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the next conception model of cooling system /6/ that
gave possibility to realize the heat output from
electronic components by means of heat conducting
structure to two heat pipes (see figure 11).

The unit consists of 9 uniform module-card 5, a
base plate 7, a cover of the unit 8.

Each electronic card has heat conducting sub
layer 6 intended for heat collection from the electronic
components and heat supply {o two heat pipes 1, 2.
These heat pipes are extended through printed card
of all modules. Thermal connection between sub layer
6 and HPs 1, 2 is realized by construction 4.

The installation of an additional heat pipe 3,
connecting condensation zones of both HPs 1 and 2,
increases the temperature uniformity of electronic
circuits and reliability of the TCS.

Heat removal is provided through the mounting
places on the base plate. "Cold platformn®, emitting
radiator, or VCHP may be used for heat rejection from
the base plate.

Above mentioned unit had been designed with
regard of the next technical data:

- fotal heat output is up to 80 W;

- temperature of mounting place is -20...+50°C;

- lemperature level of any electronic components
on card do not exceed 350 K;

- dimensions of individual card are 280*230*30
mm.

Heat pipes were manufactured from cooper tube
(diameter 14 mm) with cooper metal fiber structure.
Methanol used in HPs 1,2, water - in HP 3. Increasing
of HPs' Quax (up to W'm for methanol) was reached
by using of longitude liquid artery placed in vapor
channel of HP. HPs 1,2 have bending in two
perpendicular planes, HP 3 - in one plane.’

TEST RESULTS - Themovacuum flests were
conducted for the electronic unit in assembly with
HPs. There were investigated two types of heat
conducting structure: rectangular form and radial one.

The least thermal resistance between electronic
component and place contacting with heat pipe was
provided by radial heat structure. Heat pipe 1, 2
(figure 11} had provided the predicted themal
resistance and temperature of mounting places for
every electronic board at level Tr,=325 K and heat
rejection from every card 15 W.

Maximum femperature of the electronic block
was less than 350 K.

Electronic block with mentioned conception
cooling may be designed for space scientific
apparatus working in open space (non-hemetic
modules)
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Figure 11. TCS of electronic block

SUMMARY

It was developed the ways of construction of
electronic block for space devices. Applied
autonomous systems on-. base of variable
conductance heat pipes (VCHP) may function in
passive or active control regimes (using an additional
electronic controller or not) and are integrated into
electronic blocks with different dimensions and
purposes. Advanced values of control accuracy were
300+2 K at oscillation of mount places' temperature -
20 ... 50 ©C, oscillation of heat rejected 1.5 ... 13 W,
and oscillation of external absorbed heat flux 50 ...
300 W/m2. Electronic plate fixing on the flat heat
pipes gives an opportunity to abolish of dimensional
limitation and to increase density and power of heat
rejected by electronic components. For the system
efactronic plate + heat pipes + TCS it was solved a
task of heat transfer from the electronic elements and
their thermal control at existence of non-uniform heat
rejected by elements (1 ... 10 W).

Heat pipes can reject the heat release of
electronic elements installed on printed cards. The
combination of heat conducting structure, thermal
conducting clamp and heat pipes are proposed to
support temperatures of any elements below 353 K
at 60 W total output of @ printed cards.
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Part 1.1. Passive Thermal Control Systems with
usage of Solar Energy for operation
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ABSTRACT

An approach to the creating of passive or
half-passive thermocontraol (TC) systems,
using a heat energy of the solar radiation
for its functioning and variable conductance

heat pipes (VCHPs) as temperature control
elements, is analysed with conditions of
considerably altering (more 2 times) solar

constant conditions. Results of the working

out of control system specimens with two
parallel metal-fibrous methanol HPs are
presented for the typical instrument
unsealed module with next conditions: range

of solar constant values — 500..1400 W/m> 3

variations of the temperature on mount
places - 253...323 K, device temperature
level 280...300 K.

Keywords: solar heat energy, variable,
conductance heat pipe, device,thermostatting

1. INTRODUCTION

For objects, oriented to the Sun and worked
in conditions of the negligible alteration
of distances to the Sun, it is possible the
application of passive TC systems based on
an utilization of solar radiation heat
energy. The high stability of solar constant
gs has assure a constancy of the device
temperature, that follows from the solution
of heat balance equation:

4 4 _

G‘l + £ Fr a (T dev Tol - aﬁFab cosg |:|s =
= - +

udev * (Tmp Tdev)xnmp - Gbal (1

where = , Fr - emissivity factor and

surface area of the emanating radiator; o
F b - wsolar radiation absorptivity and

2 surfacgearea of the solar absorber; ¢ =

5.67 x 10 N!(mz K‘}; ¢ — slope angle of Sun
rays incident on the absorber; Tde T T

L L
- temperatures of thermostattlnﬁ dgeice?

mount places for object and environment,
accordingly; Q@ , adev - heat loss flows
through the insulation and device heat

realise.

An increase of the thermal resistance value
between device and mount places, as well as
an increase of Fab allows to reduce the
influence of Tmp and "to tie"” the device

B i i o S

temperature T . to predetermined value,
and by the valuqu .At the variation of g_,
which 1is caused by the object movement
relative to the Sun, the object temperature
alterates very considerably by now.On fig.1
results of computation with Eq.1 are
presented for two mount place temperatures
(253 and 323 K) and typical values of R__=
0, 5, 15 and o0 K/W. One may, theoreticallf,

with T to be constant, select such system
parameters, which assured small deviation
(+ 10 K) of T " Hovewer, it is impossible,

with predeterm?ned fluctuations of Tm and
with functional wuncertainty between Pthis
values and q_ to obtain acceptable level of
the thermostagilizatinn I = 280...300 K

(T < Ty < T ) within §Yven conception
af™ "tc  SYitem™Construction. First of all
this associates with a fact, that the
system heat balance includes greatly
variated values agquab and (Tmp_Tdev)IRmp'
340
Tdevs K ’7;’9" =323K —
—— - > 7.
* max
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Fig.1. Influence of thermal resistance
between device and mounting places "Rm "
and temperature of mounting places "Tm; P

For the heat balance
negligible alterating of Tdev’
systems with variable values F and Fr,
which realize owing to usage of bimetallic
elements, liquid or electric power drives
(Ref.l),as well as such systems,heat balance
of which contains the controlled value Q al’
compensating a deficiency or a surplus of
the heat energy. If the system design per—
forms in the way, that Gba < 0 for all con-
ditions,than variable con&uctance heat pipe
may be as a control instrument for Dbal'

ensuring at
one may use
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2. CONCEPTUAL PRINCIPLES
Showed on fig.2 possible design modification
of such TC system includes: scientific
equipment unit 1, mount place a8,
radiator-flange 2 with light—absorbing
coating 10, VCHP's 3 with reservoirs 5 for
permanent gas, and shaded radiator-emitter
4. VCHPs 3 and both radiator—-flange 2 and
radiator-emitter 4 was joined by a brazing.
Connection between unit 1 and radiator—-emit-
ter 4 was performed using elements &, 7 with
the low thermal conductivity (for decreasing
of non-controled heat transfers), but
between radiator—-flange 2 and unit 1 the
connection with high thermal conductivity
was ensured. All surfaces of wunit 1,
non-working parts of radiators 2, 4 was
covered by a heat insulation 9 marked "MLI".
Number of HPs may be more than 1 for the
raising of an operate reliability. TC system
working conditions provides the temperature
alteration of mount place B in the range

T ; . sand stabilization diapason
ofPehe" un1¥p1mntemperature Tdevls within of
this range T T < 7T

MpP g dev mp y max

Fig.2.
b-d-cross—-section of HP wall in zones

Scheme of thermocontrol system,

TC system works in the following way. The
heat supplies to TC system by means of
the heat realise of wunit 1 and the
solar radiation energy a_ absorbed by the
coating 10. One part of the heat is spended
on a compensation of heat withdrawals to
mounting places (T = T MR and another
part radiates from Ehe 5ur¥ace Bf the flange

2, opened to the space, Ga and Ol
Remaining heat Q removes by VCHP to
shaded radiator 4 ang emits, with that the

compensation of heat balance alterations and
the cnrrectiun of a value of heat flow
removed are performed by the
self- adjugtmeﬁt of HPs thermal resistances,

and temperature level of the stabilization
will be determine wusing the mass of
non—condensable gas into a reservoir

(Ref. 2). Heat balance of the device unit
may be written as follows:
udev * Ds = unp = uah * l'Il. * uvchp * ud—r (2)

and for shaded radiator of the TC system:

nvchp ® 0d-r L us.r *ﬂf b ur * L83
GS = asqﬁFabcnsw

= 2 + _ 4
Ob = *Fap'Tan ~ To!
Qmp = (Tmp - Tdev], Rmp )
Gs,r = ag’rqssnonr

i ; 4 _ .4
ur = sraFrnrtTr Tol
ud-r = (Tdev B Tr),Rd—r
In Egqs. 2-4 o F, £, n — solar radiation
absorptivity, surface area, emissivity
factor and efficiency of radiator; Tr -
shaded radiator ‘temperature, R - heat

resistance between unit and shadeddradlatur,
concerned with a heat transfer through
“MLI" and fixing elements; Df - background
flow absorbed by shaded radiator (reemis-—
sion from devices, insulation, etc.).
Eqs.2-4 are considered for the limit working
conditions of the TC system,with an account
of possible alterations among coating
optical characteristics and the condition
a <0 < a s where QG - minimum
control hgg¥pfinu, it which VERPBs begins to
assure the control level desired, Q

maximum heat flow to be withdraw b?q‘the

radiator-emitter for possible geometrical
and optical characteristics and outer
radiant perturbations on it (G - Q).

Proposed construction of the TC syslem uIth

VCHPs was realized like the heat mock—up.In
an analysis of heat perturbations’ next
initial data was assumed:

- solar constant alteration, caused by
the space vehicle movement in an outer
environment and by seasonal fluctuations
of the solar activity qswa“ T = 2.8;

- deviations of the slope’ anglé of Sun
rays incident to the coating heat
absorbed, which indices by the possible
alteration of object orientation
relative to the Sun direction g = * 20";

- temperature deviations of mount places

= 253 K, Tm ; = 323 K;
temperaturep’“ﬂéo...SOO K;
=15 K!u,

dev?ﬂe n
With solving Eq.2 in conditions R
o = 0.90 and £ = 0.2, the value F §>o oim*
was determined, at which for all Serturba—
tions ﬂ - >0.Heat conditions of the shaded
radiator pdepends on the heat-supply flow

ﬂ the exposure by Sun rays ﬂ and
the vglue of background radiation a2 The
determination of a surface area of ihe sha—
ded radiator at maximum values zuvchp’us s
and Df leads to value Fr>0.054 m°. ’

List of typical heat flux balance
P 0.00 20.00 0.00 20.00

a_ w/m® 1400 1400 500 500

[¢] W 12.60 11.84 4.50 4.23
n:b W 0.92 0.92 0.70 0.70

Y e K 300 300 280 280

Q W 1.00 1.00 1.00 1.00

Q' W

at T ™53 Kk -3.13 -3.13 -1.80 -1.80
T"P=323 K 1.53 1.53 2.87 2.87
h“p ; W 7.55 6.79 1.00 0.73
vehp,min 4y 12.21 11.45 5.87 5.40
vefp,max 2.0 2.80 1.00 1.00
- W 0©0.00 7.83 0.00 2.80
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The value Dvch equals to 0.7...12.2 M.
Guaranteeing gf the system serviceability
at lower power level Q > 0.7 W is very
problematic because of considerable
influence of magnitudes Q@ _, @ on heat
balance. For keeping the cgﬁditién q_—>min
it is needed to have the margine in the
minimum magnitude of G - Increase of
a owing to th YEBPLTER of val
veh g (n] e corre i0n o values o 4
£ Bnd R is not real in practice because
of design and technological limitations ob-
tained. With increase of F b the effect has
been reached without delays  but it results
in an augmentation of the radiator surface
and hence the radiator mass at condition
q .Furthermore,subsequent development of
fiis approach is restricted by a conside-—
rable rise of F_.An expansion of the growing
applicability of this regulation principle
at optimal dimensions F and F_ may be ac-
hieved by introducing of additional element
- a cover once being opened (closed).Opening
of the cover changes the value F and, con—
sequently, increases a quantity agf heat Q
being introduced into a system. The cover
operation should be unitary in order that to
simplify the lock construction and the
drived mechanism and should be performed
with a help of a command from without. The
range of values q_, at which the operation
is carried out, depends on real values Q@ _,
ﬂl and relationship of magnitudes F befoPe
IFa .) and after (F__,) opening. fig.3
data of the heat flows balance are shown for
conditions R = 10 and 15 K/W; Fa = 0.01

m*5  F_p. =00.02 m®. B2

vchp
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W
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Fig.3. Influance of gs on heat flux through
VCHP for advanced thermocontrol system

2.1 Modelling VCHP per formance

The determination heat

characteristics was

of VCHP
been carried out by
models (Refs.3 — &) without taking into
account the influence of the heat-carrier
diffusion on a temperature pattern of the
condensator zone. It was been solved a
differential equation in the form:

dT d dT
Cix)———=———(A(x,T)——=)+(T-T_)/R. (%,T_,T)-

dr dx dx v mn v
(T—TOIJREX(X,T,TO) + qextr,x,T,TO) (5)
which was been composed for all VCHP zones
0< % (chh (evaporator, adiabatic zone,
radiator=cBndenser and reservoir). In addi-
tion to Eq.5 there was composed balance in-—

tegral equations for the heat transfer by va-—

por and the mass of a noncondensable gas Hg:

chhp

g (T—Tv}/Rin(K,1V,T)dK = 0 (&)
Q

chhp

j (P-P(T))/TF ()dx = MR, (7)
0

In Eqs.5-7 x — longitudinal coordinate; 7
time; T, Tv’ TO - temperature of housing

wall, vapor space and heat sink
consequently; C, A - bheat capacity and
thermal conductivity of housing
cross—-section; R. , R - linear thermal
resistances of internal’ and external heat
transfer processes; F (x) - function of

vapor cross—-section area, - outer
heat flow, P_,
tial. The solution”of a system Eqs. 5-7 was
been performed numerically using the finite
difference method. On the basis of
temperature distributions obtained in a
housing the boundary conditions of the VCHP
functioning was been determined.

For refinement of heat transfer conditions
in cross—-sections at non—unifom heat supply
(heat removal) along a section and for the
determination of thermal resistances R. the

qex‘T’ x)

P(T )-vapor pressure and par-

method of finite elements in two-dimensional

formulation was been used. The temperature
pattern in device housing was also been
determined by a two-dimensional simulation,
when one of VCHPs was got out of operation.

Selection of the VCHP type and working fluid

is determined by an accuracy of the devise
temperature stabilization, the reservoir
placement possibilities,it temperature con-
dition and a power consumption for system
functioning.For heat mock-up to be work out
it was been supposed no usage of automatic
devices for the reservoir temperature sta-—
bilization, at which a maximum accuracy of
the temperature stabilization was assured
(Ref.b). Possible potentialities consists
in the use a system with reservoir being
covered by a capillary structure or not,
mounting in a zone witn constant tempera-
ture (e.g., on the device surface).

For a determination of the regulation
accuracy, assured by one or another schemes
it is needed to know a range of temperature

deviations of the reservoir or condensator
zone end, being adjoined to reservoir.
This values may be approximately accounted

by the magnitude of radiant flows incident
on radiator and reservoir on the basis of
balance equations:

+Q

N =T R * O 0 %,

r.b + (Imp—Tb)fR

np,b:

4 4
chba(Th TO) (8)
- temperature of the condensator
end, Q@ and Q — solar and background
radiant>’"flows ta'~ be absorbed by the
reservoir surface, Rr b and Rm P thermal
resistivities betweén cond@Radtor and
reservoir and between mount place and
reservoir, accordingly. More accurate
determination of change limits T _, and T
is possible at a solution of the complex
problem Eqs. 5-7.

where T_,

For a computation of the regulation accuracy

next values are adopted:minimum temperature
in filled by non—-condensable gases radiator

and reservoir zones (with minimum power
supplied ﬂvch and minimum condensator
exposures) a Tbr““ = 178 K, maximum
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temperature in filled by non—condensable

gases radiator and reservoir zones (with
maximum power supplied Q - and max imum
condensator exposures) pT = 265 K. A

length of the gas plug L _, wh cl%8etermines
the radiator surface® being opened to
radiation, is maximum in a first mode and
equals to the radiator length L_, but in a
second mode it is minimum and equals to 0,2
L - The regulation accuracyaT/2 assured by
a"TC system to be calculated in accordance
with (Ref.&6) as a function of the volume of
reservoirs vapor space is shown on fig.4.

BVs/Vo

1 \ Tomin =176K; Tg mox= 265K
12—
\

\
G440) _
)«* ahat atloont

N
L\
N

e}

| —
o
i'“

X
\A 0 nicked! 8al-
4 \\ Coon
\ ~ ‘e
CHsQ S ~= 47/0
a g 0 5 K

Fig.4. Ballon-condenser volume ratio as
temperature accuracy

Analyzing correlations obtained we had
concluded, that the construction with "hot"
reservoir and without capillary structure
assures the better regulation accuracy for
all working liquids selected. Hovewer, this
scheme have a shortcoming, concerned with a
possibility of the working liquid ingress
into reservoir,and dificulties of it return
to the heat-up zone (it's possible in the
course of groung trying out,during starting
and manoeuvres of a spacecraft), that
results in a considerable rise of the
thermostatting level to (+50...+a0)°c. In
this connection the scheme with reservoir
being covered with capillary structure is
took for a heat mock-up. The wmethanol,
having best regulation 5haracteri5tic5, low
freezing point (- 98 C) and acceptable

thermal and mechanical properties, is used
as a working fluid. Volumes ratio V_/sV_for
the working out scheme is adopted equal

to 13, that principally defined by zone
dimensions for the reservoir placement and
by a nature of changing of the function
vb/vc = (&TVIZI-

3. DESIGH OF THERMAL SAMPLE

On fig.2 a construction of the heat mock—-up
is shown. Heat absorbing plate 10 with
coating being made with a technology (Ref.7)
is glued by an epoxy adhesive to the flange
2. Cylindrical HP housings in the heat-up
zone regions are soldered in flange channels
(fig.2b). Zone of the radiator-emitter is
formed of rectangle sections with wide 0,01
m (15 pieces) and ©0.005 m (& pieces) and
with length ©0.27 wm. HP housings for an
augmentation of the heat contact is soldered
in slots of radiator sections by Sn - Pb
solder. Both flange 2 and radiator 4 are

made from the aluminium alloy, chemically
coated with Ni for an ensuring of soldering
conditions to the VCHP housing.

In TC system two identical VCHPs are used

with reservoirs, inner surface of which is
covered by a capillary—-porous structure.
Concerning with limited overall dimensions
for the radiator-emitter placement
reservoirs are situated in a direct contact
with the end section of a radiator, heat
condition of which determines the

temperature deviations range of reservoirs.
Capillary—-porous structure of VCHP is made
as a fibrous one (Ref.3). Fabrication
technology applied permited to make the
structure with different thickness and shape
in heat-up, transport and radiator-emitter
zones (fig. 2b,c,d). Structure porosity was
(B0 £+ 2)% in all zones. In a radiator zone
the artery is mounted, allowing to decrease
an area of the vapor channel section at
simultaneous increase of the transfered
heat flow. An artery is gone out from
condensation zone to the reservoir, having
also a high efficient artery, and joined to
it. The aim is in avoiding of the liquid
accumulation in a reservoir for conditions
of peak exposures of a radiator by the Sun,
when vapor—gas front moves in a reservoir.

YCHP housing and capillary structure are
made from stainless steel, assuring a
considerable resours with main potential

heat carriers (aceton, metanol, ammonium).
4. INVESTIGATION OF MOCK-UP

The investigation of 1C system on the basis
of VCHPs was accomplished in normal
conditions with a heat remove by convection
into environment and in vacuum chamber with
shields being cooled by a liguid nitrogen.
Imitation of the TC system functioning was
been implemented in next way.Heat supply to
the absorber was been carried out with a
help of either resistance heater,mounted on
the non-working side, or solar radiation’'s
simulator with a diameter of the working
zone 0.15 m. Modelling of the solar and
background radiation for both radiator and
reservoir was been realized by three
methods.0On initial stages of investigations
flows ﬂs and @_ was simulated by radiation
from the painted aluminium plate to be
mounted in parallel to radiator on it
nonworking side. On subsequent stages flows
Ds and G, was simulated by heaters being
mounted on the radiator and reservoir
directly. At more detail investigation of
the system to combine with a devise the
flow O, was been simulated by radiation of
spec1arly oriented heated surfaces, to be
characterizing the system environment, and
the guantity Q_ was simulated with a help of
electric heaters. Each of methods proposed
has a different approximation to the real
process. All ones has enough simple
realizations in practice and the test
execution does not required to wuse
continually of solar radiation source with
enough large light spot (more than 0.3 m).
Environment imitation was realized with use
of shields having a temperature 79 —-83 K in
the vacuum chamber. Those formed the closed
space.

Copper—constantan thermocouples mounted in
heat supply zone (NN 1-6), adiabatic zone
(NN 7,8) condensation zone (radiator)
(NN 9-22) and on a reservoir (NN 23-26)
was used as temperature detectors.
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The measures for decreasing of not taking
into account heat flows from measuring and
power wires, through heat insulation from

non-working zones of the heat-absorbed
flange, imitator of perturbations of a
shaded radiator and reservoirs were been

took at TC system installation in a chamber.
HPs housings in those bend plane (see fig.2)
was leveled for avoiding of the gravitation

forces influence on heat transfer

characteristics of VCHPs.

TC system had been mounted in a chamber

such way, that emitting surface of the

radiator was parallel to the chamber axis.

The execution procedure of investigation

involved a study of the influence of the

external radiant perturbation value Q =

(Q +Q.) and of the value Q on TC sySfem

reaﬂfat on characteristics. Tests had been

conducted without device unit with a purpose
of diminishing of the +time of transient

processes, and in subsegquent runs - Jjointly

with device and simulators of mount places.

Electric power supplied +to +the heater of

solar radiant absorber Qs,in was altered in

a range (2...18) W, and™ by using a solar

radiant simulator the ;low density was 290,

550, 1100 and 2200 W/m .

The typical distribution of temperatures in

a VCHP housing at the least wvalue of heat
perturbations on the radiator Q =1W
(density of the flow absorbed) is hown on

fig.5.Temperature pattern on a heat-up zone
is practically uniform: lengthwise temperB—
ture deviations on each of HPs was 0.4 C
and the temperature gifference between HPs
was no more than 0.6 C, that may be exp-
lained by distinctions in mass of non-con-
densable gases, geometrical dimensions and
heat and physical characteristics.

K MNeg . 27 ,J;c

285 Sensor numBer ballogrl0

por NeI...8 Qo W] 0

243 Q=1 {-30

2250 @ -sensor dates w 1750
on. +irst and

?03'2' sec"‘ong vetie % N

a-

185} oo Sptir 3w -90

163¢ Radiator 1710
A dL 'l e A e A ll

g qo4” q16 Q2 Q24028032 G456 94 m

Fig.5. Temperature distributions along VCHP
as function of transmitted heat flux

Temperatures in HPs transport zones diffegs
each other by a value no more than 0.6 C
and at the mode with L. < L_ are correspon-
dent to vapor temperatﬁres.

Obtained with another values @ __lengthwise

temperature profiles showed that™increase of

a level of the shaded radiator exposure has

resulted in a temperature rise of all
radiator and reservoir elements and in a
displacement of the vapor-gas boundary

toward a reservoir (at equal Qs}.
In steady conditions at value “(Q +Q )
> 22 W the radiator will have a tgﬁggratsfe

more than + 30 °C, that higher than

thermostatting point. Gas plug in this case
is minimum and a major mass of the gas will
transfer onto reservoir. Rising of the
reservoir temperature T _ results in an
increase of a temperatufe level in VCHP,
since
(PV—P(Th))/Tb = const, (9)
P(Tb) - pressure of saturated vapor as
function of temperature.
In modes with Q = (1...2.8) W and Qg <
(4...6) W radia®8r element temperature CEBE
less than a level of the heat-carrier free-
zing point. Serviceability worsening of the
TC system in that modes and in start up of
the VCHP with frozen heat-carrier do not
detected.
Integral regulation characteristics of the
TC system are shown on fig.6 in a form of
the function of temperature on heat received
flange T_,, transport zone T , reservoir T
at discr&bely alterated valuls Q_ (2...16W
and at three fixated values Qe T1; 2.8 and
13 W). Systems has two limitsS&t little va-
lues of @ (@ < 4 W) and at maximum this
values Q_¥Q S, 22 W. All curves has an in-
flection®neSF @_ = 4 W, which characterises
the front placgment in a transport =zone.
o
tE

30

28

47 6 8§ W 1Z| 4 qwW
9s=500 W/m Gs= HOOW/m?
Fig.6. Control characteristics of VCHP
system. Right axe is balloon temperature,
"A" & "B" - regions of extrem regime

Correspondent value Qv h is less 2.5 W.
With a decreasing of 5 ﬁspto 2 W the value
T falls up to 0...5 "C.” With an increa-

s Q the regulation level rises because
of the “reservoir heating. The magnitude
aT_. /9Q is 1 K/W.

Ex%erimgﬁtal data shows system abilities to
control the temperature Td = at boundary
values q_ and T Zones "A"%8&1d “B"(fig.6)
defines Pegionsmgf the heat energy variation
being entered into a system (Q_* Qll ) under
Q. = 1400 and 500 W/m" . MagnTtud® Q  is
sélected as a most considerable one™Pand
computed at 2 =15 K/W.For conditions
"A" (q_ =1400 W/m ) "at T = 2583...323 K
and ¢~ < 52 the system ha®Fassure a device
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stabilization in the range (23...26) °C. At AIHOMLESENT
increasing of the angle ¢ to 20 a N

n .
regulation level is raised to {28...33)DC a:;hg:sz;::nk; DD:dEJ?V A-A., D;;S:?lna V.N
because of an influense of solar rays adviceé darin -th 2 :r consultations and
incident on the radiator and reservoir (at 9 *he work: periarming.
a5,r < 0.4), but for ¢ = 25 - to 29...37 C REFERENCES

With the influence reduction ¢ may be
diminished by a decreasing of value « to
less than 0.4. Under conditions "B" ?'rq =
300 W/m?® ) system has main&ain the

temperature on a level (1B8...21) C at ¢ =
0...20 . However, at heat withdrawal values
a > 1 W (it corresponds to T <0 DC) a

1. Piack B N Tsarevskiy S N 1976, Review of
modern system of radiant thermocontrolling
for scientifical instrument modules of
sp?ce:rafts, In a collection "Design of
scientific space instrumentation™, "Nauka",

tgoperature Ta is lowered on th& level O... Hascow, 26r&3 ton Russtan).

7 C, that arousing by quite enough little

value nvch = (0.5...1)W, which determines 2. Voronin V 6 Reviakin A V Sasin V J Ta-

the heat P pbalance stability of a whole rasov V C 1976 Low-temperature heat pipes

system. Therefore, TC construction proposed for flying vehicles, "Mashinostroenie”,

may satisfy working characteristics in the Moscow, 129-150 (on Russian)

whole perturbation parameters range_except '

a combination g_= 500 w;mz_ T < ooc_ This 3. Semena M G Gershuni A N Zaripov B K 1984

defect may be  removed in prictice by two Heat pipes with metal-fibrous capillary

ways: rising of surface F and hence F_ by structures, "Vyscha shkola", Kiev, 215 p.

. a r T - T

25 ... 60 %L, and putting a supplementary (on Russian).

element - the cover, which discloses in

addition 30...100 % from initial value Fab 4. Edwards D K Marcus B D 1972, Heat and

and ensure the value (Q_*+ Gm Y > 4 W at any mass transfer in the wvicinity of the

value T and in a moré brO8d range of R_ . vapor—gas front in the gas loaded heat pipe.

Cover construction mass is no more than’® "Journal of heat transfer" ASME,94, 5, 155-

0.08 kg.Cover opening mechanism operates at 162.

27 V of a power supply over 10 s. Value q_,

at which it is needed to open the cover, is S. Baturkin VM Zhuk S K Savina V N 1989

defined after experimental account of limits Development and study of heat pipes for

Rm and as . Correction of this value g systems providing thermal conditions of

ofPurs for“data of telemetric temperature scientific equipment, Proc IYth Internatio-

sensors. nal seminar "Manufacturing of scientific
space instrumentation", Frunze, USSR, v.IY,

CONCLUSIONS 201-208.

Principles developed of the autonomous 6. Baturkin V M Semena M G Sysojev A V
thermocontrol system construction may be Design analizing of variable conductance
used for devices with at least single heat pipes for the heat released objects
solar orientation axis. Deficit of an thermostatting 1977, "Voprosi radioelectro-
auxiliary power is compensated by the solar niki" ser.TRTO, 2, 58-67 (on Russian).
heat energy. Variable conductance heat pipe
supports heat balance in the system and is 7. Palatnik L 5 Tartackovscaja I H Covali-
responsible for a temperature control. ova 0 I 1981, About a wmechanism of the

Scope of disturbances covers required geterogenic structure forming in low-vacuum
control temperature range (288...303)K, the aluminium  condensates, "DAN", 260, 2,
variation of a solar constant 500...1400W/m 335 - 338 (on Russian).
temperature of mount places (253...323) K.

Main design difficulties is found to support 1.+2.+4.: books
the thermal balance at smallest solar cons-— 3.+6.47: journal articles
tant and lowest mount place temperature. 9.3 paper in conference proceeding

Achieved device temperature control accuracy
is better than (18...31) 9C for advanced

design with opening cover. Total mass of

thermocontrol system is less than 12% of

device mass. The indicated principle may be

applied for building of thermocontrol

systems at the conditions of auxilliary

electrical power deficit and wide range of

oscillations qgs for example, for Mars

missions.
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VCHP outlook

Components of thermal control
system: solar flux absorber, low
conductance supports

O —
o —
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