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HEAT PIPE WITH PLEATED CENTRAL WECK AND 
EXCESS FLUED RESERVOR 

This is a division of application Ser. No. 182,038 filed 
Sept. 20, 1971, now U.S. Pat. No. 3,720,988. 

BACKGROUND OF THE INVENTION 

My present invention pertains generally to the field 
of heat pipes and, more particularly, to a novel heat 
pipe wick and method of making the same. 
A great deal of trouble has been encountered in mak 

ing and installing a porous central wick in a heat pipe. 
The earlier porous central wicks were fabricated from 
foamed metals in a generally rectangular cross sec 
tional configuration and longitudinally installed in the 
tubular container of a heat pipe. For relatively long 
heat pipes, however, the producers of porous (foamed) 
metals have not been able to make long and uniform 
wick structures which can be feasibly installed in a heat 
pipe. The foamed metals are quite fragile and, more 
over, their effective porosity or permeability to liquid 
flow is frequently not as good as desired or required. Of 
course, it is impossible to install a foamed metal wick 
in an angularly formed or bent heat pipe, or to form or 
bend the tubular container having a foamed metal wick 
installed therein without seriously damaging the wick. 
A better and more durable porous central wick was ob 
viously desirable and clearly needed for heat pipes. 

SUMMARY OF THE INVENTION 

Briefly, and in general terms, my invention is prefera 
bly accomplished by providing a heat pipe wick struc 
ture including a homogeneous central wick which is 
fabricated by forming a plurality of laterally disposed 
longitudinal pleats in a sheet of wire screen or similar 
material of predetermined length and width, and com 
pressing the formed pleats laterally together and insert 
ing the same longitudinally into an open end of the tu 
bular container of a heat pipe. The central wick is se 
cured diametrically in position by the elastic expansion 
of the formed pleats in the tubular container and conse 
quent engagement therewith. The pleats are arranged 
in a stack providing a plurality of longitudinal passage 
ways with small diameter pores or openings. Compres 
sion of the stack reduces the pore diameter of the pas 
sageways. 
The plurality of pleats can be formed in a laterally 

central portion of a sheet of wire screen with a flat 
screen portion on each side of the central portion. The 
side portions can be turned back over opposite sides of 
the formed central wick and, after installation of the 
central wick and turned side portions in the tubular 
container of a heat pipe, the turned side portions are 
positioned therein as wall screens for conveying and 
spreading liquid to the tubular container wall and any 
circumferential or longitudinal grooves thereof, 
Reservoir screens to take up excess liquid and pre 

vent possible blockage of a cooler (condenser) portion 
of the heat pipe can also be installed therein. The reser 
voir screens are preferably formed from respective 
sheets of wire screen or similar material of predeter 
mined length and width, and are longitudinally installed 
on both sides of the formed central wick. Each reser 
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BRIEF DESCRIPTION OF THE DRAWING 

My invention will be more fully understood, and 
other features and advantages thereof will become ap 
parent, from the following description of an exemplary 
embodiment and method of making the invention. The 
description is to be taken in conjunction with the ac 
companying drawing, in which: 
FIG. 1 is an elevational end view of a heat pipe hav 

ing a sintered, homogeneous central wick; 
FIG. 2 is an elevational end view of a wick being 

schematically formed according to this invention for 
installation in the tubular container of a heat pipe; 
FIG. 3 is an elevational end view of a heat pipe in 

cluding a wick structure fabricated in accordance with 
my invention; and 
FIG. 4 is a fragmentary perspective view, shown par 

tially in schematic and diagrammatic form, of illustra 
tive apparatus for fabricating the wick structure and in 
stalling it in the tubular container of a heat pipe. 
DESCRIPTION OF THE PRESENT EMBODIMENT 

AND METHOD 

In the following description of an exemplary embodi 
ment and method of making my invention, some spe 
cific dimensions and types of materials are disclosed. It 
is to be understood, of course, that such dimensions 
and types of materials are given as examples only and 
are not intended to limit the scope of this invention in 
any manner. 
FIG. 1 is an elevational end view of an open (un 

capped) heat pipe 10 including an elongated tubular 
container 12 and a central (diametrical) homogeneous 
wick 14. The container 12 has a generally circular cross 
section, and the wick 4 has a generally rectangular 
cross section with slightly rounded ends. The container 
12 is made of a suitable metallic tube having a rela 
tively thin wall thickness. The wick 14 is fabricated by 
stacking many layers of fine wire cloth in a stack and 
then vacuum sintering the stack into an integral assen 
bly which is press-fitted into the container 12. A dense 
homogeneous wick of fine pore size capable of pump 
ing against high gravity heads is thus produced. The as 
sembly of wire cloth layers and sintering processes are, 
however, very time-consuming and another method of 
makingaporous, central wick structure was developed. 

FIG. 2 is an elevational end view of a wick 16 being 
schematically formed according to this invention. The 
basic construction and features of the wick 16 are illus 
trated in this figure. The wick 16 is constructed in a 
long continuous length of fine woven wire screen 18 
folded lengthwise back and forth along its width into 
a vertical stack or core 20 of horizontal pleats or con 
volutions 22. The lower and upper end portions S and 
y of the screen 18 are formed into semicircular cylin 
drical wall screens as indicated by the arrows 24 and 
26, and the entire structure is inserted into an elon 
gated tubular container preferably of a circular cross 
sectional chamber. The stack 20 is vertically com 
pressed together as indicated by arrows 28 and 30 as it 
is inserted and installed in the tubular container. It is 

voir screen preferably has a generally U-shaped cross 65 noted that the end portions S and y can be omitted 
section wherein the open ends are engaged by the com 
pressed pleats of the central wick and are thus held in 
a fixed position in the heat pipe. 

from the wick 16, particularly when a fine screw thread 
(not shown) has been tapped in the internal wall sur 
face of the tubular container to spread the working 
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fluid (liquid) therein. If only a number of formed pleats 
is desired, these can be cut out of the stack 20. 

It can be easily seen that the wick 16 is readily self 
supporting within a heat pipe extrusion (tubular con 
tainer) and creates its own spring force, both in the 
stack 20 and in the end portions Sandy, to ensure good 
diametrical and circumferential wall contacts, respec 
tively. The folded screen wick structure clearly has 
good stability and is not fragile. It can be tailored to 
achieve whatever pore size desired. When the screen 
18 was folded a number of times into the stack 20, 
small individual passageways 32 are created which act 
as longitudinal pores or flow passages to give high axial 
conductance of the working fluid (liquid). If a smaller 
pore size is needed for pumping or refilling against a 
gravity head, then more folds of the screen 18 are pro 
vided and the stack 20 pressed more firmly together 
into the tubular container. Nevertheless, the wick 16 
(central stack 20) has an effective permeability to liq 
uid flow of the order of 100 times that for an equivalent 
multilayered sintered wick 14 (FIG. 1). The wick 16 
can also be fabricated very inexpensively as compared 
to the sintered wick 14. While the stack 20 preferably 
has a generally rectangular cross section, it can be of 
a different cross sectional configuration such as an oval 
one or a non-uniform one wherein the pleats 22 are 
varied in their horizontal widths vertically along the 
stack as may be desired or required. 
FIG. 3 is an elevational end view of a heat pipe 34 in 

cluding a tubular container 36 having wick 16 installed 
therein together with two excess liquid reservoir 
screens 38 and 40. The wick 6 and reservoir screens 
38 and 40 preferably extend substantially over the full 
internal length of the tubular container 36 which is her 
metically closed (sealed) after it has been properly 
charged with a predetermined amount of a suitable 
working fluid. The reservoir screens 38 and 40 are pro 
vided to take up excess liquid rather than have it accu 
mulate at the cooler (condenser) end portion of the 
heat pipe 34 and block up such portion thereof. Thus, 
the reservoir screens 38 and 40 provide static storage 
spaces to accommodate any volume increases of the 
working fluid. These screens 38 and 40 can also help 
maintain the semicircular end portions S and y (wall 
screens) in firm contact with the internal wall surface 
of the tubular container 36 so that the wall screens can 
better bring liquid to the container wall surface and/or 
any circumferential screw thread (helical) grooves or 
longitudinal grooves therein. Of course, the reservoir 
screens 38 and 40 can be radially shorter and need not 
contact the wall screens at all. 
The wick 16 and the reservoir screens 38 and 40 are 

quite flexible and this allows the heat pipe 34 to be an 
gularly bent or otherwise formed essentially without 
damage in any respect. Of course, the central portion 
(stack 20) of wick 16 retains its high porosity without 
any damage since it is also flexible but not fragile. Illus 
tratively, for a % inch pipe with a 0.42 inch inner diam 
eter, the stack 20 of wick 16 can have a lateral thick 
ness (pleat or convolution width) of 0.1 to 0.12 inch 
and a pleat spacing gap (curved end portions or pas" 
sages) of approximately 0.004 inch, for example. The 
wick 16 and the reservoir screens 38 and 40 can be fab 
ricated of either a 100 mesh X 0.003 inch diameter wire 
screen or a 200 mesh X 0.002 inch diameter wire 
screen. The working fluid can be, for example, anhy 
drous ammonia. Of course, various other working flu 
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4 
ids including water can be used as may be desired or re 
quired. 
FIG. 4 is a fragmentary perspective view, shown par 

tially in sinplified and diagrammatic form, of exem 
plary apparatus for fabricating the wick 16 and screens 
38 and 40, and assembling them together for direct in 
stallation in the tubular container 36 (FIG. 3). It is 
noted that the elevational end view of wick 16 and 
screens 38 and 40 as shown in FIG. 3 is of one end of 
the heat pipe 34 whereas the generally similar end view 
of such elements as shown in FIG. 4 is of the other end 
(rotated 90) of the heat pipe. The wick 16 is made by 
passing fine woven wire screen material 42 through, for 
example, four successive sets of forming rolls 44, 46, 48 
and 50. The first three sets of rollis 44, 46 and 48 are 
preferably followed by respective sets of combs 52, 54 
and 56. The sets of rolls 44, 46 and 48, and their re 
spective sets of combs 52,54 and 56 have pleat forming 
teeth profile angles of 120, 90° and 60, for example. 
The last set of rolls 50 has a pleat forming teeth profile 
angle of, for example, 30. Thus, as the screen material 
42 is passed from one set of rolls (and combs) to the 
next, the pleated shape is progressively formed until it 
becomes ready for insertion into the tubular container 
36. The last set of rolls 50 need not be followed by a 
set of combs because of the fineness of the pleats 
formed by that time. 
Simultaneously with the formation of the pleated ma 

terial 42, reservoir screen materials 58 and 60 are being 
formed into U-shaped reservoir screens 38 and 40 by 
respective sets of rolls 62 and 64. The unpleated end 
portions or side flanges Sandy of the screen material 
42 can be turned over by a wick turning guide 66 to 
form such side flanges to the inner diameter of tubular 
container 36 for wall screens. The guide 66 includes 
lower and upper sections 68 and 70 which are rigidly 
secured to fixed structure or are fixedly mounted 
within a suitable housing (not shown) attached to fixed 
structure. The guide 66 is preferably tapered conically 
to flare radially outwards a small amount from front to 
back in order to facilitate insertion and turning of the 
pleated screen material 42. The reservoir screens 38 
and 40 are, of course, inserted into the guide 66 at the 
same time as the screen material 42 which is formed 
into a wick 16 including central stack 20 and wall 
screens S and y. 

It is noted that in the end view configuration shown 
in FIG. 4, the upper reservoir screen 38 is laterally 
spread very slightly wider at its open end (cross sec 
tionally viewed) than is the lower reservoir screen 40 
and both screens are, in this instance, illustratively 
shown radially shorter than as indicated in the other 
end view of FIG. 3. These are very minor and inconse 
quential differences since the main purpose of the res 
ervoir screens 38 and 40 is to provide static storage 
spaces to take up excess liquid that would otherwise ac 
cumulate in the vapor spaces at the condenser end of 
the (closed) tubular container 36. The pleats of the 
central stack 20 merely engage the open ends of the 
reservoir screens 38 and 40 to secure them structurally. 

For greater structural stability, the reservoir screens 
38 and 40 are preferably secured at a middle section of 
the central stack 20 and are long enough radially so 
that their outer ends contact and engage the wall 
screens S and y as illustrated in FIG. 3. This is, of 
course, not absolutely necessary and the screens 38 and 
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40 can be radially shorter as shown in FIG. 4. Also, the 
radial open ends of the screens 38 and 40 can be se 
cured to sections other than the middle section of cen 
tral stack 20, either both to the same section or sepa 
rately to respectively different sections of the central 
stack. In fact, if the reservoir screens 38 and 40 were 
structurally secured by other means than by the (pleats 
of) central stack 20, the open ends of the screens 38 
and 40 can be closed and they can be positioned in any 
location in the spaces between the central stack and the 
wall screens S and y. 
Referring further to FIG. 3, the radially inner open 

ends of the reservoir screens 38 and 40 are secured be 
tween pleats at each side of a middle section of the cen: 
tral stack 20. The radially open ends of the screens 38 
and 40 can be spaced as close together as possible so 
long as they can be structurally secured firmly by the 
pleats of the stack 20. The radially open ends of the 
screens 38 and 40 should not, however, be secured ex 
cessively spread apart by a middle section (of the stack 
20) which is more than, for example, about one-sixth 
of the stack's diametrical length. 
Liquid normally enters the static storage space of a 

reservoir screen through its longitudinally (passage 
way) open end. In FIG. 3, this is perpendicular to the 
plane of the paper into the passageway area generally 
enclosed by a reservoir screen. While the longitudinally 
open end of a reservoir screen normally abuts against 
the plane of the closing end cap, there are abutting gaps 
which are large compared to the screen pores to pro 
vide preferred (lower resistance) passage of liquid 
therethrough and entry into the reservoir screen 
through its longitudinally open end. Of course, where 
the cooler (condenser) portion of the heat pipe 34 is 
located in a longitudinally middle part of the tubular 
container 36, excess liquid from the liquid in the stack 
20 enters the reservoir screens 38 and 40 through the 
radially open ends thereof. In this instance, the reser 
voir screens 38 and 40 are preferably secured to the 
middle section of stack 20, where the liquid normally 
tends to concentrate. 

It can be seen from FIG. 3 that the reservoir screens 
38 and 40, together with the stack 20, divide the tubu 
lar container 36 cross sectionally into six passageways 
with three on each side of the diametrical stack. The 
passageways of the screens 38 and 40 must have a 
greater capillary pumping action than their adjacent 
passageways (areas exterior thereto) in order to fill 
with liquid first. Capillary pumping pressure of a pas 
sageway is broadly dependent upon its effective capil 
lary pumping radius or, very generally, proportional to 
the sum of the reciprocals of the cross sectional width 
and length of the passageway. Thus, the radially open 
ends of the screens 38 and 40 cannot be spread too far 
apart at the stack 20 since the screens' effective capil 
lary pumping radii are then excessively increased, such 
that their pumping pressures would be so reduced that 
they would not be filled first with surplus liquid, and 
blockage of the condenser end may occur. 
The reservoir screens 38 and 40 preferably extend 

over the full internal length of the heat pipe 34. The 
screens 38 and 40 can, however, extend over the entire 
pipe 34 length except for the evaporator region 
thereof, or the screens can cover only the condenser 
region of the heat pipe. The reservoir screens 38 and 
40 are preferably provided in the heat pipe 34 where 
it is to be used in a zero gravity environment, and are 
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6 
preferably omitted where it is to be used in a gravity 
field which normally serves to return liquid to the evap 
orator region. The wall screens Sandy and/or suitable 
liquid spreading grooves in the internal wall surface of 
the tubular container 36 are desirably used in both zero 
and normal gravity environments to provide proper 
spreading and resupply of liquid to the walls in the heat 
pipe 34 under dynamic operating conditions. 

In summary, a simple and efficient method has been 
disclosed for making a wick structure in long lengths 
and assembling it in a heat pipe without requiring ex 
pensive tooling. The wick structure can be fabricated 
without the need for special furnaces employing rela 
tively difficult sintering processes. A wick structure is 
produced which can be tailored to meet the desired 
permeability requirements of any particular applica 
tion. The wick structure can be made with a high poros 
ity (low effective density) and yet not be fragile. The 
wick structure is also highly flexible and allows a heat 
pipe containing it to be angularly bent or otherwise 
formed to a considerable degree without damage to ei 
ther part. 
While an exemplary embodiment and method of my 

invention have been described above and shown in the 
accompanying drawing, it is to be understood that the 
particular embodiment and method described are 

merely illustrative of, and not restrictive on, the broad 
invention and that various changes in design, structure 
and arrangement may be made in the invention without 
departing from the spirit and scope of the appended 
claims. 

I claim: 
1. A heat pipe comprising: 
a wick structure including a plurality of laterally dis 
posed longitudinal pleats formed in a first sheet of 
mesh screen material of predetermined length and 
width, said pleats being arranged in a stack provid 
ing a plurality of longitudinal passageways with 
small diameter pores, and said pleats being nor 
mally expandable elastically whereby compression 
of said stack reduces the pore diameter of said pas 
sageways; 

a tubular container, said stack of pleats being com 
pressed together and longitudinally installed in said 
tubular container with the ends of said stack engag 
ing opposing walls in said container; and 

a predetermined amount of working fluid provided in 
said tubular container. 

2. The invention as defined in claim 1 wherein said 
plurality of pleats are uniformly formed with rectangu 
lar planforms and compressed together in a stack to 
provide a longitudinal wick structure having a substan 
tially rectangular cross section. 

3. The invention as defined in claim 1 further com 
prising at least one reservoir screen formed from a sec 
ond sheet of mesh screen material of predetermined 
length and width, said reservoir screen being normally 
secured in a fixed position to said stack and longitudi 
nally coupled thereto with an effective capillary pump 
ing radius to take up excess volume increases in said 
working fluid whereby blockage in said heat pipe can 
be precluded. 

4. The invention as defined in claim 1 wherein said 
plurality of laterally disposed longitudinal pleats are 
formed in a laterally central portion of said first sheet 
with a flat screen portion of predetermined width on 
each side thereof, said side portions being turned back 
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over opposite sides of said stack and contacting wall width, said formed reservoir screen being normally se 
surfaces in said tubular container. When installed cured in a fixed position to said stack and longitudinally therein to provide wall screens for said heat pipe. 

5. The invention as defined in claim 4 further com- coupled thereto with the U-shaped cross section open 
prising at least one reservoir screen having a generally 5 ends of said reservoir screen engaged by said pleats of 
U-shaped cross section formed from a second sheet of said stack. 
mesh screen material of predetermined length and ck k k k k 
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