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SIMPLIFIED COMPUTATION OF EARTH TEERMAL AND

ALBEDO RADIATION INCIDENT ON A SPACECRAFT

Doyle F. Swofford

ABSTRACT

The integral used for the computation of the earth thermal and
albedo flux on a section of a satellite is directly integrable if the

projected area is represented by a t_uncated Fourier series in the
aspect augle. A great saving in computer time results from this rep-
resentatlon_ The series for a general surface of revolution, whose
axls coincides wlth the axis of rotational sy_net+7 of the satellite,

is obtained by dividing the surface into elemental conical frustums
and averaging the series fo_'a cone over the generating curve.
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SYMBOT-q

Ap(_) projected, or apparent, area o."a surface viewed at an
aspect angle

AT total area of a s'arface

as mean solar absorptivity of a surface

e thermal emissivity of a surface

ik coefficient of the kth term. in the Fourier cosine series
for Ap/AT_ n)

Ik kth coefficient of the power series in cosine Tt which
approximates Ap/AT(_)

q heat input to a surface per fruittime

re mean albedo of the earth

S solar radiation constant

Te b]ark-body temperature of the each

(o.,_) angular roordinates of an e1_ement of surface area on the
earth, w/th the ovid.in at the _ate]llte

_o half the angle subtended ,Atthe satellite by the earth

o semlv_t-x angle of a none or f_ust1_n

_j aspect angle - the an_]e betwpen the spin axis of a satellite
and t,he line of v_ew

lie valne of Ii at 1.ne p_in +, on ear+h d_rectly beneath the
sate] 1 ire

8S angle bet_.teenthe ea_.h-satellite line and the earth-sun l;ne

symbol, for Ap/;_

. Stefan-Bol tzmann e_nstant

i
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Computation of the heat input to a spacecraft surface due to earth
thermal and albedo radiation involves evalu_tlon of a double integral and
extensive tabulation of the projected area of the surface. However, a
good closed-form approximation for the inte6ral (requlri_ no numerical
inte6ration and no tabulation o£ projected areas) is obtained by substi-
tutin8 a tru,_cated Fourier series for the projected area.

The two heat input rates are given by

%arth = ATe eF(%, me)
thermal

qalbedo _ATSreas cos 9sF(_o,q e)

where F, the so-called shape factor, is given by

0 '0

Expanding the projected area in a Fourier serios

__AP(_) _. Io + tl cos_+i 2 ccc 2q + iN cos _

By use of trigonometr[_ identities, this series is coaverted to

A_p (_) _ Io + Ii cos _ + 12 cos2_ + I_ coshvl

_here

I I n = l o - i 2 + l_
I1 = t 1

T2 = _2 " 81_
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Taking the scalar product of the unit vectors along the satellite
aXiS and the view line, we get

cos q = cos % cos _ + sin qe sin _ cos

Making use of :_is relation and the series for ---', we find

F(qe,%):_(:-cos_o)12:o+ 12sin2ne �_:_sin4%1

+(i ;'[I e]
- cOS_o) i cos n

)[I(_ n2e) mln2",]e(2 ; _]
+ (1 - coS)_o 2 - st _ + I_ - "%sin2q

+ (l- coSJ_o)]_(_- 2 sin2_e. + _ s%n4ne>

Thus, the problem is reduced to finding the coefficients Ik in

the expansion for Ap/AT(_). For a satellite spinning about its axis
of symmetry, the projected areas of some surfaces are given by simple
e_presslons such as these:

~=__i + _I 12 cos2 _ 16 cos4 q
_pl&_e _ 2 tOE r,+- - --"; 5. 15_

and

I I I ~_6:..------.----8 cos21] - 1.5-_e,)s&n_cylinder = _ sin _ i_2 i_,2
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_sphere =

_hemlsphere = _ + _ cos

Other surfaces are much more difficult to work with. However, since

any surface of revolution can be divided into elemental frustums of cones,

finding the Ik'S of a cone as a function of its semivertex angle 5
will make possible a simple general solution. Dividing the cone into
infinitesimal plane elements and integrating the series for the projected
area of a plate around the cone from O to 2n, the following result Is
obtained:

- 0][0]_cone + 6 cos25_ 2 cos4 + I_sin cos5_ 5_ 2

[ '4 cos25+4 cos45]cos2_

[ 16 16 cos25 . i__cos4_]cos_.+ "l'C �3.,

For a general body of revolution, the projected area is found by
summing, infinitesimal f_ist,Ams

Ap # _f_mt.

, _11_ody= _ = = _frust.

For a generating curve, y = f(x), -evo]ved about the X-axis, the
semivertex angle 5 of an inf_niteslmal frustum is given by
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From this, the Ik'S of the infinitesimal frustum can be found as

functions of x. _en,

_x2

(Zk)body-- .... = (Kk)n_t.

x2 dA
Xl

where

,ldA= 2_'(-__.i + ax
: \dxl

In polar coordinates, revolving the curve r = r(3) about the
axis 0 = 0 gives

dr

r cos 0 + :=_sin d
tan 5 = .....

dr
r sin 3 ---cos 3

dO

and

dA - 2_ sin 1 + d- d8

The surfaces of revolution will, of course, be split into sections
small enot_to Justif_jthe assumption of equal temperature throughout
a section.

This technique for surfaces of revolution can be applied also to
surfaces not physically circular in cross section_ but: optically so due

"to their spin.
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For a satellite tumbling about an axis perpendicular to the symmetry axis,
with some residual opin about the latter, the projected area is given by

_tumbling = (q tumbling = _ "spino

where

cos ql = sin q cos

Substituting

4

%pin (nz)_Z (_k)spln(s£_n co,¢)k
k=O

we get

~ t sin2_ + _ (14)spin sin4q_tumbling = (Io)spin + _ (12)spin

or

(Io)tumble = Io + _ 12 + I spin

" (Ii)tumble = 0

(12)tumble = -[21-12+ _ 14]spln

(Z_)tumble : _ (14)spln

1966025140-128




