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Balanco Térmico Global no Satélite

3 Aeff o TS4 = Aeff QI + QD

Calor dissipado
internamente
a0 sateélite

Calor emitido
pelo satélite

= (O Calor excedente em um
satelite ¢ rejeitado para o
espaco por meio de radiadores.
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Balanco Térmico no Radiador

€ Arad o rrrad4 =a Arad QI + QE1+E2

» Radiadores apresentam geralmente uma baixa relacao a/e.

* Em geral 0 <0,2 e £>0,8.
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A quantidade de calor emitida por um radiador ¢ fortemente

dependente da temperatura do mesmo: €A _,0 T, *
1500 — o T4
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S |
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 Tipicamente os radiadores rejeitam de 110 a 325 W/m? de calor dissipado pelos
equipamentos eletronicos.

500 — « A temperatura maxima ¢
minima de operagdo do
radiador nao pode

400 ~-20°C  *20°C ..
comprometer os requisitos de

/ temperatura dos equipamentos

300 a ele acoplados.

« Tipicamente  opera-s€  no
intervalo 5 < T, ; <40 °C.

100 « Radiadores criogénicos operam

a temperaturas bem abaixo do
0.8c T* intervalo acima (ver
0 T T T T | T T 17T T 17T T 177 | T T T 17T 1T T 17 | apresentag 50 dO Valeri a

0 100 200 300
Temperatura (K) seguir).

Calor dissipado por equipamento eletrénico (W/m?2)
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Radiadores Espaciais

! '

Classificagao por Classificagao por
estrutura fisica propriedade termo-Optica

' ' ' ' '

Como parte Fixado a || Retratil | | Propriedades || Propriedades
da estrutura estrutura termo-opticas || termo-Opticas
do satélite constantes variaveis
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— Radiador ¢ parte integrante da estrutura do
satelite

CBERS - FM1

SACI-1 Painel das baterias Painel BD.R/Shl.mt
com HPs imbutidos
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— Fixado a estrutura

CBERS - FM1

Radiador do WFI Radiador da CCD
CBERS - FM1 do FUSE
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— Radiadores Retrateis

» Radiadores retrateis surgem da necessidade de um aumento
significativo da area de rejeicao de calor.

Norminai configuration
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Na configuracao final os radiadores da ISS
rejeitarao até 14 kW
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Satellite de Télécommunications pour
Expérimenter les Nouvelles
Technologies en Orbite

Evaporador do LHP

i STENTOR
FOLAR GEMERATOR THEAMAL COMTROL SLBEYSTER
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1mbutidos

- one LHP (no redundancy)

- evaporator heat load ranging from 150 to 600 watts
- qualification temperature up to +85°C at the evaparatar
heat input interface

- static head of 2 m Condensador do
- heat flux density up to 4 Wiem?® LHP

- a turnkey » start-ups with radiator panel temperatures
as low as -50°C

- operational lifetime 15 years

- deployment capability from 90° to 120°
- mass 13 kg maximum
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Radiadores Retrateis (cont.)
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- Two LHFs (hot redundancy) tolerating single point  g—
failure

- Loop heat transfer capability up to 1200 watts <
- Ewvaporator heat  input  inteface  qualification
temperature up to +55°C

- Static head of 2 m

- Heat flux density up to 5 Wiom? -
- Freeze-tolerant DR {condenser, isolator and radiator <—
pansl)

- Operaticnal lifetime 15 years

- Deployment capability up to 1807

STEMTOR CELFHRAD
design design
Rejected heat (W) 3a0 4000
DR Mass (kg) 13 9.5

Figure 13 : 1300 W three-LHP DR derived from : . : -
STENTOR baseline design Rejected heat 340 355
surface (W/m?

DR mass | rejected 34 24
heat (kg/kVW)
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1500 W Deployable Radiator with Loop Heat Pipe

K. Goncharov, A. Orlov and A. Tarabrin
Lavochkin Association

M. Gottero, V. Perotto, S. Tavera and G. P. Zoppo
Alenia Spazio S.p A
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Radiadores Retrateis (cont.)

- transferred heat power is from 10 to 1500 VW,

- The heat input to the internal (txed) panel 15 applied to
eighth zones; the total area of the heaters does not
exceed 1/10 of the panel area. The intermal panel
average temperature is from —20 to +60 [*C] at heat load

of 1T0W + 1500W, correspandingly, and the heat sink

temperature of 100 K;

- The thermal resistance of the LHF at maximum heat
load (G = 15000 and maximum temperature of
+007C iz less than 0.007 KA,

- The maximum thermal resistance of the whale
Ceployable Radiator under the same conditions 1s less
than 0.013 (KA} (temperature  difference between
contact surface of payload imitators and average
temperature of radiating surface at heat power of 1500W
15 less than 20°C). Thermal resistance value includes
AGHPS and LHP thermal resistance, thermal resistance
of AGHF/LHF interface, thermal resistance of radiator
sheet. In mare details calculated and experimental

values of thermal resistance are presented in paper |7].
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Development of Loop Heat Pipe Deployable Radiator
for Use on Engineering Test Satellite VIII (ETS-VIII)

Hiroaki Ishikawa, Akira Yao, Teturou Ogushi and Seiji Haga
Mitsubishi Electric Carporation (MELCO)

Akihiro Miyasaka and Hiroyuki Noda
Mational Space Development Agency of Japan (MASDA)

Vapor Line Flexible line Radiator Panel
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°* | *Evaporator heat load: Up to 1000watts (at vapor |8

Evaporatr (5= ==\ | .» |temperature -5~+65°C.
iquid Line ondenser * | | i =
e 1 scnemate 1 C0le 'Iai;epi:e[L:P} tfﬁiaﬂg?rcatﬂr Input interface qualification temperature: Up |
. ressure Gage “Radiator Panel: 1800=4%0mm Single panel, Elngle
r—?‘” - ::dm : sided OSR coating, CFRP face-skin, Honeycomb core |

radiator panel |
*Heat rejection capability: Up to 400watts in spring
aquinox

*Deployment Angle: 90°
*Total Weight: 18.7kg
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K h Y

. Liquid Line . b i

. Radiator Pansr} ik
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7y j(,Hnge i It -
Base Panel [ «F £
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Viewr from ocutside satellite View from insice satellite
Figure 2 Schematic of Deployable Radiator for
ETS-VIII
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Boeing 702 Expanded View

— Antennas

Primeiro satélite comercial

que usa radiadores retrateis
com LHP (HPs flexiveis ?).
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— Radiadores Inflaveis: Dissipa¢do de grandes cargas t€rmicas transientes
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Radiadores Retrateis (cont.)

Radiadores Espaciais
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_. Radiadores Com Propriedades Termo-Opticas Constantes

 Normalmente os radiadores s3o projetados com uma
determinada relagdo 0/€ que se manteria constante ao longo da
vida util do satélite (o valor desta relagdo sO varia pela
degradacdo das propriedades termo-oOpticas).

 Diferentes coberturas podem ser usadas conjuntamente sobre a
superficie de um radiador para obter-se uma determinada
propriedade efetiva. ' /
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Radiadores com um
“mosaico’”’ de coberturas
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Radiadores com Propriedades termo-Opticas variaveis

Mudanca da emissividade | | Mudanca da Outros.
efetiva pela variacdo da| |emissividade do
visada da area de radiacao | | material que cobre o

para o espago. radiador.
Venezianas Venezianas —» Thermochromics.
mecanicas com palhetas

convencionais. | de matérial bi- —» Electrochromics.

metalico ou
com memoria
de forma
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* Venezianas mecanicas tradicionais.

0.80
0.60
E
M 040 _ —
.g —@— experimental
§ L —<—  diffuse _
8 T 2% specular Venezianas sobre radiador do painel
020 —Oo—  50% specular | . rq-
b das baterias no satélite EO-1
B —4&—  75% specular |
0'000 30 60 90

Opening Angle (degrees)
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* Venezianas com palhetas em material bi-metalico ou de
memoria de forma .

—
@
O
o
—
=
3
w

Radiador lateral da camera CCD
CBERS - FM2

a,

Low = surface)
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* Micro venezianas: milhares de micro-venezianas (6 -
150 um) sao acionadas eletrostaticamente (40 V).

MEMS VEC Radiator -
“Package”

i * Two 9em x 10 em Radiators,
- 1 D6 ». ‘oneoneach Spacecraft

* » Feed thruto back

£ * 36 Shutter Arrays, 12.65 mm x
13.03 mm, 72 Building Blocks
each, entire area actuated,
fixed w. Epoxy (Hysol P
4402/4450)

MEMS* @
Shutter i

Optical image of louvers Infrared images (. f _._,:'='ii.,
with etched openings, with states, effective ) v/

open louvers (top) and all 0.88.

closed (bottom). * Temperature Sensors on back

* Wirebonds to Dies
* Heater 1.5 W on back

Experimento no satélite Attach
* Tradeoff Yield — Assembly

tecnologico STS a ser
lancado em 2004.

Spacecralt Thermal-Control Workshop
March-11-13, 2002 El Segundo, CA
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» Electrochromics

— Determinados materiais (“compostos”) podem mudar sua transmissividade quando

submetidos a uma diferenga de poténcial (<5 V).
— Mudanga de propriedade Otica se da por meio da environment here. ) yhal il l
aplicagcdo de uma DDP transiente . (2N sialid s o) OO

— Radiador pode ser construido depositando o (LT ELELLE e oo
. . AR Au = Gold
material sobre uma superficie com alto € . * Back (Courten Electrode! EP g

Al foil or sheet
backing (if needed)

TCaq, Transport Conductor (ITO)

Polyaster (0.82 mil)
Adhesive

EC5, lon Storage Film (LiCoO;) EC,, Electrochromic Film (WOs)

IC, lon Conductor i TC, Transpert Conductor {ITO} Edge on view
il

(electrolyte)(LINDOS)

e
1;;{" E Device edge
T o i
!,:.: - =
[ | Dark State Light State
- - C-45T4
Experimento no satélite tecnoldgico (c) +0.8 V
STS a SEer langado cm 2004 Bending/Flexing has no effect on device function,

(AR pictures an rew datecand are noi modified in any way.) ‘

(Device mounted on 0.4 mm aluminum backplate.)
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e Thermochromics

— Determinados materiais sofre uma mudanga na propriedade termo-Optica com a
temperatura.

— Radiador seria construido fixando diversas pastilhas deste material sobre sua
superficie .

— Nao hé degradagao das PTO devido a irradiagao UV, por prétons ou elétrons.

— Problema: alto valor de a (0.84-0.9).

mD.TL..............

= ' PR

+ 0.6 * Lo ]

E . .

m .

- 0& .

3 | .

| . J

e 04 -

£ * ]

.E . - i :

£ 03[ :

E F

— u_z | - o . Lal:l Hi‘EErﬂ 1?5M“G_‘. ]

n Lo : La__Ca MnQ ]

ﬂ 4 or oa h

= 01 I R B P B
150 200 250 300 350 400

Temperature, K Smart Radiation Device
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Radiador “eletrostatico’: 200 - 500 V

Cover Film Cover Film

Skin

Eadiation

Fadiation

T

RN

radiation \

Intimate Phy=cal

Comtact Insulaior
High Emissivity Surfacc
Conncctor / .
Wire contact (Conductive)
— ¢ Insulator
Yoltage —
Source __I_ Skin
Low Emigsivity Surface

Experimento no satélite

tecnologico STS a ser
langcado em 2004.
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— Radiadores Carbono-Carbono

— Materiais C-C (fibra e matriz em Carbono) oferecem maior eficiéncia térmica, razao
rigidez/massa, “tailorability” e estabilidade dimensional que o aluminio.

SWALES
AEROSPATCE

BASELINE C-C RADIATOR !
b| 10N, | LOOIN
(25.4 M) | (254 MMy

Wo—irisa atmoseugnic
CORAECTON (W TRUMENT

EPOXY EPOXY
COAT&\ ‘?TING

LmAND oMK na
W OFPELD BOCK (MABIR DECK)

—=

" ) T —RLEREIALE B0LA Amany
R we e Pre-Flight / Experimental Flight Analysis
5056 ALUMINUM HONEYCOMB K (horizontal) 230 W/m-K 505 WK
211/ cuft. K (vertical) WM T = A
0.020" 6061-T6 Al K (z direction) R 208 i,

LESSONS LEARNED

+ (C-C Radiator was a success and proved that the technology can work to reduce Spacecraft
weight
+ (C-C has a niche, especially for high temperatures
+  (C-C still needs further development (my opinion)
o Reduction in fabrication time and cost - high conductivity “traditional” composites are
more competitive
Figure 1.1 Figure 1.2 o CTE Interface issues with heat pipes
Carbon-Carbon Panel Internal Surface Carbon-Carbon Panel External Surface
Redundancy a good idea - we flew the spare panel
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- Radiador com face-sheets € Honeycomb de C-C.

ULTRACOR INC.

Specialty Core Materials
Ultracor C-C P-120 Facesheets | Aluminum Facesheets | Aluminum Plate
H/C Panel Al. H/C Al. H/C
Thermal Conductivity
(in plane) (W/mK) 350 275 180 180
Density (g/cc) 0.27 0.2 0.3 2.7
Specific Thermal
Conductivity 1296 1375 600 66
(W-cm3/mK-g)
Thermal Conductivity
in Z-direction (W/mK) 65 20 10 180
Specific Thermal
Conductivity 241 100 33 66
(W-cm3/mK-g) InZ

Dados do EO-1 Pre-Flight / Experimental Flight Analysis

K (horizontal) 230 Wim-K 295 Wim-K
facesheets CC -[¢ (vertical) 230 Wim-K 208 Wim-K
HC Al K (z direction) 30 Wim-K 30 Wim-K
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- Radiador C-C com HPs (C-C) para sistemas com alta dissipacao de

poténcia. ﬁ-ﬁ‘;

Glenn Beseanch Center,

*I—T'E-Cm evapnmtc:r_hl_‘_ A0-cm condenser saction  ——»d

saction Nb-1Zr liner

f,—Wiu:k ..é:’é Lb— Integral fin |
7 C-C tube
End cap —. [ —————— Y—— Endcap ’ :
- Fluido fe trabalho: Poi;l_ssw -</_ — EZ:’;' > ”
S e —— e — S E— . Fill tube
< Fill tuba \'\_ Endl cap Braze foil
fweld sealed; 5 765 0m <~" -,
both ands) Nb-1Zr ;r’ “— Intagral fin
A
C-Ctubeand/ g p7g 1.0-mm C-C
integral fin — . tube wall
Mb-1Zr linar

— -G compesite shell (1.0 mm)

s
ol

e

_~— 2to & um Re barrier coat (CVI)
::,_ Braze materal (25 to 50 um, Ag or CUSIL ABA)

| ™ Metallic liner Nb=1Zr (0.076 mm)
—L————l———1 R:"-— Spacer tabs (.25 to 0,35 mm)
‘L""'\.

— Mo foil wick
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Radiadores Carbono-Carbono (Cont.)

SP-100
Rejeita até
2.4 MW

Radiator pansl
with 226 heat pipes

S Evaporator

Heat pipe
with end caps

® & & & %

Dasign features
12-panel, conical radiator
Carbon-carbon heat pipes
Integra! fins . . Radiztor
Fbtass_lun‘ working fluicl configuration
Metal liner

Turbine discharge
flows
T; Ta Tg

Rejeita 15.0 MW

Inset: Edge view of double C-C face sheet configuration

= F § o~

Perspective edge view

Finned heat pipe condensers

A-A B-B
Eifurcated

3

B & padiator duct with heat pipe evapomtors)>
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