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METHOD OF CLOSING OFF A HEAT PIPE 

The invention relates to a method of closing off a 
heat pipe, in which a sealing place is sealed while heat 
ing it to at least its softening temperature. 
A heat pipe within the scope of the present applica 

tion is to be understood to mean a heat transfer device 
constituted by a container in which a heat transfer me 
dium is present, for example sodium, which on the one 
hand absorbs thermal energy from a heat source 
through a wall of the container while changing from the 
liquid phase into the vapour phase and on the other 
hand delivers thermal energy to the exterior through 
another wall of the container while changing from the 
vapor phase into the liquid phase. Such a heat pipe 
permits of transporting large quantities of thermal en 
ergy substantially without temperature drop and with 
out a pumping device or other moving parts. 
Return of condensed heat transfer medium to the 

wall where the evaporation takes place may occur 
under the influence of gravity. Often, however, a capil 
lary structure is present in the heat pipe and communi 
cates the condensation wall with the evaporation wall 
and through which condensate is returned to the evap 
oration wall in all circumstances on the basis of capil 
lary action. So return takes place also against gravity or 
without the gravity ?eld being present. 
Heat pipes comprising a capillary structure for the 

return of condensate are known, for example, from the 
US. Pat. Nos. 3,229,759 and 3,402,767. For a good 
operation of the heat pipe it is desirable to remove all 
foreign gases, including air, from the heat pipe. As a 
matter of fact, such gases can cause all kinds of dif?cul 
ties. They can inhibit, for example, the condensation of 
heat transfer medium on the condensation wall in that 
said wall is covered with a gas layer or they can enter 
into chemical reactions with the heat transfer medium, 
the material of the capillary structure or that of the 
heat pipe walls. 
Undesirable gases which would be liberated from the 

heat pipe walls or the capillary structure during the 
often high operating temperature of the heat pipe, can 
be eliminated for the greater part in advance by sub 
jecting the heat pipe to a thermal treatment, for exam 
ple, annealing in a vacuum furnace, before filling it 
with heat transfer medium and sealing it. 
Closing off the heat pipe can be done by means of 

cocks. On the one hand, this makes the heat pipe com 
paratively expensive, on the other hand a hermetic seal 
is often not obtained since the cock is apt to show leak 
age. Undesirable gases then leak into the heat pipe and 
may cause again the above-mentioned difficulties. 
Since closing off the heat pipe is in most of the cases 

a one-time job, a sealing method is preferably used so 
as to obtain a good sealing, for example melting, solder 
ing or welding, the place to be sealed obtaining the 
shape desirable for sealing by heating to at least its soft 
ening temperature (contraction of a ?lling spout and 
exhaust tube, respectively). 

It is quite a problem to obtain in a simple manner a 
hermetic seal of a heat pipe which comprises a heat 
transfer medium and is otherwise evacuated, so liber 
ated from undesirable gases. 
Upon sealing in an atmosphere of atmospheric pres 

sure, implosion of the heat pipe easily occurs in the 
place to be sealed when said place is softened while a 
vacuum prevails in the heat pipe. The danger also exists 
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that gases, such as air, flow into the heat pipe via the 
place to be sealed and spoil the vacuum. In addition, 
the evacuated heat pipe often assumes such a high tem 
perature as a result of the heating of the place to be 
sealed that the heat pipe is difficult to handle. 

It is possible to mitigate the above-mentioned draw 
backs by producing the seal by means of electron beam 
welding and soldering, respectively, in a vacuum. How 
ever, such a method is time-consuming and expensive 
and moreover requires expensive apparatus. When 
using an electron beam welding apparatus as is known, 
for example, from the US. Pat. No. 3,033,974, each 
time only one heat pipe can be welded in the apparatus. 
The heat pipe should be arranged accurately in the 
treatment chamber. Electron beam welding can take 
place after evacuation of the treatment chamber. After 
removing the vacuum in the treatment chamber, the 
heat pipe may be removed from it. In view of the time-v 
consuming procedure in welding with the help of 
beams of charged particles and the required expensive 
apparatus, said method is unattractive for economic 
considerations. 

It is the object of the present invention to provide a 
.simple and cheap method in which hermetically sealed 
and, with the exception of the heat transfer medium 
?lling, evacuated heat pipes are obtained without the 
danger of implosion and in a handy manner. 
The method according to the invention is character 

ized in that after evacuation of undesirable gases, the 
heat pipe is ?lled with hydrogen, is then sealed, after 
which the hydrogen is removed to the atmosphere by 
diffusion through the wall of the heat pipe. 
Due to the hydrogen ?lling there is no danger of im 

plosion of the heat pipe upon scaling in an atmosphere 
in which the ambient pressure makesitself felt in the 
place to be sealed. Sealing can thus be carried out sim 
ply and easily in the normal atmospheric atmosphere. 

Moreover the hydrogen during sealing ensures that 
the temperature of the heat pipe does not become too 
high because evaporation of the heat transfer medium 
and flow of medium vapour to the colder parts of the 
pipe is prevented. The heat pipe then remains easy to 
handle. Sealing may thus be carried out as handwork. 

Finally, an evacuated heatpipe is ultimately obtained 
again in a simple manner by causing the hydrogen to 
diffuse from the heat pipe to the atmosphere. It has ac 
tually been found that all conventional heat pipe mate 
rials permit of diffusion of hydrogen through the pipe 
walls. Materials used for the manufacture of heat pipes 
are, for example, glass, ceramic, steel, the metals cop 
per, aluminum, molybdenum, niobium, zirconium, 
tungsten, tantalum, rhenium and alloys thereof. The 
hydrogen may be introduced into the heat pipe in the 
form of a gas. If desirable, however, liquid hydrogen 
may also be supplied which evaporates in the heat pipe 
and provides an extra cooling of the heat pipe due to 
its low temperature. 

In a favourable embodiment of the method according 
to the invention the hydrogen pressure in the heat pipe 
during sealing is equal to or substantially equal to the 
ambient pressure. The ambient pressure is usually the 
atmospheric pressure but this need not always be the 
case. Since now the pressures on either side of the 
place to be sealed are equal or substantially equal, nei 
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ther the danger of implosion nor of explosion will exist 
and a good sealing will be obtained. 
The hydrogen inside the heat pipe disappears from it 

by diffusion through the walls of the heat pipe to the at 
mosphere. Dependent upon the material of the heat 
pipe and the temperature thereof, said hydrogen diffu 
sion will occur more or less rapidly. In order to increase 
the diffusion rate of the hydrogen, according to the in 
vention the heat pipe is heated. By heating, the wall 
temperature of the heat pipe rises and the hydrogen 
pressure inside the heat pipe increases. Both factors 
have a favourable in?uence on the hydrogen diffusion 
rate. When the nominal operating temperature of the 
heat pipe is so high that such a temperature can be a 
positive contribution to increasing the hydrogen diffu 
sion rate, the heat pipe may also be made free from hy 
drogen by operating it in the normal practical circum 
stances endeavoured. 
As already said, the diffusion rate of hydrogen de 

pends upon the material of the heat pipe. In connection 
with machinability, operating temperature, affinity to 
heat transfer medium and so on of the heat pipe mate 
rial or from the point of view of manufacture and de 
sign it may be desirable or necessary that the starting 
material chosen is a material which has a comparatively 
low permeability for hydrogen. 
According to the invention, an increase of the hydro 

gen diffusion can nevertheless be obtained byv using a 
heat pipe of which a part of the material of compara 
tively low permeability of hydrogen is replaced, prefer 
ably in the form of a window, by a material having a 
larger permeability for hydrogen. 
Materials through which hydrogen can diffuse at a 

high rate, notably at higher temperatures (above 
600°C), are palladium or alloys thereof, such as silver 
palladium and (to a slightly smaller extent) nickel or 
alloys thereof, for example, nickel-iron alloys. By using 
said materials as windows in heat pipes which consist 
of a material having a comparatively low permeability 
to hydrogen, the great advantage is obtained that upon 
heating the hydrogen is expelled from the heat pipe in 
a very short time via the window. The invention fur 
thermore relates to a heat pipe manufactured accord 
ing to the above-described methods. 
The invention will be described in greater detail, by 

way of example, with reference to the drawings which 
are diagrammatic and not drawn to scale. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. la is an elevation view partially in section of the 

new heat pipe assembly. 
FIG. lb is a sectional view of a portion of FIG. 1a in 

further detail. 
FIG. 1c is a sectional view of a portion of FIG. la in 

further detail. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Reference numeral 1 in FIG. la denotes a stainless 
steel heat pipe which is provided with a nickel window 
2 and a filling spout 3. The inner wall of the pipe is 
lined with a capillary structure 4 consisting of layers of 
gauze. A duct 5 in which a three-way cock 6 is incor 
porated, communicates with the ?lling spout 3. By 
means of the three-way cock 6, the heat pipe 1 may be 
made to communiate at will with a vacuum pump 7 or 
a hydrogen cylinder 8 ?lled with hydrogen under pres 
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4. 
sure and comprising a pressure reducing valve 9. The 
heat pipe 1 comprises a quantity of sodium as a heat 
transfer medium which may have been provided in the 
heat pipe, for example, via a distillation process. 

Prior to the sodium filling, the heat pipe 1 has been 
heated with simultaneous evacuation by a vacuum 
pump 7 so as to remove all the undesirable gases from 
the heat pipe. If desirable, heating may be repeated 
after the sodium filling so that undesirable gases which 
are liberated from the sodium are then also removed. 

The heat pipe is then rinsed once or several times 
with hydrogen from the hydrogen cylinder 8, the hy 
drogen being sucked off after each rinsing by vacuum 
pump 7. The heat pipe 1 is then ?lled with hydrogen of 
approximately l atm. and the ?lling spout 3 is sealed, 
in this case by contraction and melting Substantially 
the same pressure prevails on either side of the ?lling 
spout 3 so that melting occurs without trouble and 
without the danger of implosion and a good seal is ob 
tained. 
The hydrogen in the heat pipe 1 ensures that during 

sealing the temperature of the heat pipe remains low. 
As a matter of fact, the hydrogen restricts evaporation 
of heat transfer medium so that medium vapor cannot 
condense on colder parts of the wall. As a result of this 
the heat pipe remains readily handable. After sealing 
the heat pipe is heated. In the present case this is done 
with an electric heating coil 10 as is shown in FIG. 1b. 
The nickel window 2 and the walls of the heat pipe 1 
are heated at a high temperature. The hydrogen pres 
sure inside the heat pipe increases. Hydrogen now dif 
fuses at a high speed through the nickel window 2 to 
the exterior. Diffusion of hydrogen also takes place 
through the stainless steel walls of the heat pipe, albeit 
at a much lower rate than is the case for the nickel win 
dow. Within a few minutes the heat pipe is free from 
hydrogen and ready for normal use. 

In normal use of the heat pipe, thermal energy is sup 
plied to the part A of the pipe (FIG. 1c). The sodium 
inside the heat pipe evaporates there and ?ows to the 
part B of the pipe in the vapor phase because this part 
has a slightly lower temperature so that a lower vapor 
pressure prevails at the area of pipe part B. Sodium 
vapor condenses on pipe part B while giving off thermal 
energy to said part. Through the capillary structure 4 
formed by layers of gauze, the condensate is returned 
to pipe part A, on the basis of capillary action, to be 
evaporated there again. 
Should any hydrogen have remained in the heat pipe 

it is driven in the direction of the nickel window 2 by 
the sodium vapor. Via diffusion through the window 2, 
said remaining hydrogen then disappears to the atmo 
sphere. Although in this example the window 2 is pro 
vided in an end face of the heat pipe, all kinds of other 
places are possible, of course. 
What is claimed is: 
1. A method of closing off a heat pipe, at least a part 

of which is hydrogen permeable and in which a sealing 
place is sealed while heating it to at least its softening 
temperature, said method comprising evacuating unde 
sirable gases from the heat pipe, ?lling the evacuated 
heat pipe wth hydrogen, then sealing the heat pipe, and 
subsequently removing the hydrogen into the atmo 
sphere by diffusion of the hydrogen through the wall of 
the heat pipe. 
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2. A method as claimed in claim 1, wherein the hy 
drogen pressure in the heat pipe during sealing is equal 
to or substantially equal to the ambient pressure. 

3. A method as claimed in claim 1 wherein the heat 
pipe is heated in order to increase the rate of the hydro 
gen diffusion to the atmosphere. 

4. A method as claimed in claim 1, wherein the heat 
pipe is provided with a window of a material which has 
a larger permeability for hydrogen than the material of 
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6 
the heat pipe. _ 

5. A method as claimed in claim 4, wherein the win 
dow consists of nickel or an alloy thereof, for example, 
an iron~nickel alloy. 

6. A method as claimed in claim 4, wherein the win 
dow consists of palladium or an alloy thereof, for exam 
ple, a silver-palladium alloy. 

* * * * * 


