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1571 ABSTRACT 
An artery vapor trap. A heat pipe artery is constructed 
with an extension protruding from the evaporator end 
of the heat pipe beyond the active area of the evapora- 
tor. The vapor migrates into the artery extension be- 
cause of gravity or liquid displacement, and cooling the 
extension condenses the vapor to liquid, thus preventing 
vapor lock in the working portion of the artery by 
removing vapor from within the active artery. The 
condensed liquid is then transported back to the evapo- 
rator by the capillary action of the artery extension 
itself or by wick located within the extension. 

5 Claims, 2 Drawing Sheets 
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COOLED ARTERY EXTENSION 

SUMMARY O F  THE INVENTION 
The invention described herein was made in the per- 

formance of work under NASA contract NAS8-37261 
and is subject to the provisions of Section 305 of the 
National Aeronautics and Space Act of 1958, Public 
Law 85-568 (72 Stat. 435; 42 USC 2457). 

more specifically with liquid transport arteries within 
heat pipes. 

The use of arteries for liquid transport within heat 
pipes is well established, but so also, unfortunately, is 
the failure of such arteries because vapor penetration l5 
into the arteries or undesirable heating can cause a 
vapor bubble to block the liquid transport function of an 
artery. This problem is particularly apparent in heat 
pipes in which the artery is located within the wick in 
the evaporator region. In such structures the wick and 20 
arteries near the evaporator are very likely to be sub- 
iected to heat. and unwanted vaDor mav uenetrate into 

This invention deals generally with heat transfer, and lo 

br be generated within the arteries along Gith the vapor 
which will properly move into the vapor space for 
transport to the condenser. The vapor within the arter- 
ies will then be swept to the end of the evaporator most 
remote from the condenser by the movement of the 
liquid in the arteries returning to the evaporator. This 
vapor can then accumulate at the end of the evaporator 
and prevent liquid access to that portion of the arteries, 
leading to heat pipe dry out and potential failure 

Although there have been numerous heat pipes de- 
signed to help prevent vapor within arteries, there is no 
certain method of preventing it, particularly when the 
arteries are themselves exposed to heat. Therefore, the 
present invention takes a different approach. Rather 
than attempting to prevent vapor within the arteries, or 
more accurately, along with the use of methods for 
preventing vapor in arteries, the present invention oper- 
ates to trap, remove and condense that vapor. 

This is accomplished by a simple structure added to 
the conventional arteries of a heat pipe. The arteries are 
extended at the evaporator end of the heat pipe by the 
addition of structures which connect to the arteries and 
extend out of the active region of the evaporator. These 
extensions operate as capillaries when they are approxi- 
mately the same cross section as the arteries within the 
heat pipe wick, and they extend out of the evaporator 
from the end of the evaporator which is most remote 
from the condenser. The extensions function as storage 
volumes for vapor which is swept to the evaporator 
ends of the arteries, and since the extensions are not in 
the active region of the evaporator, that is, they are not 
in a region of the heat pipe to which heat is being sup- 
plied, the presence of vapor within them has no effect 
on the operation of the heat pipe. In a real sense the 
vapor from the arteries is removed from and stored 
outside the heat pipe. 

An interesting aspect of the invention is that this 
stored vapor will be reused. All that is required is that 
the extensions be cooler than the evaporator and be of 
approximately the same size as the arteries within the 
wick structure. When such an extension is cooler, the 
vapor within it condenses, and since it is in close prox- 
imity to the evaporator and the extensions are capillary 
structures, the resulting liquid is transported to and is 
available for evaporation at the evaporator. This trans- 
port function can also be aided by the addition of capil- 
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A 
lary wick structure located within the artery extension, 
with the wick structure within the extension intercon- 
necting with the other wick structure within the heat 
pipe. Moreover, cooling of the extensions is virtually 
automatic. Since by design the extensions are at a loca- 
tion other than the evaporator, which is the hottest part 
of the heat pipe, it follows that they will be cooler than 
the evaporator unless some effort were to be made to 
heat them. In the preferred embodiment of the inven- 
tion, the extensions are tubes which need only be made 
a certain minimum length so that conduction, convec- 
tion, or radiation of heat to the surrounding medium 
will assure that they condense the vapor within them. It 
is, of course, also possible to more actively cool the 
artery extensions, for instance, by attaching cooling fins 
to their outside surfaces 

The present invention thus furnishes a new heat pipe 
structure which assures that an artery within a heat pipe 
will operate reliably, without vapor blockage, regard- 
less of any incidental penetration or generation of vapor 
into the artery. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of the preferred embodi- 

FIG. 2 is a cross section view of one heat pipe of the 
ment of the invention. 

assembly of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is a perspective view of the preferred embodi- 
ment of the invention in which assembly 10 is con- 
structed of three individual identical heat pipes 11. Only 
the evaporator ends 12 of heat pipes 11 are pictured. 
The condenser ends 14 of heat pipes 11 would be lo- 
cated off the drawing toward the upper right comer. 
An extension tube 16 is connected to each individual 
heat pipe 11 near the end of the heat pipe most remote 
from condenser end 14. 

As shown in FIG. 2, each extension tube 16 is con- 
structed to be an extension of conventional artery 18, 
which itself is located within wick structure 20. Except 
for the addition of extension tube 16, heat pipe 11 is 
conventionally constructed with sealed casing 22 evac- 
uated of all noncondensible gases and loaded with a 
small quantity of vaporizable fluid. Vapor space 26 is 
the region in which vapor normally travels from evapo- 
rator region 12 to condenser region 14. Condenser re- 
gion 14 is cooled causing the vapor to condense. Wick 
structure 20 and artery 18 are the means by which liquid 
is returned from condenser 14 to evaporator 12 where it 
is vaporized by the heat being applied to evaporator 12. 

It is when vapor is present in artery 18 that heat pipe 
11 is in danger of malfunctioning. Vapor can exist 
within artery 18 either because it penetrates into artery 
18 from vapor space 26 or wick 20, or because liquid 
within artery 18 is vaporized within the artery due to 
heat applied directly to some portion of artery 18. 

If extension tube 16 were not present, this undesirable 
vapor would be swept to the end of evaporator 12 most 
remote from condenser 14 and prevent liquid from 
being supplied to that part of the evaporator. This could 
cause overheating of a portion of the evaporator and 
could lead to destruction of the heat pipe. 

However, with the addition of extension tube 16 in 
the present invention, this same vapor is swept into 
extension tube 16 to which no heat is being applied, so 
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that evaporator 12 is left free to function normally. In It is to be understood that this form of this invention 
the worst case the accumulated vapor will merely re- as shown is merely a preferred embodiment. Various 
main in extension tube 16 and cause no ham,  but actu- changes may be made in the function and arrangement 
ally, under most circumstances, extension tube will be of parts; equivalent means may be substituted for those 
cooled sufficiently by the medium in contact with its 5 illustrated and described; and certain features may be 
outside surface so that the vapor within extension tube used independently from others without departing from 
16 will condense. the spirit and scope of the invention as defined in the 

When the interior dimension of extension 16 is ap- fO1lOWkZ claims. 
proximately the Same as that of artery 18 it alone has For instance, extension shapes other than cylindrical 
sufficient its con- 10 cross section tubing could be used, and different means 
densed liquid back to evaporator 12, thus continuing the 

the What is claimed as new and for which Letters Patent 
volume of extension 16 from. being completely filled 
with vapor so that the vapor would begin affecting 1. In a heat pipe which includes at least one liquid 

15 return artery which extends into the evaporator region evaporator 12. However, under some conditions, to of the heat pipe, the improvement comprising an exten- better assure capillary return of liquid from extension 16 sion structure attached to at least one artery at the end to evaporator 12, wick 21 may be added within exten- of the artery most remote from the condenser region of sion 16. Wick 21 is connected to wick 20 so that it can the heat pipe, with the extension structure extending 
20 of the evaporator region of the heat pipe and into a supply liquid to evaporator 12 through wick 20. 

To increase the cooling of extension 16 and better region which is not subjected to heat. 
assure condensation of the vapor within it, cooling fins wherein the extension 
24 may be but under most circumstances the structure is constructed so that it acts as a capillary 
length of extension 16 alone can be made sufficient to structure to pump liquid from within the extension 
assure heat isolation from the evaporator and sufficient 25 structure to the evaporator of the heat pipe. 
cooling to cause condensation of the vapor. 3. The heat pipe of claim 1 further including a cooling 

Other benefits also accrue from the structure of the acting upon the extension structure to aid in 
present invention. One is that any noncondensible gases 
generated Within the heat pipe Can not accumulate at 4. The heat pipe of claim 1 wherein the heat pipe 
the evaporator end of the artery 'and, like unwanted 30 includes a first wick structure with at least one artery 
vapor, block its operation. Like unwanted vapor, non- located within the frst wick structure and an artery 
condensible gases are swept into the extension and re- within the first wick tructure attached to the artery 
main there, causing no harm. extension structure. 

A further benefit is available from the present inven- 5. The heat pipe of claim 4 further including a second 
tion at start up of the heat pipe. In that situation, a 35 wick structure located within the extension structure 
cooled extension tube will condense existing vapor with the second wick structure connected to the first 
within the attached heat pipe artery and thereby furnish wick structure so that liquid can move between the 
liquid to the evaporator to prime the heat pipe for start- wick structures. 

pumping action to 

function of the heat pipe and 
for 

of the United States are desired to be secured is: 

the extension may be used. 

2. ne heat pipe of claim 

condensing vapor within the extension structure. 

ing. * * * * *  
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