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Exemple 1 : 
 
 
 
 
A1 convexe contenue dans A2. 
 
F12 = F21 = 1 
 
 
 
 
 
 
 
 
 
 
Schéma électrique équivalent : 
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Approximation : Si  A2 >> A1 
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N.B. Il s’agit d’une formule qu’on retroune souvent utilisée erronément dans les livres. Elle n’est valable que si ε2=1 

(corps noir) ou A2>>A1 (surface très grande). 
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Exemple 2 : 
 
Trois surfaces se voyant mutuellement et ne voyant rien d’autre. 
 
 
 
 

 
 
 
Exemple 3 : 
 
Echange entre deux surfaces entourées par une troisième surface isolée vis à vis de l’extérieur.  
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Exercice 1 : 
 
Déterminer tous les échanges thermiques entre deux plaques dans une pièce à 27°C (la pièce est supposée très 
grande : A>>). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Remarque : On supposera ici que les deux plaques ne rayonnent que d’un côté. 
 
Exercice 2 : 
 
Deux rectangles sont placés perpendiculairement, avec une arête commune. La première surface est maintenue à 
1000K (ε1=0,6), l’autre surface à sa face arrière isolée et rayonne vers la surface 1. Le tout est plongé dans un 
environnement très grand à 300K. Déterminer la température de la surface 2 isolée, ainsi que le flux de chaleur à 
fournir au système de l’extérieur pour maintenir la température à 1000K. 
 
Remarques :  - La surface 2 étant isolée thermiquement, T2 est la température de puits de cette surface. 

- On ne donne pas ε2 car on n’a pas besoin de l’émissivité d’une surface pour déterminer sa 
température de puits. 
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Exercice 3 : 
 
Pour isolé le télescope ISO à l’intérieur de FOCAL5, on l’entoure de M.L.I. caractérisé par des émissivités 
différentes selon le côté par lequel on le regarde. 
 
 
 
 
 
 
 
 
 
 
 
 
- Comment faut-il orienté le M.L.I. si ε1>ε2 et si on veut isoler l’expérience de la cuve le mieux possible ? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- Même question, mais on tient compte du fait qu’on maintient le M.L.I. par un support dont la conductivité n’est 

plus négligeable. 
 

Cuve FOCAL5 
M.L.I. 

ISO 

M.L.I. 

ε1 ε2 

Cuve FOCAL5 
M.L.I. 

ISO 
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Annexe 1 : Transfert thermique dans un gaz visqueux 
 
Gaz à 20 °C M (Kg/mole) Vm 

(m/s) 
Vq (m/sec) V son (m/s) Em (J/mole) 

H2 2.016E-03 1754 1904 1315  
He 4.003E-03 1245 1351 933  
H2O 1.8016E-02 587 637 416 3654 
N2 2.802E-02 470 510 394  
O2 3.200E-02 440 478 328  
CO2 4.401E-02 375 407 267  
 
La conductivité de l'air est indépendante de la pression. 

Chapman 

η ρ
π σ

η
π σ π
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kT m
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T (K)  /         K 
(cal/m/s/K) 

A Air CO2 N2 O2 F2 Cl2 NH3

100 157 219 223 214 206
150 230 329 329 328 321
200 298 438 227 437 438 436 128
250 364 532 305 528 537 544 170
273 392 575 341 571 583 592 188 516
300 423 619 387 616 633 643 211 587
350 480 697 476 692 716 736 254 727
400 532 772 565 766 795 823 296 868
450 582 841 651 834 868 909 338 1031
500 629 904 737 895 938 993 378 1192
550 672 968 825 957 1011 1078 415 1354
600 713 1028 912 1014 1085 1166 450 1490
650 752 1091 1074 1159 1251 484
700 791 1152 1132 1230 1336 515
750 828  1193 1304 1418
800 864  1252 1378 1503

K en cal/m/s/K   
 
La limite supérieure du régime visqueux est définie par le nombre de Reynolds 
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Chapman Enskog 
k B cV= . .η  
B =  2.5 pour gaz  monoatomique  
 1.9  diatomique 
 1.75  triatomique 
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Transfert thermique dans un gaz à l'état raréfié 
Phénomène de Condensation - Evaporation aux parois 
 

l
N

kT
Pmoyen = =

1
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1
22

1
2π σ π σ. . . . .

.

 
La molécule est assimilée à une sphère de diamètre σ. 
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Tenant compte des forces de Van Der Waals, Sutherland écrit : 

l
kT

P
Nm B

T
B
T

=
+

=
+π σ π σ. . .( ) . . . .( )2 1

1
2 12 2
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Gaz à 20 °C M (Kg/mole) Vm 

(m/s) 
Vq 
(m/s) 

V son 
(m/s) 

λ σ (Α) η lm τ 

    m.Pa Pl  à 15°C 
1Bar 

m  à 15°C 
1Bar 

s  à 15°C 
1Bar 

Air  459 498 344 6.70E-03 3.75 1.7960E-05 6.40E-08  
H2 2.016E-03 1754 1904 1315 1.22E-02 2.74 8.710E-06 1.177E-07 9.700E-11 
He 4.003E-03 1245 1351 933 1.92E-02 2.18 1.943E-05 1.862E-07 2.060E-10 
H2O 1.8016E-02 587 637 416  
N2 2.802E-02 470 510 394 6.41E-03 3.77 1.734E-05 6.280E-08 1.850E-10 
O2 3.200E-02 440 478 328 7.10E-03 3.75 2.003E-05 6.790E-08 1.560E-10 
CO2 4.401E-02 375 407 267 4.40E-03 4.59 1.448E-05 4.190E-08 7.200E-11 
CO  467 506 332 6.50E-03 3.61  
Ar  391 425 279 6.90E-03 3.66  
Hg (220°C) 0.2 176 191 125 3.50E-03 5.1 4.700E-05 8.320E-08  

 
Temps de collage à la parois  
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X nombre de collisions par sec avec les parois de surface S: X N V S P
kT V Sm m= =1

4 1
1
4. . . . . .  

Y nombre de collisions par sec entre moléculesdans un volume V: Y N V Vm= 1
2 22. . . . .σ π  

Nombre de Knudsen Y/X (= d/lm pour un long cylindre) joue le rôle du nombre de Reynolds pour la limite 
inférieure du régime visqueux.  
Y
X

N V
S

P
kT

V
S

= =4 2 4 21
2 2. . . . . . . . . .π σ π σ  

 
Pour l'air et un cylindre de diamètre d très long: Y

X
P

kT d= −6 2 10 19. . .  
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Focal 5 Air à 20°C  
Pression (Pa) 100000 1000 10 1.00E-01 1.00E-03 1.00E-05 1.00E-07 
Pression (mBar) 1.00E+03 1.00E+01 1.00E-01 1.00E-03 1.00E-05 1.00E-07 1.00E-09 
lm (m) 6.70E-08 6.70E-06 6.70E-04 6.70E-02 6.70E+00 6.70E+02 6.70E+04
N1 (molcle/m^3) 2.48E+25 2.48E+23 2.48E+21 2.48E+19 2.48E+17 2.48E+15 2.48E+13
Y/X = d0/lm 7.46E+07 7.46E+05 7.46E+03 7.46E+01 7.46E-01 7.46E-03 7.46E-05
τs (sec) 2.40E-09 2.4E-07 0.000024 0.0024 0.24 24 2400
 
Nbre de molécules 
par m en volume  

4.8695E+26 4.87E+24 4.869E+22 4.869E+20 4.8695E+18 4.87E+16 4.8695E+14 N1*p

Nbre de molécules 
par m en surface 

1.117E+20 1.12E+20 1.117E+20 1.117E+20 1.117E+20 1.12E+20 1.117E+20 1/sig

lm 6.7E-08 6.7E-06 0.00067 0.067 6.7 670 67000
 
Coéfficient d'accomodation  a 
Tp température paroi 
Ti température gaz incident correspondant à vm 
Tr température gaz réémis par la paroi, correspondant à Vm,r 

a
T T
T T

r i

p i

=
−
−

 

T0=Tparoi froide 
k a P

R
M T

R
M T

thermique
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=

=
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. .

.
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. . .exp
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1
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0

1
2

0

π
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γ π

 

a1 parois froide; a2 parois chaude : a = a1.a2/(a1+a2+a1.a2) 
 
 
Gaz M γ λ   Λ 

   (W/m/K) (W/m²/K/Pa)
H2 2.016 1.41 0.171 6.072
He 4.003 1.67 0.1436 2.935
H2O 18.016 1.3  2.649
Ne 20.18 1.67 0.0466 1.307
N2 28.02 1.4 0.0238 1.663
O2 32 1.4 0.0244 1.557
A 39.94 1.67 0.016 0.929
CO2 44.01 1.3 0.0144 1.696
Hg 220.6 1.67  0.415
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Formule pratique W Watts K S a P Pa T T( ) . . . ( ).( )= −1 0  
 
Gaz T2 et T1 (K) K  T = 300K  T = 77K  T = 20K 
N2 <400  1.2    
O2 <300 1.12    
H2 300 et 77 4 0.3 0.5 1 
H2 77 et 20 3    
He indifférent 2.2 0.3 0.6 0.6 
Air   0.8 1 1 
 
 

 P (mBar)  P  (Pa) Raréfié Visqueux  
1 m² 1.00E-02 1 0.24 W/m/K 
2 surface à 5 
m 

1.00E-03 1.00E-01 0.024 0.0238

 1.00E-04 0.01 0.0024 0.0238
 1.00E-05 0.001 0.00024 0.0238
 1.00E-06 0.0001 0.000024 0.0238
 1.00E-07 0.00001 2.4E-06 0.0238
 1.00E-08 0.000001 2.4E-07 0.0238
 1.00E-09 1E-07 2.4E-08 0.0238
 1.00E-10 1E-08 2.4E-09 0.0238

 
 
 



  

Conception d'expériences spatiales:  P. ROCHUS                                                                        Page CT 158 
 

Annexe 2  THERMAL FINISHES 
a= solar absorbtivity  
e= normal emmitance  
ESH=equivalent Sun Hours  
Coating thickness is usually critical  
                                                                                        
       NAME                               SOLAR     NORMAL    Ratio                     
BLACK COATINGS                              a        e        a/e 
----------------------------------------------------------------------                  
Anodize Black                               0.88     0.88     1.00 
Carbon Black Paint NS-7                     0.96     0.88     1.09 
Catalac Black Paint                         0.96     0.88     1.09 
Chemglaze Black Paint Z3O6                  0.96     0.91     1.05 
Delrin Black Plastic                        0.96     0.87     1.10 
Ebanol C Black                              0.97     0.73     1.33 
Ebanol C Black-384 ESH* UV                  0.97     0.75     1.29 
GSFC Black Silicate MS-94                   0.96     0.89     1.08 
GSFC Black Paint 3l3-1                      0.96     0.86     1.12 
Hughson Black Paint H322                    0.96     0.86     1.12 
Hughson Black Paint L-300                   0.95     0.84     1.13 
Martin Black Paint N-15O-1                  0.94     0.94     1.00 
Martin Black Velvet Paint                   0.91     0.94     0.97 
3M Black Velvet Paint                       0.97     0.91     1.07 
Paladin Black Lacquer                       0.95     0.75     1.27 
Parsons Black Paint                         0.98     0.91     1.08 
Polyethylene Black Plastic                  0.93     0.92     1.01 
Pyramil Black on Beryllium Copper           0.92     0.72     1.28 
Tedlar Black Plastic                        0.94     0.90     1.04 
Velesat Black Plastic                       0.96     0.85     1.13 
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WHITE COATINGS                              a        e        a/e 
----------------------------------------------------------------------                  
Barium Sulphate with Polyvinyl Alcohol      0.06     0.88     0.07 
Biphenyl-White Solid                        0.23     0.86     0.27 
Catalac White Paint                         0.24     0.90     0.27 
Dupont Lucite Acrylic Lacquer               0.35     0.90     0.39 
Dow Corning White Paint DC-007              0.19     0.88     0.22 
GSFC White Paint NS43-C                     0.20     0.92     0.22 
GSFC White Paint NS44-B                     0.34     0.91     0.37 
GSFC White Paint NS-74                      0.17     0.92     0.18 
GSFC White Paint NS-37                      0.36     0.91     0.40 
Hughson White Paint A-276                   0.26     0.88     0.30 
Hughson White Paint A-276+lO36 ESH UV       0.44     0.88     0.50 
Hughson White Paint V-200                   0.26     0.89     0.29 
Hughson White Paint Z-202                   0.25     0.87     0.29 
Hughson White Paint Z-202+1OOO ESH UV       0.40     0.87     0.46 
Hughson White Paint Z-255                   0.25     0.89     0.28 
Mautz White House Paint                     0.30     0.90     0.33 
3M-401 White Paint                          0.25     0.91     0.27 
Magnesium Oxide White Paint                 0.09     0.90     0.10 
Magnesium Oxide Aluminium Oxide Paint       0.09     0.92     0.10 
Opal Glass                                  0.28     0.87     0.32 
OSO-H White Paint 63W                       0.27     0.83     0.33 
P764-lA White Paint                         0.23     0.92     0.25 
Potasiuml Fluorotitanate White Paint        0.15     0.88     0.17 
Sherwin Williams White Paint (A8W11)        0.28     0.87     0.32 
Sherwin Williams White Paint (F8WJ2O3O)     0.39     0.82     0.48 
Sherwin Williams F8W2030 w Polasol V6V241   0.36     0.87     0.41 
Sperex White Paint                          0.34     0.85     0.40 
Tedlar White Plastic                        0.39     0.87     0.45 
Titanium Oxide White Paint with                                                        
   Methyl Silicone                          0.20     0.90     0.22 
Titanium Oxide White Paint with Potasium                                                
   Silicate                                 0.17     0.92     0.18 
Zerlauts S-13G White Paint                  0.20     0.90     0.22 
Zerlauts Z-93 White Paint                   0.17     0.92     0.18 
Zinc Orthotitanate with Potassium Silicate  0.13     0.92     0.14 
Zinc Oxide with Sodium Silicate             0.15     0.92     0.16 
Zirconium Oxide with 650 Glass Resin        0.23     0.88     0.26 
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CONDUCTIVE PAINT                             a        e        a/e 
----------------------------------------------------------------------                  
Brilliant Aluminum Paint                    0.30     0.31     0.97 
Epoxy Aluminum Paint                        0.77     0.81     0.95 
Finch Aluminum Paint 643-1-1                0.22     0.23     0.96 
Leafing Aluminum in Epon 828                0.37     0.36     1.03 
Leafing Aluminum (80-U)                     0.29     0.32     0.91 
NRL Leafing Aluminum Paint                  0.24     0.24     1.00 
NRL Leafing Aluminum Paint                  0.28     0.29     0.97 
Silicone Aluminum Paint                     0.29     0.30     0.97 
Dupont Silver Paint 48l7                    0.43     0.49     0.88 
Chromeric Silver Paint 586                  0.30     0.30     1.00 
GSFC Yellow NS-43-G                         0.38     0.90     0.42 
GSFC Green NS-53-B                          0.52     0.87     0.60 
GSFC Green NS-43-E                          0.57     0.89     0.64 
GSFC White NS-43-C                          0.20     0.92     0.22 
GSFC Green NS-55-F                          0.57     0.91     0.63 
GSFC Green NS-79                            0.57     0.91     0.63 
 
 
ANODIZED ALUMINUM SAMPLES                    a        e        a/e 
----------------------------------------------------------------------                  
Black                                       0.65     0.82     0.79 
Black                                       0.86     0.86     1.00 
Blue                                        0.67     0.87     0.77 
Blue                                        0.53     0.82     0.65 
Brown                                       0.73     0.86     0.85 
Chromic                                     0.44     0.56     0.79 
Clear                                       0.27     0.76     0.36 
Clear                                       0.35     0.84     0.42 
Green                                       0.66     0.88     0.75 
Gold                                        0.48     0.82     0.59 
Plain                                       0.26     0.04     6.50 
Red                                         0.57     0.88     0.65 
Sulphuric                                   0.42     0.87     0.48 
Yellow                                      0.47     0.87     0.54 
Blue Anodized Titaniuml Foil                0.70     0.13     5.38 
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METALS AND                                   a        e        a/e 
CONVERSION COATINGS                                                                    
----------------------------------------------------------------------                  
Alzac A-2                                  0.16     0.73      0.22 
Alzac A-5                                  0.18     -                                  
Black Chrome                               0.96     0.62      1.55 
Black Copper                               0.98     0.63      1.56 
Black Irridite                             0.62     0.17      3.65 
Black Nickel                               0.91     0.66      1.38 
Buffed Aluminum                            0.16     0.03      5.33 
Buffed Copper                              0.30     0.03     10.00 
Constantan-Metal Strip                     0.37     0.09      4.11 
Copper Foil Tape                                                                        
     Plain                                 0.32     0.02     16.00 
     Sanded                                0.26     0.04      6.50 
     Tarnished                             0.55     0.04     13.75 
Dow 7 on Polished Magnesium                0.49      -                                  
Dow 7 on Sanded Magnesium                  0.65      -                                  
Dow 9 on Magnesium                         0.87      -                                  
Dow 23 on Magnesium                        0.62     0.67      0.93 
Ebanol C Black                             0.97     0.77      1.26 
Electroplated Gold                         0.23     0.03      7.67 
Electroless Nickel                         0.39     0.07      5.57 
Irridite Aluminum                          -        0.11                                
Inconel X Foil (1 mil)                     0.52     0.10      5.20 
Kannigen-Nickel Alloy                      0.45     0.08      5.63 
Plain Beryllium Copper                     0.31     0.03     10.33 
Platinum Foil                              0.33     0.04      8.25 
Stainless Steel                                                                         
     Polished                              0.42     0.11      3.82 
     Machined                              0.47     0.14      3.36 
     Sandblasted                           0.58     0.38      1.53 
     Machine Rolled                        0.39     0.11      3.55 
     Boom-Polished                         0.44     0.10      4.40 
     1-mil 304 Foil                        0.40     0.05      8.00 
Tantalum Foil                              0.40     0.05      8.00 
Tungsten Polished                          0.44     0.03     14.67 
 
 
VAPOR DEPOSITED COATINGS                     a        e        a/e 
----------------------------------------------------------------------                  
Aluminum                                    0.08     0.02     4.00 
Aluminum on Fiberglass                      0.15     0.07     2.14 
Aluminum on Stainless Steel                 0.08     0.02     4.00 
Chromium                                    0.56     0.17     3.29 
Chromiumlon 5-mil Kapton                    0.57     0.24     2.38 
Germanium                                   0.52     0.09     5.78 
Gold                                        0.19     0.02     9.50 
Iron Oxide                                  0.85     0.56     1.52 
Molybdenum                                  0.56     0.21     2.67 
Nickel                                      0.38     0.04     9.50 
Rhodium                                     0.18     0.03     6.00 
Sliver                                      0.04     0.02     2.00 
Titanium                                    0.52     0.12     4.33 
Tungsten                                    0.60     0.27     2.22 
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Spacecraft Solar Arrays                       a       e        a/e 
----------------------------------------------------------------------                  
AE                                          0.78     0.82     0.95 
AMSAT                                       0.82     0.85     0.96 
ATN Black                                   0.77     0.80     0.96 
ATN Blue                                    0.86     0.85     1.01 
ATSF                                        0.85     0.85     1.00 
COMSAT                                      0.82     0.85     0.96 
DE                                          0.77     0.81     0.95 
ETS/GOES                                    0.82     0.80     1.02 
GOES                                        0.91     0.81     1.12 
GPS-Conductive Coating                      0.81     0.80     1.01 
HELIOS                                      0.80     0.82     0.98 
IME-Conductive Coating                      0.75     0.79     0.95 
IMP-H                                       0.78     0.82     0.95 
IMP-I                                       0.78     0.81     0.96 
ISEE-Conductive Coating                     0.91     0.79     1.15 
IUE                                         0.86     0.84     1.02 
OAO                                         0.85     0.81     1.05 
PAC                                         0.77     0.81     0.95 
SMS-B                                       0.81     0.80     1.01 
Spanish INTASAT                             0.86     0.86     1.00 
SSS                                         0.79     0.82     0.96 
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MISC                                         a        e        a/e 
---------------------------------------------------------------------                   
Aluminum Oxide (Al2o3)-(12/4) on Buffed Alum                                            
     Initial                                0.13     0.23     0.57 
     2560 ESH UV + P+                       0.13     0.23     0.57 
Aluminum Oxide(Al2O3)(12/4) on Fused Silica 0.12     0.24     0.50 
Silver Beryllium Copper (AgBeCu)            0.19     0.03     6.33 
     Kapton Overcoating                     0.31     0.57     0.54 
     Parylene C Overcoating                 0.22     0.34     0.65 
     Teflon Overcoating                     0.12     0.38     0.32 
GSFC DArk Mirror Coating-SiO-Cr-Al          0.86     0.04    21.50 
GSFC Composite SiOx-Al2O3-Ag                0.07     0.68     0.10 
Helios Second Surface Mirror/Silver Backing                                             
     Initial                                0.07     0.79     0.09 
     24 Hours at 5 Suns                     0.07     0.80     0.09 
     48 Hours at 11 Suns + P+               0.08     0.79     0.10 
Inconel with Teflon Overcoating-1mil        0.55     0.46     1.20 
Vespel Polyimide SP1                        0.89     0.90     0.99 
Aclar Film (Aluminum Backing)                                                          
     1 mil                                  0.12     0.45     0.27 
     2 mil                                  0.11     0.62     0.18 
     5 mil                                  0.11     0.73     0.15 
Kapton Film (Aluminum Backing)                                                          
     0.08 mil                               0.23     0.24     0.96 
     0.15 mil                               0.25     0.34     0.74 
     0.25 mil                               0.31     0.45     0.69 
     0.50 mil                               0.34     0.55     0.62 
     1.0   mil                              0.38     0.67     0.57 
     1.5  mil                               0.40     0.71     0.56 
     2.0  mil                               0.41     0.75     0.55 
     3.0  mil                               0.45     0.82     0.55 
     5.0  mil                               0.46     0.86     0.53 
Kapton Film (Chromium-Silicon Oxide-Aluminum Backing (Green))                          
     1.0  mil                               0.79     0.78     1.01 
Kapton Film (Aluminum-Aluminum Oxide Overcoating)-1 mil                                 
     Initial                                0.12     0.20     0.60 
     1800 ESH UV                            0.12     0.20     0.60 
Kapton Film (Aluminum-Silicon Oxide                                                     
Overcoating)-1 mil                                                                     
     Initial                                0.11     0.33     0.33 
     2400 ESH UV                            0.22     0.33     0.67 
Kapton Film (Silver-Aluminum Oxide Overcoating)-1 mil                                   
     Initial                                0.08     0.19     0.42 
     2400 ESH UV                            0.08     0.21     0.38 
Kapton Film (Aluminum-Silicon Oxide Overcoating)-0.5 mil                                
     Initial                                0.12     0.18     0.67 
     4000 ESH UV                            0.28     0.24     1.17 
Kimfoil-Polycarbonate Film (Aluminum Backing)                                           
     0.08 mil                               0.19     0.23     0.83 
     0.20 mil                               0.20     0.30     0.67 
     0.24 mil                               0.17     0.28     0.61 
Mylar Film                                                                              
Aluminum Backing                                                                        
     0.l5 mil                               0.14     0.28     0.50 
     0.25 mil                               0.15     0.34     0.44 
     3.0 mil                                0.17     0.76     0.22 
     5.0 mil                                0.19     0.77     0.25 
Skylab Sail                                                                             
     Initial                                0.15     0.35     0.43 
     l900 ESH UV                            0.19     0.36     0.53 
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Skylab Parasol Fabric (Orange)                                                          
     Initial                                0.51     0.86     0.59 
     2400 ESH UV                            0.65     0.86     0.76 
Teflon (Gold Backing)                                                                   
     0.5 mil                                0.30     0.49     0.61 
     l.0 mil                                0.26     0.58     0.45 
Teflon Aluminum Backing                                                                 
     2 mil                                  0.08     0.66     0.12 
     5 mil                                  0.13     0.81     0.16 
     10 mil                                 0.13     0.87     0.15 
Gold Backing                                                                            
     0.5 mil                                0.24     0.43     0.56 
     1.0 mil                                0.22     0.52     0.42 
     5.0 mil                                0.22     0.81     0.27 
     10  mil                                0.23     0.82     0.28 
Silver Backing                                                                         
     2 mil                                  0.08     0.68     0.12 
     5 mil                                  0.08     0.81     0.10 
     l0 mil                                 0.09     0.88     0.10 
Tefzel (Gold Backing)                                                                   
     0.05 mil                               0.29     0.47     0.62 
     1.0  mil                               0.26     0.61     0.43 
 
 
Tapes                                        a        e        a/e 
---------------------------------------------------------------------                   
235-3M Black                                0.95     0.90     1.06 
425-3M Aluminum Foil                        0.20     0.03     6.67 
850-3M Mylar-Aluminum Backing               0.15     0.59     0.25 
7361-Mystic Alummized Kapton                0.09     0.03     3.00 
7452- Mystic Aluminum Foil                  0.14     0.03     4.67 
7800-Mystic Aluminum Foil                   0.21     0.03     7.00 
Y9360-3M Aluminzed Mylar                    0.19     0.03     6.33 
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Annexe   3 : Thermal Environments 

 

Earth's Thermal Environment 
extracted from Thermal Environments JPL D-8160  

 

Low Earth Orbit (LEO) Thermal Environments  
The following table summarizes the range of Direct Solar, Reflected Solar (Albedo), and Planetary Infrared 
for the planet Earth.  
 
                 Perihelion       Aphelion         Mean 
---------------------------------------------------------------- 
Direct Solar      1414 W/sqM      1323 W/sqM      1367.5 W/sqM 
                                                  (433.6 Btu/ft2-hr) 
 
Albedo            0.30+/-0.01     0.30+/-0.01      0.30+/-.01 
(global annual 
average) 
 
Planetary IR     234 +/-7 W/sqM   234+/-7 W/sqM    234 +/7 W/sqM 
(global annual                                     (72 to 76 Btu/ft2-hr) 
average) 

 
The variation in solar constant of approximately +3.5% about the mean value of 1367.5 w/m2 is due to the 
eccentricity of the Earth orbit. Perihelion (closest position to the Sun) occurs on or near December 21 each 
year and aphelion (furthest position from the Sun) occurs on or near June 21. For spacecraft thermal 
balance problems, this variation is frequently ignored, and either the perihelion value of 141 w/m2 or the 
annual mean value of 1367.5 w/m2 is used.  

Beta Angle: 
Another much more profound effect on Direct Solar energy for LEO missions is that of 
orbital Beta angle which, in combination with altitude, defines the percentage of time in 
sunlight. Beta angle is defined as the angle between the orbit plane and the vector from 
the Sun as shown below.  
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The extreme effects on orbital shadowing are shown above. For a polar orbit launched at 
local noon or midnight, the resulting initial Beta angle is 0 degrees which gives maximum 
Earth shadowing. For an orbit altitutde of 150 nautical miles (~ 280 km), which is the 
lowest generally practical considering orbital decay physics, the resulting sunlight is 59% 
of the orbit time (i.e., about 53 minutes sunlight, 37 minutes shadow). Similarly, a polar 
orbit mission launched at local dawn or dusk results in a 90 degree Beta angle, with 100% 
sunlight.  

Beta angle is a function of all the following variables and is therefore somewhat complex: 
inclination of the orbit, altitude, time of the mission, time of year of launch, and time of 
day of the launch. It varies as the mission progresses due to changes in the Earth-Sun 
inertial relationship (rotation of the Earth about the Sun), and orbit precession effects 
(non-uniformity of the Earth's gravitational field, etc.). The extreme values of Beta angle 
over a year's time for a mission launched at a given orbit inclination, I, are +/-
(I+23.45)degrees. In other words, for a due east launch from KSC, I=28.5 degrees, and 
Beta angle will vary from about +52 degrees to -52 degrees over the course of a year.  

The fundamental effect of Beta angle is its influence on percent sunlight during any given 
orbit. Note that the percent sunlight does not fall below 59% for normal LEO missions.  

Earth Reflected Solar (albedo):  
 

The variation in the Earth's albedo is a function of latitude, cloud cover, ice fields and perhaps time of year. 
Table 1 shows variation with latitude and some idea of the annual variation. Note that albedo is lowest (~ 
0.23) at the equator and up to ~0.7 at the poles.  

The albedo of the Earth is normally treated as fully diffuse, but there has been some 
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theoretical work implying specular (forward scattering) of the polar ice caps.  

Most spacecraft thermal balance problems in Low Earth Orbit assume an albedo of 0.3 
with a cosine reduction in the reflected energy from the subsolar point of the orbit to the 
terminator. A more strict integration of albedo from Table 1 for a KSC mission launched 
due East (i.e., inclination = 28.5 degrees) results in a value of 0.25. The variations shown 
in Table 1 are seldom of importance except to extremely sensitive instruments or 
detectors. However, long duration polar orbit missions should probably account for the 
increase at the poles.  

Earth Planetary Infrared: 
The Earth's planetary infrared emission is a function of latitude, cloud cover, large area 
weather phenomena, land masses, forestation, and perhaps time of year. Variations with 
latitude and annual range are shown in Table 2. Note that the peak values are in the 
tropical zones about 20 degrees either side of the equator, and the minimums are at the 
poles where albedo is maximum. As in the case of albedo, most spacecraft thermal 
balance problems ignore the variations of Table 2 and assume a uniform emission of 241 
W/sq M (81 BTU/sq ft-hr). Again, long duration polar missions should consider the 
reduction at the poles.  

 
Table 1.  Zonal Mean Albedos for the Planet Earth 

 
Latitude Range       Annual Mean Albedo       Annual Range 
90     80            0.67                     0.44 to 0.75 
80     70            0.57                     0.49 to 0.83 
70     60            0.46                     0.39 to 0.78 
60     50            0.41                     0.37 to 0.56 
50     40           -0.36                     0.32 to 0.46 
40     30            0.31                     0.26 to 0.37 
30     20            0.26                     0.25 to 0.30 
20     10            0.24                     0.20 to 0.27 
10     0             0.25                     0.24 to 0.26 
0      -10           0.23                     0.21 to 0.25 
-10    -20           0.23                     0.21 to 0.24 
-20    -30           0.24                     0.23 to 0.25 
-30    -40           0.29                     0.27 to 0.30 
-40    -50           0.35                     0.33 to 0.39 
-50    -60           0.42                     0.41 to 0.47 
-60    -70           0.51                     0.46 to 0.77 
-70    -80           0.64                     0.61 to 0.88 
-80    -90           0.70                     0.40 to 0.80 

 
Table 2.  Zonal Mean Planetary Infrared Emission for the Planet Earth 

 
Latitude Range       Annual Mean W/Sq M       Annual Range W/Sq M 
 
90      80           177                      146 to 207 
80      70           179                      149 to 212 
70      60           191                      164 to 224 
60      50           201                      175 to 228 
50      40           217                      191 to 244 
40      30           239                      217 to 263 
30      20           258                      248 to 269 
20      10           254                      236 to 270 
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10      0            241                      232 to 251 
0       -10          251                      240 to 261 
-10     -20          262                      248 to 276 
-20     -30          259                      254 to 263 
-30     -40          239                      229 to 253 
-40     -50          218                      205 to 232 
-50     -60          203                      187 to 217 
-60     -70          185                      161 to 209 
-70     -80          159                      124 to 200 
-80     -90          135                      94 to 190 
 

 

Geosynchronous Earth Orbit (GEO) Thermal Environments 
The following table summarizes the range of direct Solar, Reflected Solar (Albedo), and Planetary Infrared 
for a Geosynchronous orbit about Earth.  
 
                   Perihelion     Aphelion       Mean              
---------------------------------------------------------------- 
Direct Solar      1414 W/sq M    1323 W/sq M    1367.5 W/sq M      
                                                (433.6 BTU/sq ft-hr) 
Reflected Solar 
(Albedo)* 
o  Subsolar Peak  7.19 W/sq M    6.72 W/sq M     6.95 W/sq M       
                                                 (2.2 BTU/sq ft-hr) 
o  Orbit Average  2.72 W/sq M    2.54 W/sq M     2.63 W/sq M 
                                                 (0.83 BTU/sq ft-hr) 
Planetary Infrared* 
o  Orbit Average  5.52 W/sq M    5.52 W/sq M     5.52 W/sq M      
                                                 (1.75 BTU/sq ft-hr) 
 
* As received by the spacecraft at GEO compared to the energy at 
the planet's thermodynamic system boundary in other tables. 
 
The thermal environment in Geosynchronous Earth Orbit is much simpler to define than in LEO. The direct 
solar term varies only with time of year except for two occultation periods when the spacecraft enters the 
Earth shadow each year. These occultations occur each day over a 45- to 50-day period twice a year, and 
last up to 71 minutes.  

Both the reflected solar terms and plantary infrared terms are small in GEO. In the table 
above, the view factor from a spacecraft at 35,743 km (22,204 st. mi.) has been included 
since altitude is constant (compared with the LEO section where altitude is a variable). In 
addition, for the reflected solar term, an orbit average value is shown. The values of these 
terms are so small at this altitude that they are encompassed by any reasonable 
uncertainty in the direct solar term.  
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Annexe 4 
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