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CAPILLARY HEAT TRANSPORT AND FLUID
MANAGEMENT DEVICE

ORIGIN OF THE INVENTION

The invention described herein was made by an em-
ployee of the U.S. Government and may be manufac-
tured and used by or for the Government for Govern-
ment purposes without the payment of any royalties
thereon or therefor.

BACKGROUND OF THE INVENTION

This invention relates to apparatus for transporting
heat efficiently by means of a liquid/vapor or two-phase
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transport system, and more particularly to apparatus of !5

this type in which the liquid is transported or distributed
bi-dimensionally along separate and intersecting distri-
bution channels, the distribution channels in one direc-
tion extending through porous wicks disposed in re-
spective vapor distribution channels, the apparatus pro-
viding a low pressure loss geometric configuration
which in conjunction with the substantial pressure head
permitted by the wick and the large surface area avail-
able provides very high heat transport capacity.
Thermal control in, for example, spacecraft has been
provided through the use of several types of heat trans-
port systems, these being either an active control system
or a passive control system. An active thermal control
system requires some type of fluid being pumped
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through the components of the system. In spacecraft of 30

the prior art such fluid systems were of the single phase
heat transport types wherein a liquid is heated as it
passes through the heat sources and rises in tempera-
ture, and thereafter gives up heat in a heat sink, such as
a spacecraft radiator, and drops in temperature. For a
large system with high heat loads the liquid flow rate
must be substantial, and such large flow rates require
large pumps which, of course, utilize large amounts of
electrical power which is a critical resource of space-
craft systems. This is a major deficiency of the single
phase active thermal control system, but additionally,
the liquid will generally also have a large temperature
gradient between the heat sources and the heat sink.
One of the advantages of this system is that it can oper-
ate under gravitational forces in addition to the near
zero gravity environment of a low earth orbit.

Other thermal control systems developed for space-
craft utilize a passive system theory. For example, a
heat pipe utilizes the latent heats of vaporization and
condensation of the liquids and vapors. A typical heat
pipe has a circular cross sectional configuration and
along its length has an evaporator section and a con-
denser section separated by a substantially adiabatic
section. A porous capillary wick is disposed within the
pipe intermediate the axis and the body thereof. The
vapor flows through the central portion of the pipe in
one direction from the evaporator to the condenser
while liquid flows in the opposite direction by the ac-
tion of the capillary forces created by the wick. Heat is
added in the evaporator section of the pipe which
causes liquid contained within the porous wick to evap-
orate. The vapor, due to a locally high vapor pressure,
flows through the pipe toward the condenser section
where heat is removed and the vapor condenses in the
wick material. The liquid in the wick material is trans-
ported by the capillary forces associated with the wick
toward the evaporator section. Since the liquid evapo-
rates and the vapor condenses at substantially the same

35

40

45

55

65

2

temperature, very small temperature gradients exist
between the heat source and the heat sink. Additionally,
since the latent heat of vaporization for most fluids is
large, very small mass flow rates are required to trans-
port significant amounts of heat from the source to the
sink. Moreover, since the mass transport occurs pas-
sively due to the action of capillary forces, no electrical
energy is required to operate the heat pipe. However,
although they are very efficient devices and are quite
effective in the microgravity environment of low earth
orbit where capillary forces can predominate, heat
pipes are ineffective under the gravitational forces on
earth where the small capillary forces cannot predomi-
nate.

In an effort to overcome the capillary pressure limita-
tions of heat pipe systems, yet retain the inherent advan-
tages of two-phase transport systems, several concepts
are presently under study for future systems. One such
concept uses a pump on the liquid side of the system for
pumping the liquid to the heat sources, the liquid being
metered through control valves prior to entry through
the heat source evaporators. The control valves operate
to meter the liquid so that it completely evaporates to
vapor at the exit of the evaporators. The vapor then
passes to the heat sink radiator elements where it con-
denses, and the liquid is then subcooled prior to entering
the inlet of the pump. Although pumped two-phase
thermal bus systems are envisioned as having high heat
transport capacities with small power consumption, the
process is no longer passive, as in a heat pipe, but must
be actively designed, monitored and controlled. Thus,
the major drawback appears to be in the complexity of
the engineering technology required to ensure proper
management of the liquid and vapor, especially in mi-
crogravity conditions.

Another concept for heat transport, known as a capil-
lary pumped loop, which is described in NASA publica-
tion TM X-1310, Nov. 1966, utilizes a capillary device
only in the evaporator. Heat is added to the evaporator
and the vapor generated is forced to flow in one direc-
tion from the capillary pump, the vapor acting to force
all the mass to flow through the system. Condensation
occurs in the cooler sections of the loop and the liquid
is pushed back to the inlet of the evaporator through a
perforated conduit about which the wick is disposed.
The liquid thereby wets the porous capillary plug and
when heated is vaporized. Although the capillary
pumped loop operates well under microgravity condi-
tions, it also has limited ability for operating under grav-
itational forces. Additionally, the capillary pumped
loop is sensitive to pressure loss in the condenser duct
and the liquid returned to the evaporator must be
slightly subcooled for operation to be maintained.

Thus, each of the known prior art heat transport
systems for moving heat from heat sources to heat sinks
for use in spacecraft has limitations which reduce their
utility for such application. To summarize, the single
phase, pumped liquid system requires a high power
consuming pump; the passive heat pipe systems have
limited heat transport capacity; the actively pumped
two-phase thermal bus concept, although having large
heat transport capacity, is overly complex; while the
capillary pumped loop system, which although is pas-
sive and has improved capacity over heat pipes, is sensi-
tive to pressure loss and subcooling. Additionally, in
each of the two-phase systems the preferred working
fluid is ammonia, which has high toxicity.
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SUMMARY OF THE INVENTION

Counsequently, it is a primary object of the present
invention to provide a two-phase passive system for
efficiently transporting heat between one or more heat
sources to one or more heat sinks utilizing a safe work-
ing fluid while obtaining a high heat transport capacity
by optimizing the mass transport phenomena of the
system.

It is another object of the present invention to pro-
vide a two-phase thermal transport system for effi-
ciently transferring heat between thermal interface de-
vices with a small temperature gradient, the system
being operable under the microgravity environment of
space as well as normal earth gravity.

It is a further object of the present invention to pro-
vide a capillary fluid management device for transfer-
ring heat efficiently in a liquid/vapor mass transport
device, the device having multi-dimensional liquid dis-
tribution passageways, a plurality of such passageways
extending transversely to at least one main liquid chan-
nel and through the porous capillary wick structure of
vapor distribution passageways.

Accordingly, the present invention provides a fluid
management system for transporting heat from a heat
source to a heat sink by means of heat transporting
apparatus wherein liquid is distributed with low pres-
sure loss in bi-directional passageways, at least one main
liquid passageway extending in substantially the same
direction as vapor passageways having wick material
on the walls thereof, and a multiplicty of other liquid
passageways extending transversely to the main liquid
and the vapor passageways, the transverse passageways
each having a substantially small cross sectional size
relative to the main liquid passageway and being
formed through the wick material in the vapor passage-
ways. The liquid resides in the main passageway, the
transversc passageways and the wick, and the vapor
resides in the vapor passageways.

The heat transporting appartus includes a housing
geometrically configured to include planar or flat plate
surfaces so as to present large surface areas to heat
transfer interface devices for transfer of heat into the
evaporator section and from the condenser section.

The wick material is disposed about the peripheral
surfaces of the vapor passageways, and the transverse
liquid passageways distribute the liquid in the wick.
Heat transferred to the wick in the evaporator results in
evaporation of the liquid at the liquid/vapor interface
and the resulting locally high vapor pressure effects
flow of the vapor through the vapor passageways
toward the condenser where the vapor condensers on
the wick surfaces, fills the wick and transverse liquid
passageways, and by the action of the generated pres-
sure gradients flows into the main liquid passageway
and back to the evaporator section where the liquid
aqatcntenthetmnsverseliquidpwumysmdthe
wic!

The configuration and operation of the fluid manage-
ment and heat transporting apparatus is adaptable to a
wide variety of heat transport systems and thermal
interface devices, and may be readily manufactured
using conventional manufacturing processes.

BRIEF DESCRIPTION OF THE DRAWINGS

The particular features and advantages of the inven-
tion as well as other objects will become apparent from
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the following description taken in connection with the
accompanying drawings, in which:

FIG. 1 is a fragmentary perspective view of the pre-
ferred embodiment of a fluid management device for
transporting heat constructed in accordance with the
principles of the present invention;

FIG. 2 is a cross sectional view taken substantially
along line 2—-2 of FIG. 1;

FIG. 3 is a cross sectional view taken substantially
along 3—3 of FIG. 1;

FIG. 4 is a cross sectional view taken substantantially
along line 4—4 of FIG. 1;

FIG. 5 is a view similar to FIG. 2, but illustrating a
modification of the configuration of the transverse lig-
uid distribution passageways;

FIG. 6 is a view similar to FIG. 2, but illustrating a
further modification in the configuration of the trans-
verse liquid distribution passageways;

FIG. 7 is a fragmentary perspective view of a heat
exchanger constructed in accordance with the princi-
ples of the fluid management system of the present
invention; and

FIG. 8 is a diagrammatic perspective view of an
application of the principles of the present invention to
a capillary pumped heat transporting system wherein
separate evaporators and condensers are utilized.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, FIG. 1 illustrates the
preferred form of a fluid management device 10 of the
present invention for transporting heat between evapo-
rator and condenser sections of the device. The device
10 comprises a housing 12 preferably having substan-
tially flat heat conducting top and bottom plate surfaces
14, 16 which, as envisioned for a compact unit, may be
spaced apart by an amount in the order of approxi-
mately 0.7 inch (1.778 cm.) while the width of the hous-
ing 12 between side walls 18, 20 typically may be in the
order of approximately 12 inches (30.5 cm.). Longitudi-
nally the device may be of any convenient length as
determined by the system application for which it will
be utilized.

Disposed intermediate the surfaces 14, 16 and extend-
ing in the longitudinal direction of the housing is a main
liquid channel 22 and preferably at least two vapor
passageways 24, 26 spaced at opposite sides of the main
channel 22 and preferably having arcuate borders 28, 30
adjacent the main liquid channel 22. In the preferred
embodiment illustrated in FIG. 1 there are four vapor
passageways, the additional two passageways 32, 34
being spaced apart and respectively disposed adjacent a
respective passageway 24, 26 and remote from the lig-
uid channel 22. The thickness of the plate surfaces 14, 16
typicaily may be in the order of 0.1 inch (0.254 cm.) and
a sintered metal wick 36 of a thickness in the order of
0.15 inch (0.381 cm.) is fixedly disposed about the pe-
riphery of each of the vapor passageways. Thus, the
height of the openings or channels in the vapor
ways is in the order of approximately 0.2 inch (0.508
cm.). Transversely extending through ribs 38, 40, 42, 44
of the housing intermediate the respective passageways
and main liquid channel are a multiplicity of spaced
apart liquid distribution arteries 46. The liquid arteries
46 extend through the wick material 36 in the vapor
passageways adjacent the plate surfaces 14 and 16 and
open into the main liquid channel 22. These liquid arter-
ies 46 typically may have a diameter of approximately
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0.05 inch (0.127 cm.) and are disposed throughout the
entire length of the device 10. All of the aforesaid di-
mensions are envisioned as typical and may vary for a
device designed for optimum performance in a particu-
lar application, and thus these dimensions should not be
considered as limitations of the invention. The longitu-
dinal ends of the device may be closed by plates, panels
or manifolds as required by the particular system appli-
cation for which it is to be used.

In constructing the device 10 the housing 12 may be
formed from an aluminum extrusion with the main lig-
uid channel 22 and the vapor passageways therein sepa-
rated by the ribs 38, 40, 42, 44, the thickness of the ribs
preferably being sized for structural stiffness and/or for
receiving bolts for mounting purposes in various appli-
cations. Thereafter, the liquid distribution arteries may
be formed by drilling through the side walls 18, 20
adjacent the surfaces 14, 16 through the respective ribs
80 as to open into the channel 22. Mandrels of a size
substantially equal to the eventual vapor channel open-
ing are positioned through the vapor passageways and
supported spaced from the periphery of the passage-
ways. Additionally, mandrels in the form of rods may
be inserted through the holes forming the transverse
distribution arteries and passed through vapor passage-
ways. Thereafter the spaces about the vapor channel
mandrels are filled with a conventional powered alumi-
num compound metal and the assembly is placed in a
furnace which is then brought up to sintering tempera-
ture. After the powdered metal is sintered the assembly
is cooled and all the mandrels are removed. The trans-
verse hole openings in the side walls 18, 20 are thereaf-
ter plugged by welds or the like, and plates, panels or
manifolds may be fastened to the longitudinal ends of
the housing as necessary for the particular system appli-
cation. Prior to charging with liquid, the apparatus may
be vacuum baked to minimize contaminants.

Because of the bi-directional flow of liquid through
the device, the device can be configured with substan-
tially flat surfaces 14 and 16. Since most heat transfer
apparatus have flat surfaces, the device of the present
invention permits a large surface area to be interfaced
with the various subassemblies in, for example, a space-
craft. A high heat transport capacity can be obtained
with sintered particles having conventional capillary
pore size in the wick structure, e.g., 10—3to 10— 7 meters
For example, sintered particles having radii in the range
of 1.0 to 10.0 micro-meters (10—6to 10—5 meters), capil-
lary pressure gradients may be generated in the range of
1.0 to 10.0 psi (6.9X 103 to 6.9 10* newtons/m2) for
standard working fluids. This is a substantial pressure
head in- comparison to conventional heat pipes, and
coupled with the low pressure loss geometric configu-
ration, appears to provide a very high heat transport
capacity For example, whereas the conventional heat
pipe technology has demonstrated capacities in the
range of 15 killowatt-meters (heat capacity transported
through a length of heat pipe), and the capillary
pumped loop system has demonstrated capacities in the
range of 65 killowatt-meters, the projected capacity for
the apparatus of the present invention is in the order of
600 killowatt meters for similar operating conditions
and non-toxic working fluids.

The operation of the device is similar to that of a heat
pipe. As aforesaid, the liquid, which because of the
reduced pressure losses in the system and the higher
available heat transport capacities, may be relatively
safe working fluids compared to the ammonia utilized in
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prior art systems It is envisioned that halogenated hy-
drocarbon fluids, such as FREON 11 ® and FREON
113 ®), acetone and other substantially non-toxic work-
ing fluids may be utilized. The liquid resides in the lig-
uid channel 22, the transverse liquid distribution arteries
46, and in the porous wick 36. The vapor resides in the
vapor channels 24, 26, and in any additional vapor chan-
nels such as the channels 32 and 34 illustrated in FIG. 1.
One portion of the longitudinal length of the device
illustrated in FIG. 1 is the evaporator section while the
other longitudinal end of the device is the condenser
section. When heat is added to either or both plate
surfaces 14, 16 in the evaporator section, the heat is
transfered by conduction through the wall to the wick
énd to the liquid-to-vapor interface 47. In order to re-
tard heat flow so that vaporization is avoided near the
artery-to-plate interface, insulation in the form of teflon
material may be positioned adjacent the artery to plate
interface. FIG. 5 illustrates the utilization of such insu-
lating material 148 adjacent the artery-to-plate inter-
face. A similar concept is illustrated in FIG. 6 wherein
the insulating material 248 is depicted in arteries 246
having semicircular cross sectional configurations. Sim-
ilarly, insulation may be applied to the channel 22.

The heat which is transferred to the wick liquid-to-
vapor interface 47 effects evaporation of the liquid re-
sulting in a locally high vapor pressure. The increase in
vapor pressure causes the vapor to move longitudinally
along the vapor channels toward the condenser section.
When the vapor is sufficiently cooled in the condenser
section, condensation occurs on the wick surface. The
small pressure difference between the vapor and the
liquid, forces the liquid to fill the wick 36 and the liquid
distribution arteries 46. The slight pressure gradients
which arise from the initial vapor pressure distribution
results in the liquid flowing from the transverse liquid
arteries in the condenser section into the main longitudi-
nal liquid channel 22, from where it flows back to the
evaporator section of the device. The liquid then fills
the transverse liquid arteries along the wick to complete
the cycle.

Because of the bi-directional flow of liquid, i.e,
through the arteries 46 and through the main liquid
channel 22, the liquid can wet the entire wick structure
without the large pressure losses associated with con-
ventional heat pipe systems. The bi-directional liquid
distribution and return systems and the capillary pres-
sure gradients generated permits a relatively large
amount of fluid to be moved through the system and
thus a large amount of heat to be transported. As op-
posed to conventional heat pipes wherein the pressure
losses can prevent the liquid from reaching the evapora-
tor section and wetting the wick therein, the present
invention by having the liquid flow in the main channel
22 into the evaporator section to fill the transverse ar-
teries in the wick ensures that the wick in the evapora-
tor section is wet so that evaporation with the attendent
locally high vapor pressures effect a flow of the liquid
through the system.

The principles of the present invention may be ap-
plied to a wide variety of heat transport systems and
thermal interface devices. Examples of such possible
applications include heat pipe evaporators, condensers,
cold plates for removing heat from a component of a
system for cooling the component, radiator fins for
radiating heat from a space vehicle to space, as could
heat exchangers, and various capillary pumped systems.
Two such applications are illustrated in FIGS. 7 and 8.
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In FIG. 7 a heat exchanger 300 is depicted which is
constructed utilizing the two phase bi-directional distri-
bution concept. As illustrated, a plurality of basic heat
transporting units may be stacked in the unitary housing
312 to provide a compact heat exchanger. Although not
illustrated, the several main liquid channels 322 may be
manifolded together as may the various vapor channels
324, 326. Utilizing such a design large amounts of heat
may be transferred through the unit.

In FIG. 8 a capillary pumped system utilizing a pair
of evaporators 410 and a condenser 411 is illustrated.
The vapor channels are closed off at one end of the units
and are connected together in flow communication by
manifoids 414 interconnected together by vapor lines
416 at the other ends. The liquid channels likewise com-
municate with each other by means of liquid conduits
418 at the opposite ends of the units. The liquid may be
directed through a fluid accumulator 420 to account for
changes in fluid volume due to changes in temperature
and also for controlling the temperature. Additionally,
the liquid may flow through a getter 422 for removing
residual gas which may be in the liquid. Heat may be
added to the evaporators and the vapor generated in the
wick fills the vapor channels and flows through the line
416 toward the condenser manifold. Heat is removed in
the condenser and condensation occurs. The liquid in
the wick enters the liquid channel and is forced to flow
from the liquid channel in the condenser back to the
liquid channels in the evaporators. The liquid in the
transverse arteries ensures that the wicks in the evapo-
rators remain wet even under one gravity conditions.

It can thus be seen that the present invention signifi-
cantly improves two phase transport phenomena, ther-
mal interfaces and system integration features. The flat
surfaces of the housings not only provide large surface
areas for heat transfer, but also permit easy integration
of such units into spacecraft systems and subsystems,
and have application to several types of devices. The
large liquid and vapor channels minimize viscous pres-
sure losses in the longitudinal direction. Liquid is dis-
tributed in the wick by the low pressure loss transverse
liquid distribution arteries. Permeability losses in the
wick itself are minimized due to the large surface ares,
short flow paths and small flow rates in the wick. The
wick structure permits relatively high thermal conduc-
tivity and the mass transport capabilities can be maxi-
mized by using a small pore size wick structure. Addi-
tionally, relatively safe working fluids may be utilized in
the apparatus. Devices constructed in accordance with
the present invention may be readily manufactured
using standard and proven manufacturing techniques.

Numerous alterations of the structure and methods of
fabricating the same herein disclosed will suggest them-
selves to those skilled in the art. However, it is to be
undastoodthatthepraentdisclosurerelatatothe
preferred embodiment of the invention which is for
purposes of illustration only and not to be construed as
a limitation of the invention. All such modifications
which do not depart from the spirit of the invention are
intended to be included within the scope of the ap-
peanded claims.

Having set forth the nature of the invention, what is
claimed herein, is:

1. Apparatus for transporting heat passively from a
heat source to a heat sink, said apparatus comprising a
longitudinally extending housing, a first elongated
channel extending longitudinally through said housing
for transporting a working fluid in the liquid phase

35

40

45

50

55

60

8

therethrough, second channel means formed in said
housing and extending longitudinally therethrough
spaced from said first channel by rib portions of said
housing, said second channel means defined by periph-
eral wall surfaces, a porous capillary wick formed on
the peripheral wall surfaces of said second channel
means, said wick extending only partially into said
channel means to provide a central unobstructed longi-
tudinal passageway therethrough for flow of said work-
ing fluid in the vapor phase, and a multiplicity of liquid
distribution arteries formed transversely entirely
though said wick and said rib portions and opening into
said first channel but not opening into said central pas-
sageway of said second channel means, said liquid dis-
tribution arteries being spaced along the longitudinal
extent of said housing for receiving liquid from said first
channel for wetting said wick at one end of said housing
and for supplying liquid to said first channel at the other
end of said housing.

2. Apparatus as recited in claim 1, wherein said sec-
ond channel means comprises at least a pair of channel-
ways, each channelway having a respective wick dis-
posed about the peripheries thereof and providing a
central passageway, said first channel being disposed
intermediate said second channelways.

3. Apparatus as recited in claim 1, wherein said hous-
ing comprises external top and bottom surfaces, said top
and bottom surfaces being substantially flat planar sur-
faces for interfacing in abutting relationship with other
apparatus having substantiaily flat planar surface.

4. Apparatus as recited in claim 3, wherein said sec-
ond channel means comprises at least a pair of channel-
ways, each channelway having a respective wick dis-
posed about the peripheries thereof and providing a
central passageway, said first channel being disposed
intermediate said second channelways.

S. Apparatus as recited in claim 1, wherein one longi-
tudinal end of each of said first channel and said second
channel means are closed.

6. Apparatus as recited in claim 2, wherein one longi-
tudinal end of said second channelways are connected
together in flow communication by a manifold.

7. Apparatus as recited in claim 1, including a plural-
ity of said housings, means for connecting one longitu-
dinal end of said first channel of the housings together
in flow communication, and means for connecting one
longitudinal end of said second channel means of the
housings together in flow communication.

8. Apparatus as recited in claim 1, wherein said hous-
ing comprises a plurality of first channels disposed adja-
cent to each other in substantially parallel relationship,
and a plurality of second channel means disposed adja-
cent each other in substantially parallel relationship, the
liquid distribution arteries of each second channel ex-
tending transversely through the wicks in respective
second channels and opening into a respective first
channel.

9. Apparatus as recited in claim 1, wherein said liquid
distribution arteries include insulation disposed trans-
versely through said wick on surfaces thereof adjacent
said housing remote from said passageway.

10. Apparatus as recited in claim 1, wherein said
housing comprises a solid body member having said
first channel and said second channel means formed
therein, and said rib portions comprise portions of said
body member.

11. Apparatus as recited in claim 10, wherein said
second channel means comprises at least a pair of chan-
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nelways, each channelway having a respective wick
disposed about the peripheries thereof and providing a
central passageway, said first channel being disposed
intermediate said second channeiways.

12. Apparatus as recited in claim 11, wherein said
housing comprises external top and bottom surfaces,
said top and bottom surfaces being substantially flat
planar surfaces for interfacing in abutting relationship
with other apparatus having substantially flat planar
surface.

13. Apparatus as recited in claim 12, wherein one
longitudinal end of each of said first channel and said
channelways is closed.

14. Apparatus as recited in claim 13, wherein said
porous capillary wick comprises sintered metal parti-
cles.

18. Apparatus as recited in claim 14, wherein the
sintered metal particles of said wick have capillary pore
dimensions in the range of 103 to 10—7 meters.

16. Apparatus as recited in claim 1, wherein said
porous capillary wick comprises sintered metal parti-
cles.

17. Apparatus as recited in claim 16, wherein the
sintered metal particles of said wick have capillary pore
dimensions in the range of 10—3 to 10—7 meters.

18. Apparatus for transporting heat passively from a
heat source to a heat sink, said apparatus comprising a
longitudinally extending metallic body member having
substantially flat planar spaced apart surfaces to define
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10
upper and lower surfaces of said apparatus for transfer
of heat therethrough, one end of said body member
being defined as a heat receiving evaporator section and
the opposite end being defined as aheat dissipating con-
denser section, a first elongated channe} extending lon-
gitudinally through said body member from said evapo-
rator section to said condenser section for transporting
a working fluid in liquid phase therethrough, a pair of
second channels formed in said body member and ex-
tending therethrough from said evaporator section to
said condenser section at opposite transverse sides from
said first channel and spaced therefrom by wall portions
of said body member, said second channels having pe-
ripheral wall surfaces including sintered metal particles
defining respective porous capillary wicks, a multiplic-
ity of longitudinally spaced liquid distribution arteries
formed transversely through the respective wick adja-
cent the upper and lower surfaces of said body member,
said arteries extending through respective wall portions
and opening into said first channel, means for enclosing
the lateral ends of said channels for maintaining work-
ing fluid in said apparatus, said liquid distribution arter-
ies being spaced along the longitudinal extent of said
body member for receiving said fluid in the liquid phase
from the first channel in the evaporator section for
wetting said wicks and for supplying said fluid to the
first channel in the liquid phase in the condenser sec-
tion.
*» s = s =




