperature
Heater Power IDH | Heat Source
ith MLI 106.3C 25¢C
il ooow [ 203C o
w/o MLI 36T ~43.7C

Table 3. Estimated input Power to keep the heat
source temperature of 20C under
condition of with or without MLI

Temperature
Heater Power IDH | Heat Source
ith MLI | 261W
Wi 132°C 20T
wio MLI | 595W
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Fig. 6. Difference of Cooling down period of Heat
Source according to Existence of MLI
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Table 4. Temperature variation by Input
Power (d=300mm)

Power Temperature(C)

IDH Heat Source
150 W 80.2 -15.1
200 W 106.3 25
300 W 146.4 30.1
370 W 168.6 454
400 W 1774 51.8

* IDH @ In—direct Heating plate
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Table 5. Temperature variation by Input
Power (d=250mm)

Temperature(C)
Power
IDH Heat Source
150 W 83.1 -3.0
200 W 109.9 16.5
300 W 149.7 449
400 W 180.7 67.4

B g dALES 45T7HRA d499
o] & & 9e 3H g9 f9HE ¥

GIAF AFA HIFEFA " EdH ol
FEI AR gdololHZRY d=
250 mm Aol Hdl Fe7F 400WE 9A A=
2 HA5a SYolE Ewe] LEAME B33
of 3E Holze] FELr WS PolNA o
=5 Aojsfof 32 M-S Tl =&sAh

nm. &2 £
A A ASAE T AT AFA F
ARl sh]l BlA

S THOHA Edhe §
H &9 dAE Ndstur ZHolE Sdd
thSabebebd ) (MLI, Multi Layer Insulation)V S
28 dden, s T3 dsHddEAvt
e W} vlwste 44%9 92 FLIT EA
of a%E & F UFS AT sHY
grdolE g FEH AZle Fa 'dAEH Y &
ol o3k do] k=R WIH7] 9t 3
H ZYcEY S HAasd £ e AAE
AESIRoH, HFHoE JAFAHE 3|E ©H o]
Zo] ARRA] HEREE aElete] SE 9 B9t
Aol wg Fag AR AT

o2
1) Gilmore, David G.: Spacecraft thermal

control handbook, Vol 1: Fundamental Technol
ogies Z“dedition, Aerospace Corporation, 2002

) AHE, 253, FAZ, oBE, BN, W
A5 Q9L ol8F VA mARA 4A,
St -8 g E Al 199 1%, 2010, p. 60

3) 2Y 3, AMEE, oldE, ALY, “HITAH
Wi A4 BHex Aog uHEE: HfH &
a4 AR, =83, 2010, #1393 3HA|
sz 223, p. 49

4) “Thermal Desktop User’s Guide", ver. 5.0,
Network Analysis Associates, Tempe, AZ, 2006.

5) “SINDA/FLUINT User's Guide", ver. 5.0,
Network Analysis Associates, Tempe, AZ, 2006.



40 B

402 9%, 2012, 2

24 95 287 w4 A9 444 AE 183

A

2

J

[

A
8] A

4N o2

155

A

o X ofy
& X ool Hor I i°£°2:\°>
[e]

Aa¥l, ede, “AT
gA7A B dafa”,
, 2011, vol. 39 no. 5, pp. 474~480
=3 01;?;_],01/ 71)\1—1’ X}/“Oﬂ,
A, “AA =94 ﬂf“%’xﬂiﬂﬂ
g3 oful Baa”,
, 2011, vol. 39 no. 5, pp. 466~473
T, MEY, fAS, e, A2

2 99

A

, H sl

[e)

u =

gl

=olA ¢

s

0% ofo

olgqt, ©

H, “AFAY FAF FE LGB
& @siy mde Aus BANY ARE o
& A3, @FYTIFAINA, 2010, vol. 38

9 °18E, HEE, A, “AA= ATHA4
qg Anes Bgs gy

pp- 916 922



