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Part 3. Low temperature heat pipe systems for
optical sensors cooling

Sources:

o V.Baturkin et al. Thermodiode system application for the achievement
of low temperature for optic sensors at external disturbances. Proc. of
22" CES. Seattle, USA, 1992, report No 9212009.

o V.Baturkin et al. Working out of Heat Pipes for Low Temperature
Radiative Cooling Systems for Space Optic Sensors. Proc. of 26
ICES, Monterey, USA, 1996, report No. 961603

ABSTRACT inputs in range (0.3.2.5) W at vacoum surrounding
Discussed temperature level (-90 .. ~40) °C and
The substantiation of heat pipe usage in passive value of heat rejected assume to use for semsitive
radiative cooling systems on temperature level elements cooling the systems based on principle of
(190_240) K for space optical semsors is presented. thermoelectric batteries, heat emission to space and
Heat pipes can be sound practice like heat condncting their combination. In every system there is additional
lines between sensor and radiator perticularly at element which fulfills the role of heat connecting line
distances more 02 m and irreplaceable at distances between hottest point and source of required
(05-2) m. Embedding heat pipe with radiator allows temperature. Sometimes usage of heat pipe [1] in this
to create the uniform besis in case of role gives good thermal and design solution.
several sensors connection to single radiator and to In presented report some design conceptions of
' lpplhthmdhutmd for Ildltmm
It is analyzed approach to design of thermocontrol space are
and cooling radiative systems with heat pipes to considered. Systems were designed and manufactured
reduce sensitiveness to external light disturbances and in Kiev Polytechnic Institute (Ukraine) In
to enlarge area of radistive system application. The cooperation with Institute of Space Research of
results of design, thermovacuum test and flight Russian Academy of Sciences (Moscow, Russla) for
operation of thermocontrol radiative system samples benefit of series of International space projects.
are under discussion as well.
THE BASIC PRINCIPLES OF THERMO-
INTRODUCTION CONTROL SYSTEM CONCEPTIONS
Qnuestions of thermal regime providing on-board There are two main widely used approach to
space sclentific equipment always building of thermocontrol systems (TCS) for space
remain as actusl One of them it is ensuring of sensor cooling First ope deals with usage of
required temperature level of semsitive elements of thermoelectric battery Peletier. The matrix (sensitive
optoelectronic light recetvers which widely use in TV element) of receiver has perfect thermal contact with
observation, IR technology. feature of these “cold junction” of thermoelectric battery which ensure
devices is strong dependence of characteristics required matrix temperature level; “hot junction™ has
from temperature which lay in range (-80-.-40) °C connection with heat sink. Thermal scheme of such
and less (depending on material type used and type of thermocontrol system is presented on figure 15
optical sensor). mhﬁumwudﬂmm
Own heat released by sensitive elements is enough are input to battery Peletier
small (tens - hundreds milliwatts), but design of cooling productivity). Heat rejection from “hot
receiver has to foresee special measures for redncing junction” Qrg which is essentially more than heat
of heat leaksge from surrounding apperatus and m«‘-imﬂmwm
mounting places which have much higher tempera- ) has to be rejected by
ture level up to +50° C. Existing constructions of Uﬂm%rﬂmwm:mﬁmm
receiver heads allow to get level of additional heat i of Lol ’jmh. MP"M"
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DS T%t
Finger evice - radiato um%&mm
Name 005 m 01m m 05 m
of Density | Heat con- | Heat Diam. | Mass [Diam. | Mass |Diam. | Mass Dlgn. Mass
material P, ductivity, m of of of of of of | of
kg/m A finger, |finger |finger, |finger |finger, |finger |finger, | finger
W/(mK) mm | kg | mm | kg | mm | kg | mm _&_
% gol g 125 1005 | 176 [022 | 278 | 136 | 395,
uminiom | 2 70 | 003 | 241 [ 042 | 380 | 077 | 538 | 3.10
[Berilium | 1840 | 194 850 81 002 | 256 [ 010 | 405 | 059 | 57.3 | 2.40 |
[Siver 110490 | 420 | 230 23 1006 | 174 [025 | 275 [156 | 3891 625
Heat pipe | SS + metal fibres CS ; \
wall thickness 0.5 mm 120 | 004 | 120 | 005 | 120 {008 | 120 | 013
Heat pipe | Extrusion aluminium profile it Y
wall thickness 20 mm 120 004 | 120 J 005 | 120 | 008 | 120 | 0.4
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to be same and to equal 1 K/W, temperature level
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moment: (1) thermal test in ground condition; (2)
startup behavior. First one requires of precise HP
orientation in gravity forces, exact estimation of all
leakages to heat pipe. Second one deals with strong
function of parameter N (other name Figure of Merit)
with temperature. Starting cooling from temperature
level 200 K some of heat carriers have parameter N
in (2.10) times less compare with operating
temperature level, same are in state. Heat
pipe connects two objects like device and radiator
with different thermal capacities. Sometimes the
nonidentical rates of radiator cooling and device from
initial condition can gemerate essential temperature
difference and correspondingly enough large heat
transfer between these bodies. If heat pipe at initial
temperature level has scarcity in heat productivity the
limitation in functioning occurs. Radiator and device
will be cooled like bodies coupling with great thermal
resistance. Cooling of device can stretch. This effect
has to be estimated at HPs utilization in real systems.

PASSIVE TCS DESIGN WITH HEAT PIPE
UTILIZATION FOR HEAT TRANSFERRING

Such system was actualized for the cooling of CCD
matrixes of receivers of two television cameras of
interplanetary probes “VEGA-1" and "VEGA-2" of
the International Project “Venus - Halley” for TV
observation of comet Halley. General external
cooling system diagram is presented on figure 3.

line to heat pipe and transfer onward on the
low temperature radiator (F, = 0.0535 m%; o,=0.26,
e = 085). To compensate the direct solar rays
influence occurring in some exploitation regimes the
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with ammonia and refrigerant R-22
depending on the required altitude of the heat-carrier

Qunax™4N'(1 - APp/APe) ResFes/Dey/les~ (2)

where Q. - heat flow transferred over by HP, W;
N= ot/v; - parameter of working fluid merit, W/m?2;
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of TCS architecture the analysis of the influence on
the system temperature regime of various exploitation
factors was fulfilled, for example, temperature
change of mounting places, thermal resistance of
flexible line and radiator supports, heat-capacity of
radiator (in unsteady regimes) etc. [5][6].

It was carried out the complete cycle of ground
tests for particular heat pipes and TCS on the whole,
including thermal-vacuum (with heat releasing on

Intensity of heat transfer in evaporator for NHg
mhhfcmwf&lk-zzﬂl’sinwhh
of heat flux density. Dependence of heat
coefficients on ﬂudﬂﬂmﬂ:phlnedbyewpo-
ration regime existence at l:q:ul:ozlllllllWar/m2
and at larger density. Figure 5b illustrates
life test for R-22 HPs in form of
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ts of the telemetry in-fiying-obtained.
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Figure 6: Experimental simulation of flying section
near comet a - temperatures of TCS

(with three heat-sinks) to more cold one.
Comparison of temperature flelds for TCS
radiator with heat plpe and without it is presented

on figure 7.

Computations of temperatures are accomplished by
means of program package "HEAT-90" [8] actualizing
the method of finite elements.
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Figure 7:Temperature pattern in radistor: a - without
heat pipe, b - with heat pipe embedded

tion termination with probes that well conforms
with calculated data.

UTILIZATION OF HP WITH VARIABLE
THERMAL RESISTANCE

Major restriction of passive radiative systems on
the way to achieve level (190.200) K is
the effect of background fluxes from ambient
spacecraft elements, planets etc., and this limitation
could be reflected in next belance equation:

4 4
Qdev + Qf < e Fy(Trmax - To)r &)
MT,M 'wwmm
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major mass of working liquid in
complete drying of the radiator zone
occurs and heat transferred

For chosen conditions

TD resistance grows up to
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b of the radiator temperature field for
the rising of its effectiveness and providing of basic
level for several devices;
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APPENDIX
Potential working liquids for low temperature heat pipes
Table 2
Name of Tempera- | Vapour | Density Surface | Heat of | Parameter
liquid ture pressure tension, o | evapor., N,
T.K |P,MPa |liqud vapour | N/m1¢® |r. KI/kg |W/m®10"°
e _

- - N— g_ r—

Propene 290 | 0768 % 166 | 748 393 | 118

-r_’ T asg | 20 |07 |51t |34 |19 459 | 179
Tw=232K | 190 [o011 |627 | 029 | 2196 4656 | 100

Propylene 290 0926 | 507 | 19.1 752 3550 141
1-_’ S ssx | 20 o186 |51 | 39 | 1w 4180 | 260
Tw=225K | 190 |o0014 | 624 | 027 | 220 07 | a5

Ethane 290 351 |35 | 771 | 116 2298 21
T - 90K | 240 |o0%67 |45 |176 | 726 343 | 162
Tw=184K | 190 o043 |54 | 264 | 149 4815 | 296

Ethylen 2% | — —— - - =
To -4k | 240|177 |46t |23 | 475 3370 92
[Tw= 170K | 190 fo20 |55 | 602 |1272 | 4496 | 247
 Chlorodiffuo- | 290 084 |1219 | 364 | 92 1899 87
romethane

CHF,Cl(R22)| 240 [o044 (1386 | 656 | 17.4 284 | 163
$"': g:ll: 190 |0008 [1525 | o045 | 255 2502 | 132
L_on. e ——————— — po— —
Ammonia 290 | 078 |65 | 61 |2i8 11978 | 653
1-::?_ sk | 240 o1 |es2 | 09 |3a1 13685 | 1026
Tw=240K | 213 003 {714 | 003 | 406 14340 | 1160

Toap - temperature of melting point;
Typ - temperature of saturated vapour at standart pressure
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accumulators

Radiative cooling system for mission Radiative cooling system for project
“Venera-Galey” Phobos

Different types of thermodiodes. Courtesy of NTUU “KPI”, Ukraine
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