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[57] ABSTRACT

In a heat pipe the portion of the wicking material which
receives the liquid condensed at the condenser surface
at the heat output end of the heat pipe is provided with
a plurality of large openings extending from the surface
adjacent the condenser surface to the opposing surface
thereof to avoid condensate accumulation adjacent the
condensation surface. Such accumulation blocks ac-
cess of the condensation surface to vapor and hence in-
creases the thermal impedance of the heat output end
of the heat pipe.

2 Claims, 9 Drawing Figures
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1
HEAT TRANSFER DEVICE

The present invention relates, in general, to a heat
transfer device involving the condensation of a vapor
supplied to a heat transfer surface of the device and ab-
sorption of condensate formed thereon by a wicking
means adjacent thereto, and in particular to heat pipes
utilizing such devices.

A heat pipe is a device utilizing an evaporation and
condensation cycle for transferring heat from a hot or
heat input region to a cold or heat output region
thereof with minimum temperature drop. One type of
heat pipe comprises a closed container within which is
included a layer of wicking material saturated with a
vaporizable liquid and extending from the heat input
region to the heat output region thereof. The addition
of heat at the heat input region of the container evapo-
rates the liquid being supplied thereto. The vapor
moves to the heat output region of the container where
it is condensed. The condensed liquid is returned to the
heat input region by capillary action in the wicking ma-
terial. Such devices are currently being utilized to cool
electrical, optical and other devices in whicch heat is
generated.

In such heat pipes condensation of vapor occurs on
the exposed surface of the layer of wicking material.
Accordingly, the layer of wicking material is filled with
condensate and heat rejection must occur by conduc-
tion through the total thickness of the layer of wicking
material. The low thermal conductivity of the wicking
material with liquid contained therein results in a rela-
tively large temperature drop in the transfer of the heat
of condensation to the cooled heat pipe wall at the con-
denser region thereof.

Accordingly, a primary object of the present inven-
tion is to provide structure and organization which as-
sures a minimum thickness of fluid layer between con-
densing vapor and the surface on which condensation
takes place and also to provide minimum- temperature
difference between the condensing surface and the
temperature of the condensing vapor.

In carrying out the inventions applied to a heat pipe
there is provided a layer of wicking material having a
pair of opposed surface portions, one of which is adja-
cent to and spaced from the internal surface of the con-
denser wall of the heat pipe. The layer of wicking mate-
rial includes a multiplicity of capillary passages, each of
small cross-sectional area, extending in various direc-
tions and to various extents, and interconnected to
move liquid therethrough from one surface region to
another. The wicking material also includes a plurality,
of openings each of large cross-sectional area in rela-
tion to the cross-sectional area of a capillary passage,
and each extending from one surface portion to the op-
posed surface portion thereof to provide a relatively
low impedance path to the passage of vapor there-
through to the surface of the condenser wall. The layer
of wicking material is spaced sufficiently close to the
wall of the condenser to readily absorb liquid conden-
sate formed thereon.

The features of our mventlon which we desire to pro-
tect herein are pointed out with particularity in the ap-
pended claims. The invention itself, however, both as
to its organization and method of operation, together
with further objects and advantages thereof may best
be understood by reference to the following description
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.taken in connection with the accompanying drawings

wherein:

FIG. 1 is a cross-sectional view of a heat pipe em-
bodying the present invention.

FIG. 2 is a view of the portion of the heat pipe of FIG.
1 taken along section lines 2—2 of FIG. 1.

FIG. 3 is a developed view of the inside surface of the
wicking material of the heat pipe of FIGS. 1 and 2 lo-
cated in the condenser or heat output section thereof.

FIG. 4 is a cross-sectional view of the condenser por-
tion of a heat pipe in accordance with another embodi-
ment of the present invention.

FIG. § is a view of the portion of the heat pipe of FIG.
4 taken along section lines 5—5 of FIG. 4.

FIG. 6 is a developed view of the inside surface of the
wicking material of the heat pipe of FIGS. 4 and 5 lo-
cated in the condenser or heat output section thereof.

FIG. 7 is a cross-sectional view of a heat pipe showing
another embodiment of the present invention.

FIG. 8 is a view of the portion of the heat pipe of FIG.
7 taken along section lines 8—8 of FIG. 7.

FIG. 9 is a developed view of the inside surface of the
wicking material of the heat pipe of FIGS. 7 and 8 lo-
cated in the condenser or heat output section thereof.

Referring now to FIGS. 1, 2 and 3, there is shown a
chamber 10 formed by an enclosure 11, only part of
which is shown, in which is included a device 12, also
only part of which is shown. The device 12 generates
heat which must be removed therefrom. For such pur-
pose a heat pipe 13 is provided. The heat pipe 13 in-
cludes a tubular or cylindrical container 14 of metallic
material sealed at its ends by end walls 15 and 16 and
having a heat input section 17 at one end thereof. The
heat pipe is mounted in an opening in the enclosure 11
with the input section 17 thereof conductively con-
nected to 195 heat generating device 12 and with the
heat output section 18 extending into an outer region
which may be the atmosphere 22 to which heat is re-
jected or transferred. The heat output section of the
container is provided with fins 19 to facilitate the dissi-
pation of heat from the output section 18. The heat
input section 17 includes.an end region of the metallic
container 14 in the form of a cylindrical wall 20 and the
heat output end includes the other end region of the
container in the form of a cylindrical wall 21.

A tubular or cylindrical layer 25 of wicking material
having a pair of opposed cylindrical surfaces 26 and 27
is included within the container. A portion of surface
26 of the layer of wicking material is in contact with the
inside surface of the wall 20 and another portion of the
same surface is in contact with the inside surface of the
other wall 21. The wicking material may be made of
any of a variety of materials such as sintered metal fi-
bers and non-metallic fibers and includes a multiplicity
of capillary passages or pores of small cross-sectional
area extending in various directions and to various ex-
tents, and interconnected to move liquid therethrough
from one surface region thereof to another. A portion
of the wicking material in contact with the wall 21 is
provided with a plurality of openings in the form of lon-
gitudinal slots 31 extending from one surface portion of
the layer 25 in contact with the wall 21 to the opposite
surface portion thereof. The slots 21 are tapered in-
wardly from the end of the layer 25 and uniformly
spaced with respect to'one another about the periphery
of the layer 25 over the portion of the wicking material
in contact with the wall 21 as shown in FIG. 3. Accord-
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ingly, the slots 31 form in the layer 25 a plurality of
strips 32 which are tapered along the length thereof to-
ward the outside end of the wall 21. The aggregate or
total cross-sectional area of the slots 31 is a substantial
portion, shown in FIGS. 1 and 3 as about fifty percent,
of the inner surface of the wall 21 of the heat output
section. Any vapor passing from the heat input end to
the input end to the heat output end of the heat pipe
readily passes through the slots 31 and contacts the
inner surface of wall 21. Accordingly, the temperature
drop at the heat output section of the heat pipe is re-
duced over an arrangement without such privisions. In
a device such as described in connection with FIGS. 1,
2 and 3 the temperature drop was reduced to one-third
the temperature drop of a device having a continuous
or solid layer, i.e., without such cut outs or slots. To
provide further exposure of the inside surface of wall
21 to vapor, the sides 33 and 34 of the strips 32 may
be spaced from the inside surface of the wall 21 with
the strips contacting the inside surface along a longitu-
dinal axes 35 thereof as shown in the embodiment of
FIGS. 4, 5 and 6 in which elements corresponding to
elements of FIGS. 1, 2 and 3 are designated by the
same symbol. The strips 36 of layer 25 may be trun-
cated as shown to provide greater flow capacity at the
ends of the strips.

Referring now to FIGS. 7, 8 and 9, there is shown an-
other embodiment of the present invention in which
the elements thereof corresponding to elements of
FIGS. 1, 2 and 3 are designated by the same symbol. In
this embodiment the layer 2§ of wicking material adja-
cent to and in the vicinity of the heat output section is
spaced from the inner surface of the wall 21. The por-
tion of the layer 25 of wicking material which is so
spaced is provided with a plurality of openings 40
shown in the form of holes or openings of circular cross
section extending from one surface portion of the layer
25 to the opposite surface portion thereof. The holes
40 are of uniform diameter and are uniformly spaced
with respect to one another as shown in FIG. 9. The
holes are centered on the corners of the squares formed
by the intersections of one set of equally spaced paral-
lel lines 41 with another set of equally spaced parallel
lines 42 orthogonal to the first set. The lines 41 corre-

spond to straight line elements of the surface 27 paral--

lel to the longitudinal axis of layer 2§ of wicking mate-
rial and lines 42 correspond to circular line elements,
the planes of which are perpendicular to the longitudi-
nal axis of layer 25. The spacing of adjacent lines in
each set are the same; accordingly, the basic figure of
the pattern of lines is a square. The cross-sectional area
of an opening 40 is relatively large in relation to the
mean cross-sectional area of a capillary tube or pore of
the layer. Accordingly, any vapor passing from the heat
“input end to the heat output end of the heat pipe
readily passes through the openings 40 and contacts the
inner surface of the wall. A plurality of spacers 45
which may be mechanically secured to the layer 25 by
intertwining the fibers thereof with the fibers of the
layer are provided between the layer 25 of wicking ma-
terial and the walil 21 to support that portion of the
layer of wicking material adjacent to the wall 21 in
spaced relationship thereto. The spacers 45 are made
of wicking material and consequently also function to
transport liquid from the condenser surface to the body
of the layer of wicking material. The spacers are partic-
ularly useful in absorbing films of condensate on the
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surface of the wall 21. Accordingly, as liquid droplets,
condensed directly on the cooled surface, increase in
size, they touch the wick structure and by capillary ac-
tion are drawn into the wick. Consequently, a bare sur-
face for condensation is maintained with conduction
only through a very thin liquid film and high heat trans-
fer coefficients are achieved. In the event that the con-
densate forms on the bare surface in a thin liquid film,
the spacers 45 of wick material facilitate liquid trans-
port into the main wick structure. The spacing of the
layer 25 of wicking material from the wall 21 should be
just a small distance so that as fluid condenses it can
readily be absorbed into the body of the wicking mate-
rial. At the same time it should not be so close as to per-
mit liquid to build up in the wicking material and con-
sequently obstruct the flow of vapor to the condenser
surface. The aggregate cross-sectional area of the
openings is a substantial portion of the area of one of
the opposed surfaces in contact with the condenser
wall 21. The openings are orthogonal to the surface to
provide the shortest path from the interior of the heat
pipe to the condensing surface of the wall 21.

The layer 25 of wicking material is saturated with a
vapaorizable liquid such as water, a hydrocarbon or flu-
orocarbon liquid depending on the use to which the
heat pipe is to be put. Accordingly, héat applied to the
input wall 20 causes liquid in contact therewiith to
change to a vapor which passes through the layer of
wicking material to the space above the layer and in re-
sponse to the pressure created thereby, the vapor
moves to the region adjacent to the other wall 21 where
the vapor is condensed into a liquid. The liquid con-
tacts the layer 25 wicking material and is returned by
capillary pressure produced therein to the input wall
20. The portion of the layer of wicking material in con-
tact with the heat input section or wall 20 may be pro-
vided with structure such as described and claimed in
a copending application filed concurrently herewith,
Ser. No. 124,806, filed Mar. 16, 1971, and assigned to
the assignee of the present invention, in place of the
structure shown in FIGS. 1 and 7.

The cut outs or large openings in the form of holes
and slots in the wicking material at the heat output sec-
tion of the heat pipe will allow use of nonmetallic wick-
ing materials such as fiberglass, nylon, polyester, or
natural fibers, felted or woven together. Since nonme-
tallic wicks will have somewhat higher thermal imped-
ances to heat flow in the condenser end of a heat pipe
than metallic wicks of the same size and thickness, they
would not normally be well suited for use in a heat pipe.
The cut outs or openings will, however, bypass the
wick, and allow condensation dircctly on the heat pipe
wall. The impedance of the evaporator section is only
weakly dependent on wicking material. Hence cut outs
at the condenser section make possible performance of
non-metallic wicks comparable to performance of me-
tallic wicks.

While the invention has been described in specific
embodiments, it will be appreciated that modifications
may be made by those skilled in the art and we intend
by the appended claims to cover all such modifications
and changes as fall within the true spirit and scope of
the invention.

What we claim as new and desire to secure by Letters
Patent of the United States is:
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1. In a heat pipe, the combination of a wall having a
pair of opposed surfaces, a layer of wicking material
having a pair of opposed surface portions, one of which
is located adjacent to one of said surfaces of said wall
to absorb liquid therefrom, said layer of wicking mate-
rial including a multiplicity of capillary passages of
small cross-sectional area extending in various direc-
tions and to various extents and interconnected to
move liquid therethrough from one surface portion to
the other surface portion and including a plurality of
openings, each opening being of large cross-sectional
area in relation to the cross-sectional area of a capillary
passage and each opening extending from one surface
portion to the opposed surface portion of the layer of
wicking material to provide a low impedance path for
the passage of vapor therethrough, the total cross-
sectional area of said openings being a substantial part
of the total surface area of one of said surface portions,
means for applying condensible vapor- through said
openings in said layer of wicking material to one of said

6
wall surfaces, the other of said opposed wall surfaces
being adapted to be connected to a heat sink to cause
vapor in contact with said one wall surface to con-
dense, said openings being of a generally circular cross
section and substantially larger in cross section than the
mean cross section of said capillary passages, said one
surface portion of said layer of wicking material being
spaced apart from said one wall surface by a small dis-
tance which is larger than the diameter of a capillary
passage.

2. The combination of claim 1 further comprising
spacers of wicking material for supporting the layer of
wicking material in spaced apart relation from said one
wall surface, said wicking material and spacers being
comprised of fibres which are intertwined forming an
integral body wherein the mean pore diameter of the

- capillary passages in said layer and in said spacers are
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the same.
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