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1
Scope

In this Part 9 of the spacecraft thermal control and design data handbooks, view factors of diffuse and
specular thermal surfaces are discussed.

For diffuse surfaces, calculations are given for radiation emission and absorption between different
configurations of planar, cylindrical, conical, spherical and ellipsoidal surfaces for finite and infinite
surfaces.

For specular surfaces the affect of reflectance on calculations for view factors is included in the
calculations. View factors for specular and diffuse surfaces are also included.

The Thermal design handbook is published in 16 Parts

TR 17603-31-01 Thermal design handbook — Part 1: View factors

TR 17603-31-02 Thermal desigh handbook = Part 2: Holes, Grooves and Cavities

TR 17603-31-03 Thermal designhandbook Part 3; Spacecraft Surface Temperature

TR 17603-31-04 ~“ Thermal design handbook = Part 4: Conductive Heat Transfer

TR 17603-31-05 Thermal design handbook — Part 5: Structural Materials: Metallic and
Composite

TR 17603-31-06 Thermal design handbook — Part 6: Thermal Control Surfaces

TR 17603-31-07 Thermal design handbook — Part 7: Insulations

TR 17603-31-08 Thermal design handbook — Part 8: Heat Pipes

TR 17603-31-09 Thermal design handbook — Part 9: Radiators

TR 17603-31-10 Thermal design handbook — Part 10: Phase — Change Capacitors

TR 17603-31-11 Thermal design handbook — Part 11: Electrical Heating

TR 17603-31-12 Thermal design handbook — Part 12: Louvers

TR 17603-31-13 Thermal design handbook — Part 13: Fluid Loops

TR 17603-31-14 Thermal design handbook — Part 14: Cryogenic Cooling

TR 17603-31-15 Thermal design handbook — Part 15: Existing Satellites

TR 17603-31-16 Thermal design handbook — Part 16: Thermal Protection System
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3

Terms, definitions and symbols

3.1

Terms and definitions

For the purpose of this Standard, the terms and definitions given in ECSS-5-ST-00-01 apply.

3.2 Symbols

Ai

Bi

Fij

F(i1,i2,.. i) i}jz)kxjn)

Hi;

Ki2

Kmn(i,j,k,p,q,...)

-

™

m

surface area of the i-th surface, [m?]

energy flux leaving surface, i. often called radiosity,
[W.m™2]

view factor from diffuse surface, Ai to diffuse surface,
Aj

view/factor,from the ensemble of diffuse surfaces, Ai,
Ao Avs o' the lénsemble of (diffase surfaces, Aji,
Ajz, A

view factor from specular surface Ai to specular
surface Aj

energy flux incident on surface i, [W.m™72]

term which appears in the expression for the view
factor between elements of parallel plates, Ki2 = AiFir

fraction of the radiative energy leaving A» which
reaches A after i perfectly specular reflections from
surface A, j from surface Aj, k from surface As,...

distance between two differential elements, [m]
temperature, [K]

angle from normal to surface i, [angular degrees]
hemispherical emittance of a (diffuse-gray) surface

hemispherical diffuse reflectance of a (diffuse-gray)
surface

10
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specular reflectance of a (gray) surface, it is assumed
to be independent of incident angle

Stefan-Boltzmann constant, S = 5,6697x1078 W.m2. K™

Other symbols, mainly used to define the geometry of the configurations, are introduced when

required.

11
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4
Diffuse surfaces

41 General

The view factor, Fi2, between the diffuse surface A1 and A2, is the fraction of the energy leaving the
isothermal surface A1 that arrives at Aa.

If the receiver surface is infinitesimal, the view factor is infinitesimal for both infinitesimal and finite
emitting surfaces, and is given by the expression

CcOosS CcoS
dF = _ﬂl—'B_ZdA [4-1]

12 2 2

d4 cosspolcoscp
ARy 5= - 1 5 2L17A1 [4-2]

when A1 is finite.

If the receiver surface is finite, the view factor is finite for both infinitesimal and finite emitting
surfaces, and is given by the expression

J_cos B, cos ﬁ
4, [4-3]

A4,

when A is infinitesimal, and by

J,jcos B, cos B, dA dd g

1 4

when A1 is finite.

12
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Figure 4-1: Geometric notation for view factors between diffuse surface.
Regardless of which surfaces are considered, their view factors satisfy the following reciprocity
relation:

Ai1F12 = AoFz
If we consider the diffuse surfaces A1, A2 and As, the view factor between the surfaces A1 and Az + As is
Fi@3) = Fi2+ F13,

when the receiver surface is formed by two surfaces, and

AFE + AF
2 33 Bl
F(2,3)1 'z [4-5]
A, + A4,

when the emitting surface is formed' by two surfaces: notice-that'the notation Fie3 and Fesn will be
used in the following data’sheets.

When an enclosure of N surfaces A1,Az,....,An is considered, their view factors satisfy the relation
N
Z F, =1 [4-6]
j=1

for any surface Ai. This relationship results from the fact that the overall heat transfer in the enclosure
should be zero.

4.2 Infinitesimal to finite surfaces

4.2.1 Planar to planar

4211 Two-dimensional configurations

A plane point source dA1 and any surface A2 generated by an infinitely long line moving parallel to
itself and to the plane dA:.

13



	Ùl•¿�¦áð(œ1½ú¬adƒõ¾:¡��{P	Q³žÕ�Ó`kﬂŒ‚NRÊÉÉšÙ"@û›è$˚Ü��
ÙÛ�b	½°æ?L<L„»¿mW¬�5k_ø™B�¦�{4 {ÄÊI0¯\×%íøp�úÌfH⁄Í½ñŁxK·°¾ÝT�–�Ÿ³�ë>ó”ßÕ2ùá†⁄t¸‡‚1;†“Õ;û÷µˆÈ[Õ~4 }“^Ÿ±Ð$Ø©¹Í-

