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HEAT TRANSFER SYSTEM FOR A SATELLITE
INCLUDING AN EVAPORATOR
CROSS-REFERENCE TO RELATED
APPLICATIONS

ited performance in terms of heat transport capacity (Which
is the order of a feW hundred
and transport distance
necessitates the use of different systems in Which heat can be

transported over greater distances, along more complicated
heat paths, Which are sometimes three-dimensions and

recon?gurable in ?ight (to deploy radiators) and the trans
[0001] This application is based on French Patent Appli
cation No. 02 06 638 ?led May 30, 2002, the disclosure of

port function may need to be actively assisted by mechanical
pumping. These heat transfer systems are ?uid loop systems.

Which is hereby incorporated by reference thereto in its
entirety, and the priority of Which is hereby claimed under
35 U.S.C. §119.

The loops can be single-phase With pumping, tWo-phase
With capillary pumping, or tWo-phase With mechanical
pumping. Fluid loop systems have three parts: an evaporator,
a radiator, and ?exible or rigid ?uid lines.

BACKGROUND OF THE INVENTION

[0009] The operating principle of single-phase ?uid loop
[0002]

1. Field of the Invention

[0003]

The present invention relates to a heat transfer

system adapted to evacuate dissipated poWer generated by
equipment on board a spacecraft and in particular a satellite.

[0004] 2. Description of the Prior Art

[0005] During operation of a spacecraft in orbit, onboard
electrical and electronic equipment dissipates a quantity of
heat Which is dependent on the intrinsic efficiency of the
equipment and can be high in some high-poWer equipment.
To maintain the thermal environment of the equipment in
temperature ranges compatible With its operation and per
formance, it is necessary to provide a heat transfer system to
collect and transport the heat and then evacuate it into space.

[0006] A number of prior art systems perform this transfer
of heat. They include a system for transporting and distrib
uting heat and a system for transferring heat by radiation.
The principle of the heat transfer system is based on the use
of a ?uid circulating betWeen a hot area in Which heat is
dissipated and a colder area in Which heat absorbed by the
?uid is evacuated to an external medium by radiation via one
or more ?xed or deployable radiators. The operating prin
ciple of the system is therefore based on its transport and

exchange capacity and, in the case of tWo-phase systems, the
?uid evaporation/condensation properties (the latent heat of

the ?uid).
[0007]

A ?rst type of prior art system is knoWn as a heat

systems is similar to that of central heating using the sensible
heat of the ?uid. The heat-exchange ?uid (FreonTM, Water,

ammonia, etc.) absorbs poWer dissipated by the equipment,
thereby increasing in temperature in the vicinity of the heat
source, and rejects that poWer When it cools in one or more

radiators, Without changing its physical state. The ?uid is
pumped by an active pumping system. Mechanical pumping
is effected by an electrically poWered pump providing the
required ?oWrate of ?uid in the loop. Quite apart from their
energy consumption, mechanical pumps can generate
microvibrations that can be incompatible With other equip
ment and instrumentation onboard the satellite. Moreover,

they can also have a durability (service life) that represents
a constraint on the mission of the satellite, in that their
durability is limited by premature Wear of some of the
internal mechanical parts of the pump.

[0010] Like heat pipes, tWo-phase ?uid loops use, in
addition to the increase in temperature, the latent heat of
evaporation of the ?uid to absorb and reject heat. Thus the
heat-exchange ?uid changes state as it circulates in the loop.

It evaporates When it absorbs heat dissipated by the equip
ment in the evaporator and rejects that heat When it con
denses in one or more condensers situated at the level of the

radiator. The ?uid is circulated in the loop either passively,
by capillary action, or using a mechanical pump upstream of
the evaporator. The vapor and liquid phases are separated,
except in the condenser and the evaporator, in Which they
?oW in the same direction, unlike in a heat pipe, in Which the
tWo phases circulate in opposite directions in the same tube.
This type of system has a capillary structure only at the level

pipe. This system includes a rigid metal tube (for example an
aluminum tube) in Which a heat exchange ?uid (generally
ammonia) circulates and relies on liquid-vapor phase change
properties and the capillarity properties of a liquid. Thus a
heat pipe is a closed tWo-phase system in Which vapor
generated in the hot area (referred to as the evaporation area)

poWer satellites to reject heat by radiation into space, it

is aspirated toWard a colder area (Where the pressure is
loWer) and condenses therein on the metal Wall of the tube.

proves necessary to use deployable radiators to increase the
dissipation surface areas available on the satellite. Given the

The liquid phase of the ?uid ?oWs along the metal Wall of

poWers to be dissipated, the surfaces of the body of the
satellite are insufficient. The principle of the deployable

the tube in the opposite direction to the ?oW of the vapor
phase of the ?uid, Which remains con?ned to the center of
the tube. The ?uid is returned along the Wall by a capillary

structure (a Wick or longitudinal grooves) linking the tWo

of the evaporator.

[0011] To increase the capacity of neW generation high

radiator is to increase the radiation surface areas available on

the satellite When they are in the deployed position, but a
?uid loop is also used, as described above, to bring the

separator of the liquid-vapor phases.

dissipating poWer of the netWork of heat pipes supporting
the dissipating equipment to the radiating surfaces of the

[0008]

radiator before it begins to operate.

ends of the tube and serving as a capillary pump and as a

Heat transfer systems based on heat pipes are

frequently used in satellites, but have tWo major limitations.
Firstly, the mechanical rigidity of heat pipes means that they

deployable radiator, Whilst alloWing deployment of the
[0012] For high-poWer satellites necessitating the pres

cannot be used to transport heat to radiating surfaces that are

ence of deployable radiators, a number of architectures are

deployable in orbit (deployable radiators), as this necessi
tates recon?guring the heat path in space. Secondly, in the

feasible for collecting and transporting heat from the equip

case of high-poWer telecommunication satellites, their lim

ment to the deployable radiators. Either the ?uid loop
collects the heat directly at the level of the equipment and
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transports it to the radiating surfaces of the radiator or a
network of heat pipes collects the heat at the level of
equipment and transports it to exchange areas in Which the
?uid loops recover it and feed it to the radiator. The ?rst

solution is suitable for single-phase ?uid loops and the
second solution is suitable for all types of loops.
[0013] In the case of the second solution, the netWork of
heat pipes includes a primary netWork of heat pipes Which
collect and distribute the poWer to be dissipated from the
equipment in a preferential direction. The ?rst heat pipes are
either integrated into the panel that supports them or
mounted on the panel. A second netWork of heat pipes,
knoWn as coupling or crossing heat pipes, couples the heat
pipes of the primary netWork together in a transverse direc
tion. The ?rst heat pipes are either integrated into the panel
that supports them or mounted on the panel. The ?uid loop

?uid loop of the deployable radiator, and a satellite archi
tecture such that the evaporator has a large contact surface
area, Whether this is achieved With one or more primary heat
pipes or one or more heat pipes of the coupling netWork.

[0019] In one embodiment of the invention the main axis
of the evaporator is parallel to the main axes of tWo heat
transfer passages, betWeen Which it is located, and each face

of the evaporator facing respective heat transfer passages is
thermally coupled to the facing face of the passage by
surface contact of ?ns of the passages and the evaporator.
[0020] In one embodiment of the invention the tWo heat
transfer passages are coupling heat pipes and a base of the

evaporator constituting its third face is coupled by surface
contact to a main heat pipe.

[0021]

In one embodiment of the invention the evaporator

thermally couples the radiating surface of the deployable

has a shape With right-angle corners, i.e. a square or rect

radiator on Which the condenser of the ?uid loop is installed
to the primary and coupling netWorks Which drain heat from

angular cross section.

the equipment. As explained above, the ?uid loop includes

[0022] In one embodiment of the invention faces of the
evaporator having no surfaces in contact With a heat transfer

an evaporator for collecting the poWer to be dissipated from
the netWorks of heat pipes on the panels of the satellite, a
vapor line for feeding the poWer to be dissipated to a
condenser, and a liquid return line for feeding the liquid back
to the evaporator. A tank upstream of the evaporator stores
liquid not circulating in the loop. The condenser is con
nected to the radiator, Whose thermo-optical properties are
adapted to reject poWer to the external medium. The vapor
and liquid lines can be ?exible to alloW deployment of the
radiator.

[0014] The ef?ciency of the deployable radiator (its rejec
tion capacity) is largely dependent on the effective thermal

gradient along the path betWeen the dissipating equipment
and the radiating surface. To a ?rst approximation, the loWer
the thermal gradient, the more ef?cient the radiator. Also, the

shorter the heat path, the loWer the gradient. In particular, the
operating temperature of the evaporator is a key factor in the

ef?ciency of the loop.
[0015] Because heat is transferred primarily by conduc
tion from the equipment to the radiating surface of the
radiator, apart from the tWo-phase transfer in the heat pipes,
the contact and exchange areas and surfaces must be thor

oughly minimiZed in terms of their number, maximiZed in
terms of their surface area, and optimiZed in terms of their
quality of thermal contact.
[0016]

Thus an object of the invention is to propose a heat

transfer system making optimum use of radiators, in par

ticular deployable radiators, by increasing the thermal rejec
tion capacity of the satellite and improving the ef?ciency of
the heat path by increasing the contact surface areas at nodes

of the heat path.
SUMMARY OF THE INVENTION

[0017] To this end, the invention provides a heat transfer
system including a heat transfer passage in the vicinity of a

passage are holloWed out.

[0023] Other features and advantages of the present inven
tion Will become apparent on reading the folloWing descrip
tion of embodiments of the invention, Which is given by Way
of illustrative and nonlimiting example.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a theoretical diagram of a tWo-phase ?uid

loop With capillary pumping.
[0025]

FIG. 2 is a diagram shoWing a satellite With

deployable radiators.
[0026] FIG. 3 is a diagram shoWing a netWork of heat
pipes on Which electronic equipment mounted on the inter
nal surface of a satellite panel is arranged.
[0027] FIG. 4 is a diagrammatic vieW in section of a
satellite structure including one embodiment of a system
according to the invention.

[0028] FIGS. 5a, 5c and 5e are diagrammatic perspective
vieWs of embodiments of systems according to the invention
and FIGS. 5b, 5a' and 5f are respectively cross sectional
vieWs corresponding to FIGS. 5a, 5c and 56.
[0029]

FIGS. 6a to 6c shoW different conformations of an

evaporator according to the invention.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] Items With the same functions are identi?ed by the
same reference numbers in all the ?gures.

[0031] The principle of the tWo-phase ?uid loop With
capillary pumping is explained next With reference to FIG.

source of dissipated heat on a satellite adapted to collect heat

dissipated by the source and a ?uid loop including an
evaporator having over part of its path a maximum surface
area of its external Walls in contact With external Walls of the
heat transfer passage.

[0018] Thus the invention provides an evaporator design,
a method of arranging and integrating the evaporator in the

[0032] FIG. 1 shoWs a tWo-phase ?uid loop 10 With
capillary pumping comprising an evaporator 11, a condenser
12, and a tank 13. Also shoWn diagrammatically and in
dashed outline are a heat source 14, i.e. the equipment (not

shoWn) dissipating heat onboard a satellite, in the vicinity of
Which the evaporator 11 is located, and a heat evacuation
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area 15 situated at the level of a deployable radiator panel

their imprint 21 on the heat pipes are installed on this

(not shown) of the satellite, in the vicinity of Which the
condenser 12 is located.

netWork. The equipment units commonly include traveling
Wave tube ampli?ers (TWTA) for amplifying microWave

[0033] The tank 13 of heat-exchange ?uid 16, for example

Earth.

ammonia, feeds the loop 10 With ?uid via a pipe 17. The

frequency signals before they are broadcast toWard the

?uid 16 in the liquid state, symbolized by cross-hatching

[0043]

FIG. 1, enters the evaporator 11, in Which it evaporates. The

for transporting and distributing the heat dissipated by the

The tubes are carried by one or more heat pipes 22

vapor produced in this Way (symbolized by dots in FIG. 1)

tube. The heat pipes 22 are part of a main netWork of heat

moves toWard the condenser 12 in a transport line 18.

pipes and integrated in or supported on the structural panel
of the module 20; they are all parallel to a ?rst preferential
direction. A pair of coupling heat pipes 23 crosses the heat

[0034]

The vapor is then condensed in the condenser 12

and returns to the evaporator via a transport line 19.

[0035] The evaporator 11 has a capillary internal structure
11a. Its internal surface has longitudinal grooves all around
its circumference and extending from one end to the other.

Thus liquid entering the evaporator 11 crosses the capillary
Wick toWard the Wall of the evaporator, Where it collects the
poWer to be dissipated. It then evaporates on the surface of
the capillary structure, on Which are formed menisci initi

ating capillary forces. The increase in capillary pressure in
the Wick is proportional to the surface tension of the ?uid 16

and inversely proportional to the equivalent radius of the

pipes 22 in a transverse direction and includes tWo coupling
heat pipes 220 and 221 betWeen Which there is an evaporator
223.

[0044] FIG. 4 is a sectional vieW of the module 20. The
heat transport lines 18 and 19 connect the evaporator 223,
Which is located as close as possible to the heat source, i.e.

the dissipating equipment, to the heat evacuation area situ
ated on a deployable radiator panel of the satellite, in the
vicinity of Which there is a condenser 12 consisting of tWo

condenser circuits 121 and 122 connected in parallel.

menisci.

[0045] FIGS. 5a, 5b and 5c are diagrammatic perspective

[0036] On leaving the capillary Wick of the evaporator 11,

vieWs of embodiments of a system according to the inven
tion and FIGS. 5b, 5a' and 5e are respective sectional vieWs
corresponding to FIGS. 5a, 5b and 5c. FIG. 5a is a diagram

the vapor is therefore collected in the external envelope of
the evaporator 11, Which is directly interfaced to the heat
source 14. Because of the capillary pumping pressure in the
loop 10, the vapor is then directed into the vapor line and
?oWs to the condenser 12.

[0037] The pressuriZer tank 13 is used in particular to
regulate the operating temperature of the loop 10 and to

prime the loop 10.
[0038] The transport lines 18 and 19 are simple, light tubes
and induce loW pressure losses; they can be bent easily
because of their intrinsic ?exibility. They have an inside
diameter from 4 mm to 10 mm.

[0039] The deployable radiator comprises one or more
panels mechanically interconnected by means that are not

shoWn. Initially (before the satellite is launched into orbit),
the panels are folded one against the other and along the
body of the satellite. After the satellite has been launched
and placed in orbit, the panels are deployed to constitute a

large heat evacuation surface, thereby maximiZing their
rejection capacity, and are disposed to offer a minimum sight
factor to incident sunlight in order to minimiZe inWard heat

shoWing three radiating collector TWTA 21 each mounted
on tWo heat pipes of the primary netWork. Those heat pipes
cross coupling heat pipes 220, 221. The evaporator 223 is
betWeen the coupling heat pipes, as shoWn in the diagram.
This bene?cial arrangement provides an optimum contact
surface 25 for the transfer of heat to the condenser 12. In this
embodiment the evaporator has three useful contact faces.

[0046]

FIG. 5c is a diagram shoWing three conductive

collector TWTA 21 mounted parallel to the netWork of

primary heat pipes and other heat dissipating equipment
such as solid state poWer ampli?ers (SSPA) 16 and ?lters 27.
FIG. 56 shoWs diagrammatically three conductive collector
TWTA 21 mounted perpendicularly to the netWork of pri

mary heat pipes.

[0047]

Obviously the invention exploits the usable contact

surfaces to recover the heat transmitted by the equipment.
Starting from this observation, our researchers have devel

oped various evaporator shapes and con?gurations, seeking
to achieve the required optimiZation not only in terms of heat
capture but also in terms of Weight and other critical factors.

?oW, Which degrades the performance of the radiator.

[0048] Accordingly, although FIG. 6c shoWs the same

[0040] For this type of satellite, the total heat evacuation
radiating surface area needed is very large, typically of the
order of 60 m2. The deployable radiators are aligned With
?xed panels of the satellite parallel to the plane of the orbit,

kind of evaporator as FIGS. 4 and 5, FIG. 6a shoWs an
evaporator Whose top face is not usable, because it is not in

for example.
[0041] To shoW a typical position of the deployable radia
tors on a satellite, FIG. 2 shoWs diagrammatically a satellite

50 With four deployable radiators 51 (only three of Which
can be seen in FIG. 2). To simplify the illustration, these
deployable radiators are single-panel radiators, but can be

replaced With multi-panel radiators.
[0042] FIG. 3 shoWs a netWork of heat pipes on a panel 20
of a communication module. A number of dissipating equip
ment units Whose presence is indicated in the diagram by

contact either With a heat pipe or With some other source of

heat, and has therefore been extruded, i.e. holloWed out. The
FIG. 6b evaporator uses the same holloWing out principle,
but applied to tWo faces of the evaporator (a top face and one
lateral face). This is because, in the same Way that the Walls
of the faces of the evaporator in contact With the Walls of the
heat pipes must be maximiZed, the faces that are not
involved in heat exchange must be minimiZed, Which has the
additional effect of Weight reduction.
[0049] The present invention is not limited to the embodi
ments just described. Thus it is not limited to the equipment
referred to above. The TWTA can equally have conductive
collectors mounted longitudinally on the netWork of primary
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heat pipes or transversely to the network of primary heat
pipes. The equipment can also consist of poWer converters,

poWer supply units, loW-noise poWer ampli?ers, pre-ampli
?ers, solid state ampli?ers, ?lters, dedicated equipment of
the satellite platform, or any other equipment dissipating
heat onboard the spacecraft.

[0050] Furthermore, as explained above, the coupling by
surface contact betWeen each Wall of the usable faces of the

evaporator and the respective Walls of the facing heat pipes
is achieved over the Whole of the smaller of the tWo facing
surfaces. In the embodiments described, the Walls of the
evaporator are larger than those of the heat pipes. This is not
to say that the opposite situation is ruled out.

[0051] Similarly, any type of holloWing out con?guration
other than those shoWn in FIGS. 6a and 6b can be envis

aged.
[0052] Finally, any means can be replaced by equivalent
means Without departing from the scope of the invention.

There is claimed:
1. A heat transfer system including a heat transfer passage

loop including an evaporator having over part of its path a
maXimum surface area of its eXternal Walls in contact With
external Walls of said heat transfer passage.

2. The system claimed in claim 1 Wherein said evaporator
is parallel to and betWeen tWo heat transfer passages and

each face of said evaporator facing respective heat transfer
passages is thermally coupled to the facing face of said
passage by surface contact of ?ns of said passages and said

evaporator.
33. The system claimed in claim 2 Wherein said heat
transfer passages are coupling heat pipes and a base of said

evaporator constituting its third face is coupled by surface
contact to a main heat pipe in direct contact With said source.

4. The system claimed in claim 1 Wherein said evaporator
has a shape With right-angle corners.
5. The system claimed in claim 4 Wherein said shape is a
square.
6. The system claimed in claim 4 Wherein said shape is a

rectangle.
7. The system claimed in claim 1 Wherein faces of said
evaporator having no surfaces in contact With a heat transfer
passage are holloWed out.

in the vicinity of a source of dissipated heat on a satellite

adapted to collect heat dissipated by said source and a ?uid
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