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Abstract

Thermal design for satellite propulsion system has been performed. Overall design requirements and the
constitution for propulsion system is described. To meet the thermal design requirements, both a primary and
a redundant heater circuit, each with two thermostats placed in series, will protect each hydrazine-wetted
components, even if one heater circuit fails to operate. Heater power is turned off if any one of these
thermostats is opened at its higher setpoint. Thus, even if one thermostat is failed closed, the second
thermostat will turn off the heater. All such components shall be insulated with MLI. Propulsion heater sizing
based on the constant worst cold case condition is conducted through thermal analysis. All heaters selected for
propulsion components operate to prevent propellant freezing satisfying the thermal requirements for the
propulsion subsystem over the worst case average voltage, i.e. 25 volts.
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Fig. 1 Satellite propulsion system: (a) design schematic;
(b) real configuration
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Table 1 Boundary conditions used in thermal analysis

Propellant Lines,

Conduction| +43°C (110 °F)

Radiation| + 43 °C (110 °F)

+43°C (110 °F)
+43°C (110 °F)

Orbit Compo. Thruster Valves Modules, and PaEr:::sfe(;o:: Psopna:‘;ts
Propellant Tank
Cold Case
Conduction -13°C (9 °F) -10 °C (14 °F) N/A
Radiation -13°C (9 °F) -10 °C (14 °F) - 273 °C (- 460 °F)
Hot Case

N/A

Q = 2 x Direct Solar Flux
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o XA ®ae 1 FHELEE BTUW0F)E
WA Zolol ghr}
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% gAl°l(active thermal control) HHEE ZF
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Z(resistance, R)¥ 7 A& %¥(capacitance, C)2] 714
g AMgStE A7 A ¥ (electrical  network
analogy)& AtE3tm, HAR FIA YA ==
Atele]  A&g T3yl A A W(finite
element solution)& ol &3l gl HFdH=
f- k& (finite difference solver) & AF&-&ta] ¥h&
A AbGiteration) S 3| FH A}
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Module)?] A# FA4# TASOA Fhg 34
H Z59 3 x4 i vEE Fig. 2 o EA
At

3.3.1 Mz glconduction resistance) A& 2

o] 3 o re] &% Y2 (heat balance eq.)S
&3 Zo|] xHEATL
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Fig. 2 Comparison between (a) real module and (b)
TAS 3-D model

(linear conductor) Gy, & A=A R, E thadt 2
o] X% AA 4% (conductive shape factor) S 2] &<
2 A 5 Qi

G, =o—="r=kS @)

3.3.2 S AA &H(radiation resistance) Hl&H 2

FH EBAle BRE EAXYE T de
Gebhart® 2] &47A14> " (absorption factor method)
& Abgg}

9 elo] AHFZA FHE FAND Je B
E gdWol ZAY A$ FW A 2HE &45HE
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Table 2 Estimation of heater power

B Latching I[solation Fill / Drain Valve
C Iter/Pxdcr M
omponents Propellant Tank Filter/Pxdcr Module Valve Module Module
Heater S/C Bus Average Pxdcr Heat Average Average Average
Enable/Disable | Vohage | Propelant Tenk Power Dissipation Power Power Power
Condition vi W] w1 w] W] W]
Full 3.66 1 0.00
25 . 1.01
Empty 4.64 [ 1.08 133
Primary Full 3.61 1 0.00
28 . K
Enable Empty 431 0 1.08 130 101
34 Full 3.76 1 0.00 124 1.00
Empty 4.50 0 1.08
25 Full 2.60 1 0.00 116 0.5
Empty 4.20 0 0.96
Redundant 28 Full 2.49 1 0.00 113 0.95
Enable Empty 3.90 0 095
34 Full 2.50 1 0.00 1.06 0.02
Empty 3.93 0 0.94

Bl YR, g B Aoz gdE oz

q,=E,A,-Y F E, A, )

et 2E "ol TAHZL ofd BE Aol FF
He i BY PAEY BE2 Fyot oY &

q;=EjAJ‘Z“:Ba E A, 4

o HHEA FFAST By o do2 YEhdth o
714 FFAT By © A9 E8FHY 98 F U
E RE AZE 31839 Aj o EFHE A WA
ZFHEA)Y FEEE JogEn

EF AT By & A&t BAIZHHE T3
$3l4= Hottel and Sarofim™¢] A7) Wy
(network method)#9] AHAAAE o] &3} Y99
Ak 3] A (diffuse-gray) X8 Al 9 Aj Y] oy A
W E 3 (q;)S T EF(exchange quantity, Fy')S Al
£33 Aogd.

qij=Fij’AiG(’ri4_Tj4) (5)

o] 2% Gebhart®e] F5A4  HHH(absorption
factor method)¥® F#A7IE F'=¢B, 4& & F
glony ol ddo HHZ veldE ©S 47
Z2t.

[SF]=[E] [B]

[B] = {[1] - [F] + [F] [E]}" [F] [E] (6)
o] 710l A
[SF]: Fy
[E]:&, B¥ WAHE(HZ 33)
Im: &9 3=
[F]: B73AS(view factor) 3 E

9 AL AHEAT A AAS RAdrle o
Heog TASOqAE EAAE #H4 EQ

TRASYS!""7} W7g= o] glo] A&7t Rl 3

Y 298 Algs] 32@gF Fy & TRASYSO=Z
2 FEd g8ty HFHo=z FIHAE (1)
29l BAIEZHEH =

-

G,=F,'A/c Y
7b =5 AA A AHgHE SAAZE (DA
of BAldw3t 82 A3 s}(linearization)dtd tH
o Fej7t AHdrth
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TG, (T +TH(T,+T,)

®

ji

4 @M AT Y HE

dafMo] AlgEE RE EAxE HEETUA
(vendor)o| A A F=H = HF 9 1 Z(specification)S
Z23] Gilmore™e] AHAP=F =AFHoIgE
e AHERG o9t BEE HF R4 53 2o
& A Z(contact conduction)’} A FHo EAA
T ditdQ Asvt EAEA derng EL o
EXA48949 1 Z(KOMPSAT-1)oIA ALY A
A X "(heritage) S HhF L3t

g3 Aol o 7R 7 RF EEA §
Zrg 3Ele 48 WFo] Table 2 o YEl} Qltt
¢ 949 3 HE7 A5 FE T3k
AW 2 Aol 25, 28, 34V A B¢
of s AA 3|Ert FAFEe FEE 1oy
#F Y28 W (average power)S Table 2 o ¥
7185t o] HF HTALHAHHFS JAHA
285 FE AYFE AAF sl ujS- FoF W
F7F =, olrt Al A8HE AHE Al
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Fig. 3 Latching isolation valve module: (a) solid model
and nodes; (b) transient thermal response with
primary heater circuit enabled
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Fig. 4 Fill and drain valve module: (a) solid model and
nodes; (b) transient thermal response with primary
heater circuit enabled
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Fig. 5 Filter and pressure transducer module: (a) solid
model and nodes; (b) transient thermal response
with primary heater circuit enabled and
continuous 1 W dissipation assumed in pressure
transducer; (c) pressure transducer failed to
operate
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Fig. 6 Propellant tank: (a) solid model and nodes; (b)
transient thermal response with primary heater
circuit enabled and half-full of hydrazine in
propellant tank; (c) empty propellant tank
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