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[57] ABSTRACT

The basic heat pipe principle is employed to provide a
self-contained passively cooled probe that may be
placed into a high temperature environment. The probe
consists of an evaporator region 13 of a heat pipe 10 and
a sensing instrument 17. Heat is absorbed as the working
fluid 22 evaporates in the probe. The vapor is trans-
ported to the vapor space 14 of the condenser region 15.
Heat is dissipated from the condenser region and fins 20
causing condensation of the working fluid, which re-
turns to the probe by gravity and the capillary action of
the wick 18, Working fluid, wick and condenser config-
urations and structure materials can be selected to main-
tain the probe within an acceptable temperature range.

13 Claims, 3 Drawing Figures
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1
HEAT PIPE COOLED PROBE

ORIGIN OF THE INVENTION

The invention described herein was made by employ-
ees of the United States Government and may be manu-
factured or used by or for the Government for govern-
mental purposes without the payment of any royalties
thereon or therefor.

BACKGROUND OF THE INVENTION

Presently instrument probes in high temperature en-
vironments that are unable to withstand the tempera-
ture therein utilize air or water cooled jackets. These
active cooling system require costly plumbing and con-
trol systems. These systems decrease reliability and
require set up and shut down time.

The capability of a heat pipe to passively absorb heat
at one location and dissipate it in another is known, U.S.
Pat. No. 3,229,759 discloses the capability of heat pipes
to conduct and transfer heat at a rate exceeding that of
any known metal. Two heat pipes with a common con-
densor region are effective in controlling the tempera-
ture in an environment. By varying the heat input at one
end, the condensation available to the end in the moni-
tored environment can be controlled thereby control-
ling the heat absorption capability. This system lends
itself to use as a heat release valve and related applica-
tions.

The use of a heat pipe to transfer heat to a heat sensi-
tive mechanical element remote from the heat source
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has also been disclosed. By selecting a working fluid |

that evaporates at a desired temperature, and thereby
transfers heat by heat pipe operation, a mechanical
operation may be controlled by a remote heat source.
This principal can be used for thermostats and similar
thermo-mechanical devices.

SUMMARY OF THE INVENTION

This invention is a novel utilization of a heat pipe as
a passive cooling system for instrument probes in high
temperature environments. The support structure for
instruments in high temperature environments must be
kept within the metal’s acceptable temperature range.
Heat pipes have a great capability to absorb and dissi-
pate heat. By supporting the instrument in the high
temperature environment with the heat absorbing end
of the heat pipe, passive cooling of the probe can be
accomplished. Heat from the metal support structure is
absorbed by the evaporation of a working fluid. The
vapor flows to the cool end of the heat pipe, condenses
and returns by gravity and capillary action to the sup-
port structure to repeat the cycle. Heat can be dissi-
pated by any of several means, for this particular appli-
cation heat is dissipated by radiation and free-convec-
tion from fins attached to the cool end of the heat pipe.
The metal, working fluid, capillary wick, and fin size
used can be varied to accommodate specific require-
ments of the particular application and any associated
constraints.

It is an object of this invention to provide a support
structure for an instrument sensing in a high tempera-
ture environment.

Another object of this invention is cooling the sup-
port structure of instrument probes in high temperature
environments.

A further object is to provide a passive, self-con-
tained cooling system that will overcome the cost and
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operating deficiencies of the present active cooling
systems.

An additional object is to provide a cooling system
capable of transferring a great quantity of heat over a
small temperature gradient.

Another object of the invention is to provide a heat
pipe with a condenser region whose diameter exceeds
that of the evaporation region and has fins capable of
dissipating large amounts of heat.

A further object is to provide a heat pipe cooling
system with a capillary wick and positioned substan-
tially vertical thereby increasing the return flow of
working fluid to the evaporator region through the
capillary wick and through a capillary artery.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a prospective illustration of a novel heat
pipe application;

FIG. 2 is a cross-sectional view taken along section
lines II—II of FIG. 1; and :

FIG. 3 is a sectional view taken along the lines of
ITT—III of FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

The invention can be best understood by referring to
the drawings in which any particular number designates
the same element throughout the figures.

Referring to FIG. 1, there is illustrated a heat pipe,
designated generally by the reference numeral 10, used
to passively cool an instrument probe in a high tempera-
ture environment. Numeral 30 designates generally the
instrument probe that is inside the wall of the high tem-
perature environment represented by a wall 24. The
instrument probe 30 consists of an instrument 17 and
support structure 13. Though the invention will cool
the support structure of any instrument 17, the form
shown utilizes a thermocouple with a cylindrical sup-
port structure of Hastelloy X, Td-Ni-Cr or another
superalloy capable of withstanding high temperatures.

The instrument probe is designated to operate inside
the wall 24 which is a barrier separating the high and
low temperature environments. Qutside the wall 24 of
the high temperature environment is the condenser
structure 15 of the heat pipe 10. The condenser struc-
ture 15 in the preferred form is cylindrical with a diame-
ter approximately three times that of the support struc-
ture 13 to aid in heat dissipation. The metal used in the
condenser structure 15 conducts heat radially and fins
20 (FIG. 1) are attached to assist in dissipating heat at
the required rate.

The size, shape and material used in the support struc-
ture 13, condenser region 15 and fins 20 will vary ac-
cording to individual design requirements.

FIG. 2 iliustrates the internal capillary wick, desig-
nated generally by the numeral 18, and the internal
vapor area 23 of the heat pipe 10. The capillary wick 18
extends from the upper end of the condenser region 14
(FIG. 3) to the evaporator region 22, is necked down
and thereafter extends through the evaporator region to
the end thereof and the vicinity of the thermocouple 17.
The wick is split to form a capillary artery 19 which
will allow the condensed liquid to fall directly to the
evaporator region 22. In the preferred embodiment the
wick consists of a stainless steel screen that engages the
support structure wall 13 and a tube 31 (to be explained
below) and channels the working fluid between the tube
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and heat pipe wall. The capillary wick 18 can also be a
fibrous material that assists fluid flow.

Referring now to FIG. 3, there is illustrated a cross-
section of the heat pipe 10. The evaporator vapor re-
gion 22 extends from the instrument 17 to the wall of
the high temperature environment 24 where the con-
denser region 14 begins. The support structure 13 en-
cases the evaporator region 22 and supports the instru-
ment 17. The condenser structure 15 encases the con-
denser region 14.

FIG. 13 also illustrates the capillary wick 18 which
extends along the inner wall of the condenser structure
15 to the evaporator structure 13. The capillary wick 18
conveys a working fluid which in the preferred embodi-
ment is liquid sodium but will vary according to design
requirements. A protective tube 31 covers the instru-
ment 17 electrical leads 29 in the heat pipe 10. In the
preferred form the protective tube 31 is a stainless steel
tube.

OPERATION OF THE INVENTION

In operation, as the instrument support structure 13 is
heated the working fluid in the capillary wick 18 in the
evaporator region 22 absorbs heat and vaporizes. The
vaporized working fluid in the evaporator region 22
flows to the condenser region 14. Heat is conducted by
the condenser structure 15 and dissipated by convection
and radiation from the condenser structure 15 and fins
20 causing the vapor to condense. The working fluid
returns to the evaporator region 13 via the wick 18 by
capillary action and directly via the capillary artery 19.
In the preferred embodiment the heat pipe is positioned
vertically with the condenser region on top which al-
lows gravity to assist the capillary action and the fluid
to flow through capillary artery 19.

In this manner heat can be continuously transferred
from the support structure thereby avoiding unaccept-
ably high probe peak temperatures.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A heat pipe cooled probe comprising:

probe means for sensing in a thermally hostile envi-

ronment;
heat pipe means forming a part of said probe means;
said heat pipe means including first means for absorb-
ing heat in a high temperature area of the probe and
conducting it to an area of lower temperature;

said heat pipe means including second means for
dissipating heat from the area of lower tempera-
ture; and
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4
said heat pipe means including capillary artery means
for allowing a working fluid to flow directly from
said low temperature area to said high temperature
area.

2. A device as in claim 1 wherein said probe means
for sensing is an instrument for sensing fluid flow condi-
tions.

3. A device as in claim 1 wherein said first means is an
evaporator region of said heat pipe means.

4. A device as in claim 3 wherein said first means for
absorbing heat from said probe means includes a work-
ing fluid in the evaporator region of said heat pipe
means. :

S. A device as in claim 3 wherein said heat pipe means
includes wick means for cycling a working fluid con-
tained therein.

6. A device as in claim 1 wherein said second means
is a condenser region of the heat pipe means including
fins to assist in heat dissipation.

7. A device as in claim 5 wherein the diameter of the
condenser region exceeds that of the evaporator region
to increase heat dissipation.

8. A device as in claim 1 wherein said instrument is a
temperature sensing instrument.

9. A device as in claim 8 wherein said temperature
sensing instrument is a thermocouple.

10. A device as in claim 1 wherein said heat pipe
means includes a housing;

said housing having an evaporator region and a con-

densing region;

wick means extending from said evaporator region to

said condensing region;

working fluid means disposed within said housing;

sensing means carried by said evaporator region;

capillary artery means for allowing said working
fluid to flow directly to said evaporator region; and

said sensing means being passively cooled by said
working fluid being evaporated ‘and operating as a
heat sink in said evaporator region, carrying the
heat to the condensing region, condensing to give
up heat to said means for dissipating heat, and re-
turning via said wick means and said capillary ar-
tery means to complete a continuous cycle.

11. A device as in claim 10 positioned substantiaily
vertically over the high temperature environment to
allow gravity to assist said heat pipe means fluid flow.

12. A device as in claim 10 wherein said wick means
is of a thickness which will prevent boiling of a working
fluid carried therein.

13. A device as in claim 1 wherein said instrument is

a pressure sensing instrument.
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