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SUITIARY

A simple semi-active system is described which will irprove the thermal
. performance of some spacecraft employing an otherwise passive system of thermal
controls This involves the use of a small array of solar cells to provide

power to a 1esistor in a unit which may otherwise run too cold in some
attitudes.
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1 CTION

A recurring problem with spacecraft which employ a passive means of
thermal control, is that when all possible combinations of solar aspect and
orbit eclipse are considered, it can be difficult to ensure that every item on
board will remain comfortably within its acceptable temperature range.

Taking the specific case of a small spinning spacecraft, it is usually
a straightforward matter to choose thermal oontrol surfaces which will give a
satisfactory temperature distribution in the structure when the spacecraft is
side to the Sun: in this attitude the spin of the spacecraft helps to distri-
bute the incident heat flux, and temperature gradients are consequently small,
In the end-on cases, however, when the Sun shines aiong the spin axis, the spin
is of no assistance in distributing the heat, and consideratle temperature
gradients can develop along the direction of the spin axis; the temperature
difference between units at the top and bottom of the structure can be 60 Co
or more. The absolute temperatures at which these units operate can be
changed by varying the thermal control surfaces on the spaceocraft's skin, but
little can be done by this means to alter the temperature difference;
consequently, if a choice of surfaces is made which ensures that the hot unit
is well within its maximum operating temperature, then it is likely that the
cold unit will come dangerously close to its minimum opereiing tcmperature.
Since the tape recorder is often mounted ncar the base of a spacecraft to
minimise vibration effects during launch, and since the low temperature
performance of the tape recorder is usually poorer than that of most other
items in the spacocraft (a minimum operating temperature of about -5°C being
typical), it is a unit which rogulaerly throatens to run too ocold whon the top
of the spacocraft faces the Sun. It is desirable to find some way out of this
dilemme without rosorting to a fully active thermal control system with it
accompanying complexity, expcnse, and possiblo unrciiabilitye. This Report
describes a simplo somi-sctive systom which may be used to overcome this
problems
2 DESCRIPTIOI! OF SYCTE:!

The system proposed is vory simplc, A smell array of solar cells is
fixod to a surface of the spaceccraft which is fully illuminated when the
critical umit is at its minimum tomperature. The power from the array is fed
directly into the unit and is dissipated in a resistor. This added power
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dissipation increases the temperature of the unit by an amount controlled by the
rate at which heat can be radiated and conducted away to the rest of the space-
craft: the poorer the thermal ocontact with the rest of the spacecraft, the
groater is the temperature rise produced by this extra power. It will be

seen that such a system is substantially passive in that no switohing or
electronic control is necessarily employed, yet the power input to the resistor
varies automatically with changes in solar aspect in the desired way.

Pige! shows an example of how the system could be used in practioce. In
the structure shown, a tape recorder is mounted near the bottom and, with the
Sun shining on the top ond, there would be a tondoncy for this unit to run
oold, With a 6 x 7 panel of 2 x 2 om solar ocells mounted on the top surfaoe
as shown, a dissipation of up to 1 or 2 raits could be obtaincd in a resistor
mounted inside the rcoorder; this arrsy sizo is mentioned since it corrosponds
to a standard module on the forthcoming Black Arrow series of spacecraft.

BEfforts are usually made to maximisc hoat transfer between one part of a
spacecraft and another by covoring all internal surfaces with high emittance
paint and assuring good oonduction paths in the structure; this koeps thermal
gradients to & minimum., It is envisaged that this philosophy would in general
be applied to this spacecraft; howover, to obtain the bost effect from the
heat dissipated in the resistor, it would be necessary to insulate the
recorder partially from the rest of the structure. This would be done
conductively by insulating the unit at its mounting points, and radiatively
by wrapping it in a.uminised Mylar,

How effective this insulation has to be can be investigated by adding
further detail to the example. Suppose tho tape recorder to be the type used
in the UK3 spacecraft, this being in extornal shape a cylinder sbout 37 inchos
long and 7 inchos in diameters The effaocts of internal dissipation can be
examinod by oonsidaring the rocorder to be rediating, in vecuum, in an isothermal
enclosuree The internal dissipation would ceuse the recorder temporature to
rise relative to tho tomperature of tho enclosure, and in steady state this
condition would be described by the equation

1=Aoe(1‘:_-i’;) (1)
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where I 48 the internal dissipation in the recorder
A is the external surface area of the recorder
e is the effective emittance between the reocorder and the enclosure
wall
o is the Stefan=Boltzmann.oonstant
Tr is the temperature of the recorder
and Te is the temperature of the enclosure.
Re-writing equation (1),
- 14
s S =
Ty -{Aeo"’lt} * @)

Putting A = 1000 emz for the tape reccorder, and substituting the mumerical
value for o, a plot of AT (= R~ Te) versus (I/e) can be obtained and this
is shown in Fig.2. From the graph it will be seen that if the tape recorder
were covered with a high emittance paint, and the additional dissipation were
about 1 watt, the consequent temperature rise would be only about 2 c®. Such
a rise would be inadequate to cope with any overcooling problem, and to increase
AT to & useful level (say 10 C° or more), the value of e would have to bo
decreasod to 0.2 or less. By wrapping the unit in aluminised Mylar, it is in
principle possible to reduce the effective emittance to about 0,01 or 0.02;
but in fact this would be difficult to achicve due to heat loakage near plugs,
and the difficulty of makinz the conductive insulation sufficiently effective.
Combining conduction and radiation, tho minimum practicable heat loss would
probably be equivalent to having an cmittance of about 0.1, and in this casc a
tomperature rise of about 20 Co should be possiblo with a 1 watt dissipation
in the resistor.

The above outlines the broad prinéiplic of the system, but thero are a
number of details which have to be considered in each practical application.
Theose are considered below:-

(a) Carc has to be taken to match tho dissipating resistor to the
charactoristios of the solar cell erray. Fig.3 shows the variation with
tomperature of the V-I characteristic for an irradiated patch of 42
series oconnooted 2 x 2 om solar cells (e standard Black Arrow module).
In e minimum sunlight orbit the temperature of the solar cell array may
be quitc low when the spacecreft first comes out of the Earth's shadow,
and would have to rise some 50 to 100 ¢® before roaching its stoady
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illuminated temperature. This feature can be used to reduce the difference
in mean power dissipation in the resistor Letween & minimum and maximum
sunlight orbit. Mige3 shows typical working points of the array, and it
will be seen that the mean dissipation over the whole orbit need not vary
very greatly despite the different conditions. Also in this context it
should be noted from Mig.4 that units at the unilluminated end of a
spacecraft run at much the same texperature whether the orbit is in
minimum or maximum sunlight; this is because heat input from the Earth

to that part of the spacecraft in a& minimum sunlight orbit is substantially
higher than in a maximum sunlight orbit, and this helps to counter the
effect of the reducted mean solar flux,

(t) Tt has been suggested carlier that an effective omittance of about
Oe1 is a practicable minimum for the unit being controlled. This is a
somewhat arbitrary figure and conuld be improved upon in some circumstances.
However, such an improvement might not be an advantage since a very high
value of (I/e) would be obtained, and this could czuse overheating
problems. ‘In anv case, such values are likely to be unstable due to the
variability of very low emittance surfaces (a change in o from 0,02 to
0,03 oould alter .T by 30 C°). To avoid such umcertainties, it is
advisable to limit the insulation so that e { 0s1; this oould be
ensured by having an area of suitable dimensions on tie umit which is
free of all aluminised Kylar and is painted black.

4 further matter which must be considered is the effect of the
internal dissipation of the unit without the added resistor. Too much
insulation ocould ocause tho unit to overheat in another operational
attitude. ’

(o) If desized, the system may be made active by putting a thermal
switch in series with tlo resistor. Suitably small switchos are avail-
ablo commercially, With such a system vory low valuos of e oould be
employed without fcar of overhoating, and an added flexibility is
providod which could be valuablo in scme spplicationse

(d) Electrical compatibility problems would have to be examined,
espec’ally with respect to the unit teing controlleds IR or CR filtering
oould be included if necessary, but noise frequencies would be very low
and would bo unlikely to cause trouble.




3 COST AD VEIGHT

The predominant cost would be in the solar cell array. A fully mounted
and connected array of solar cells of the size described here would cost about
£200; such a cost assumes that the array could be made on an alrecady available

production jige The approximate weight of the various components in the
system is given below.

Solar cell array (depending on mounting) 35 to 100 gm
Tire-wound resistor 5en
Thermostat switches (optiornal) ‘ 1 gm each
Mounting, wiring, etce. 20 gm

Total, say, between 60 and 125 gm

L COMEENTS

The use of electrical power to assist in the thermal control of units in
a spacecraft is not new - it being employed extensively, for example, in the
OGO spacecraft. The present system, however, has the advantage of not making
a demand on the main power supply in the spacecraft, this being particularly
valuable on small spacccraft. Also, since the array can be positioned to suit
the specific task of controlling the temperature of one unit, its output
changes suitably as the soler aspect changes, and no switching is necessary;
the systom thercfore is still virtually passivee

Because of its versatility, and low weight and cost, the systam can
oasily be incorporated into a spacccraft at a fairly late stage in its
development, and could be uscful to deal with the problem of a unit which
fézas not achiove its expocted thormal performance. Early rcalisation that it
may be required is of coursoc desirable, cspocially as effoctive conductive
insulation might involve a major modification of the unit nesr the attachment
points.

It is also likely to be valueble, in scme cascs, to consider the inclusion
of this system in a spacecraft from the very inoception of the design. Vith
extra heating in critical arcas, it moy be possible to employ cheap and stable
thermal ocontrol surfaccs which otherwise would have to be abandoned solely
because one unit threatened to run cold. In such cases the extra cost of this
system is likely to be small comparcd with *he saving in having cheap finishes

on the main surfaces.

It is envisaged that this system will find application in some of the
Black Arrow spacecraft,
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Solar cell array
on surface which is

fully illuminated when

unit threatens to run
cold

Unit wrapped in
aluminised mylar

Mounting is
insulated against
conduction

Fig.I Typical application of system




Fig. 2 004 901054

30 /

20 7
10
o
(o} 5 10 15 20 25

I /c (wotts)

Fig.2 Variation of temperature rise of unit
with ratio of dissipation to emittance
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Fig. 4
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Fig.4 Predicted temperature variation
of tape recorder on UK3 spacecraft






