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PREFACE

This annual supplement to Heat Pipe Technology
continues the work begun with the publication of the
"Cumulative Volume"” in March of 1971. Contained in
this supplement are abstracts of documents and patents
identified and added to the Heat Pipe Information Office
collection during 1974. Also included is a review of
the year's highlights in heat pipe development prepared
‘by the technical editor, Dr. K.T. Feldman, Jr.

It is intended that a supplement such as this will
be published at the end of each calendar year. In
addition, a quarterly update service is available to
those who need to keep current on new applications and
developments between supplements.

This volume is in large part based on the efforts
of Eugene Burch, Director of the Heat Pipe Information
Office and Ding C. Lu, Staff Engineer, who devoted a
vast amount of time and energy in its preparation. Our
gratitude goes to Dr. Feldman of the College of Mechanical
Engineering for his interest, encouragement and support.
A number of individuals contributed foreign material to
this collection, and in partiuclar, the continued coopera-
tion of Dr. C.A. Busse of EURATOM is gratefully accepted
and appreciated.

This publication was further made possihle by the
Technology Utilization Program of NASA, from which the
Technology Application Center derives a major portion
of its support and by the close cooperation of the
College of Engineering of the University of New Mexico.

William A. Shinnick

Director

Technology 3Appiication Center
University of New Mexico
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INTRODUCTION

This annual supplement of Heat Pipe Technology for 1974
includes 149 references with abstracts and 47 patents. Although
this number of publications is down from the 229 references and
94 patents of 1973, it is greater than any previous year. In
addition to compiiing and publishing this annual bibliography,
the Heat Pipe Information Office maintains a library of nearly
all of these references which are available for public use.

'~ The emphasis of heat pipe work reported during 1974 shifted
toward more practical applications. Included in the heat pipe
work reported were articles on heat exchangers for heat recov-
ery, electrical and electronic equipment cooling, temperature
control of spacecraft, cryosurgery, cryogenic IR cooling, nuc-
lear reactor heat transfer, solar collectors, laser mirror cooling,
laser vapor cavities, cooling of permafrost, snow melting, therm-
al diodes, variable conductance, artery gas venting, EHD, gravity
assisted pipes, and many other topics.

-~

Although a considerable effort has been made to insure that
the bibliography is complete, readers are encouraged. +o report
omissions to the Heat Pipe Information Office.

K. T. Feldman, Jr.

Technical zditcr

Preceding nage biank
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A. GENERAL INFORMATION, REVIEWS, SURVEYS



74001 APPLICATION OF HEAT PIPES AND THEIR THERMAL TRANSPORT
CAPABILITY

H.M. Rosenbaum, J.B. Goodacre. Marconi Review, vol. 36, 2nd
Quarter, 1973, p. 93-121, 11 refs. Avail: TAC

The heat pipe is a two phase heat transfer device which
can have an effective thermal conductivity several hundred
times that of a good metallic conductor yet does not require
the gravitational forces of a thermosyphon or the complexity
of a pumped fluid system. Such devices can be designed to
operate in temperature bands ranging from near absolute zero
to approaching 2,000°C. This article describes the basic
.principles of operation, outlines a number of potential appli-
cations and presents the theoretical basis for performance or
design calculations.

74002 HEAT PIPES

" C.L. Tien, Editor (University of California, Berkeley, California).
AIAA Selected Reprint Series, Vol. 16, 1973, 123 pages. Avail:

TAC .
Incompressible laminar vapor flow in cylindrical heat

pipes, liguid transport properties of some heat-pipe wicking
materials, and structures of very high thermal conductance are
among the topics covered in papers concerned with heat pipes.

Other topics covered include heat pipe startup dynamics,
theoretical studies of heat pipes operating at low vapor pressures,
and feedback controlled variable conductance heat pipes.

74003 HEAT PIPE - A NEW TUNE ON AN OLD PIPE
Ron Kemp, Jermyn Manufacturerms Kent, England. Electron Power,
vol. 19, No. 14, August 9, 1973, p. 325-326. Avail: TAC

A technique for transferring heat, discovered during the
Second World .Wwar, has recently been revived and incorporated
in devices called heat pipes. A typical pipe has an inherent .
thermal conductance over 100 times better than that of a solid
metal, and there are potential applications in a wide range
of industries.

b=



74004 HEAT PIPE TECHNOLOGY: A BIBLIOGRAPHY WITH ABSTRACTS
CUMULATIVE VOLUME

Technology Application Center, University of New Mexico,

Albuquerque, New Mexico. NASA-CR-135953, TAC-Bibl-1. 31

March 1971, 239 pages, refs. Avail: TAC

74005 HEAT PIPE TECHNOLOGY - A BIBLIOGRAPHY WITH ABSTRACTS
ANNUAL SUPPLEMENT 1971 :

Technology Application Center, University of New Mexico,

Albuquerque, New Mexico. NASA-CR-135951, TAC-Bibl-1l (71/2).

1971, 102 pages, refs. Avail: TAC

74006 HEAT PIPE TECHNOLOGY, QUARTERLY UPDATE 1 JANUARY-31l

. MARCH 1972 '

Technology Application Center, University of New Mexico,
Albuquerque, New Mexico. NASA-CR-135956, TAC-Bibl-1 (72/1).
31 March 1972, 26 pages, refs. Avail: TAC

74007 HEAT PIPE TECHNOLOGY: A BIBLIOGRAPHY WITH ABSTRACTS,
QUARTERLY UPDATE 1 APRIL-30 JUNE 1972

Technology Application Center, University of New Mexico,

Albuquerque, New Mexico. NASA-CR-135955, TAC-Bibl-1 (72/2).

30 June 1972, 35 pages, refs. Avail: TAC

74008 HEAT PIPE TECHNOLOGY: A BIBLIOGRAPHY WITH ABSTRACTS,
QUARTERLY UPDATE 1 JULY-30 SEPTEMBER 1972

Technology Application Center, University of New Mexico,

Albugquerque, New Mexico. NASA-CR-125952, TAC-Bibl-1 (72/3).

30 September 1972, 42 pages, refs. Avail: TAC

The subjects discussed in above five bibliographic
series are: (1) general information, (2} heat pipe appli-
cations, (3) heat pipe theory, (4) design and fabrication,

(5) testing and operation, (6) subject and author index, and
(7) heat pipe related patents. )



74043 HEAT PIPE TECHNOLOGY. A BIBLIOGRAPHY WITH ABSTRACTS.
CUMULATIVE VOLUME Through 31 December 1972
Technology Application Center, University of New Mexico,
Albuquerque, New Mexico. TAC/HP-72100. December 31, 1972.
459 pages.

The bibliography includes the following: (&) General
Information, Reviews, Surveys; (B) Heat Pipe Applications;
(C) Heat Pipe Theory; (D) Design and Fabrication; (E) Testing
and Operation; (F) Subject and Author Index; (G) Heat Pipe
Related Patents

74076 HEAT PIPE TECHNOLOGY. A BIBLIOGRAPHY WITH ABSTRACTS
Technology Application Center. University of New Mexico,
Albuquergue, New Mexico. Annual Supplement, 1973. TAC-HP-
73-11, 236 pages. Avail: TAC

_ The number of heat pipe publications during 1973
was double that in 1972. Emphasis shifted so that more
.work on applications and less on fundamentals was reported.
Heat pipe applications described in articles published dur-
ing the year include: heat exchangers for heating and )
air conditioning, electronics cooling, temperature control
of spacecraft, heat transfer in thermionic and thermoelectric
power generators, heat transfer in nuclear reactors, measure-
ment of thermophysical properties, solar collectors, cooling
_engines, electrohydrodynamic phenomena, and vapor laser ovens.



74039 HEAT PIPES. ELEGANT CONCEPT IN SEARCH OF AN APPLICATION
Cedric Beatson (England). Engineer, Vol. 237, No. 6140, 1973,
p. 38-39, 41. Avail: TAC

A review is given on principles, structures, applications,
etc. of heat pipes.

74040 HEAT PIPE
P.D. Dunn (University of Reading, England) and D.A. Reay.
Physics Technology, Vol. 4, No. 3, 1973, p. 187-201. 17 refs.
Avail: TAC N

The heat pipe is a device having a high thermal con-
ductance which utilizes the transport of a vapor and rejection
of latent heat to achieve efficient thermal energy transport.
The theory of heat pipes is well developed. Their use in
applications involving temperatures in the cryogenic regime,
and with development units running as high as 2000°C, shows
that they can function over a large part of the temperature
spectrum. Applications in spacecraft, electronics and die
casting are but few of the uses for these devices.

74041 THE HEAT PIPE - A NEW TUNE ON AN OLD PIPE

Ron Kemp (Jermyn Manufacturing, Seven Oaks, Kent, England).
Electronics & Power, Vol. 19, p. 325-326. August 9, 1973.
Avail: TAC : ‘

This report presents the principles and operations of
heat pipes, and describes some of the application fields such
as cooling of electronic equipments, warmups of carburetors,
removal of heat from motors and generators, solar energy con-
verters and waste-heat heat exchangers.

74042 HEAT PIPES .
L.L. vasiliev and S.V. Konev, Heat Transfer - USSR, Januarv-
February 1974, 102 pages. 1In English (refer to the original
Russian edition 73002). Avail: TAC

This text includes a preface to the English edition,
an introduction and three chapters. The first chzapter intro-
duces theoretical fundamentals of heat pipe operation, the
second chapter discusses study of heat and mass transfer
processes in heat pipes, and the last chapter presents
experimental investigation of heat pipes and their applica-
tion in various industriai branches. 1.5 references are

l3zo listEagd



74075 HEAT PIPE SYMPOSIUM/WORKSHOP AT THE UNIVERSITY OF

MARYLAND
, D.K. Anand (Editor, Mechanical Engineering, University
of Maryland, Coliege Park, Maryland). NSF Grant GK-38697.

November 5-6, 1973.° Avail: TAC

This symposium/workshop was called to review the
state-of-the-art of all aspects of heat pipe technology as
wéll as to identify and recommend new areas of research
and development.

In all twenty-four participants attended the meeting.
Nine speakers gave summaries of the work being pursued in
the United States. One speaker from West Germany presented
work being done in Europe.

The first day, split into two sessions, was devoted
to presentations dealing with fundamental consideration,
wicking materials, manufactuirng methods, low temperature
operation, gravity-assist heat pipes for high temperature
applications, solar and space applications. The second
day dealth with controllable heat pipes and work in Europe
followed by a general discussion.

Included in this report are summaries of the presenta-
tions made at the meeting. Recommended areas of research
that should have priority were identified and have been
separately listed. A list of the participants appears at
the end of this report.

(92}



74117 HEAT PIPE WORK IN EUROPE
M. Groll, Report 5-175. March 1974, Avail: TAC

The intention of this report is tc give a rather com-
prehensive survey of heat pipe work in Europe. To a large
extent the contents of this report is based on papers presented
at the lst International. Heat Pipe Conference 1973 in Stuttgart.
The following countries are included: Belgium, Czechoslovakia,
Pederal Republic of Germany, France, Great Brltaln, Italy,
The Netherlands, USSR, and Yugoslavia.

74118 < HEAT PIPE RESEARCH AND DEVELOPMENT AT THE NUCLEAR ENERGY
INSTITUTE, UNIVERSITY OF STUTTGART (WAERMEROHRFORSCHUNG
UNDENTWICKLUNG AM INSTITUT FUER KERNENERGETIK DER
UNIVERSITAT STUTTGART)

M. Groll (University of Stuttgart, West Germany). Klim Kaelte

Ing. Vol. 2, No. 7, July 1974, p. 281-284, 10 refs. In German,

Avail: TAC

t Heat pipes are relatively novel heat transfer dev1ces

finding a steady growing application. Their physical principles

and characteristic performance data described. Heat pipe
research and development at Institut fur Kernenergetik,

Universitat Stuttgart is presented in brief. Thereby, some

heat applications are discussed.

74119 CONTROLLED HEAT PIPES
L.L. Vasiliev. Heat Transfer - Soviet Research, Vel. 6, No. 3,
May-June 1974 p. 37-41, Avail: TAC

This article discusses in general the presently available
kinds of controlled heat pipes and presents several equations
which are beneficial to the understanding of the operation of
such pipes. The article implies that - the development of these
devices is. still in the early stage and that much more work
needs be done in this field.

74120 PHYSICAL SCIENCES: THERMODYNAMICS, CRYOGENICS, AND
VACUUM TECHNOLOGY
National Aeronautics and Space Administration, NASA SP-5973(01).
23 pages, Avail: TAC
A ompiva;iu“ of thermodvnamic devices, crvogenics,
ana vacuum technology 1s presented. Three differant heat
pipes are included: (1) an efficient heat recovery system
with a new variable-conductance heat pipe. (2) A universal
joint to transmit heat by a crvogenic heat pipe. {3) An
aiumlnum neat pipe wlith an arterial composite-wick con-
figuration. ' '

[0



HEAT PIPE APPLICATIONS



B.l GENERAL APPLICATIONS

74009 DESIGNING SOPHISTICATED HVAC SYSTEMS FOR OPTIMUM ENERGY
USE :

Paul C. Greiner (Market Development, Electric Energy Association,
New York City, New York). ASHRAE Journal, vVol. 15, February
1973, p. 27-31. Avail: TAC

Heat reclamation and energy conservation have been special
concerns of the electric industry. Here, the author offers a
state-of-the-~art survey of prevalent systems--from heat pipes
to water-cooled luminaires--and their applications in various
building systems for accomplishing optimum energy utilization.

74010 THERMOPHYSICAL AND OPTICAL EVALUATION OF HEAT PIPE COOLED’
LASER MIRRORS ’

David Raspet (School of Engineering, Air Force Institute of
Technology, Wright-Patterson AFB, Ohio). M.S. Thesis, June 1973,
174 pages, refs. Avail: TAC

A concept for cooling laser mirrors with the heat pipe
process was evaluated with a 2-inch diameter copper mirror.
The mirror was illuminated by a 67 watt/square centimeters
incident beam from a 10 kilowatt carbon arc lamp. This beam
provides 34.2 watts/squared centimeters to the water heat pipe.
Reflecting surface temperature distributions were measured to
assess heat pipe operation. Reflecting surface distortions
were measured from the change in focal length. Despite a problem
with obtaining good wetting of the copper capillary structure of
the heat pipe by the water, the heat pipe demonstrated the
ability to significantly reduce reflecting surface temperature
gradients.

74011 HEAT PIPES, INGENUITY, AND PASSIVE RECOVERY

2enjamin T. Rogers '(Consulting Engineer, Embudo, New -Mexico).
Building Systems Design, Vol. 70, April 1973, p. 23-30.
Avail: TAC :

The author presents three different designs with passive
svstams I{0or energy conservation, optimization of structural
design, and environmental improvement. The first one is a
Charoudi's Percolator which absorbs solar energy with a tracker
using no 2vternal energy source. The second device iz the
Mavwell Temcon which has an overszized Venetian blind built into
one oIf the rcof zones of the house. The blind can be closed or
ocened depending on the ratio of outside to inside radiation.
The last device is a "recool" system which integrates waste
water treatment and space conditioning systems to conserve
energy, using the heat pipe recovery unit.



74044 HEAT PIPE COPPER VAPOR LASER SEMIANNUAL TECHNICAL
REPORT 1 FEBRUARY - 30 SEPTEMBER 1973
Robert J.L. Chimenti (Esso Research and Engineering Co.,
Linden, New Jersey). Contract N000l14-73-C-0317, ARPA
Order 1806. 8 October 1973. 8 pages. Avail: TAC
The report describes the development of a heat
pipe copper vapor laser with radial discharge excitation
and operating temperatures to 20COC.

74045 HIGH EFFICIENCY HEAT EXCHANGERS

C.F. Gottzmann (Union Carbide Corp., Tonawanda, New York),

P.S. 0'Neill, P.E. Minton. Chemical Engineering Progress,

Vol. 69, No. 7, July 1973. p. 69-75. 1 ref. Avail: TAC
Union Carbide's high efficiency heat exchanger tubes

(commercially referred to as UC High Flux) feature overall

heat transfer coefficients three to eight times higher than

conventional equipment in many boiling-condensing and boiling-

sensible heat transfer applications. The key component 6f High’

Flux tubing is an enhanced nucleate boiling surface with a

bonded porous, metallic matrix (I.D. or 0.D. of the tube) which

achieves about a ten-fold improvement in boiling heat transfer

coefficients. Field tests have shown that High Flux tubing

can be applied to services involving cryogenic fluids, light

hydrocarbons, and agueous - solutions.

74046 REGENERATIVE HEAT ENGINE .
Jack E. Noble, Peter Riggle, Stuart G. Emigh, William R. Martini
(Invéntors, Department of Health, Education, and Welfare,
Washington, D.C.). serial No. 328,075. Filed January 30, 1973.
Ayail: TAC

A regenerative heat engine designed to produce power for
the cperation of equipment such as an artificial neart is dis-
closed. The heat engine includes a temperature control heat
pipe iLocated around the periohery of the engine cylinder and
a temperature distribution heat pipe located around the
periphery of the heat source. A flywheel and bellows seal
is included as part of the displacer piston drive, and a
Ilaxurs support is oositicned on the het end of the displacer
oiston to allow the piston to move longicudinaily while
restricting Lateral mccion.



74047 SNOW AND ICE REMOVAL FROM PAVEMENTS USING STORED

EARTH ENERGY
M.F., Pravda, P.L. Marjon (Dynatherm Ccrporation, Cockeysville,
Maryland). Report under the contract to the U.S. Department
of Transportation, 1973. Avail: TAC

Dynatherm Corporation under contract to the Department
of Transportation, Federal Highway Administration, has studied
a snow removal and deicing system utilizing the stored energy
in the earth beneath and adjacent to the roadway pavement.

The "heat pipe", a relatively new space age development,
was selected to transport the thermal energy from the earth
to the pavement. The heat pipe is a closed structure, evacuated
of all noncondensible gases, and contains a capillary wick
structure and a small amount of vaporizable heat transfer
fluid. The capillary wick structure is analogous to a pump
‘in a pumped fluid heat transfer system.

An analytical model describing the various heat transfer
mechanisms associated with a pavement snow removal/deicing
system employing earth heat was formulated. An experimental
program was designed to validate the analytical model. Three
12' x 24' test slabs were constructed--an earth heated slab,
an electrically heated slab, and a control slab. Electric
ower, temperature and weather measuring instrumentation was
provided to record the response of the systems under various
test conditions.

Tests were conducted during the Winter of 1972-1973.
Although the winter was exceptionally mild, some substantive
test data were obtained. Melting rates of flake ice were
determined under various ambient conditions for the earth
heated slab and electrically heated slab. These melting
rates were transformed into snow melting rates in inches/hour.

Snow melting rates as high as 1% inches per hour were
measured on the earth heated slab during daylight hours and
when the air temperature was in the mid-twenties. Data is
currently being evaluated to determine the thermal parameters
of the electrical and earth systems.

74048 GAS-HEATED HEAT PIPE VACUUM FURNACE (GASBEHEIZTER
WARMEROHREN-VAKUUMOFEN)

M. Stadelmann (Fotos Hutchins Photogravhv, Inc., Belmont,

“lassachusects) . ScnwelzZeriscnhe Techniliscnhe Zeitschrift,

Yol 71, Januvary 17, 1274, P, 40-42. 3 refs. In German.

Avail: TAC

o



The heat pipe is a very efficient device for the trans-
portation of heat at high temperatures,
One of the applications of the heat pipe is connected with the
development of a vacuum furnace which utilizes natural gas for
heating. 1In the new device the heat pipe is used for the trans-
fer of heat from a high-temperature burner to a vacuum chamber.
The vacuum furnace provides temperatures up to 1037.5 C at a
vacuum of 5 microtorr.

74049 HEAT PIPES - NEW WAYS TO TRANSFER ENERGY
Ed Edelson. Popular Science, June 13974. P. 102-103, 139.
Avail: TAC _ -

The heat pipe technology has a very promising prospect
in the heat-recovery business for industry besides aerospace
applications, such as the Air-0O-Space by Isothermics, Inc.
and the Thermal Recovery Units (TRU's) by Q-dot Corporation.

In addition to heat recovery, heat pipes are used in. furnaces,
cooking griddles and rotary heat exchangers. One heat pipe appli-
cation that should be highly visible in the next 5 years involves
use of heat vipes for permafrost protection on the Alaska pipeline.

74050 NEW STIRLING-POWERED ZERO-POLLUTION CAR RUNS ON STORED
HEAT _ .
David Scott (Editor). Popular Science, June 1974. p. 66-68,
148. Avail: TAC
This report describes the research and development of
Stirling-cycle engine at Philips Research Laboratory in Europe.
Heat to run Stirling engine is stored in molten-salt mixture
in sealed cylinders and transmitted to the engine through a heat
pipe. Engine is "refueled" by reheating molten-salt cyclinders
electrically. Later models might use fuel-fired heaters for
faster cycling.



74077 NEW WAY TO CAPTURE HEAT FROM YOUR FURNACE WASTES
C. P. Gilmore (Editor). Popular Science, September 1972,
p. 96-99. Avail: TAC

Isothermics Inc. is marketing a heat pipe device
called the Air-O-Space heater to collect the waste heat
escaping from the furnace. Once the heat is collected, it
could be applied to the heating system. This unit is
recommended for any furnace with a flue temperature above
400° F.

74078 DEVELOPMENT OF A CRYOSURGICAL INSTRUMENT UTILIZING
AN OPEN-LOOP HEAT PIPE
A, Basiulis, T. A. Hummel (Hughes Aircraft Co., Torrance,
California). AIAA/ASME 1974 Thermophysics and Heat Transfer
Conference, Boston, Massachusetts, July 15-17, 1974.
AIAA Paper No. 74-750. Avail: TAC
An open-loop heat pipe was successfully de51gned
into a cryosurgical instrument. The instrument is small,
self-contained, and weighs 2.0 lbs (including liquid
nitrogen charge). The heat pipe utilizes liquid nitrogen
as the working fluid and a sintered stainless steel fiber
capillary wick. The working tip of the ‘instrument operates
at 78°K (-196°C), and the liquid nitrogen charge is main-
tained for 30 min. The design rationale, fabrication
methods, and testing techniques are discussed along with
the results of field testing and performance evaluation.
74079 HELIUM THERMOSIPHON AS THERMAL VALVE FOR A MAGNETIC
REFRIGERATOR
Hans Quack, P. Grassmann (Swiss Federal Institute of
Technology, Zurich, Switzerland). Progress Refrigeration
Science Technology, Proceedings International Congress
Refrigeration, 13th, 1971. Vol. 1, p. 525-528, published
1973. Aavail: TAC
A He-filled thermcsiphon was successfully tested
as a thermal valve for a magnetic refrigerator working from °
a bath temperature of 4.12°K. The condenser of the siphon
consisted of 2 conical surfaces with an area of 4 cm® each.

ML <7 E—, - = - A i e - - -~ —~ o - -
The Siilinz 5f 3 e sipghon was fzrried gouit oat liguid He

temperatures. The ratio of thermal conductivities in the
conducting vs. nonconducting conditions was > i0

11



74080 THE MODELING OF A THERMOSYPHON-TYPE PERMARFROST
PROTECTION DEVICE
R.L. Reid, J.S. Tennant {(University ofTennessees, Knouville,
Tennessee), and K.W..Childs (0Oak Ridge National Laboratory,
Oak Ridge, Tennessee). AIAA/ASME 1974 Thermophysics and
Heat Transfer Conference, Boston, Massachusetts, July 15-17,
1974. AIAA Paper No. 74-739. Avail: TAC
One promising device for protection of permafrost
is the concentric tube thermosyphon. 1In the winter,
the difference in temperature between the annulus and the
tube provides a buoyant driving force to move the air down
_the tube and up the annulus. The resultant heat transfer
freezes and subcools the permafrost. The paper describes ‘
in detail the flow and heat transfer by solving the boundary-
layer equations for velocity and temperature considering
conduction and radiation at the boundaries. The predicted
thermosyphon performance is compared with experimental data.
The results for heat-removal rate are generally within
about 10-20%.
(Editor's note: This device is an air convection device
and not a heat pipe, but was included as related information).

74081 APPLICATION OF HEAT PIPES TO THE GLASS INDUSTRY
Klaus P. Schubert (Dornier System G.mb.H., West Germany) .-
Chemische Technik, Vol. 3(l), p. 5-8, 1974. 1In German.
Avail: TAC

The uses of air-cooled press stamps has several
disadvantages and is limited in capacity. The building-in
of heat pipes in the press stamp considerably improves the
heat evacuation, and the isothermy of the surface tempera-
ture of the stamp. Cs and K heat pipes were calcularted
and experimentally tested with'satisfactory results. The
press stamp temperature was easily kept at 450-600°C even
with cycles prolonged from 0.8-1.3 sec at an increased
. number of cycles.

T4cz  MDC HEAT PIPES [O SArEGUARD TRANS ALASKA UIL PIPELINE

McDonnell Douglas Corp. (Saint Louis, Missouri). August

1874, 2 pages. Avail: TAC

McDonnell Dmuglas Corporation's research and develop-
o . - T .

293 2ht SLp® CEUhnology over iogeriod zf o yszrs has
clzad o2 Milli~n mammfacturing contract from the
eska Pipeline Service Companv. MDC will supply about




109,000 heat pipes for the 798-mile Trans Alaska pipeline.
The heat pipes, called Cryo-Ancho soil stabilizers, are
intended to prevent thawing of the Permafrost around pipe
supports for the elevated portions of the pipeline.

74054 THE MOST EFFICIENT WAY TO TRANSFER HEAT IS BY A PIPE
Cedric Beatson. The Engineer, Vol. 236, p. 40-43, April 12,
1973. Avail: TAC

This paper gives a brief introduction of the heat pipe
research and development in Britain. The Jermyn Industries
and the Redpoint Associates are the two heat pipe manufacturers
on electronics components and assemblies. A self-contained
Calocoax furnace using heat pipe is being produced by France
and marketed in the United Kingdom. The International
Research and Development Corporation (IRD) is developing the
rotating wickless heat pipe to improve .cooling in electric
motors, the variable conductance heat pipe for cooling
electronic devices and heat pipes for core pins that augment
¢ooling in the injection moulding and diecasting industries.
A computer program for designing heat pipes is also available
from IRD. .

74095 POWER IN THE DESERT
Electronics and Power. 31 May 1973, p. 204. Avail: TAC
British Honeywell's Systems and Research Center
has already designed a proposed 1000 MW solar power station
that could be sited in a desert area in the. U.S. The
station would consist of 500,000 reflectors each capable
of collecting an average of 2KW throughout the 24 hour
period. Assuming the use of present-day technology only,
and with mass production for the reflectors, the
heat pipe and associated control mechanisms, the total
cost per unit of electricity generated would be twice
that for nuclear generation in the U.S.
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74122  MORE MEG

Eng’neer;ng, "ol. 214, March 1974, p. 169, Avaii: TAC
Applying a heat pipe vaporizer to heat the
mixture heading fcr the inlet manifeold of an automobile

engine is under research by the National Enuln e“1ng
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74123 HOW TO SET #MORE OF THR UF2T YOI ARE e
_Sﬁﬁ_ar Mechanics, October 1974, P. 152-153, Av:jlz TAC
The Air-C-Space heater is a fullv auvtematic
recouvery systein using neat pipas o reclsim heat Lrom ILlus
gases in a home system. It is produc=d by the Iscthermics
Inc., and can bs inztalled by a deo-it-vourseifsr in about
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B.2 THERMIONIC AND THERMOELECTRIC CONVERTERS

74012 HEAT PUMPING BY THERMOELECTRIC COOLERS THROUGH A LOW-
TEMPERATURE HEAT PIPE
S$.C. Kuo {United Aircraft Research Laboratories, East Hartford,
Connecticut). In: Progress in Refrigeration Science and
Technology, Vol. 1, Westport, Connecticut, AVI Publishing Co.,
Inc., 1973, p. 203-209; Discussion, p. 209, 7 refs. Avail: TAC
Description of the design and performance characteristics
of a refrigerating device consisting of thermoelectric coolers
integrated with a low-temperature heat pipe. The device is
shown to be particularly well suited for operation in the
temperature range of 200 to 300 K, and at a low cooling load
of no more than about 5 watts. It has the advantages of
simplicity,’ reliability, low weight, and capability to operate
‘quietly for extended periods of time.

74013 COMPACT THERMOELECTRIC CONVERTER
Westinghouse Electric Corp. (Pittsburgh, Pennsylvania).
Quarterly Progress Report, July 1, 1968-~September 30, 1968,
Phase II-C. Contract AT(29-2)-2638. 12 October 1968. 92
pages. Avail: TAC

A study was initiated to determine an optimum design
for a module to be internally fueled using cobalt-60. 1In
addition, alterations to the calculation model TEMOD were made
to handle the effects of gamma heating within the lead telluride
washers.. An experimental test program was defined which would
verify the validity of the mathematical model. additional
analytical work was accomplished to correlate predicted axial
heat transport rates of heat pipes with experimental data.
A study of sodium heat pipe performance data revealed that
a sonic vapor velocitv can occur in the reagion between evaporztor
and condensor sections of the heat pipe to produce a limit to the
axial heat transfer rate.
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74083 UTILIZATION OF THERMOSIPHON IN THERMOELECTRIC
DEVICES
E. A. Kolendo, M. G. Verdiev (Institute of Semiconductors,
Academic Science, USSR). Applied Solar Energy (USA),
vol. 9, No. 1-2, p. 7-9, 1973. Translation of Geliotekhnika
(USSR), Vol. 9, No. 1, p. 10-12, Avail: TAC
The operational advantages and disadvantages of
thermoelectric devices (coolers and generators) are
determined by the structure of the heat-exchange systems
at the cold and hot junctions of the thermopile. Draw-
backs inherent in air cooling systems can be eliminated
by combining the radiator with a thermosiphon, a heat-
transport system based on an evaporation-condensation-

evaporation cycle.



B.3 AEROSPACE ORIENTED APPLICATIONS

74014 DEVELOPMENT OF HEAT PIPE RADIATOR ELEMENTS

U. Hoppe, H. Koch, J. Lorschiedter (Dornier System GmbH,
7990 Friedrichshafen, Federal Republic of Germany). Paper
presented at the 1lst International Heat Pipe Conference,
Stuttgart, West Germany, October 15-17, 1973. Session 10.
Avail: TAC. .

This report presents the development of heat pipe radi-
ator elements. The following points are particularly discussed:
Configuration, Layout, Technology, Testing, and Application in
Projects. For the selection of configuration, special importance
is attached. to the modular design of the radiator. Apart from
the thermal layout of the heat pipes, this design comprises a
weight optimization. Difficulties involved in titanium proces-
sing are analyzed and the finally used method of EB welding
is presented. The performance graphs of the radiator are
represented for the fluid parameters inlet temperature and mass
flow. An outlook demonstrates the application possibility of
the developed radiators. '

74015 DEVELOPMENT OF VARIOUS HEAT PIPES FOR USE IN SATELLITES
J. Lovschiedter (Dornier-System GmbH, Friedrichshafen, West
Germany) and U. Heidtmann (Brown, Boveri et Cie. AG, Mannheim,
West Germany). Osterreichische Gesellschaft fur '
Weltraumforschung und Flugkorpertechnik and Deutsche Gesellschaft
fur Luft und Raumfahrt, Gemeinsame Jahrestagung, 6th, Innsbruck,
Austria, September 24-28, 1973, DGLR Paper 73-120, 40 pages, 5
refs. In German. Avail: TAC. '

‘Consideration of the use of various types of heat pipes for
heat transport in satellites. The principle of operation of a
heat pipe is ‘explained, criteria governing the selection of )
heat pipes are indicated, and the essential special properties
of heat pipes are cited. Heat pipe models which have been
developed for certain specialized applications are presented,
including heat pipes for ccoling traveling-wave tubes, -heat
pipes for steam chamber radiators, heat pipes for distributing
loss energy in a voltage converter, and coupling components
which use heat pipes for heat transfer. A heat pipe system is
decscrikbed which was used in 2n 2vperiment in 2 high-altitude

research rockect.



74051 SPACE SHUTTLE HEAT PIPE THERMAL CONTROL SYSTEMS.

FINAL REPORT JUNE 1972 -~ OCTOBER 1973
J. Alario (Grumman Aerospace Corp., Bethpage, New York).
Contract NAS9-12801. NASA-CR-13420l1, SHM-20. October 1973.
184 pages. Refs. Avail: TAC .

Heat pipe  (HP) thermal control systems designed for
possible space shuttle applications were built and tested
under this program. They are: (1) a HP augmented cold rail,
(2) a HP/phase change material (PCM) modular heat sink and
(3) a HP radiating panel for compartment temperature control.
The HP augmented cold rail is similar to a standard two-passage
fluid cold rail except that it contains an integral, centrally
located HP throughout its length. The central HP core helps
to increase the local power density capability by spreading
concentrated heat inputs over the-entire rail. The HP/PCM
modular heat sink system consists of a diode HP connected in
series to a standard HP that has a PCM canister attached to
its mid-section. It is designed to connect a heat source to
a structural heat sink during normal operation, and to auto-
matically decouple from it and sink to the PCM whenever
structural temperatures are too high. The HP radiating
panel is designed to conductively couple the panel feeder
HPs directly to a fluid line that serves as a source of waste
heat. It is a simple strap-on type of system that requires no
internal or external .line modifications to distribute the heat
to a large radiating area.

74052 VARIABLE CONDUCTANCE HEAT PIPE/RADIATOR FOR THE LUNAR
SURFACE MAGNETOMETER
J.P. Kirkpatrick, B.D. Marcus [(Ames Research Center, NASA,
" Mpoffett Field, California). Progress in Astronautics and
Aeronautics, Vol. 31, 1973, p. 83-102. Avail: TAC
A cold reservoir, variable conductance heat pipe/
radiatcr was developed to supplement the existing cooling
system of the Apollo 16 Lunar Surface Magnetometer (LSM).
Analysis and tests showed that 2 such devices, on opposité
sides 2f the elactrcnics dackage, would reduce the diurnal
semperature variztion By sbout 20% and thereby wculd consid-
erably increase the reliability of the welded connections.
The useifuiness and fiexibiiiity OF variable conductance neat
pipes 1n solving difficult thermal problems was demonstraéed..
The LSM design constraints, selection of a variable conductance
technique, heat pipe/radiator design features, and thermal per-
formance are discussed. '
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74084 A NEW GENERATION OF DEVICES FOR THERMAL CONTROL

OF SATELLITES--HEAT PIPES (UNE NOUVELLE GENERATION

DE DISPOSITIFS DE CONTROLE THERMIQUE DES SATELLITES--

LES CALODUCS)

P. Fayet (Centre National d'Etudes Spatiales, Division
Etudes et Developpements Techniques, Paris, France). La
Recherche Spatiale, Vol. 13, May-June 1974, p. 15-20.

In French. Avail: TAC .

One of the problems which will occur quite freguently
in the future is that of thermal control of highly dissipa-
tive equipment. The simplest heat pipe consists of a
closed tube, cylindrical, lined on its internal wall with
'a capillary structure, a grid, metallic fibers, channeling,
and containing a condensable vapor. In operation, it receives,
at the extremity which makes up the evaporator, a certain
quantity of heat. This is transmitted to the fluid, which
vaporizes. The vapor displaces itself toward the other
extremity, called the condenser, where the heat is dissi-
pated to the outside. The constitutive elements and opera-
tion of heat pipes are discussed, as well as the integration
of heat pipes in a space radiator for the traveling
wave tube of a telecommunications satellite. The actual
state of development and space utilization of heat pipes
is considered.

74085 DEVELOPMENT OF AN ELECTRICAL FEEDBACK-CONTROLLED

VARIABLE-~CONDUCTANCE HEAT PIPE FOR SPACE APPLICATION
M. Groll, M. Hage (University of Stuttgart, Stuttgart,
West Germany). AIAA/ASME 1974 Thermophysics and Heat
Transfer Conference, Boston, Massachusetts, July 15-17,
1974. AIAA paper No. 74-752. Avail: TAC

A stainless steel modular artery heat pipe with
ammonia as the working fluid was developed. An evaporator
temperature control of + 3°K was required for power varia-
tions petween 20 w and 100 w and a variable setpoint of
35° + 10°K. Steady-state and transient experiments showed
reasonable agreement with theoretical predictions. The
temperature control achieved was +0.3°'K approximatelv
throughcuI tne sezzoint range. The temperature over/
undersheoots were below 1°K and “he related reccvery times
were 2.5-3.5 min. The auxiliary power for the reservoir
heater was 10 w,



74086 CRYOGENIC HEAT PIPE EXPERIMENT: TI'LIGHT PERFORMANCE
ONBOARD AN AEROBEE SOUNDING ROCKET '
W. Harwell, J. Quadrini (Grumman Aerospace Corp., Bethpage,
New York), and A. Sherman (NASA Goddard Space Flight
Center, Greenbelt, Maryland). AIAA/ASME 1974 Thermophysics
and Heat Transfer Conference, Boston, Massachusetts,
July 15-17, 1974. AIAA Paper No. 74-725. Avail: TAC
More than.five minutes of zero-g flight data has been
obtained for a 36-in.-long, grooved, methane cryogenic
heat pipe. Ground testing of this heatopipe indicates a
zero-g dry-out in the 40-w range at 100 K. The flight
data are compared with some of this ground data, as well
as theoretical predictions.

74087 THERMOPHYSICS AND SPACECRAFT THERMAL CONTROL

R. G. Hering (Editor, University of Iowa, Iowa City,

Iowa). MIT Press (Progress in Astronautics and Aeronautics,
Vol. 35), 1974, 560 pages. .

The opening papers are concerned with further develop-
ing understanding of radiative heat transfer .processes and
providing advanced techniques to evaluate such energy
transfers accurately. Surface radiation properties are
discussed, ranging from basic reflectance studies and
laboratory property measurements to the recent measurements
of coating properties on a spacecraft still in orbit.

One chapter deals with conductive heat transfer and the
related problem of joint conductance. Heat pipes are the
subject of another chapter, and the papers include the
range of topics from studies furthering fundamental under-
standing of heat-pipe operation to flight performance data
on heat pipes. Attention is given to thermal control of
spacecraft components, thermal control systems, and a
summary of temperature control experience with spacecraft
which have completed their missions.

7408
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COMMTUNICATIONS TECHNOLOGY SATELLITE: A VARIABLE
CONDUCTANCE HEAT PIPE APPLICATION

P. R. Mock (TRW Systems Group, Redondo Beach, California).
AIAA/ASME 1974 Thermophysics and Heat Transfer Conference,

Soskon, Massachusetts, Jnly 15-17. 1974, AIAA Paper No.
Fa4-729 . AvaiL: TAC

A Vholable conductzacs heat-pglpe svstem (as been
designed tco provide thermal control for a Transmitter
Sxperiment Package (TEP) to be flown on the Communications



Technology Satellite (CTS). The Variable Conductance Heat
System (VCHPS) provides for heat rejection during TEP
operation and minimizes the heat leak during power down
operations. The VCHPS features a unique method of aiding
priming of arterial heat pipes. This paper describes the
CTS variable conductance heat-pipe system, discusses the
system design parameters, and presents the results of the
heat-pipe subsystem and system level test programs.

74089 CRYOGENIC AND LOW-TEMPERATURE HEAT PIPE/COOLER

STUDIES FOR SPACECRAFT APPLICATION
A. Sherman (NASA Goddard Space Flight Center, Greenbelt,
Maryland), and P. Brennan (Engineering Consultant, Owing
Mills, Maryland). AIAA/ASME 1974 Thermophysics and Heat
Transfer Conference, Boston, Massachusetts, July 15-17,
1974. AIAA Paper No. 74-753. Avail: TAC

Cryogenic or low-temperature heat pipe/cooler
systems ‘have applications for NASA spacecraft in the
cooling of radiometer detector and optical packages.
Analysis of cryogenic heat pipe/radiant cooler systems
show that within reasonable temperature excursions, heat-
pipe fluid property variations have little effect on

system performance; therefore, the system can operate over

a range of cooling loads. The system size and weight,
however, are a strong function of parasitic load, i.e.,
heat pipe length and diameter. A comparison of data
obtained from complete performance maps of applicable
nitrogen heat pipes indicates the predictability of
heat pipe/cooler system in orbit.
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74124 SPACE SHUTTLE HEAT PIPE THERMAL CONTROL SYSTEMS DESIGN
AND TEST g
J. Alario (Grumman Aerospace Corp., Bethpage, New York). SAE,
AIAA, ASME, ASMA, and AICHE, Inter-Society Conference on
Environmental Systems, Seattle, Washington, July 29-August 1,
1974, ASME Paper 74-ENAs-38, 13 pages, 7 refs., Avail: TAC
This paper presents the design details and test results
for three heat pipe thermal control systems designed for
possible shuttle applications. Two of the systems are for
electronics cooling and the third for compartment temperature
control. The test results support the feasibility of using
these selected heat pipe systems to satisfy shuttle thermal
control requirements.

74125 DEVELOPMENT OF ELECTRICAL FEEDBACK CONTROLLED HEAT

PIPES AND THE ADVANCED THERMAL CONTROL FLIGHT

EXPERIMENT .- TECHNICAL SUMMARY REPORT '
Walter B. Bienert (Dyna-Therm Corp., Cockeysville, Maryland),
Contract NAS2-6227, NASA-CR-114751. May 1974, 151 pages, Refs.,
Avail: TAC

The development and characteristics of electrical feedback
controlled heat pipes (FCHP) are discussed. An analytical model
was produced to describe the performance of the FCHP under steady
state and transient conditions. An advanced thermal control
flight experiment was designed to demonstrate the performance
of the thermal control component in a space environment. The
thermal control equipment was evaluated on the ATS-F satellite
to provide performance data for the components and to act as a
thermal control system which can be used to provide temperature
stability of spacecraft components in future applications.

74126 HEAT PIPE THERMAL CONDITIONING PANEL
E.W. Saaski (Donald W. Douglias Laboratories, Richland, Washington),
J.D. Loose and K.E. McCoy (NASA, Marshall Space Flight Center,
Huntsville, Alabama), SAL, AIAA, ASME, ASMA, and AICHE, Inter-
Society Conference on Environmental Systems, Seattle, Washington,
July 29-August 1, 19274, ASME DPaper 71-2NAsz~27, ° pages, Avail: TAC
Thermal control of electronic nardware and experiments
on future space vehicles is critical to proper functioning
and long life. Thermal conditioning panels (cold plates) are
a baseline controi techanigue in currenc ccnceptual studies.
Heat cernerating comueonents monnted on =he nanels are typicall-
cooled by £iuaid flowin nroucgh integral channeis within the

ERe) g Z
g
sanel. dowever, replilacing tThe numped filuid coolart loop within
t ces

’
the gzanel with hea ffe

offers attractive advantages in



weight, relizbility, 2and installation. This report describes
the development and fabrication of two large 0.76 x 0.76 m
heat pipe thermal conditioning panels to verify performance
and establish the design concept.

74127 PASSIVE CRYOGENIC COOLING OF ELECTROOPTICS WITH A HEAT
PIPE/RADIATOR
B.E. Nelson and G.A. Goldstein (Perkin-Elmer Corp., lanbury,
Connecticut), Applied Optics, Vol. 13, September 1974, P. 2109-
2111, 16 refs, Avail: TAC
The current status of the heat pipe is discussed with
particular emphasis on applications to cryogenic thermal
control. The competitive nature of the passive heat pipe/
radiator system is demonstrated through a comparative study
with other candidate systems for a l-year mission. The mission
involves cooling a spaceborne experiment to 100 K while it
dissipates 10W.

74128 EVALUATION OF A LARGE SIZE MODULAR HEAT PIPE/RADIATOR

FOR CRYOGENIC THERMAL CONTROL
B.E. Nelson and W. Petrie (Perkin-Elmer Corp., Danbury,
Connecticut), SAE, AIAA, ASME, ASMA, and AIChE, Intersociety
Conference on Environmental Systems, .Seattle, Washington,

July 29-August 1, 1974, ASME Paper 74-ENAs-29, 8 pages, 9
refs., Avail: TAC ‘

A strong, current interest exists in cooling spaceborne
devices to cryogenic temperatures. Such devices include space
communication lasers and infrared detectors for earth resources.
A cryogenic heat pipe, isothermalizing a space radiator, provides
a verv attractive, passive means of thermal control. It must,
however, have low thermal resistance to provide design feasi-
bility. The Lobar wicking arrangement proved extremely effi-
cient in previous experiments at 5 W. A series of experiments
was, therefore, conducted on a very large cryogenic heat pipe/
radiator to determine the wicking limits and performance at
higher power levels. The current status of the on-going
program is described 1in this paper. Research goals of a
6 m-long space radlator, rejecting 20 W with a temperature
drop of less than 2°K, have been met. Details of the design
and experimental phases of the work are discussed.

_i129 HEAT PIPE RADIATOR FOR HIGH POWERED TRANSPONDERS

D. Ting and G. Beere (Eurcpean Space Research Organization,

European Space Technoloagy and Research Center, Mpoordwigk,

Tre ljecherianas;, Paper gresented at zine [st international
eat Plpe Conference. Stuttgart, West Cermany, Dct. 15-17,

73, Session 10. :
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For the second generation communicatlion satellites,
the thermal power dissipation had increased considerably and
to a point that ordinary radiators pecome too largs. There-
fore, radiators with heat pipes cfier very interesting alter-
native solutions to the spacecraft thermal design.

The authors are investigating analytically and experi-
mentally two types of heat pipe radiators, namely honeycomb
radiator with heat pipes buried in the core, and ribbed
aluminum plate with heat pipes bounded on the outside surface.
Similar radiators without heat pipes were also analyzed and
tested to the same boundary conditions so that a direct
comparison could be obtained to directly demonstrate the
advantage of heat pipe radiators. .

In addition, if time permits, vibration tests shalil
be performed to demonstrate the mechanical integrity of the
heat pipe radiators. Immediately following the vibration
tests, the radiators will be exposed to thermal vacuum/
solar simulation tests.

74130 DESIGN, FABRICATION, TESTING, AND DELIVERY OF SHUTTLE
HEAT PIPE LEADING EDGE TEST MODULES. VOLUME 2:
FINAL REPORT
McDonnell Douglas Astronautics Co., St. Louis, Missouri,
Contract NAS8-28656, NASA-CR-13673, MDC-E0775, 20 April 1973,
68 pages, Refs., Avail: TAC .
. Development in the design of leading edge heat pipes for
the space shuttle are reported. The analysis, design, and
integration of the heat pipes into the module structure
are described along with the recommended tests. Results
indicate the design goals were met.

o




B.4 NUCLEAR SYSTEMS

74016 TEMPERATURE CONTROL- OF IRRADIATION EXPERIMENTS WITH
GAS-CONTROLLED HEAT PIPES .

J. E. Deverall (Los Alamos Scientific Laboratory, New Mexico),:

H. E. Watson (Naval Research Laboratory, Washington, D. C.).

From International Conference on Irradiation Experimentaticn

in Fast Reactors,. Jackson Hole, Wyoming, 10 September 1973.

12 pages. Avail: TAC.

One major problem of irradiation experiments is establish-
ing a desired, constant test specimen temperature. It is not
possible to instrument most test capsules~so that specimen
temperdtures are not known. Also, isothermal conditions do
not exist over the specimen section and the radiation input
flux varies with time. The gas-controlled heat pipe has the
capability of producing a variable heat-rejection system which
can maintain a relatively constant, isothermal temperature ’
with variations of heat input. A heat pipe incorporated into
a test capsule can establish and maintain an isothermal speci-
men temperature with large variations of radiation input flux.

74017 ISOTOPE KILOWATT PROGRAM QUARTERLY PROGRESS REPORT FOR
PERIOD ENDING DECEMBER 31, 1972
A. P. Fraas, G. Samuels (Oak Ridge National Laboratory, Tennes-
see). Contract W-~7405-eng-26. May 1973, 25 pages. Avail: TAC.
Work in progress on developing a 1 to 10 kW radioisotope-
fueled energv conversion system for terrestrial and undersea
use is described.. Information is included on: equipment for
and rasulits. from deccmposition testing of Dowtherm which is
being evaluated-as-a working £fluid for an organic Rankine cycle
* conversion system; fabrication and installation of equipment for
testing neat pipes; thermal conductivity testing of the %k-scale
aluminum insulation specimen; fabrication and testing of
equipment for full-scale fusible insulation evaluation tests;
and welding and loading of dummy fuel capsules for acceptance
tests. ’



74053 PROCEEDINGS OF NUCLEAR PQWER SYSTEMS CLASSIFIED
SESSION, THIRD INTERSOCIETY ENERGY CONVERSION
ENGINEERING CONFERENCE (IECEC), NATICNAL BUREAU
OF STANDARDS, BOULDER, COLOCRADO, AUGUST 12-16,
1968

National Bureau of Standards, Boulder, Colorado. 1968.

179 pages. Declassified 27 November 1973. Avail: TAC
Topics discussed include: programmatic evaluation

of SNAP-19 intact re-entry heat source development program;

SNAP 19 aerospace nuclear safety evaluation; aerothermal

analysis and testing of the SNAP-19 intact re-entry heat

source; SNAP-27 radioisotopic thermoelectric generators;
compact thermoelectric converter program; experimental
evaluation of an automatic temperature controlled heat
cipe; conceptual design of a radioisotope heat pipe
thermionic space power system; fast reactor systems for
secondary space power; and a 15 k W{e) modular thermionic
thermal reactors (MATTRAC).

26



74090 DEVELOPMENT CONCEPT FFOR A SMALL, SPLIT-CORE, HEAT-
PIPE-COOLED NUCLEAR REACTOR
Edward Lantz, Roland Breitwieser, George F. Niederauer
(NASA, Lewis Research Center, Cleveland, Ohio). NASA-TM-
X-2996, E-7542. April 1974, 35 pages, refs.  Avail: TAC
There have been two main deterrents to the develop-
ment of semiportable nuclear reactors. One is the high
development costs; the other is the inability to satisfy with
- assurance the questions of operational safety. This
report shows .how a split-core, heat-pipe cooled reactor
could conceptually eliminate these deterrents, and examines
and summarizes recent work on split-core, heat-pipe
reactors. A concept for a small reactor that could be
developed at a comparatively low cost is presented. The
concept would extend the technology of subcritical radio-
isotope thermoelectric generators using 238 Pu0, to the
evoluticn of critical space power reactors using 239 Pqu.

i



74131 GENERATION AND RECOVERY OF TR

REACTOR BLANKET USING HEAT PI
R.W. Werner (Lawrence Livermore Laboratory, California
University, Livermore). Contract W-7405-eng-48, 3 October
1968, 15 pages, Avail: TAC :

Controlled thermonuclear reactors using the D-T
reaction require a means of regenerating tritium so that
cycle continuity is maintained. A unique way is suggested
for satisfying the tritium needs. t is proposed that
heat pipes using lithium as a working fluid be used as
tritium producers in the blanket structure of6a reactor.
The tritium produced_ by the reactions (n + Li’+ T + Hed +
4.6 MeV) and (n + Li’» nl + T - 2.47 MeV) would then be
" transported within the heat-pipe body to an accessible
processing point outside of ‘the blanket. By diffusion or
equivalent means, the tritium would be brought outside of
the heat-pipe body and then processed for recycling. Heat
pipes are explained as heat-transfer devices and as gas
handlers and tritium producers. Operation at temperatures
not less than 1400°K is required.

Ui IN THERMONUCLEAR
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Hermann Haoidtmaniy, Maittias

Joens, orschungslab,
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74055 COOLING OF RAPID ACTION CIRCUIT BREAKER CONTACTS

BY HEAT PIPES
Milan Bubenicek, Frantisek Polasek (National Research
Institute for Machine Design, Bechovice near Prague,
Czechoslovakia). Paper presented at the 1lst Inter-
national Heat Pipe Confernece, Stuttgart, West Germany,
October 15-17, 1973. Avail: TAC

Due to the voltage loss at the place of the contact
of the separate elements and in these elements of the con-
tact system of the rapid action circuit breakers there occurs
a loss heat which makes the contact warm. With regard to the
admissible heating of the copper contact which is 750C maximum
atcording to the standards the heat must be led away. The
results of the experimental verification of the leading of
the loss heat away from the existing contact system in the
rapid action circuit breaker by means of the heat pipes
have shown that in this way the heating of the whole system
can be considerably decreased.

74056 COOLING OF AC MOTOR BY HEAT PIPE
Milan Bubenicke, Frantisek Polasek (National Institute for
Machine Design, Bechovice near Prague, Czechoslovakia)}. Paper
presented at the lst International Heat Pipe Conference,
Stuttgart, West Germany, October 15~17, 1973. Session I.
Avail: TAC

Some theoretical as well as experimental tasks dealing
with the cooling of a rotar of a two-pole enclosed asynchronous
electric motor of 10 kw output by means of a rotating heat pipe
have been conducted by the authors. On the basis of the
theoretical analysis of the rotating heat pipe function, the
first stage of the tasks consisted of the deduction of the
simple but sufficiently accurate calculation relations for
the technical stipulation of the thermal as well as flow
ratios in the pipe and the optimum volume of the working
fluid and of the experiment verification of the machine
shaft when designed as the rotating heat pipe. Another stage
included the experiment checking of the thermal ratios on the
electric motor with the rotating heat pipe. Ascertained heat
field was compared with the motor heat field calculated
with regard to the previously stipulated thermal resistance
of the shaft (heat pipe).
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74091  HEAT PIPE COUOLEL JLIURC
Gene T. Colwell, Harcld L.
{Georgia Institute of Technclog
Contract DAH C60-73-C-0068. Fe
Avail: TAC
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heat pipe cocoled microwave window 2
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normal arc characteristics. The heat pipe anode was
fabricated, processed and tested. The heat pipe anode
operated successfully, demonstrating the feasibility of
heat pipe cooling of lamp anodes, although some problems
were encountered and the heat pipe .did not reach full
design power.

74094 DEVELOPMENT OF A SWITCHABRLE CRYOGENIC HEAT PIPE

FOR INFRARED DETECTOR COQLING
T.H. Sun, R.C. Prager. (Hughes Aircraft Co., Torrance,
California). AIAA/ASME 1974 Thermophysics and Heat
Transfer Conference, Boston, Massachusetts, July 15-17,
1974. AIAA Paper No. 74-751. Avail: TAC

This study was performed to investigate the
feasibility of making a cryogenic heat pipe with the
capability of.thermally coupling an infrared detector to
the colder of two heat sinks while thermally isolating
the detector from the other. When the two heat sinks
cross in temperature, the thermal coupling must switch
with a minimum of hysteresis and distrubance of the
detector temperature. Prototype heat-pipe models were
built of three of the four design approaches investigated,
and one was tested for switching capability. During the
switching period, the evaporator temperaturerose 6°C with
a heat load of 2 W.
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74132 COOLING OF CULECTRONIC CTRCUILITS AND INSTRUMENTS
L.P. Grakovich and S.V. Konev, lHecat Transtor - Soviet Rescarveh,
Vol. 6, No. 3, May-June 1974, P. 123-131, Avail: TAC

The paper examines the operating principles of thermal
converters and their practical application for cooling
radioelectronic equipment. A description is given of the
test equipment and experimental results obtained for different
methods of semiconductor-diode cooling. The advantages are
shown of evaporative cooling using radiators operating on the
heat pipe principle as compared with standard heat removal
methods.

74133 AN INTERCELL HEAT PIPE.- FOR FUEL CELL AND BATTERY
COOLING
Dean L. Jacobson (Dept. of Mechanical Engineering, Arizona
State University, Tempe, Arizona), Final report, June 72-July
73, Contract F30602-72-C-0418, AFAPL-TR-74-5, December 1973,
44 pages, Avail: TAC
A planar (rectangular cross section) heat pipe was
designed to transfer 2000 watts at 115C plus or minus 1Z
The evaporator area was fixed at 30.48cm by 12.7cm per side
so that the design heat flux was 3.45 watts/sq cm. The
heat pipe was tested with electrical heaters to simulate
waste heat from two adjacent high power density fuel
cell or battery modules. The device was constructed from
two milled copper plates which were electron beam welded
to produce the completed structure. The finished heat
pipe thickness was 1.27cm. A single layer of 100 mesh
copper screen covered rectangular milled capillary grooves.
Triply distilled, deionized water was chosen as the working

fluid.
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C.l GENERAL THEORY

74021 FIGURE-OF-MERIT CALCULATION METHODS FOR ORGANIC HEAT

PIPE FLUIDS
James F. Morris (NASA, Lewis Research Center, Cleveland, OH).
NASA-TM-X-2945, E-7632. November 1973, 13 pages, refs.

Avail: TAC _

With only chemical formulas and operating temperatures
specified, selected correlating equations and tables of chem-
istry-effect functions allow estimates of figures of merit for
organic heat-pipe-fluids.

74022 FUNDAMENTALS OF HEAT PIPE THEORY
T. L. Perelman, M. M. Levitan (Akademiia Nauk Belorusskoi SSR,
Institut Teplo-i Masoobmena, Minsk, Belorussian SSR).
Inzhenerno-Fizicheskii Zhurnal, vol. 25, November, 1973, p.
816-826, 6 refs. In Russian. Avail: TAC

The heat and mass transfer processes within and in the
body of the pipe are treated jointly. A numerical method for
solving the problem by successive iteration of the transfer
equations is proposed. A model for calculating transfer
processes in a capillary structure consisting of several
layers of a serge-type network is developed. The model
shows that the experimentally observed substantial changes
in vapor temperature may be attributed to partial dessication
of the capillary structure. A rigorously formulated expression
for heat pipe operation is presented for use in optimization
calculations.
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74057 OPERATION OF A HEAT PIPE BEYOND THE CAPILLARY LIMIT
James H. Holderness (University of Michigan, Ann Arbor,
Michigan). Dissertation, 1973. Microfilm Order No. 74-
3645, 225 pages. Avail: TAC

Significant reactivity effects are associated with
the capillary failure of a heat pipe used to cool a nuclear
reactor. These effects result from the void formed in the
heat pipe wick when capillary action cannot supply sufficient
condensate to the evaporator of the pipe. A sharp rise in
the evaporator temperature -accompanies this void. In order
to evaluate these effects, the position of the void boundary
and the evaporatcr temperature profile must be determined
during the after capillary dryout.

A one-dimension time-dependent model is developed to
describe the transient capillary dryout and recovery of a
heat pipe. A numerical solution to the coupled energy and
momentum equations is obtained for a step increase in power
to a level above the capillary limit. From this solution a
delay time is found to exist between the power step and the
initial void formation. The rate of void formation is a
function of both the power level and a characteristics heat
pipe response time. Steady state conditions may ultimately
be reached in which only a portion of the evaporator is voided.
The extent of the steady state void depends on the falling capi-
llary height of a column of liquid in the wick. As the power
is decreased following capillary dryout, liguid advances into
the dried wick. The position of the void boundary during
. recovery is a function of the recovery power level and the
rising capillary height. Due to capillary hysteresis the
recovery power level for complete recovery must be much
léss than the capillary limit.

A heat pipe 1s constructec to demonstrate thes=a
effects experimentally. Thermocouples embedded in the wick
are used to measure the temperature profile and to detect
the position of the void boundary. Measured temperatures
closely fit the predicted transient temperature profile.
Steady state dryout is attained, and the effects of capillary
hysteresis are noted during recovery. The rate of void
formation is shown to be a function of the characteristic
heat pipe response time and the power level. The depen-
dence of the delay time on these two parameters is also
demonstrated.



74058 CONTRIBUTION TO THE DETERMINATION OF THE LIQUID METALS

HEAT PIPE HEAT PERFORMANCE LIMITS
Fr. Polasek (National Research Institute for Machine Design, *
Bechovice, Czechoslovakia). Paper presented at the 1lst
International Heat Pipe Conference, Stuttgart, West Germany,
October 15-17, 1973. Session 2. Avail: TAC

A theoretical and experimental determination of the
temperature dependence of the capillary and sonic heat per-
formance limits of heat pipes filled with mercury, potassium
and sodium, over the temperature range 400 to 800°C, is
presented. A capillary wick structure with screen and
channels was used. In the case of the heat pipe with a
channel capillary structure it was shown that the channel
shape and dimensions exert a strong influence on the
interaction between the liquid and the vapour and conse-
quently on the achieved heat performance. Under the
condition of a low liquid metal vapour pressure experimental
results exhibit good agreement with the results calculated
with the help of the theoretical model of the sonic heat .
performance limit. . '

74067 METHOD FOR SELECTING GEOMETRIC PARAMETERS OF LOW
TEMPERATURE HEAT PIPES (METODIKA VYBORA GEOMETRI-'
CHESKIKH PARAMETROV NIZKOTEMPERATURNYKH TEPLOVYKH TRUB)
G.F. Smirnov (Odessa Technology Institute of Refrigeration
Industry, USSR) and L.N. Mishchenko. Teploenergetika, No.
8, August 1973, p. 82-84. 1In Russian. Avail: TAC
Problems of heat exchange and hydrodynamics in low-
temperature heat pipes with a reticular capillary structure
are considered. A formula is obtained for the calculation
of theegquivalent thermal conductivity of a wetted capillary
structure. An engineering method of selection of ‘geometric
parameters of low-temperature heat pipes is proposed. It
takes into account heat transfer limits due to hydrodynamic
locking and to "steaming up" of the capillary structure.



74099 THERMAL CONTROL RANGE ASSOCIATED WITH HEAT PIPE

CYCLING
H.B. McKee (McDonnell Douglas Astronautics Co., Huntington
Beach, California). In: Heat Transfer and Fluid Mechanics

Institute, 24th, Corvallis, Oregon. June 12-14, 1974.
Proceedings, Stanford University Press, 1974, p. 57-72,
5 refs. Avail: TAC

The effect of dynamic cycling on variable conductance
heat pipes temperature control is examined. Cycling of the
heat pipe condenser environment or heat pipe evaporator
heat input levels can lead to concentration changes in the
gas reservoir with a consequent change in the thermal control
range. An analytical model is formulated and results of
calculations presented which show the extent of these effects
and their implication on gas reservoir charging. Calculations
are also compared with experimental data obtained for gas
controlled ammonia heat pipes under a simulated space
environment. Test data was generated with the heat pipe
operating with xenon and with helium control gases.
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74135 THEORETICAL STUDY OF HEAT PIPE

H. Kimura (Mitsubishi Electric Corp., Kamakura, Kanafawa,
Japan) and Y. Kuriyama (Tokyo University, Tokyo, Japan),
In: International Symposium on Space Technology and Science,

10th, Tokyo, Japan, September 3-8, 1973, Procccdings. AGNE
Publishing, Inc., 1973, p. 587-593, Avail: TAC

A technique for controlling the effective condensing
area of a heat pipe by a noncondensable gas is very useful to
keep the heat source temperature within a small range of
variation, regardless of a large heat flux variation. In
order to determine the design factors of a gas-loaded heat
pipe, the temperature distribution in the pipe must be
known. Analytical methods were developed to predict the
temperature distribution in that region, using a finite-
element method. These methods were programmed for solution
by digital computer, which, using the input information
regarding the fluid and vapor characteristics, the condenser
dimensions and the operating condition, gives the distributions
of the gas mole-fraction and the temperature.

74136 HEAT PIPE MODEL ACCOUNTING FOR VARIABLE EVAPORATOR

AND CONDENSER LENGTHS
C.L. Williams (Westinghouse Electric Corporation, Pittsburgh,
Pennsylvania), G.T. Colwell (Georgia Institute of Technology,
Atlanta, Georgia). AIAA Journal, Vol. 12, No. 9, September
1974, p. 1261-1267, Avail: TAC -

A correlation model is established for the steady-state
performance of a horizontal heat pipe operating below the
capillary limited heat rate and with internally self adjusting
evaporator and condenser lengths. The length along which
condensation occurs is found to depend on the axial vapor .
Reynolds number. The partially saturated evaporator length,
and the corresponding length along which evaporation occurs
is found to depend on the detail wick geometry and the evapo-
rator meniscus radius. These dependencies are corroborated
by experimental data from a cylindrical heat pipe with
working fluids of water and methanol. The experimental wick
consists of two layers of 100 mesh stainless steel screen
separated by a thin liquid region. Comparison of correlation
predictions to experimental results of this study and others
show agreement to within 15%.



C.2 HEAT TRANSFER

74024 HEAT TRANSFER INTENSITY IN THE CONDENSATION SECTION
OF A HEAT PIPE
V. Ja. Sasin, A. Ja. Shelginskii (Moskovskili Energeticheskii
Institut, Moscow, U.S.S.R.). Inzhenerno-Fizicheskii Zhurnal
Vol. 25, September 1973, p. 436-439. 1In Russian. Avail: TAC
A dimensionless equation for calculating the heat
transfer intensity in the condenser of a heat pipe is derived
from a dimensionless analysis of the fundamental convective
heat transfer equations. The influence of vapor pressure on
the heat transfer intensity in a heat-pipe condenser is
determined, and experimental condenser heat-transfer
data are generalized. "

74060 TWO~-DIMENSIONAL ANALYSIS OF HEAT AND MASS TRANSFER

IN POROUS MEDIA USING THE STRONGLY IMPLICIT PROCEDURE
Donald M. Curry (NASA, Lyndon B. Johnson Space Center, Houston,
Texas). NASA-TN~-D-7608, JSC-S-382. March 1974. 36 pages, ’
reis. Avail: TAC ' .

Numerical results of the heat and mass transfer in a
porous matrix are presented. The coupled, nonlinear partial
diiferential equations describing this physical phendémenon
are solved in finite difference form for two dimensions,
using a new iterative technique (the strongly implicit pro-
cedure). The influence of the external environment conditions
(heating and pressure) is shown to produce two-dimensional
flow in the porous matrix. Typical fluid and solid temperature
distributions in the porous matrix and internal pressure
distributions are presented.



740061 HOT SPOT OF A SODEUM HEEAT PIPE CENED Wi Muget -

LDAYERED WIRE NEWCING, UPON ADPPROACHE 'O PRESSURE
DROP LIMITS
Koichi Kotani, Yasunori Tanihiro, Isao Sumida (flitachi At.

Energy Research Laboratory, Hitachi Ltd., Kawasaki, Japan).
Journal of Nuclear Science Technology, Vol. 11, No. 2, 1974,
p. 72-74. In English.. Avail: TAC

The step variation of temperature accompanying the
transition of the vapor-liquid interface from 1 layer of
mesh screen to the next can be evaluated theoretically:
(1) in the initial stage of the pressure drop limit, there
occurs a step variation of .the temperature in a heat pipe
covered by a multilayered screen probably caused by the
transition of the wvapor-liquid interface from 1 layer to
the next in the mesh screen; (2) the step variation of tem-
perature amounts to 100° in theé case of a 100 mesh screen,
which agrees approximately with the model presented; and (3)
no significant decreasc in the hcat-transfer ratc was
observed immediately preceding burnout of the scroeen,
whereas partial dryout does not appear to affect substantially
the heat-transfer characteristics.

74062 PECULIARITIES OF EVAPORATIVE COOLING IN RAREFIED GAS
A.V. Luikov, L.L. Vasiliev, 0.G. Rasin (Heat and Mass Transfer
Institute, Byelorussian Academy of Sciences, Minsk, USSR).
International Journal of Heat and Mass Transfer, Vol. 16,
January 1973, p. 3-12. Avail: TAC

The process of evaporative cooling of porous bodies
is considered under conditions of rarefaction and simultaneous
external and internal heat fluxes.

On the basis of the theortical analysis and experimental
study the main relationships are established and optimal
conditions are obtained of evaporative cooling. Evaporation
mechanism of liquid cooling under vacuum is shown to be con-
trolled by thermophysical and structural properties of the
porous body and the recession of the évaporation zone.
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74098 FLOODING AND DRY-UP LIMITS OF CIRCUMFERENTIAL HEAT

PIPE GROOVES
K.D. Gier, D.K. Edwards (University of California, Los
Angeles, California). AIAA/ASME 1974 Thermophysics and
Heat Transfer Conference, Boston, Massachusetts, July 15-17,
1974. AIAA Paper No. 74-722. Avail: TAC

Criteria for incipient flooding and dry-up of
circumferential heat pipe grooves are developed. A
transcendental relationship is found to f£ix the point of
condenser flooding. In the case of evaporator dry-up,
an analytical solution is derived to treat the singularity
in the groove-flow equations. The analytical solution
serves as a starting condition for numerical calculations
and indicates the number of watt—-inches grooves can handle
past the point of meniscus.recession. It is shown that
evaporators that pass one-g tests will have additional
capacity at zero g, but just the opposite is true for
condensers.

74102 A UNIT FOR INVESTIGATING BOILING IN VACUUM
A.N. Abramenko. Heat Transfer--Soviet Research.
Vo. 6, No. 2, 1974, p. 86-89. Avail: TAC

Some aspects of boiling in capillary-porous bodies
are investigated and the effect of certain variables on
boiling heat transfer crisis is noted. Analytical expressions
are developed for calculating the critical heat flux. A&
vacuum unit for the study of boiling of various liquids
(including cryogenic) in capillary-porous bodies is des-
cribed.

74103 LAMINAR FILM CONDENSATION ON THE INSIDE OF SLENDER,
ROTATING TRUNCATED CONES
P.J. Marto (Department of Mechanical Engineering, Naval
Postgraduate School, Monterey, California). ASME Journal
of Heat Transfer, May 1973, p. 270-272. Avail: TAC
The heat transfer capability of rotating, non-
capillary heat pipes depénds primarily upon the condenser
performance. This performance is modeled by laminar £film
condensation on the inside of slender, rotating truncated
cones in the region where the half cone angle is close to -
zero.

74137 COAXIAL HEAT PIPES

L.L. Vasiliev, Inzhenerno Fizicheskii Zhurnal, Vol. 23,

No. 6, 1972, p 1030-1036, In Russian, Avail: TAC
Calculation is preformed of the process of heat

and mass transfer in wicks of coaxial low temperature
£inid and a2

B S P P - = .
tubes witlh conwvective heat transfer befiween a2

tube wall. )
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74023 ANALYSIS OF A HIGH-HEAT-FLUX WATER HEAT PIPE EVAPORATOR
K.T. Feldman, Jr., and M.E. Berger (Bureau of Engineering
Research, University of New Mexico, Albugquerque, New Mexico).
Report No. ME-62(73) ONR-012-2, Contract N00Q0l14-68-A-0155.
September 1973, 396 pages. Avail: TAC

An analysis was made to determine a surface which
has potential use in a high-heat-flux, low~temperature-drop
water heat pipe evaporator. Two groove dJeometries were
selected for analysis, rectangular and triangular. A
mathematical model of the grooves was constructed in order
to predict the maximum surface heat £lux capability. In
addition, a model of the heat transfer within the fluted
surface was proposed which postulated that conduction
through the wall and liquid to the liquid-vapor inter-
face is the mechanism of heat transfer. A numerical
analysis of the heat transfer in the groove was made
based on the proposed model to predict evaporator film
coefficients. The numerical heat transfer models were
two-dimensional which used average meniscus profiles
obtained from simpler, three-dimensional models.

74138 ANALYSIS OF A HIGH-HEAT-FLUX WATER HEAT PIPE

EVAPORATOR
Michael E. Berger (The University of New Mexico, Albuquerque,
New Mexico), Ph.D. Dissertation, 1973, Order No. 74-20308,
397 pages, In Microfilm, Avail: TAC

An analysis was made to determine a surface which has
potential use in a high-heat-flux, low-temperature-drop water
heat pipe evaporator.

A comprehensive survey of the literature was made to
determine those surfaces which had high-heat-flux potential
under evaporation. A circumferentially grocved surface
was seiected as the sSurface to be analyzed.

Two groove geometries were selected for analysis,
rectangular and triancular. A mathematical model of the
grooves was constructed in order to predict the maximum

surfzca heat flux capabiliss, In z2dditicn, 2 medel of the
heat transrer within the fluted surface was proposed which
postulated that conduction through the wall and liquid to

the liquid-=vapor interface is the mechanism of heat transfer.
3 numerical analvsis of the heat transfer in the groove was
made based on the proposed mcdel to predict evaporator film
coefficients. The numerical heat transfer models were two-
dimensional which used average meniscus profiles obtained

frzm simclier, three-dimensional models.
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The results of the analyses were compared with experi-
mental data and sufficient agreement was obtained to establish
their wvalidity. The computer models showed that the film
coefficient of a circumferentially grooved surface nonlinearly
increases with increasing surface heat flux and asymptotically
approaches a maximum value. In addition, it was determined
that the film coefficint of rectnagular grooves is independent
of groove depth while that for triangular grooves decreases
with increasing depth. Design equations are proposed for pre-
dicting the maximum film coefficient for a grooved surface.

It was determined that deep, narrow rectangular grooves
with small land widths have the largest heat flux capability
for a given temperature difference,_however, to attain these
heat fluxes without boiling would require impractically large
film efficiencies. It was also shown that triangular grooves
due to their larger film coefficients, may make a more
practical surface for many applications.

74139 THEORETICAL ANALYSIS OF MOLECULAR INTERACTION WITH
SURFACE IN HEAT PIPES
T. Matsushita (National Space Development Agency of Japan
Minatoku, Tokyo, Japan) and K. Oshima (Tokyo University,
Tokyo, Japan), In: International Symposium on Space
Technology and Science, 10th, Tokyo, Japan, September 3-8,
1973, Proceedings, AGNE Publishing, Inc., 1973, p. 571-578,
Avail: TAC
In order to analyze the characteristics of a heat
pipe, the one-dimensional evaporation-condensation flow
field between two parallel liquid surfaces with different
temperatures is treated in the context of the kinetic theory
nof gas using the one~dimensional BGX equation, assuming that
the vapor gas 1s c¢cne dimensional. The finite element method
is applied to this problem. The distributions of the tempera-
ture and the number density between the two surfaces and the
net mass flux from the hot surface to the cold one are obtained
for flows with several temperature ratios and Knudsen numbers.
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C.3 FLUID FLOW

74026 STUDY OF THE FLOW CHARACTERISTICS OF TWO-PHASE DISPERSED
ANNULAR FLOWS IN HEATED PIPES

" B. I. Nigmatulin. PMTF-Zhurnal Prikladnoi Mekhaniki i
Tekhnicheskoi Fiziki, July-August 1973, p. 78-88, lS refs,.
In Russian. Avail: TAC

Consideration of the characterlstlcs of dispersed annular
flows in heated cylindrical - pipes at mixture flow rates not too
close to critical within the framework of a three-velocity,
single-temperature model. A study is made of the conditions of
onset of a heat-transfer crisis of the second kind, i.e., a
deterioration of heat transfer which leads to a sudden increase
in the heating surface temperature and is. related to a drying
out of the wall liquid film. An analysis is made of the hy-
draulic resistance, the liguid flow rate in the film, the true
bulk vapor content, etc. A two-phase flow in a dispersed
annular regime is characterized by the combined motion. of the
three components of the mixture - vapor, the wall liquid film,
and drops. It is assumed that each component of the mixture
has its own Velocity and that the temperature of the mixture
in each cross section of the channel is equal to the saturatlon
temperature at the pressure in a given cross section.

74027 HEAT PIPE STABILITY. 1l: A PRELIMINARY INVESTIGATION
INTO THERMALLY ASSISTED CAVITATION

NASA Goddard Space Flight Center, Greenbelt, Maryland. NASA-

MM-X-70458, X-764-73-224. July 1973, 19 pages, refs. Avail:

TAC.

The notion is introduced of thermally assisted cavitation
by localized fluctuations in capillary forces. Because Cavita-
tion 1in liquids can be closely approximated by an isothermal
nrocass, »2nly momentum and mass balances are used to introduce
the notion for liquids under mechanical tension. Brief
attention is given to developing a stability theory in terms of
the stiffness and compliance coefficients for'a working fluid.
interestingly, the particular thermodynamic approach taken can
be used to suggest experiments relating working fluid perfor-
mance to meniscus behavior. A correction to the liquid flow
aguation 1s suggested. '

{
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74025 ANALYSIS OF THE EFFECTS OF VAPOR PRESSURE DROP ON

HEAT PIPE PERFORMANCE
C.L. Tien, A.R. Rohani (Department of Mechanical Engineering,
University of Caliornia, Berkeley, California). International
Journal of Heat and Mass Transfer, Vol. 17, No. 1, p. 61-67,
January 1974. Avail: TAC

An analysis of the effects of vapor pressure variation
on the vapor temperature distribution, evaporation and conden-
sation rates, and the overall heat pipe performance is presented.
The elliptic mass, momentum and energy conservation equations
in conjunction with the thermodynamic equilibrium relation and
appropriate boundary conditions are solved numerically for
a cylindrical heat pipe with evaporator, adiabatic and
condenser sections. The results show that in certain situa-
tions vapor pressure variations play a significant role in
the heat pipe performance. It is also demonstrated that
the approximate solution based on the parabolic boundary-
layer equations does not provide an accurate picture of
vapor pressure variations at relatively high evaporation
and condensation rates.

74059 DETERMINE ABOVE SATURATION PRESSURES IN A CLOSED GAS
SYSTEM

Rockwell International Corp., Canoga Park, California. IBM
360, Fortran G, 64 cards. MFS-24472. Avail: TAC

: A computer program was written in FORTRAN to’ calculate
vapor pressures as a function of temperature in heat pipes
where the fluid is supercritical or above saturation. Since
a heat pipe is essentially a pressure vessel from a safety
standpoint, it is necessary to establish the pressure-
temperature relationships so that the pressure and safety
factcr in the pipe will be known as well as the maximum
temperature to which the pipe can be exposed. In the
saturated region, the pressure is only a function of
temperature and is readily available from saturation tables.
Above saturation, the pressure is a function of the:specific
volume {amount of charge divided by the free voclume) as well
as temperature. In this region, limited data is presented in
most references, and the pressure-temperature relationships
must be computed by an iterative process using compressibility
chartzs. The zcmputer program sclved the pressure-temperature
relationship by Van Der Waal's equation of state.
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74063 TRANSIENT ANALYSIS OF HEAT PIPES WITH APPLICATIONS

TO SELECTED EXPERIMENTS AND A CONCEPTUAL REACTOR

DESIGN
Charles H. Bowers (The Ohio State University, Ohio) Disser-
tation, 1973. Microfilm Order No. 74-3124, 269 pages.
Avail: TAC

This dissertation offers a computerized model of two
dimensional transient heat pipe vapor flow with a one dimen-
sional wick analysis. This analysis could be used as the
basis for a more complete design code to predict the
response of the heat pipes to reactor power transients for
any propocsed design.

The two dimensional vapor flow calculation is based
on the Implicit Continuous Fluid Eulerian, ICE, Method
developed at Los Alamos Scientific Laboratory and the
one dimensional wick analysis is based on experimental
correlations obtained from the literature. The result
is a code which predicts the response of a heat pipe
to various transient power loads. Comparisons with
analytical and experimental results are offered and a
proposed concept is analyzed highlighting the advantages
of the use of such a code in any proposed design.

74096 THEORETICAL AND EXPERIMENTAL INVESTIGATION OF TWO-
COMPONENT HEAT PIPES
H.J. Brommer (University of Stuttgart, Stuttgart, West
Germany). AIAA/ASME 1974 Thermophysics and Heat Transfer
Conference, Boston, Massachusetts, July 15-17, 1974.
ATAA Paper No. 74-720. Avail: TAC
The temperature and and concentration distributions
within two-compcnent heat pipes and the rate of separation
of components were theoretically investigated. Experiments.
carried out with water/methanol heat pipes of the six-
artery type confirmed the theoretical results that only
a partial separation of the components will occur. Perfor-
mance measurements also demonstrated that water/methanol
heat pipes can be operated at high power levels. On the
one nand two-component neat plpes nave a superior cold .
start-up behavior compared to respective one-component heat
pipes, but their axial temperature drop during nominal
operation conditions is considerably higher.
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74140 FLUID DYNAMICS AND HEAT TRANSFER OF CAPILLARY-POROUS

MEDIA USED IN HEAT PIPES
A.V. Luikov (Heat and Mass Transfer Institute, BSSR Acadeny
of Sciences, Minsk, USSR), Paper presented at the 1lst
International Heat Pipe Conference, Stuttgart, West Germany,
October 15-17, 1973, Session 5.

The paper describes an investigation into the physical
mechanism of liquid transport in porous wicking materials of
a heat pipe. The governing equation of liquid motion in
porous medium is given by the equation describing the flow
of liquid at the presence of singular surfaces. The equation
differs from that of Navier-Stokes by additional terms of
velocity of a singular surface and discontinuity of thermo-
dynamic properties at this surface.

It is shown that during the motion of such a medium
an additional force appears which is distinct from the
internal friction and external hydrostatic forces. This
force results from interaction between a liquid and a parous
skeleton of the wick and is responsible for a change in
the law of liquid filtration through porous media.

Theoretical calculations are confirmed by the experi-
ments. Moreover, a case is considered of a two-phase fluid
(liquid and vapour) motion in a capillary-porous medium. Some
new relationships are found which make it possible to enhance
heat transfer in a heat pipe. A relation is established
between the Nusselt and Brun numbers with respect to heat
transfer in a heat pipe.

The trends are outlined of a further analysis of
momentum, energy and mass transfer on the basis of nonlinear
thermohydrodynamics of the capillary-porous media.

74141 DETERMINATION OF FLOW PARAMETERS IN THE EVAPORATOR
SECTION OF A HEAT PIPE DURING NONUNIFORM HEATING
(OPREDELENIE PARAMETROV POTOKA V ISPARITELE TEPLOVOI
TRUBY PRI NERAVNOMERNOM OBOGREVE) )

V.I. Tolubinskii, E.N. Shevchuk, and N.V. Chistopianova

(Akademiia Nauk Ukrainskoi SSR, Institut Tekhnicheskoi

Teplofriziki, Kiev, Ukrainian SSR), Teplofizika i1 Teplotekhnika,

o, 24, 192973, P, 3-6, In Russian
English abstract 1s not available.
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D.1 GENERAL

74028 USER'S MANUAL FOR THE TRW GASPIPE 2 PROGRAM: A VAPOR-
GAS FRONT ANALYSIS PROGRAM FOR HEAT PIPES CONTAINING
NON-CONDENSIBLE GAS )

D. K. Edwards, G. L. Fleishman, B. D. Marcus (Materials

Science Staff, TRW Systems Group, Redondo Beach, California).

Contract NAS2-5503. NASA-CR-114672, TRW-13111-6054-RO-00.

October 1973, 128 pages, refs. Avail: TAC.

A digital computer program for design and analysis of
heat pipes which contain non-condensible gases, either for
temperature control or to aid in start-up from the frozen
state, is presented. Some.of the calculations which are pos-
sible with the program are: (1) wall temperature profile
along a gas-loaded heat pipe, (2) amount of gas loading nec-
essary to obtain desired evaporator temperature at a desired
heat load, (3) heat load versus evaporator temperature for a
fixed amount of gas in the pipe, and (4) heat and mass trans-
fer along the pipe, including the vapor-gas front region.

74029 DEVELQOPMENT PROGRAM FOR A LIQUID METHANE HEAT PIPE
W. G. Foster, D. O. Murray (Lockheed Research Laboratories,
Palo Alto, California). 1In: Cryodenic Engineering Conference,
Boulder, Colorado, August 9-11, 1972, Proceedings. Plenum
Press, New York, 1973, p. 96-102, 8 refs. Avail: TAC
Description of a development program on the design of a
heat pipe which would transfer 2 W of power over a length of
122 cm, with a total temperature drop of 2 K and a condenser
temperature of 110 K. The heat pipe is intended for space-
craft applications, and the design requirements were satisfied
by a simple wire-cloth wick, using methane as the working
fluid. Thermal tests in a one-g field were conducted, and
results agreed closely with the predicted permormance. The
radial temperature gradient was found to be smaller than
anticipated for a methane heat pipe. No degradation in
performance was found after the prototype was subjected to
launch environment htasts.

74030 STRUCTURAL HEAT PIPE - PATENT APPLICATION
Stanford Ollendorf (NASA Goddard Space Flight Center,
Greenbelt, Marvland). 1Inventor, filed 14 September 1973,
14 pages. NASA-Case-GS5C-11619-1, US-Patent-Appl-SN-397476.
Avail:  TAC.

A combined structural reinforcing element and heat



transfer member is described for piacemenl between a structural
wall of a container or housing which is to be thermally pro-
tected and an outer insulation blanket disposed thereover and
spaced apart therefrom. The element consists of a heat pipe,
one side of which supports the outer insulation blanket, the
opposite side of which is connected to the structural wall.
Heat penetrating through the outer insulation blanket directly
reaches the heat pipe and is drawn off, thereby reducing
thermal gradients in the structural wall. The element, due

to its attachment to the structural wall, further functions as
a reinforcing member.

74031 HEAT PIPE THERMAL CONDITIONING PANEL DETAILED TECHNICAL
REPORT, 28 JUNE 1972 - 12 AUGUST 1973

E. W. Saaski (McDonnell-Douglas Astronautics Co., Richland,

Washington). Contract NAS8-28639. NASA-CR-124451, MDC-G442]1.

September 1973, 50 pages, refs. Avail: TAC.

The technology involved in designing and fabricating a
heat pipe thermal conditioning panel to satisfy a broad range
of thermal control system reguirements on NASA spacecraft 1is
discussed. The design specifications were developed for a 30
by 30 inch heat pipe panel. The fundamental constraint was a
maximum of 15°gradient from source to sink at 300 watts input
and a flux density of 2 watts per square inch. The results
of the performance tests conducted on the panel are analyzed.

74032 HEAT PIPE THERMAL CONDITIONING PANEL EXECUTIVE SUMMARY
REPORT, 28 JUNE 1972 - 12 AUGUST 1973

E. W. Saaski (McDonnell-Douglas Astronautics Co., Richland,

Washington). Contract NAS8-28639. NASA-CR-124453, MDC-G4422.

September 1973, 26 pages, refs. Avail: TAC.

_ The development, fabrication, and evaluation of heat pipe
thermal conditioning panels are discussed. The panels were
designed and fabricated to ke compatible with several planned
NASA space vehicles, in terms of panel size, capacity, temper-
ature gradients, and integration with various heat exchangers
and electrenic components. It was satisfactorily demonstrated
that the heat pipe thermal conditioning panel meets the thermal
efficiency and heat transport requirements.



74065 VAPIABLE CCNDUCTANCE HEAT PIPE TECHNOLOGY
B.D. Marcus, D.K. Edwards, W.T. Anderson (TRW Systems Group,
Redondo Beach, California). Contract NAS2-5503. UNASA-CR-
114686, RR-4. December 1973, 140 pages, refs. Avail: TAC
Research and development programs in variable conduc-
tance heat pipe technology were conducted. The treatment has
been comprehensive, involving theoretical and/or experimental
studies in hydrostatics, hydrodynamics, heat transfer into
and out of the pipe, fluid selection, and materials compat-
ibility, in addition to the principal subject of variable
conductance control techniques. Efforts were not limited to
analytical work and laboratory experimentation, but extended
to the development, fabrication and test of spacecraft
hardware, culminating in the successful flight of the Ames
Heat Pipe Experiment on OAO-C Spacetraft.
74066 A HOMOGENEOUS HEAT PIPE DESIGN CODE
A.M. Nakashima, G.M. Kikin (Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, California).
Contract NAS7-100. NASA-CR-136831, JPL-TM-33-663. 15
January 1974, 34 pages,.refs. Avail: TAC
A computer program was developed to facilitate
parametric performance evaluation of heat pipes in
lightweight heat rejection systems. A description of
the code, user's manual, and sample inputs are provided.
The emphasis is placed on the analysis and design of
homogeneous wick heat pipes. The analysis of the annualar
heat pipe is included as part of the heat pipe radiator
subroutine.

i

[



74104 VARIABLE CONDUCTANCE HEAT PIPE TECHNOLOGY--FINAL
RESEARCH REPORT :

W.T. Anderson, D.XK. Edwards, J.E. Eninger, B.D. Marcus

(TRW Systems Group, Redondo Beach, California). Contract

NAS2-5503. NASA-CR-114750, TRW-13111-6060~RU-00. March

1974, 87 pages, refs. Avail: TAC ‘
A research and development program in variable

conductance heat pipe technology is reported. The project

involved: (1) theoretical and/or experimental studies in

hydrostatics, '(2) hydrodynamics, (3) heat transfer into

and out of the pipe, (4) fluid selection, and (5) materials

compatibility. = The development, fabrication, and test

of the space hardware resulted in a successful flight

of the heat pipe experiment of the OAO-3 satellite. A

summary of the program is provided and a guide to the

location of publications on the project is included.

74105 . DEVELOPMENT OF A BLOCKING ORIFICE THERMAL DIODE

HEAT PIPE
R.L. Kosson, J.A. Quadrini (Grumman Aerospace Corp.,
Bethpage, New York), and J.K. Kirkpatrick (NASA Ames
Research CEnter, Moffett Field, California). AIAA/ASME
1974 Thermophysics and Heat Transfer Conference, Boston,
Massachusetts, July 15-17. 1974. AIAA Paper No. 74-754,
Avail: TAC

A new geometry is described for low-temperature
diode heat pipes employing excess liquid to block the vapor
space of the evaporator and part of the transport section
during the reverse mode conditions. An orifice plate is
placed in the pipe at the location of the blocking
meniscus, with the opening arranged to permit proper liguid
distribution in both ground tests and zero-~g operation.
Parametric analytical results are presented for several
fluids (carbon tetrafluoride, methane, ethans). Experimental:
data are presented for a room-temperature diode verifying
feasibility, and a % in. O0.D. cryogenic diode with methane
working fluid.

74134 THE HEAT PIPE AS THERMAL TRIODE (DAS WARMELITROHR

ALS THERMISCHE TRIODE)

Grassmann and W. Dorfler (Zurich), Warme and Stoffubertrafung

d., 2 (19269), S, 144-1437, Tr Zerman, Avail: TAC

It is possible by attachment of a cooling trap to
a heat pipe to regulate continually the heat flow by reducing
or adding of transported mass. The behaviour of such a thermal
triode is calculated here for a model and compared with
neasurements.
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74142 FEASIBILITY STUDY AND DEVELOPMENT OF A CONSTANT

TEMPERATURE HEAT PIPE SYSTEM. PHASE 2: EXPERIMENTAL

DESIGN - FINAL REPORT
H. Hage (Inst. fuer Kernenergetik, Stuttgart University,

West Germany), Contract ESTEC-1703/72-SK, ESRO-CR(P)-430,
October 1973, 123 pages. Avail: TAC :

Results of preliminary tests carried out with alter-
native heat pipe-designs, the selection of the prototype
design, its analysis, manufacture, and extended theoretical
and experimental investigations are presented. According
to preliminary tests the modular artery heat pipe concept
was chosen for the prototype. Measurements showed that the
artery heat pipe suffered a performance degradation by.a factor
of about. 3 when noncondensable gas was present in the heat
pipe. Therefore the experimental program was modified and
power steps between 20 and 100 watts were applied to the
heat pipe instead of power steps between 40 and 200 watts.

The agreement between theoretical predictions and experimental
results was good for the steady state as well as the transient
behavior. The mechanical analysis of the system indicated
that it should be able to withstand launch conditions.

74143 SIMPLIFIED ANALYTICAL MODEL OF VERTICAL ARTERIAL HEAT

PIPES
L.L. Vasiliev and V.G. Kiselyov (Heat and Mass Transfer
Institute, Minsk, BSSR, USSR). Paper presented at the

S5th International Heat Transfer Conference, September 3-7,
1974, Keidanrerkaikan Building, Tokyo, Japan, Report No.
HEZ2.3, Avail: TAC .

In the paper engineering design is given for vertical
arterial heat pipes. Such heat transfer devices are of
interest since in them liguid is transferred from the condenser
to the evaporator through the artery rather than through the
film flowing down the wall where suction and distribution of
the ligquid over the condenser and evaporator walls are per-
formed through triangular grooves. This design provides a
higher effective thermal conductivity at high heat fluxes
compared to the thermosyphon de51gn Expressions for a limit

eat Ilun transfzrrad by heat gipes are presented as a func-
tlon of the groove geometry, 'groove w1dth and pore dimensions.
Heat pipe performances are considered for various ratios of
these parameters

Ui
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74144 STRUCTURAL HEAT PIPE
Goddard Space Flight Center, Greenbelt, Maryland, NASA
Technical Brief B73-10364, 1 page, Avail: TAC

A more efficient arrangement uses heat pipes as an
integral part of the structural support in order to eqgualize
the heat absorbed. The solar heat is absorbed through the
structural support member and is fed directly to a heat
pipe which transfers the heat around to a cooler spot before
it can find its way to the structure.



74033 WICK COOLING IS SLOWLY COMING OUT OF LABS AND INTO
INDUSTRY

Product Engineering. Vol. 44, January 1973, p. 37-38.

Avail: TAC.

This short message presents some features with capillary
passages that help in cooling. The first feature is the
Electrohydrodynamic Heat Pipe designed by T. B. Jones. The
second feature is Arterial Wicks, which increase the flow
capacity of a conventional heat pipe, from the idea of G. D.
Johnson and E. W. Saaski. The last one is the phenomenon of
Partially-Saturated Wicks developed by C. C. Roberts and K. T.
Feldman, Jr.. In addition, the Transpiration Cooling through
porous plates done by John. Chishom is presented. .

(W)}
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74068 VAPORIZATION HEAT TRANSFER IN HEAT PIPE WICK MATERIALS
J.K. Ferrell, E.G. Alexander, W.T. Piver (Department of Chemical
Engineering, North Carolina State University, Raleigh, North
Carolina). Progress in Astronautics and Aeronautiecs. Vol. 31,
1973, p. 3-18. Avail: TAC

Vaporization heat-transfer characteristics were measured
for several wick materials including 5 samples of felted metal
(N;, Cu, and stainless steel) and 3 samples of sintered Cu
metal powder. The experimental apparatus consisted of a heated
surface arranged so that the fluid was drawn to the heated sur-
face by capillary forces up to a maximum of 12 inches. Experi-
mental data or dryout, or critical heat flux, agreed with a
capillarity-flow resistance model when measured properties
of the wick materials were used. Prediction of the heat-transfer
coefficent was unsatisfactory, probably due to uncertainties in
wick-heated surface contact.

74069 HEAT PIPE
Robert F. Keller (RCA Corp.). U.S. Patent Application No.
104,920, 8 January 1971. German Patent 2,149,883, 23 August
1373. 12 pages. Avail: TAC . '
A heat pipe is made by providing particles of a lst
metal (Cu,Fe,Ni, and their alloys) coated with a 2nd lower-
melting metal (Pb-Zn alloy, In) and heating to a temperature
that is higher than the melting point of the 2nd metal to
bind the varticles to each other and to part of the inside
wall. Thus, a cylindrical mandrel was placed coaxially
inside a Cu tube. Pb-2Zn (60:40 weight ratio) alloy-electro-
plated spherical, 70-400 mesh. Cu particles were packed into
the annular space between the Cu tube and mandrel. The
assembly was heated in H to 250-300°C to melt the solder
coating, cooled and the mandrel was removed.

74077 HCW TO CCKNDUCT HEAT AND HOW NOT TO

Machine Design. Vol. 45, p. 40. June 28, 1973. Avail: TAC
This message describes the electrohydrodynamic heat pipe

developed a:t Colorado State University and the capillary insu-

lator patented by Martin Marietta Corporation.
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74097 MENISCI COALESCENCE AS A MECHANISM FOR VENTING

NONCONDENSABLE GAS FROM HEAT PIPE ARTERIES
J.E. Eninger (TRW Systems Group, Redondo Beach, California).
AIAA/ASME 1974 Thermophysics and Heat Transfer Conference,
Boston, Massachusetts, July 15-17, 1974. AIAA Paper No.
74-748. Avail: TAC

Noncondensable gas in an arterial heat pipe, whether
a contaminant or intentionally introduced for control,
results in arterial bubbles during priming that subsequently
grow and deprime the artery when a heat load is applied. '
A method is presented to vent the gas through capillary-
size holes in a foil-walled portion of the artery at the
evaporator end. Liquid cannot plug these holes, because
the foil is sized so thin that the menisci on either side
of a potential liquid plug would coalesce, and the hole
would empty.. Theoretical and experimental results are
presented that relate the hole size to the required foil
thinness. .

74100 INVESTIGATION OF ARTERIAL GAS OCCLUSIONS,

FPINAL REPORT, 22 May 1973 to Jan 1974
E.W. Saaski (McDonnell-Douglas Astronautics Co., Richlandg,
Washington). Contract NAS2-7596. NASA-CR-114731,
MDC-G4437. March 1974, 89 pages, refs. Avail: TAC

The effect of noncondensable gases on high-perfor-
mance arterial heat pipes was investigated both analytically
and experimentally. Models have been generated which
characteize the dissolution of gases in condensate, and
the diffusicnal loss of dissolved gases from condensate
in arterial flow. These processes, and others, were used
to postulate stability criteria for arterial heat pipes
under isothermal and non-isothermal ‘condensate flow con-
ditions. A rigorous second-order gas—-loaded heat pipe
model, incorporating axial conduction and one-dimensional
vapor transport, was produced and used for thermal and gas
studies. A Freon-22 (CHCIF2) heat pipe was used with
helium and xenon to wvalidate modelinag. With helium,
experimental data compared well with theory. Unusual
gas-control effects with xenon were attributed to high
solubility.
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74101 DPROPERTIES OF WIRE-NETTING STRUCTURES AS DISTRIBUTORS
Or LIGUID ITW THIN-FILM TVAPCRATCRS (DIE ZIGENSHAFTEN

VON DRAHTGEWEBESTRUKTUREN ALS FLUESSIGKEITSVERTEILER
IN DUENNSCHICHTVERDAMPFERN)
H. Uhlemann (University of Eindhoven, Netherlands). Philips
Research Report, Suppl. No. 1, 1974, 120 pages, 38 refs.
In German. Avail: TAC :
Wire-wick structures can be used toc distribute the
liquid in heat pipes and in thin-film evaporators. The
properties of the wire-wick structures governing these
applications are their geometry as well as their capillary
and flow behavior. These features are investigated theoreti-
cally and practically, the investigation being restricted
to structures of the type of screen gauzes. It is shown
that wire-wick structures fashioned as syphons are eff1c1ent
distributors of liguid in thin-film evaporators..

74106 SELECTION OF OPTIMUM PARAMETERS OF HEAT PIPE WITH
: WICK IN THE FORM OF A PERFQRATED SCREEN WITH ANNULAR
GAP
Yu. A. Poskonin, I.I. Mosin, V.K. Shchukin, R.S. Valeev.
Soviet Aeronautics, Vol. 16, No. 3, 1973, p. 79-83, 3 refs.
Avail: TAC

A technique is developed for the analysis of a
heat pipe with a wick in the form of a perforated screen
with annular gap operating in a gravity field (in any
position in relation to the horizon) or under weightless-
ness. This technique makes it possible to select optimum
geometric dimensions of the heat pipe. An example of
the calculation of optimum geometric dimensions of a
sodium pipe is presented.



74107 METHOD OF FORMING A WICK FOR A HEAT PIPE--PATENT
APPLICATION
Frank G. Arcella, Ernest C. Phillips, Richard P. Sprecace
(Inventors to NASA, Westinghouse Elec. Corp.). Contracts
NAS7-100, JPL-953074. NASA-Case-NPO-13391-1, US-PATENT-
Appl-SN-446567. Filed 27 February 1974, 10 pages.
Avail: TAC
A method for forming a tubular wick for heat pipes
is presented. The method consists of steps involving
forming the wick blank of a predetermined thickness from
multiple layers  of stainless steel screen mesh. The
process makes it possible to reduce the pore size of the
wicks by approximately fifty percent. '

74108 DETERMINATION OF PROPERTIES OF POROUS MATERIALS
FROM THEIR ABSORPTION PUMPING KINETICS
S. V. Konev, Z. N. Kostko. Heat Transfer--Soviet Research,
Vol. 6, No., 2, 1974, p. 95-100. Avail: TAC
To determine the properties of porous wicks, which
are used in heat pipe design, one must use several facilities
of different kind. This paper ‘suggests a technique for
calculating the properties of porous materials (porosity,
maximum absorption depth, minimum pore radius, pore
radius distribution, overall permeability, permeability
.as a function of moisture content) on the basis of the
absorption kinetics of the porous material, determined by
electric-capacitance methods of moisture measurement.

74103 WICKING OF LIQUIDS IN SCREENS
Eugene P. Symons - (NASA, Lewis Research Center, Cleveland,
Ohio). NASA-TN-D-7657, E-778l. May 1974, 33 pages, refs.
Avail: TAC

An investigation was conducted to determine the
magnitude of the wicking rates of liguids in various screens.
Evaluation oif the parameters characterizing the wicking )
process resulted in the development of an expression which
defined the wicking velocity in terms of screen and system
geometry, liquid properties, and gravitational effects.
Zxperiment data okbtzined both in normal sravity and in
weightlessness demonstrated that the model successfully
predicted tne functional relation of the liquid properties
and the distance from the liquid source to the wicking



velocity. Because the pore geometry in the screens was
complex, several screen geometric parameters were lumped
into a single constant which was determined experimentally
for each screen.

74110 INVESTIGATION OF THE EFFECTIVE THERMAL CONDUCTIVITY

OF POROUS MATERIALS
S.A. Tanayeva. Heat Transfer--Soviet Research, Vol. 6, No. 2,
1974, p. 112-118. Avail: TAC

The article considers problems of experimental and
theoretical investigation of the effective thermal conductivity
of porous materials over a wide temperature range. A brief
description of the test facility is given and an analysis
is presented of the most promising equations for calculating
» eff from data on constituents. Comparison of experimental
and theoretical values of A eff of porous materials shows that
the most promising method is that of generalized conductivity.

74145 AN INVESTIGATION OF HEAT PIPE WICK CHARACTERISTICS
Z.N. Kastko, Heat Transfer - Soviet Research, Vol. 6, No. 3,
May~-June 1974, p. 132-138, Avail: TAC

This study states the need for determining such
properties of heat pipe wicks as the porosity, height .of
capillary pumping and permeability. The results are presented
of measuring these employing generally used methods for wicks
from glass fiber, fiber glass and brass meshes and the results
thus obtained are analyzed. ’

14146 CHOICE OF OQPTIMAL PARAMETERS FOR A HEAT PIPE HAVING
A WICK IN THE FORM OF A PERFORATED SCREEN WITH AN
ANNULAR GAP (VYBOR OPTIMALNYXKH PARAMETROV TEPLOVOI
TRUBKI S FITILEM V VIDE PERFORIROVANNOGO EKRANA S
KOLTSEVYM Z AZOROM) .

In. A. Poskonin, I.I. Mosin, V.K. Shchukin, and R.S. Valeev,

Aviatsignnaia Teknika, Vol. 16, No. 3, 1973, p. 97-101,

In Russian.

English. abstract is not available.
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74034 EXPERIMENTAL STUDY OF HEAT PIPE CHARACTERISTICS
V.I. Tolubinskiy, E.n. Shevchuk, V.D. Stambrovskiy, E.I.
Istomin, M.E. Bezusov, L.V. Solovev. Heat Transfer-
Soviet Research, Vol. 5, No. 3, May-June 1973, p. 1-5, 3 -
refs. Avail: TAC

Development and manufacturing technology of the
niobium heat pipes that use sodium as heat transfer medium
at very high temperatures is presented. Experimental tests
.results are reported and discussed.

74147 THE ELIMINATION OR CONTROL OF MATERIAL PROBLEMS IN

- WATER HEAT PIPES

G.F. Pittinato (McDonnell Douglas Astronauticés Co.,
Huntington Beach, California), Quarterly Progress Report

No. 1, 1 January-31 March 74, MDC-G5481; NSF-RA/N-74-037,
April 74, 25 pages, Avail: TAC

A definition was made of a water heat pipe associated

with a parabolic cylindrical solar collector that will operate
in the temperature range of ambient to 300C. A literature
survey was conducted on the problem of noncondensable gas
generation in water heat pipes. The design of the heat
‘pipes was completed and all of the materials and component
parts have been ordered. Eight different alloys were
selected for evaluation as candidate materials for water
heat pipes.



E. TESTING AND OPERATION

6



74035 SPECIFIC CHARACTERISTICS OF LOW TEMPERATURE HEAT PIPES
V. V. Barsukov, L. N. Mishchenko, G. F. Smirnov. Inzhenerno-
Fizicheskii Zhurnal, vol. 25, No. 2, 1973, p. 249-253., 1In
Russian. Avail: TAC.

The limiting capacity of low-temperature heat pipes 1is
studied. Equations are derived in integral and dimensionless
forms. With Cu pipes with brass and Cu wicks and ethanol working
fluid, the capacity decreases from~70 watt at 90° to O watt at
-10° to the horizontal. The limiting capacity is accompanied
by a sharp increase in the temperature of the wall of the
evaporator section.

74036 AN ANALYTICAL AND EXPERIMENTAL INVESTIGATION OF ROTATING,
NONCAPILLARY HEAT PIPES

Paul J. Marto (Naval Postgraduate School, Monterey, California).

NASA-CR~130373, NPS-59MX72111A. September 1973, 59 pages, refs.

Avail: TAC.

. An approximate theoretical model is derived for laminar
film condensation on the inside of a rotating, truncated cone,
and is used to predict the heat transfer performance of rotating
noncapillary heat pipes for a wide variety of parametric condi-
tions. Experimental results are presented for water, ethyl al-
cohol, and freon-113 in a stainless steel heat pipe rotating to
speeds of 2800 R.P.M. Results show that these devices can be
used effectively to transfer large quantities of heat in.rotating
systems. Predicted results agree to within plus or minus 20
percent to the experimental data. Dropwise condensation, in-
stead of film condensation, improves heat pipe performance
while the presence of noncondensible gases impairs performance.

74037 MECHANISMS OF HEAT TRANSFER IN HEAT PIPES AND THERMO-

SYPHONS .
K. C. Sockalingam, V. E. Schrock (University of California at
Berkeley, California). ransactions cf American Nuclear

Society, Vol. 16, p. 3-4, June 1973. From 19th annual meeting
of thé American Nuclear Society, Chicago, Illinois. Avail:
TAC.

The performances of four heat pipes and one thermosyphon
are presented and compared. All the pipes are made of the
same stainless-steel tubing. Pipe 1 is constructed with a
20-mil liquid annulus and Pipe 2 nhas an 8-mil annulus. In
pives 2 and 4 the screens are zolled zightly with 2 to 3 mils
liguid annulus. Pipe 3 employs five layers of 200-mesh stain-
less steel screen wick and Pipe 4 has rfive layers of 150-mesh
screen while Pipe 5 has no wick.
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74038 HEAT AND MASS TRANSFER IN HEAT PIPES CONTAINING
NONCONDENSING GASES
L.L. Vasiliev, S5.V. Konev {Inst. Teplo-Massoobmena, Minsk,
U.S.S.R.). Inzhenerno-Fizicheskii Zhurnal, Veol. 25, No. 2,
1973, p. 254-260. 'In Russian. Avail: TAC
In a heat pipe, a noncondensing gas is pushed by steam
towards the cold end of the pipe where the gas plug is formed.
The effect of the volume and properties of the gas plug (Ar
and air) and of the heat-transfer coefficient on the energy
and mass transfer in the pipe was investigated experimentally
by using ethanol as a heat-transfer agent. In the condensation
zone, thermal resistance of the pipe with the noncondensing
gas was considerably higher than that in a pipe without the
noncondensing gas. With ' increasing heat output the temperature
sensitivity increased. Reasonable agreement was found between
experiment and calculated data. Heat pipes with noncondensing
gases can be used as thermoregulators or thermostats.

74064 INVESTIGATION OF GRAVITATIONAL EFFECTS ON THE PERFORMANCE
OF A VARIABLE CONDUCTANCE HEAT PIPE '
Wayne Ives Humphreys (Naval Postgraduate School, Monter=ay,
California). Master's thesis, December 1973, 68 pages.
Avail: TAC
A variable conductance heat pipe with a length to diameter
ratio of 96 to 1 was designed and constructed. The performance
characteristics of both the conventional and gas loaded variable
conductance modes of operation were studied. Particular
emphasis was placed upon investigating the gravitational effects
in the variable conductance mode. Heat inputs were varied
from ten to fifty watts for horizontal and vertical operating
positions. Methanol was used as the working fluid with either
helium or krvpton used as the noncondensable gas. Condensar
temperature profiles and liquid crystal pictures, showing the
effects of gravity, are presented for the various operating
modes.



74071 INVESTIGATION OF THE INFLUENCE OF NONCONDENSING
IMPURITIES ON HEAT TRANSFER EFFICIENCY OF EVAPORA-
TING THERMOSIPHON (ISSLEDOVANIE VLIYANIYA NEKONDENSI-
RUYUSHCHIKHSYA PRIMESEI NA EFFEKTIVNOST' TEPLOPERENQSA
ISPARITEL'NOGO TERMOSIFONA)
Z.R. Gorbis (Odessa Technology Institute of the Refrigeration
Industry, USSR) and G.A. Savchenkov. Teploenergetika, No. 10,
October 1973, p. 70-73. 1In Russian. Avail: TAC
A model is proposed which describes the processes taking
place in the cooled part of an evaporating thermosiphon. An
experimental rig is described, consisting of a thermosiphon
and the heating, cooling, measurement, preliminary vacuuming,
and charging systems. A description is given of the method of
investigation and experimental results are analyzed. Satisfactory
agreement between the calculated and experimental data permits
the formula ohtained to be recommended for the methods of cal-
culation of evaporating thermosiphons.

.

74072 AN EXPERIMENTAL STUDY OF THE TWO-PHASE THERMOSIPHON TUBE
B.S. Larkin (Gas Dynamics Laboratory, Division of Mechanical
Engineering, National Research Council of Canada). Paper
70-CSME-6, Transactions of the Engineering Institute of
Canada, Vol. 14, No. B-6, August/September 1971. 8 pages.
Avail: TAC

The two-phase thermosiphon is basically a simple,
cheap, reliable, effective heat transport system which requires
no external power supply. . The apparatus for testing thermo-
siphons with water or Freon ll as working fluids is described.
The results of maximum heat flux, tube heat transfer parameter,
operating temperature, depth of water or Freon 1ll, boiling and
condensing coefficients, and dryout mechanism are presented.

" 74073 AN EXPERIMENTAL FIELD STUDY OF THE USE OF TWO-PHASE
THERMOSIPHONS FOR THE PRESERVATION OF PERMAFROST
B.S. Larkin, G.H. Johnston (National Research Council, Ottawa,

T

Canada) . Faper presented at 127 Annual Congress cf the
Engineering Institute of Canada, Montreal, 2 October 1973.
19 pages. Avail: TAC

The design of foundations in permafrost areas 1is
nsually based on preservation cf the £rozen. conditicn of the
ground. A possible method of achieving this object is the
two-pnase thermesiphcen. A field evaluation of tne effect
of simple two-phase thermosiphons was undertaken by the
authors between 1967 and 1971 at test sites located in Ottawa,



Ontario (no permafrost) and Thompson, Manitoba (marginal
permafrost). The results of these tests are presented in
this paper.

74074 HEAT PIPE WITH AN ELECTROSTATIC PUMP

F.E. Reiss (Inst. fuer Neutronenphysik und Reaktortechnik,
Kermforschungszentrum Karlsruhe, West Germany). Thesis
submitted to Karlsruhe University. August 1973, 139 pages.
In German. Avail: TAC '

The performance of a heat pipe with an electrostatic
pump to return the condensed working fluid to the evaporator
was investigated. Theoretic predictions of pérformance agree
with experimental data gained from three different heat plpes
using nitrobenzene as a working fluid.

o)
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74111 EVAPORATIVE HEAT TRANSFER OF LIQUID POTASSIUM IN
POROUS MEDIA .
Ross Davis (Westvaco, North Charleston, South Carolina),
and J. K. Ferrell {(North Carolina State University, Raleigh,
North Carolina). AIAA/ASME 1974 Thermophysics and Heat
Transfer Conference, Boston, Massachusetts, July 15-17,
1974. AIAA Paper No. 74-719. Avail: TAC
An investigation.of the vaporization heat transfer
of potassium and water in two wicking materials, FM 1308
and Lamipore 7.4, has shown that, for water, the vaporiza-
‘tion takes place within the porous medium over the heated
surface; for potassium, the heat is conducted across the
entire wick and the vaporization occurs at the surface of
the wick. The critical heat flux for the potassium heat
pipe can be predicted for all values of the heat flux; for.
the water heat pipe, the critical hsat flux can be predicted
only for values up -to 40,000 BTU/ft“hr.

74112 THERMAL VACUUM TEST OF A FULL-SCALE PROTOTYPE MULTI-
HEAT PIPE THERMAL CONTROL ASSEMBLY .
W. F, Ekern, M. P. Holllster, V. T. Johnson, H. M. Satterlee,
W. A. Stolzenburg (Lockheed Missiles and Space Co.,
Sunnyvale, California). AIAA/ASME 1974 Thermophysics and
Heat Transfer Conference, Boston, Massachusetts, July 15-17,
1974, AIAA Paper No. 74-727. Avail: TAC
Thermal vacuum test results are described that
demonstrate the capabilities of a full-scale, active
feedback, multiple heat pipe, multiple-controller thermal
control assembly to function as an assembly and verify the
mutual compatibility of its interrelated components over
a typical range of flight conditions. Two equipment-
mounting conduction straps are maintained at 35 #+ 2°F
under varying simulated equipment loads and radiator
surface solar loads. Two open-artery ammonia and two
closed-artery acetone variable-conductance heat pipes are
used. A thermal model of the test assembly has been for-
muilated and used for pretest analyses.

74113 LAMINAR FLOW IN ANNULI AND FLAT-PLATE CHANNELS

) " WITH MASS TRANSFER AT ONE WALL
3. K. CGupta, E. X. Levy {Lehigh Universiity, Bethlehem,
Pennsvlvania). AIAA/ASME 1974 Thermophysics and Heat
Transfer Cocnference, Boston, Massachusetts, July 15-17,
1974. AIAA Paper No. 74-721. Avail: TAC

X}



An experimental and theoretical study of laminar,
incompressible fluid flow in annuli and flat-plate channels
with porous walls is described.. Experimental data on the
axial pressure variations in an annulus with a radius ratio
of 0.83 and with uniform injection and suction at the
porous inner wall are presented. Similarity solutions
are obtained both for the annular geometry and for the
plane channel approximation. In addition, entrance region
solutions are obtained for a plane channel flow with
uniform mass suction at one wall.

74114 ELECTROHYDRODYNAMIC HEAT PIPE EXPERIMENTS
T. B. Jones, M. P, Perry (Colorado State University,
Fort Collins, Colorado). Journal of Applied.Physics,
Vol. 45, May 1974, p. 2129-2132. Avail: TAC

Experiments with two electrohydrodynamic heat pipes
are reported. Both devices employ an electromechanical
flow structure for axial liquid flow and a capillary wicking
structure for (1) collection of condensed liquid at the
cooled end and (2) distribution of this liquid at the
heated end. One device has circumferential grooving for the
capillary structure and the other has feltmetal wicking.
The experiments successfully demonstrate the electro-
hydrodynamic heat pipe concept. Compatibility of the two
circumferential wick structures with an axial electro-
mechanical flow structure is also demonstrated. A signifi-
cant mismatch of the capillary grcove and electrohydro-
dynamic pumping capabilities results in severe nydrodynamic
burn-out limiting in the first heat pipe. Both devices
have very poor over-all thermal conductances of the order
of 1-2 W/deqg C, reflecting the genérally poor heat-transfer
properties of the dielectric working fluids required in
electrohydrodynamic heat pipes.

15 PERFCRMANCE TESTS OF GRAVITY-ASSIST HEAT PIPES WITH
SCREEN-WICK STRUCTURES -

J. E. Kemme, J. E, Deverall, E. S. Keddy, J. R. Phillips,

W. A. Ranken (Los Alamos Scientific Lab., Los Alamos,

74

[

New Mexico). AIAA/ASME 1974 Thermophysics and Heat Trans-
fer Conference, Boston, Massachusettsj. July 15-~17, 1974.
ATAA Paper Ho. 74-723., Avail: TAC

Performance limits were established at several
operating temperatures for sodium heat pipes with screen



wicks. After each pipe was tested horizontally . vertical

tests were made in a gravity-assist mode with the evaporator
down. Limits were higher in the vertical tests, but

agreement between measured and calculated limits was not

always obtained. Wick imperfections, in the form of largce
openings, filled with vapor in the gravity-assist mode and
produced superheat limitations. Although large wick passages
might improve gravity-assist performance, they should be
located near the vapor space and arranged to collect condensate
and protect it from flowing vapor.

74116 PARAMETRIC PERFORMANCE OF EXTRUDED AXIAL GROOY?D

HEAT PIPES FROM 80° to 350° K
K. R. Schlitt, J. P. Kirkpatrick (NASA Ames Research
Center, Moffett Field, California), and P. J. Brennan
(Engineering Consultant, Baltimore, Maryland). AIAA/ASME
1974 Thermophysics and Heat Transfer Conference, Boston,
Massachusetts, July 15-17, 1974. AIAA Paper No. 74-724,
Avail: TAC

This paper presents parametric performance data
derived from tests with an aluminum axial grooved extruded
pipe and the following working fluids: oxygen (80-120°K);
methane (100-160°K); ethane (140-220°K): ammonia (200-300°K);
acetone (300-350°K). Major emphasis is placed on the
cryogenic fluids, since little or no actual performance
data exists for them. The effects of operating tempera-
ture, fluid inventory, heat flux, and elevation on the
transport capability, static height, and on the evaporator
and condenser film coefficients are measured and compared
to theory.



74148 BOILING AND EVAPORATION FROM HEAT.PIPE WICKS WITH WATER
AND ACETONE

A. Abhat and R.A. Seban (University of California at Berkeley,
Berkeley, California), ASME Journal of Heat Transfer, August
1974, P. 331-337, Avail: TAC '

: Heat transfer for pool boiling with fluxes in the range
of 5 x 102 to 5 x 104 Btu/(ft%hr) and the associated excess
of wall over saturation temperatures are presented, primarily
for atmospheric pressure, for vertical tubes in water, ethanol
and acetone, bare or wrapped with screen or felt metal. For
the wrapped tubes, this performance is given also for evapora-
tion into surrounding saturated vapor with the liquid being
supplied by the wick; this is the significant mode in respect
to heat pipe applications. For this mode maximum evaporation _
rates are also indicated and it is shown that this maximum
can be rationalized either in terms of a partially full wick
with conduction transfer to the evaporation surface or in
terms of a full wick with vapor holes originating at
nucleation sites on the tube surface.

74149 PRODUCTION OF ALKALINE EARTH METASTABLE STATES BY A

DISCHARGE IN A HEAT PIPE
Pierre Camus (Argonne National Laboratory, Argonne, Illinois),
Journal of Physics B, Vol. 7, No. 10, 1974, P. 1154-1160,

Avail: TAC '

An experiment is described in which the 1lst excited
metastable states nsnp p® and nsnd3D of Mg, Ca, Sr and Ba are
populated by a continuous discharge running through a metal
vapor maintained by a heat pipe. The number of atoms obtained
in these excited triplet states i1s large enough to allow the
observation of the series members in a conventional atomic
absorption experiment. The Argonne 30 foot Paschen-Runge
speitrograph was used to record the spectra witn a 0.37 A
mm~~ reg¢iprocal dispersion. The wavelength uncertainty of
+0.002 A gives improved wavelength values for many lines measured
previously in emission and gives a energy scheme for the highest
terms of the series nsn's3Sy, asn'd2D and nsn'£°F° that 13 more
accurate than previously reported. The variations of the gquantum
defect were fitted and the ionization limits, extrapolated from
the triplet series, are Sompared with those obtained from the
long principal series ns® 1S, -nsn'pip;©.
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000C1 ABHAT A SE3AN R A 74148 5 -
BOILING AND EVAPORATION FROM HEAT PIPE WICKS wWITH
WATER AND ACETONE
ASME JOURNAL OF HEAT TRANSFER. AUG 1374,
Pe 331-337. AVAIL-TAC

o

00002 ABIAMENKDO A N K 74102 &
A UNIT FIQ INVESTIGATING BOILING IN VACJUM ’
HEAT TRANSFCR s SOVIET RZSEARCH VCLe 69 NQe 24 1974
P. 86-8%9. AVAIL=-TAC .

00003 ALARIC J _ 74051 1a
SPACE SHUTTLE HEAT PIPE THERMAL CONTROL SYSTEMS
FINAL REPORT JUNE 1972 TD CCTO3ER 1973
CONTRACT NAS9~-12801. NASA—-CR-134201, SHM-20,
NCTABER 1973. 184 PAGES. REFS. AVAIL-TAC

000C4 ALARIOC J 74124 27
SPACE SHUTTLE HEAT PIPE THERMAL CONTROL SYSTEMS
DESIGN AND TEST
SAEs AlAAs ASME, ASMA, AND AICHE. INTER~-SOCIZTY CONFERENCE
ON ENVIRONMENTAL SYSTEMSs SEATTLZ . #ASHINGTON, JULY 29
- AUG 1s 1974, ASME 2APZIR 74-ENAS-38, 13 PAGES, 7 REFS,.
AVAIL=TAC

Ul

00005 ANAND D X - ' 74075
HEAT PIPE SYMPOSIUM WORKSHOP AT THE UNIVERSITY OF MARYLAND
NSF GRANT GK-38697. NQVIMBER 5-6. 1973, AVAIL=-TAZ

[A%]

ONCOE ANDERSON W T EDWARDS DO K _ 74104 s
ENINGEP 4 E° MAICUS B D
VARI ABLE-CONNDUCTANCZ HEAT PIPZ TECHNOLOGY FINAL
RZSEARCH REPCRT
CONTRACT NAS-5%503+. NASA-CR-114750, TRw-13111-6060-RU=00,
MARCH 1974, 87 PAGES, RZIFS5. aAVAiL=-TAC

030C7 ARCILLA F G . PHILLIPS £ C 74107 Ehal
SPRECACE R P
METHOD NF FOMING A wICk FCR A-HEAT 21°c
PAT=ENT APPLICATION
CONTRACTS NAg7=-190C, JPL=-923074., NMASA=CASE-NPJ}=-133091-1}1,
US-PATENT-APPL ~-SN=~445567. FILED 27 FEB 19744+ 10 2 AGES,
AVAIL=-TAC
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SPECIFIC CHARACTERISTICS OFf LOW TEMPERATURS HEAT PIPES
INZHE NERND-FI ZICHESKI T ZHURNALY VOLe 25y NOe 2
1973, P, 249-253. IN RPUSSIAN. AVAIL-TAC

BASIULIS A HUMMEL T A

DEVELCPMENTY OF A CRYSSURGICAL INSTRUMENT UTIL TZING AN
OPEN=-LCOP FEAT PIPE

AIAA/ASME 1974 THERMIPHYSICS AND HEAT TRANSFER CONFERENCE,
BOSTON, MASSes JULY 15=17, 1974s AIAA PAPER 74-7350.
AVAIL=-TAC

BEATSCN C

HEAT PIPES SLEGANT CONCIPT IN SFARCH OF

AN APFLICATION ,

ENG INEER, VOL, 237, NOes 6140, 1973, Pe 38-33, 41+ AVAIL~TAC

BEATSON C

THE MCST EFFICIENT WAY TO TRANSFEF HEAT IS

BY A PIPE

THE ENGINEEZR, VOLe 236y P, 40~-43, APRIL 12, 1973. AVAIL-TAC

BERGER M E

ANALYSIS OF A HIGH HCAT FLUXx WATER HEAT PIPE EVARPQRATOR
PHe.De DISSZERTATIQON, 1973, 0QRDZR NG. 74-20308, 397
DAGESs IN MICROFILM, AVAIL-TAC

BISNERT w B

DEVELCPMENT GOF ELEZCTRTICAL FESEDBACK CONTROLLED HEATY PIPES
AND THE ADVANCED THZIRMAL CONTROL FLIGHT EXPERIMENT
TECHNICAL SUMMARY RED0RT

CONTRACT NAS2-6227, NASA-CR=-1147S1. MAY (974,

151 PAGES, RIF 5. AVAIL-TAC

BIRNBREIER H GAMMEL G

HETNTMANN U JOENS M

SAWLOwSKI © :

A NOVEL METHOD OF CAOCLING SEMICONDUCTOR DIVILES
FN2 POWER ELECTRONICS

SUNDERMIN, FUER FUORSCHe UND TECHNOL. AP
t14 PAGESs, REFS. 1I# GEIMAN, WITH ENGLIS
AvVAaTL ~-TAC

i 1273,

1L
4 SUMMARY,

AOWERS C H

TRANSTENT ANALYSIS OF HEAT PIPIZIS WwITH APPLICATIONS

T3 SELECTED ZXPERIMENTS AND A CONCEPTUAL 2=AZTOR DESIGN
DISSERTATION, 1973. MICROFILM ORDER NO. 74~3124,
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259 PAGES. AVAIL-TAC

BROMMER H J

THEORETICAL AND EXPERIMENTAL INVESTIGATION 0% TWI-COMPONENT

HEAT PIPES

AIAA/ASME 1974 THERMOPHYSICS AND HEAT TRANSFIR CONFERENCE,
BOSTON, MASSase JULY 15=174 1974« AIAA PAPIR 74-720,
AVAIL~-TAC ’

BUBEN ICEK M~ PO_ASEK F

OSLEJSEK O

COJLING OF AC MOTOR SHAFT BY CYLINDRICAL ROTATING
H=AT PIPE ,

IN ELEKTROTECHNICKY 0B8Z0OR 1973y Pe 40-=46,

IN CZEH WITH ENGLISH TRANSULATION. AVAIL-TAC

BUBENICEK M POLASEK F

COOLING 3F RAPIO ACTION CIRCUIT BREAKER CONTACTS

3Y HEAT PIPES -

PAPER PRESENTED AT THE 1ST INTERNATIONAL HEAT

PIRPE CCNFERENCZ, STUTTGART., WEST GERMANY, QOCTOBER 1S5-17,
1973. AVAIL-~TAC

BUBENICEK M POLASEK F

COOLING OF AC MOTOR BY HFEAT PIPE

PADER PRESENTED AT THE 1ST INTZIRNATIONAL HEAT PI3E
CONFERENCEZ s STUTTGART, WEST GERMANY, OCTOBER 15-17,
1973« SESSION 1. AVAIL-TAC

CAMUS P
PRIDUCTION OF ALKALINE EZARTH MZTASTABLE STATES 3By A
DISCHARGE IN A HEAT pip= .
JOURNAL OF OPHYSICS B, V3Le 79+ NOe 1Ce 1974,

Pe 115%54-1160. AVAIL-TAC

CHIMENTI Q@ J L

HEAT PIPS COPPER VAPOR LASER SEMIANNUAL TECHNICAL
REDQRT 1| FZFUARY TO 30 SEPTEMBER 1973

CONTRACT NOOO14-73-C=-0317, ARPA OFDER 1806,

3 2CTNBER 1973, 8 DAGES. AVAIL=-TAC

COLWELL G T BASSETT H L

SCHUCHARDT J M :

HEAT PIPE COOLED MICROWAVE WINDOW :

CONTRACT DAH-CEC~73-C-0068¢ FES. 1974+ 75 PAGESe. AVAIL=-TAC
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CURRY ©T M

TAaJ-DIMENSIONAL ANALYSIS
IN OPQROUS MEDTA USING THT
NASA=TN=-D=7608, JS5C-5-3832.
REF Ss AVAIL=-TAC

OF HZAT AND MASS TRANSF:=ZR
STRONGLY IMPLICIT PROCEDURE
MARCH 1974+ 36 PaGE S,

Cavis R FZIIRELL I3 K

EVAPORATIVE HEAT TRANSFER OF LIQUID POTASSIUM IN
POACYS MEDIA ’
ATAA/ASME 1974 THERMOPHYSICS AND
30STON, MASS,, JULY 15-17, 1974,
AVAIL-TAC

HEAT TRANSFED CONFERENCE,
ATAA PAPCER 74-719,

NEVERALL J E WATSON H =

TEMPERATURE CONTROL OF IRRADIATICN EXPERIMENTS WITH
GAS=CONTROLLED KHEAT D1IPZS

FROM INTEENATIONAL CONFERENCE ON IRRADIATION EXPERIMENTATION
IN FA3ST RZACTORS, JACKSOMN HQLZ s WYOMING, 10

SEPTEMBER 1973« 12 PAGES. AVAIL=-TAC

DUNN . P D
HEAT PIPE
PHYSICS TECHMOLOGY,
17 PEFS. AVAIL=-TAC

REAY D A |

VOLQ A. NO. 3! 1973v P. 1‘3?"2010

ENILSCN E
AEAT PIRPSS NEW WAYS TC TRANSFER ENERGY’

P3PUL AL SCIENCE, JUNE 1974, P, 102-103, 132, AVAIL-TAC
SDwar0s 0w FeilsmMAN G W
HARNCUS B 0D i

JSER ¢S MANUA, FOR THE TRW GASPIDZ 2 PKJGRAM A

SAPDE «CAS FRONT ANMALYSIZ PROGRAM Fn rREAT PIPFS
R T

TONTRALT MNASZ2-33523.,
JCT2BEF 1973, 128 PAGES,

2

MASA-CR-114572% TRAW-12111-5C546-20-CD
REFSe AVAIL=TAC

IKIEN P T NOLLI3TEIR ¥ =
JOHENSTN VT - SATTERLEE H M

ITIILZENFIO N A

TmERMAL VALUUM, TE 3F A SULL-SCALE DRCTUTYSS

T -1

o
MULTI=-HEAT PIPE THEGMAL CONT20L ASSEMOLY
ATAA/ZASME 1974 THERMZPHYSICS AND HEAT TRAMNSFER CONFERENCE,
ACSTON, MASSes JULY 15-17, 1974, AlAA PAPSR 74=727,
LM a il ~TAaC .

~4
(9]
o

@]

74111

74315

74040

~1

o

[\Y]

r
)

N



00030

09031

02032

coC 233

03034

2nC3E

v}
D
2
‘N
o]

90Cc37

HEAT DIPZI TECHNOLOGY 1978 ANNUAL

ENINGER J £

MENISCI COALESCENCE AS A MECHANISM FOR VENTING

NDONCONDENS ABLE GAS FROM HEAT PIPE ARTERIES

ATAA/ASME 1974 THERMOPHYSICS AND HEAT TRANSFTIR CONFFRENCE.,
BOSTON,s MASS.» JULY 15-17+ 1974e AIAA PAPER 74-748.

AVAIL -TAC

FavstT p

A NSw GERNERATION OF DEVICES FOR THERMAL CONTROL OF
SATE_LITES HEAT PIPES

LA RECHERCHE SPATIALE, VCLe 13, MAY=-JUNE 1974,

Pe 15=20. IN FRENCH. AVAIL=TAC

FELDMAN K T JR BERGER ME

ANALYSIS OF A HIGH=-HEAT=-FLUX WATERP HFAT PIPSZ EVA20RATOR
RERORT NOJe ME=62{73)0NR=-012-2+ CONTRACT NCOC14=-683-A-0155.,
SERPTEMBER 1973, 396 2AGES. AVAIL-TAC

FEIRELL J K ALEXANDER E G

PIVER w T

VARPQR I ZATICN HEAT TRANSFIR IN HEAT PIPE WICK MATSRIALS
PROGRESS IN ASTRONAUTICS AND AERONAUTICS. VOL . 31,
1973, P, 3-18+ AVAIL-TAC

FITTON G L

TAKING OUT THE HEAT .
FLECTRCONIC ENGINCERING, VOLe 45y NOe S50, Pe 6%, 57-68,
DEC. 1973. AVAIL=-TAC

FOSTER w G MURKAY ©C O
DEVEL CPMENT PROGRAM FQOR A LIQUIC METHANE HSAT PI2E
INI CRYOGENIC ENGINZERING CONFERENCEZ, BOULDER, CIZLOFRADQ,

AUGUST Q=-11, 1972, PIICZIZDINGS. “LENMUM PRESS, NEWN YORK, 13573

P, J&-102, 8 REFS. AVAIL-TAC

FRAAS A P SAMUELS G

TS2TCPE KILCwATT PROGRPAM QUAPSTIRLY PRAQGRESS REPORT
F30 oERIOD ENDING DECEMBER 21, 193972

CONTEACT w=740S=CNG=2%+ MAY 1973, 25 PAGES. AVA[_-=-7AC
GIER x DN EDWARDS D K .

FLOOD ING AND DRY-UP L IMITS OF CIRCUMSERZNTIAL HNEAT

PI9E GRNOVES :

ALAA/ASME 1974 THERPMOPHYSICS AND HEAT TRANSFSR CONFERENCE,
ANSTCM, MASS.s JULY 1S5=17, 1974, AlAA PAPER 74-~722,

AVAIL -TAC ’
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GILMORKE C ©
NEW WAY TO CAPTURE HEAT FRCM YDOUR FURNACZ WASTES
PO2JL AR SCIENCE, SEPT,. 1972, Pe. 96~33 . AVAIL-TAC

GORBIS Z R SAVCHENKOV G A

INVESTIGATION OF THE INFLUENCE CF NONCONDENSING [MPURITIES
ON HEAT TRANSFER EFFICIENCY OF ZVAPORATING THERMOSIPHON
TEPLOENERGETIKA, NO. 10, COCTQOBER 1973, P. 70-723,

IN RUSSIAN, AVAIL=-TAC

GDOTTZMANN C F ONEILL P S

MINTCN P £

HIGH EFFICIENCY HEAT EXCHANGERS

CHEMICAL ENGINEERING PROGRESS. VOL e 65 NOs 74 JULY 1673,
Pe A9=75. | REF., AVAIL=TAC

GRAKQVICH  © KONEY S ¥

COOLING OF ELECTRANIC CIRCUITS AND INSTRUMSNTS

HEAT TRANSFER-SOVIET RESTARCH, VOLe 64 NOs 3¢ MAY=JUNE 1974,
O. 123-131, AVAIL-TAC ’

GRASSMANN P DORFLER W

THT HEAT PIPI AS THERMAL TRIODEZ

WARME AND STOFFUBERTRAFUNG BDes 2 (1969)s Se 144-146,
IN GERMAN, AVAIL-TAC

GREINER P C
CESIGNING SOPHISTICATED HVAC SYSTEMS FOR JIPTIMUM ZNERGY USE
ASHRAS JCURPNAL, VOL. 15, FEUBRUARY 1673, Pe. 27-31. AVAIL-TAC

GRULL M HAGE M
DEVILCPMENT 2F AN ELECTRICAL FEEDBACK-CONTROLLED vARTABLE

CCCONDUCTANCE HEAT PIPI F0Q SPACE APPLICATION

ATAA/ASMST 1974 THERMOPHYSICS AND HEATYT TRANSFZIR CIONFERENCE,
BISTON., MASS., JULY 15=17, 1974+ AIAA PAPER 74-752,
AVAIL-TAC

pIe wE i 2
TELDART S=175, MAQCH 1974. AVAIL-TAC

3

GRAOLL M .

HEAT PIPI QRESEAOCH AND NDEVELAPMENT aT THE NUCLEAR
ENIRGY INSTITUTE UNIVERSITY OF STUTTGART

KLIM KAELTZE ING. VOL.2, NOe 7, JULY 1974, P, 281-234,
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10 REFS. IN SERMAN. AVAIL-TAC

GUPTA B K LEVY = K ’
LAMINAF FLOW IN ANNUL! AND FLAT PLATE CHANNELS WITH

MASS TRANSFEP AT ONE walLL

ATAA/ASME 1974 THERMGPHYSICS AND HEAT TRANSFSR CONFERENCE,
BISTON, MASSe.s JULY 15-17, 1974, AIAA PAPER 74-721.

AVAIL -TAC

HAGE +

FEASIRILITY STUDY AND OEVELOPMENT OF A CONSTANT
TEMPERATURE HEAT PIPE SYSTEM PHASE 2 EXPERIMENTAL DISIGN
FINAL REPCRT .

CINTRACT ESTEC=-1703/72-SK., ESRO-CR(P)=430, CCTOBER 1973,
123 PAGES. AVAIL-TAC :

HARWELL w
SHERMAN A
CRYSGENIC HEAT PIPE EXPERIMENT FLIGHT PERFIRMANCZ ONBDARD
AN AEROBEE SOUNDING R20UCKET

ATAA/ASME 1974¢ THERMOPHYSICS AND HEAT TRANSFER CONFERENCE,
30STUNs MASS, s JULY 15-17, 1974, ATAA PAPIR 74-=725,
AVAIL-TAC ’

QUADRINI J

HERING R G

THERMGCPHYSICS AND SPACECRAFT THERMAL CONTROL

MIT PRESS (PROGRESS IN ASTRINAUTICS AND AIRONAUTICS,
VOL s 335), 19744 560 PAGES.

HJILDEFRNESS J H

OPE2ATION OF A HEAT PIDPS BEYOND THE CAPILLAPY (IMIT
DISSTESTATION, 14973, M{CPOFiLM ORDER NG. 74=-3643,
2235 PAGES. AVAIL~-TAC '
HOPPE J KJ3ZH H

LORSCRISNTIR U

EVELCOPMENT DF HEAT PIoF RADIATOR ELEMENTS

DAPcR PRESSINTED AT THE 1ST INTZIPNATIONAL HEAT PIDE
CONFERENCZ, STUTTGART, WwSST GERMANY, CCTO2ER 15-17, 1573,
SESSION 10, AVAIL-TAC

AUMPHRETS w |

INVESTIGATION OF GRAVITATIUMAL ZFFC
OF A VARTABLE CONDUCTANCE HEAT PIPE
MASTER THESIS, DECEM3ER 1G73. 68 PA

CT35 ON THZ PERFORMANCE

GESe. AVAIL=-TAC

o

74113

74142

r4cC85

74087

74C57

74714

74Cta

(¢4

Wi

W)

3



0nC3ss

00055

30056

00057

000518

(&
=
O
Ut
O

co0sC

coCal

HEAT PIPE TECHNOLOGY 1974 ANNUAL

JACOBEON D L

AN INTERCELL HEAT OIDE FOR FUFL CELL AND BATTERY COOLING
FINAL REPNDRY, JUNE 72-JULY 73, CONTRACT F30502-=72-C=-0418,

AFAPL~-TR=74~-5, DEC 1973, 44 PAGESe. AVAIL-TAC

JONES T B PERRY M P
ELSCTROHYDRODYNAMIC HEAT PIPE EXPERIMENTS

JOURNAL OF APPLIED PHYSICS, VOLe 45, MAY 1374, P, 2129-2132.

AVAIL-TAC

KASTKC Z N

AN INVESTIGATION OF HEAT PIPE WICK CHARACTERISTICS

HEAT.TRANSFEQ_SOVIET RESEARCHs VOLe. 64 NOo. 3o
Pe 122-138., AVAIL~-TAC

KELLER R F

HEAT PIPE ’

UeSe PATENT APPLICATION NOo 1043920, 3 JANUARY
GERMAN PATENT 2149883, 23 AUGUST 1973,

12 PAGESs AVAIL-TAC

KEMME J € DEVERALL J E
KEDDY £ § PHILLIPS J4 R
RANKEN W A

MAY=JUNE 1974,

1371,

PERFORMANCE TESTS OF GRAVITY=ASSIST HEAT 2IPES WITH

 SCREEN=-WICK STRUCTURES

ATAA/ASME 1974 THERMOPHYSICS AND HEAT TRANSFE R CONFERENCE,
BOSTON, MASS.,, JULY 1S5=17, 1974¢ AIAA PAPER 74-723.

AVAIL=-TAC

KON KEMP ’ .

THE HEAT PIPE A NEwW TUNE ON AN OLD PIP
SLECTRONICS AND POWERs VOLe 13, P, 325-=325,
LUGUET @4 1972. AVAIL-TAC

KIMURA H KURIYAMA Y
THZJRETICAL STUDY OF HEAT PIPE

INI INTEZI=-NAT IONAL SYMPNSIUM ON SPACS TECHNOLOGY AND

SCI1ENCES- 1CTHy, TOKYO, JAPAN, SEPT 3-8, 1373,

SROGCEEDINGS e AGNE PUSLISHINGs INCes 1973,
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1973, P, 83-102. AVAIL-TAC

KOLENDC £ A VERDIEV M G

UTILIZATION OF THERMOSIPHON IN THERMQELECTRIC DOEVICES
APPILLTIED SOLAR ENERGY (USA)s VoLe 9¢ NO. 1=-2, P, 7-9, 1973.
TRANSLATION CF GELIOTEKHNIKA (USSR)s VOL. 9¢ NOs 1y Pe 10-12
AVAIL-TAC

KONEV S V KOSTKO Z N )
DETERMINATION OF PROPERTIES OF PIROUS MATERTALS FROM THEIR
ABSORPTION PUMPING KINETICS

HEAT TRANSFER, SOVIET RESEARCH, VOL. 64 NOe 2, 1974, P, 95-1
AVAIL=TAC

KOSSON R L QUADRINI J A

KIRKPATRICK J K _
DEVELCPMENT QF A BLJ3CKING CrRIFICE THERMAL DI!ODE HEAT PIPE
ATAA/ASME 1974 THERMIPHYSICS AND HEAT TRANSFIQ CONFERENCE,
BOSTONMASS e, JULY 15-17,1974s AIAA 2APER 74-754

AVAIL=-TAC

KOTANI K TANIHIRO Y.

SUMIDA 1 .

HOT SPOT CF A SODIUM HEAT pIPE LINED WITH MULTI-LAYERED
WIRE NETTING UPON APPROACH TO PRESSURE DRIAP L IMITS
JOURNAL OF NUCLEAR SCIENCE TECHNOLOGY, VCL, 114 NO, 2,
1674, P, 72=74.+ IN ENGLISHe. AVAIL-TAC

KUo s cC

HEAT PUMPING BY THERMOELECTRIC COOLERS THRUOUGH A
LOW-TEMPERATURE HEAT pIPE

INI PRCGRZESS IN REFRIGTRATION SCTEMCEZ AND TECHMOLUDGY,
VvOLe 1, WESTPORT, CONNECTICUT, AVI PUBLISHING CQO.s» INCe,
1973, Pe 203-209; DISCUSSION. 2. 209, 7 REFSes AVAIL~-TAC

LANTZ £ BRE[TWIESER R
NIEDERAUER G F .

DEVELOPMENT CONCEPT FOR A SMALL SPLIT~CORE HEAT
P12 COOLED NUCLEAR REACTOR '
NASA=TM=X=2996,E~7542. APRIL 1574, 35 PAGES+=EFS.
avAIL =TAC

LARKIN B S

AN EXFERIMENTAL STUDY OF THE TWO-PHASE THERMOSIPHON TURE
PAPER 70-CSME-6, TRANSACTIONS OF THE ENGINEERING INSTITUTE
OF CANADA, VOL.+ 14, NOe B=6y AUGUST/SEPTZIMBER 1971.
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8 PAGES.s AVAIL-TAC

LARKIN B § JOHNSTON G H

AN EXPERIMENTAL FIELD STUDY OF THE USE OF TwJ-PHASE
THERMCSIPHONS FOR THE PRESERVATION 0OF PERMAFRQST
PAPER PRESENTED AT 1973 ANNUAL CONGRESS OF THE
ENGINFERING INSTITUTE CF CANACA, MONTREAL

2 OCTCBER 1973. 19 PAGES. AVAIL-TAC

LOVSCHIEDTER J ~HEJDTMANN U

DEVELCOPMENT OF VARIOUS HEAT PIPES FIR UWSZ IN SATZLLITES
OSTERREICHISCHE GESELLSCHAFT FUR WELTRAUMFORSCHUNG UND
FLUGKORPERTECANTIK AND DEUTSCHE GESELLSCHAFTY FUPR LUFT UND
RAUMF AHRT, GEMEINSAME JAHRESTAGUNG, 6TH, I[NNSBRUCK,
AUSTRIAs SEPTEMBER 24%=238, 1973, OGLR PAPER 73-12C,

40 PAGES, 5 FEFSe IN GEIMAN, AVAIL-TAC

LUIKCOV A V C VASILIEV L L

RASIN C G '

PECULIARITIES OF EVAPORATIVE COOLING IN RAREFLED GAS
INTZRNATIONAL JOURNAL CF HEAT AND MASS TRANSFZR,
VOL. 16, JANUARY 1973, P, 3=12. AVAIL=TAC

LUIKOV A V

FLUID DYNAMICS AND HEAT TRANSFER OF CAPILLARY-POROUS

MEDIA USED IN HEAT PIPES

PAPER PRESENTED AT THE 1ST INTERNATIONAL HEAT pPIPc
CONFERENCE, STUTTYGART. WEST GERMANY, OCT 15-17, 1973, SES 5.

MARCUS H® D EDWARDS D K

ANDZRSCN W T

VAR TABLE CNNDUCTANCE HEAT PIPE TECHNILIGY
CONTRACT NAS2-5503. NASA~CR=~114686, INR=—4 .
DECIMBER 1973, 140 PAGES, REFS. AVAIL-TAC

HARTO P Y :
AN ANALYTICAL AND EXPERIMENTAL INVESTIGATION NOF RUTATING
NONCAFILLARY HZTAT PIPES ’
NASA=CF=130373, 'NPS~59MX72111A. SEPTEMBER 1973, 39 PAGES.
IEFS. AvVaAlL=-TAC

MADTO P

LAMINAR FILM CONCENSATION ON THE INSIDE OF SLENDZIR
ROTATING TRUNATED CONES ’

ASME  JOURNAL OF HEAT TRANSFER, MAY 1973, P.270=272.
AVATL-TAC
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YATSUSHITA T QsHIMA K

THEORETICAL ANALYSIS 0OF MOLECULAR INTERACTIJIN WITH

SURFACE IN HEAT PIPES

IN: INTERNATIONAL SYMPOSIUM ON SPACE TECHNGLOGY AND

SCIENCE, 10THe TOKYD, JAPAN, _SEPT 3-8,

19732, PROCEEDINGS.,

AGNE PUBLISHING, INCes 1973, Pe S571-578. AVAIL=-TAC

MCKZE m P

THERMAL CONTROL RANGE ASSQCIATED WITH HEAT 2[°Pc
INSTITUTC,
CORVALLIS, OREGONe JUNE 12=14, 1974, PROCEEDINGS,

IN: HEAT TRRANSFER AND FLUID MECHANICS

UNIV,. PRESS, 1974, P. 57-72y 5 REFSs AVAIL-TAC

MERRIGAN M A

INVESTIGATION OF NOVEL HEAT REMOVAL TECHNIQUES FQOR

POwiER TRANSISTORS

FINAL REPORT, 1% NOVEMBSER 71 TDJ 15 SEPTEMAER 73,

REPORT NOe. FR=73-10-84C ECOM=-0021=-F-72,
1973, CONTRACT DAABC7-72-C="021e. 69 PAGES.

MOCK P R

COMMUNICATIONS TECHNOLOGY SATELLITE A VARIASBLE CONDUCTANCE

HEAT PIPE APPLICATION

AlAaa/ ASME 1974 THERMCPHYSICS AND HEAT TRANSFER CONFERENCE,
B3ISTON, MASS. JULY 15-17, 1974, AlAA PAPER 74-~742, AVAIL=-TAC

MQFRIE U F .

SEPTEMDER

FIGURE-DF=-MESTT CALCULATIQN METHIDS FOR DRGANIC

HEAT PIRPE FLUIDS
NASA=TM=X=-2945, E~7632. NQVEMBER 1972,

1L-TaC

NEF e AVAIL

NMAKASEIMA A M
A =OMOCENETUS HEAT D IPE NDESIGN TIODE

KIKIN G M

13 PAG=ES,

CONTRACT NAS7=-190Ce NASA-CR=-13€6321, JPL=-TM=-33-6€62,
15 JANUARY 1974, 34 PAGES, RIFS. AVAIL-TAC

NELSON LA

DEVELCFEMINT CF HEAT ©I0E CQOJLED ANUDE FOR X

Ll L AMR
TINAL TEOHENICAL CE

-
COINTRACT DAAK 02-73
MARCH 1974, 57 PAGE

C-9113. REPORT NJ.
S. AVAIL-TAC

m

HON

O0&Ty JAN 19727-JAN 1974,

FR=-78-10-223,

CYCL ING
24TH,
STANDFCRO

AVAIL=-TAC
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BIpPE RADIATOR
APPLIEC 0OPTICS,y VOL. 13, SEPT 1974, 2, 2105-2111,
16 REFS. AVAIL=-TAC

NELSON B £ . DPETRIE W 74128
EVALUATION OF A LARGE SIZE MODULAR HEAT PIPE RADIATNR

FNOR CRYOGENIC THERMAL CONTROL

SAE, AIAAs, ASME, ASMA, AND AICHE, INTERSOCIETY CONFERENCE

ON ENVIRONMENTAL SYSTEMS, SEATTLS, WASHINGTON,

JULY 29=AUG 1, 1S74, ASME PAPER 74-ENAS-20,

B PAGES, 9 REFS. AVAIL=-TAC

NIGMATULIN B I 740256
STUDY OF THE FLOW CHARACTERISTICS OF TwO=-PHASE DISPEPRSED

ANNUL AR FLOWS IN HEATED PIPES

PMTF-ZHURNALHPRIKLADNO! MEKHANIKT I TEKHNICHESKO!

FIZIK!l, JULY-AUGUST 1973, P. 78-88, 15 REFS,

IN RUSSIANS AVAIL-TAC

NORLE J E ‘ RIGGLE P : 74046

EMIGH S G MARTINMI W R

REGENERATIVE HEAT ENGINE

INVENTION OF DEPARTMENT DOF HEALTH, EDUCATION, AND

WELFARE, SERTAL NO.32807S. FILED JANUARY 30, 1673, AVAIL-TAC

OLLEMNDQORF S 74C 3C
STRUC TURAL HEAT PRIRPZ-RPATENT APPL ICATION

INVENTCR, FILED 14 SEPTEMBER 1973, 14 PAGES.

NASA=CASE~-GSC=11619=1, US=-PATENT=-APPL=-SN=-3374756.

AVAIL=-TAC :

OERTLMAN T L LEVITAN M M i 74022
FUNDANMFNTALS GOF HEAT PIPE THEODRY

INZHENERPNO=FIZICHESKIT ZHURNALs VGOL. 235, NIVEMBERR, 1973,

Pe 316=826s 6 REFS. IN RUSSIAN., AVAIL-TAC

SITTINATO G F 74147
THE ELIMINATION CR CONTROL 9OF MATERIAL PRQOSBLEMS IN

AATIR FZAT PIPES
QUARTIFLY DPRIGRE

33 REPORT NU. 1. i JAN=31 MaR 74,
MDC-GS&451, NSF=RA/

N=764-237, apRIL 74, 25 2AGZS. AVAIL=TAC

LOLASEK F R 74058
COMTRIBUTITON TO THE CETSQMINATICON OF THE LIQulp

METAL S HEAT PIPE HEAT PERFQORMANCE LIMITS

DAPTR PRESENTED AT T-HE 1ST INTERNATIONAL HEAT PIPE
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CONFERENCSE, STUTTGART, WEST GE®PMANY, OCTOBEK 15%-17., 13573,
SESSICN 2. AVAIL-TAC

POSKONIN YA MOSIN 1 1 74104 =z
SHCHUK IN v K VALEEV R S

SELECTION GF OPTIMUM PARAMETERS OF HEAT PIPE wITH WICK IN

THE FCRM OF A PERFORATEZED SCREEN WITH ANNULAR GAP .

SOVIET AFRCNAUTICS. VOL. 16, NO. 3, 1973, P, -79-83,

I REFS, AVAIL=-TAC

POSKANIN IN A MOSIN T 1 74166 o
SHCHUKIN V K VALFEV R S

CHOICE OF OPTIMAL PARAMETERS FOR A HEAT PIPE HAVING

A WICK IN THE FOKM DS A DERFORATED SIRESN WITH AN

ANNUL AR GAP : :

AVIATSIGNNAIA TEKHNIKA, VCGLs 164 NDOe 3s 1973, F. 97-101,

IN RUSSTAN,

PRAVDA M F MARJON P L _ . } 74047
SNOW# AND ICE REMOVAL FROM PAVEMENTS USING STORED

EARTH ENFRGY

QEFIRT UNDFR THE CONTRACT TO THE U«S. DEPARTMENT

CF 'TPANSPORTATION, 1973. AVAIL=-TAC

QUACK GRASSMANN P 74C79 11
HELIUM THESMOSIPHON AS THERMAL VALVE FOR A

MAGNETIC RETRIGERATOR

PROGRESS REFRIGERATION SCIFNCE TECHNOLOGY, 2OCEZCINGS

INTERNATIONAL CONGRESS REFRIGERATION, 13TH, 1971,

VOL. 1, P, 525-528, PUBLISHED 1973. AVAIL-TAC

RASPET D - . 74010
THEQMCPHY 3L CAL AND JPTICAL EVALUATINN OF HEAT PI10g ’
CCOULED LASER MIRRORS

M.S, THESIS, JyUNE 1973, 174 PAGES, REFS. AVAIL=TAC

REID F L TENNANT J S 742809
CHILDS K w

T«E MACODELING OF A THEQMAOSYFPHON TYPE PESMAFR0OST PRUTICTION

DEVICE

ATAA/ASME 197a THERMCOPHYSICS AND HEAT TRANSFER COHFERSNCE,

A0STIN, MASSe, JULY 1S-17., 197¢. AlAA PAPER 74-739,

AVAIL-TAC

HEISS F E o 74078 &
HEAT PIPE WITH AN ELSCTROSTATIC PyMpP
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THIZSIS SUBMITTED TO KARULSRUHE UNIVERSITY,
AUGUST 1973y 139 PAGES. IN GERMAN. AVAIL=-TAC

FEISS F E

APPL ICATION OF THE HEAT PIPE PRINCIPLE TO AVIID THE
ERRPCR DUE TO THE EMERGENT STEM IN LIQUID-IN=GL ASS
THERMCMETERS .

DECEMBER 1973, 30 PAGES, IN GERMAN. AVAIL-TAC

ROGERSE B8 T

HEAT PIPSES INGENUITY AND PASSIVE pECOVERY
BUILDING SYSTEMS DESIGN, VOLe 70, APRIL 1973,
Pe 23-3C« AVAIL=-TAC

ROSENEAUM H M GOQDACRE J B

APPLICATION OF HEAT PIPES AND THEIR THERMAL TRANSPORT
CAPABILITY

MAFCCNI REVIEWs vOL .36, 2ND QUARTER, 1973, 92,93-121
11 REFSe AVAIL=TAC

SAASKI E W

HEAT PIPE THERMAL CONDITIJINING PANEL DETAILED TECHNICAL
REPNRT 28 JUNF 1972 TO 12 AUGUST 1973

CONTRACT NAS8-29639. NASA=CR=-124451y MDC-G4421.
SEPTEMRER 1973, S50 PAGES, REFSe. AVAIL=-TAC

SAASKI £ w
HEAT PIPE THERMAL CONDITICNING PANEL EXECUTIVE SUMMARY
REPORT 28 JUNE 1972 TO 12 AUGUST 1973

CONTRACT NASB-28639, NASA-CR=-124453, MDC~-G3422.,
SEPTEMRER 1973. 26 PAGES, REFS. AVAIL-TAC

SAASK] © w

INVESTIGATION OF ARTERTAL GAS OCCULUSICNS FINAL
SEPORT 22 MAY 1372 TO JANUARY 1G74a

CONTRACT NAS2-7596, NASA=-CR=-114731, MDC-G4a437.
MAICH 1974, 89 PAGES, REFSe AVAIL-TAC

ON ENV IRONMENTAL SYSTEMS, SSATTLE . WASHINGTON, JULY 29-
AUG 1y 1374, ASME PAPEN T74-ENAS+37, 9 PAGES. AVAIL-TAC
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C0105 SASIN Vv JA SHELGINSKII A JA 74C24 %2
HEAT TRANSFER INTENSITY IN THE CONDSENSATION SECTION OF
A HEAT PIPE
INZHENERNQ=-FIZICHESKII ZHUPNALo VOL. 25, SEPTEMBZIR 1973,
Pe 43€-439., IN RUSSIAN. AVAIL-TAC

Q01C6 SCHLITT K R KIRKPATRICK J P 74115 D
BRENNAN P J
PARKAMETRIC PERFORMANCE OF EXTRUDED AXIAL GRODVED
HEAT FIPES FROM 80 TO 352 DEGREE KELVIN
ATAA/ASME 1974 THERMOPHYSICS AND HEAT TRANSFER CONFERENCE,
POSTON, MASS.sy JULY 15-17, 1974+ ATAA PAPER 74-723%.
AVAIL=-TAC

n)

001207 SCHUBERT KX P - 74081 1
APPLICATION OF HEAT PIPES TO THE GLASS INDUSTRY
CHEMISCHE TZCHNIK, V3Le 3(1)s P, S~-8y 1974, IN GERMAN.
AVAIL=-TAC

00108 SCOTT C ’ 74050 1o
NEW STIRLING=-POWERED ZERO=- POLLUTION CAR RUNS
ON STCRED HEAT
POPULAR SCIENCE, JUNE 1974+ P. 66-68, 143, AVAIL-TAC

00109 SHERMAN A BRENNAN P 740379 2
CRYOGENIC AND LLOW TEMPZRATURE HEAT PIPE COGCLER STUDIES
FOR SPACECRAFT APPLICATION .
ATAAZ/ASME 1976 THERMOPHYSICS AND HEAT TRANSFER CONFERENCE,
ROISTON, MASS., JULY 1S5-17, 197a. ALAA PAPFR NO. 74-753,
AVAIL-TAC

NO110 SMIRNAOV G F MISHCHENKOL L N ' 74067 %
METHOLD FOR STLECTING GECMETRIC PARPAMETERS OF : ’
LDy TEMRERATURE HZAT pPIPES
TEPLOFNERGETIKA, N2 8y AUGUST 1673y, P. 32=-Q24,
IN RUSSIAN., AVAIL-TAC

KAL INGAM < C SCHROCK v £ 7u4C37 A2

S01li S52C
MECHANISMS OF HEAT TRANSFER IN HIZIAT PIPES AND THZGMDSYPHONS
TRANSACTIONS OF AMERICAN NUCLZ AR SOCIETY, vOL« 15,
Se 3=6, JUME 1372, TRCM 17TH ANNUAL MESTING 2F
THE AMER{CAN NUCLEAR SOCIETY., CHICAGO, ILLINOISe. AVAIL-TAC
02112 STADZILMANN M ' 74043 :

T PIPT vACUUM FURNACE

GAS-HEATFN HE &
HE TZCHNISCHE ZEITSCHRIFT, VOL. 71,

ST ac [ ZER T SC
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JANUARY UM, 1974, Ps 40-43, S REFS. IN GERMAN, AVAIL-TAC

SUN T H PRAGER R C

NEVELCEMENT OF A SWITCHABLE CRYOGENIC HEAT PIDE FOR
INFRARED DETECTGR COOLING

AIAA/ ASME 1974 THERMOPHYSICS AND HEAT TRANSFER CONFERENCE,
BOSTON, MASS,., JULY 15=17 1974, AIAA PAPER 76=7S51.
AVAIL=TAC .

SYMONS E P

WICKING OF LIQUIDS IN SCREENS

NASA=TN=D=7657s E~7781. MAY 1974, 33 PAGES, REFS,
AVAIL=-TAC

TANAYZEVA S A
INVESTIGATION OF THE EFFECTIVE THERMAL CONDUCTIVITY OF
PORQUSE MATERTALS o

HME AT TRAMNSFER, SOVIET RESEARCH, VOLee 64 NOs 2,2 1974,
Pell12-118, AVAIL~-TAC

TIEN C L

NHEAT PIPES

EDITOR, Al AA SELECTED RZPRINT SERIES, VOL. 15, 1973, 123
PAGES. AVAIL=-TAC®

TIEN C L ROHANIT A R

ANAL_ YS1S OF THE EFFECTS nF VAPOR PRZSSURE DRJIP ON

HEAT FIPE OPERFORMANCE

INTERNATIONAL JOURNAL OF HEAT AND MASS TQANSEEQ. VOLe 17
NO, 1+ P, 61=67+ JANUARY 1974+ AVAIL=-TAC

TING C AEERE G

HEAT PIPE RADIATCR FOK HMIGH POWERED TRANSPONDERS
PAPER PRISENTZD AT THE 1ST INT HEAT 2P CONFERENCE,
STUTTGART, wWEST GERMANY. OCT 1S-17, 1973, SESSION 1C.

TOLUBINSKIY Vv I SHEVCHUK E N
S3TAMBKOVSKIY Vv D ISTOMIN E I
3EZUusCv M E SOLOVEV L Vv

TYPIO IMENTAL STUDY OF HEAT PIPE CHARACTERISTICS
~ZAT TRANSFEI-SOVIET RESZARIH, VUOLe 39 N3Oe 3¢ MAY-JUNE [G73,
Pe 1=-S, 3 RFEFS,. AVAIL-TAC

TILUSINSKIT v I SHEVCHUK E N
CHISTCPIANDVA N vV ‘
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DETERNMINATINAN OF FLIW PARANMETERS IN THFE EVAPIRATIR SECTICM
NF A FEAT 21IPS DURING NONUNIFORM HTATING
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00005

C0C0d

jecoz

2C103

0ccca

HZAT RPIPZ KELATELC PATENT

KESSLES S W JR KELLER P F

ELECTRICALLY INSULATING SEAL BETWEEZN A METAL
AND A SEMICONDUCTSR DEVICE

UeSs FATENT 3769688

NOVEMEER 6, 1973

BUSSE C
TEMPERATURC
UeSe FPATENT
JANUARY 1,

SCHLITT K
STABILI{ZATION SYSTcM
3722449

1974

BLOMEERKG P E : .
ABSOFETION REFRIGEPATION
UeSe FATENT 3786653
JANUARY 22, 197z |

-y |

SYSTFM OF THE INERT

EGGERSE # F

HEAT FPIRPES

UeSe FATENT 378E€2¢1
JANUAERY 1974

L
c

BARKMAN H G

HEAT EXCHANGE SYSTEM
UeSe PATENT 3723288
JANUARY 2%, 1374

WATERS = N
FERMAFKOST STSRUCTURAL
UeSs PATENT 2788389
JANUARY 22, 1374

SUPPCRT wlTH HEAT PIPRE

LOW G ™
HEAT T-ANSFER
UeSe FATENT
FEBRUARY 5,

KALKBRIMNER R W
revics
3735927
1¢74

Torzg ¢ MOS[TZ K

CCQLING APPARATUYS FOE FLAT SaMICONDUCTORS
JSING INZ 3% MIORF HEAT O IPES
Ue%s FALTENT 3732313

FERRUARY 12, 1G74
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MARPCH 19, 13574

PAUL R S WEILEF D W

ROTARY HEAT EXCHANGER AND APPARATUS
UseSe PATENT 2757559

MARCH 19, 1674

RAMSEY J W SCHMIDT R N
PETERSEN C B

SOLAR =EAT SOURCE AND RECEIVER SYSTEM
UeSe FATENT 3799144

MARCH 2&, 1974

MAREK A

COOLING SYSTEM FCR POWER SEMICONDUCTOR DEVICES
UseS+ PATENT 3800190 )

MARCH 26, 1974

SPARBER F J C WHITING G H
RADIOISOTOPE FUELZID HEAT TRANSFEP SYSTEM
UeS. FATENT 3801446

APRIL 2, 1574

CORMAN J C SDGAR R_F
MCLAUGHLIN M H TOMPKINS K E

ROTATING SLECTRICAL MACHINE HAVING RITOR AND STATNR
C20LEC BY MEANS OF HEAT PIPSS
UeSe. FATENT 3801843

APRIL 2, 1974

U

n

Ck w 2 ,

METHUL SF MAKING A HEAT plpcg
UeS s FATENT 2323689

ARPRIL 1A, 1574

STENART w G
HEAT EXCHLNGFR USING U-TURBE HEAT PIPES
UeSs FPATINT 2807433

Pl 0, 157a
ALl R L SZucCs L
SZABO 2

HEAT EXCHANGE™ FOR TEANSFERSING HEAT DETWESEN GASEFS
UeSe FATENT 38099154
MAaY 7, 1574
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03C1l&E vIMNZ £
HZAT PIPES . WITH IXTRIMELY SMALL PORES
GERM FATENT 23514682
MAY S, 1G7&

CCN12 ASSFLNMAN G A A OIRNE A P
HEAT TRANSFER DEVICE
UeSe FATENT 38114956
MAY 21, 1574 ' .

cer22 CoPVILLE P LAUREZNCIER A
HEAT TRANSFERRING VDEVICE
UeSe RPATENT 38126083
MAY 2E&,.1974

00021 HAMEFCINGER F W DUNN P D
DYNAMIC BARRISN E2F HEAT pPlPF
UeSe FATINT Z2&12S05
MAY 2E, 167a

0CCe2 MOCRE w D
HEATRCONIC VALVES
UeSe FATENT 2E13630
JUNZ 28, 1975

NC 022 WEINHAKDT © wiT C L nE&
HEAT TRANSPCSTING DEVICEH
JsSe FATENT 3C2CKQ8
JUNE 2Ff, 1Q7a

0CC24 SHOWALTES M = UHINC S
ISOTHESMAL VALVE SZaT FOR INTZRNAL COMRUSTION ENG INE
UsS. FATENT 222z680

JULY S, 13573

0Q72% waTT RS o D
HEAT R IRT A ITH O PLEZATED CEZMNTRAL WICK AND ZXCESS

COT06 AND IRSEN U H WAT =2
SERPAF ABL- HEAT PIPr AS5S
UeSe FATENT 1423763 ‘
JULY 12, 1274
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MCLAUGHLIN M H WALMET G E

CAFMAN J C

DRU3LE-SIDEN HEAT PIPFE COOLFED POWER SEMICONDUCTOR DEVICE
ASSEMBLY USING CIMDRESSINN RODS

JeSe FATENT 3826957

JutLy 2Cs 1974

GAMMEL G PANLOWSKI P H

HEIDTNANN U JONS M ‘
SLECTRICALLY INSULATZD DOUBLE TUBE HEAT PIPE ARRANGEMENT
YS., FATENT 2477480

AUGUST 6, 1374

WATZRS & D

- PERMAFROST STRUCTURAL SUPRPPQORT WITH INTERNAL HZAT PIPE MEANS

UeSe FATENT 3282dEAS
AUGULST 13, 1974

COQFMAN 4 C WALMET G E
HZAT TRANSFER OEVICE

UsSe FATENT 3823849

AUGUST 13, 1674

BEASLFY J O

CCOLING ACS ANGEMENT FQw A DIRECT CURRENT POWER SUPPLY
UsSe FATENT 28222740

UGUST 13, 1674

POGSCN J T

HZAT RIPE INTERFACES
UeSe FATTEMT 2831664
AUGUST 27,2 1974

JOHANSION A H

ARRANGEMENT IN HEAT TXCHANGZERS
UeSs FATENT 3834171

SIPTENMRED |3, 1374

GabrMeL & HEIDTMANN U
AULLE R

COCLING ARPANGEMENT FOR THYRISTOF DTSCS
UeDe FATENT 3I]3635a ’
SEPTENEER 13, 1372
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HEAT PIPE FclLATED PATHENT 1976 ANMUAL

LAMINATED RE AT PIPR: aND METHOD GF MANUFACTYDS
UeSe FATANT 3836457
SEPTEMBER 10, 1%74

N

00036 BRUNI R £ NAUGLER A w
. COCLING APPARATUS S0OR INFRARED DETECTCRS
UsSe PATENT 3336773
"SEPTEVMEBER 17, 1674

COC27 LEA J F JUR
ARPPARATYS FOF HASLTING ICE
UeSe FATENT 2337311
SEPTEMHER 244 13734

0C03R RUBERTS € C UK
THERMAL TKANSFEZR APPARATUS PROVIDING TRANSFSENR CIONTROL
UeSe PATENT 2337334
SEPTENVEER 24, 1574

00C 33 WATERS v D
DEQﬂAFPCQT STONCTURAL SUPPORXRT WITH HFAT PIPZ STASILIZATION
UeSe FATENT 7540063 .
OCTNRES @, 1974 :

COC4C FISCHEE W GAMMZL G
HEAT PIDE WIThH A SINTZ2TD CAPILLARY STRUCTURE
UeSe PATENT 28Hacllsv
OCT2BER B+ 1574

0CO041 GRAY V 44
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NT FiISF A NDIRECT CURRENT FT
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*RY ' MNIT INDEXED
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CLOS ING OFF & HEAT RIvZ ¢

COMBUSTION SNGINE#
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CONTRIML & THERIMAL T
CROLEL RBY MFANS OF HEAT PIpZse /(7:
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COZ0 POWSR SEMIZONDUCTOR DEVICY
CLSLTD PO aSh- 3EMICOMDUCTOR DEVICT @
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CUCALING 4PPAYATUS ROE INFRAFED 7 T
CaTLING ADDARATYUS FCGF FLAT SE™MTC 3.~
COOLING AYRANGEMENT 732 THYSISTO
COSLING aARRANGEMIENT S50 a DIRECT (3!
CTAM.ING 3YSTEM FOR DPOWFR SEMICINT L™
CUSCEIMNT POwED SUPPL Y

DETECTNRES &

DEVICE AS3EMILY HAVING ENHANCED = va
NEVICE 2530 LY HAVING LTQUID M=Ta:
DEVICE ASSEM3LY HAVING IMTOGRAL S =wm:
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HEAT ©IOI RELATED SATENT

HZ AT TRANSPORTING

1

HEAT TRAMSFERS

HZAT TRANSFERRING
EN A METAL BODY AND & SEMICONDUCTOR
LING SYSTEM FUR POWER SEMICONDUCTOR
CUCLING APRANGEMENT FOF A
CACL ING ARRANGEMENT FOR THYRISTCR
ELECTRICALLY INSULATED
SEMICCNDUCTOF DEVICE ASSEMBLY USTN/
SEMICCANDUCTOR DEVICE ASSEMBLY#
STATOF COCLED By MEANS OF/ ROTATING
ZAT PIPE ARRANGFMENTH
A METAL DJDY ANL A SEMICONDUCTUH /
VALVE SEAT FOR INTERNAL COMBUSTION
SMICONDUCTOR DEVICE ASSEMBLY HAVING
TR DEVICE ASSEMILY HAVING SNHANCED
AVING INTEGRAL SEMICONOUCTOR DEVICE
PIRPE WITH PLEATEU CIMTRAL wICK AND
HEAT
HEAT
HE AT
HEAT
HZ AT
WITH

4 ROTARY

11

ARKANGEMENT IN
HEAT PIPES

AT PIPE STABILIZATIONSH
HEAT PIPES/ CCOLING APPARATUS FOFR
TH PLCATED CEMTFAL wICK AND EXCESS

-

SADINISOTOPRPE
RIFRIGERATION SYSTOM IF THE INFRT
FOR TRANSFIKPING HEAT BCTWEEN
SEMTICONLUCTMR JEVTICE ASSTMBLY
PANSAR SEMICONNUCTO? DEIVICE ASSEMBLY
PCWSF SEMICONDUCTSS DEVICE ASSEMELY
NS CF/ RITATING ILLCTRICAL MACHTING

|
ANGER
POWER

3>

HEAT EXCHANGER FIK TRANSFEZIC ING
RITARY

3ETWETN GasTsa
cs# :
AFTAMGEMENT IN

LAMINATED

CELFCTRICALLY INSULATED DUUBLE TURS

SZPafRABL=

IEMALY JUSiM/ UGURLE=-SICEN
A83EMBLY ¥ CRUBLE-SIDED
ASSEMBLY HAVING INTEGPAL S/

DEVICT ASSEMULY HAVING /. NONWTCKED
37 STKUCTURAL SUPRORT wiTH INTERNMAL
STTIMARASST .'°UFTU°AL SUPPORT wlTH

SUPOLRT WITH
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fCVICEw

DEVICE #

DEVICE# »

NDEVICE# /CALLY INSULATING SEAL BETWE
DEVICES# cco
DIRECT CURRENT POWER SUPPLY#

DISCSH ‘

DOURLE TUBE HEAT PIPE ARRANGEMENT #
DOUBLE=SINED HEAT PIRF CDOLEC POWER
DOUBLE=SIDED HEAT PIRE (CSOLED PCWEK
DYNAMIC BARRIER FOR KEAT PIPS4
SLECTRICAL MACHINE HAVING ROTCR AND
ELECTRICALLY INSULATED DCUBLE Tulg w
FLECTRICALLY INSULATING SEAL BETWEFR™
SNGINE # . ISOTHERMAL
ENHANCED EVAPNRATED SURFACE HEAT P10
EVAPOFATED SURFACE HEAT PIPES# /NCUC
EVAPORATING SURFACE UNIT# /SSEMBLY
EXCESS FLUID RESFERVOIR¥ HEAT
EXCHANGE SYSTEM#

EXCHANGER AND APPARATUSH

SXCHANGER FOR TRANSFERRING HEAT 3FTw
EXCHANGER USING U=TUBE HEAT PIPES #
EXCHANGENRS #

EXTEEMELY SMALL PORES#

FERMAFROST STRUCTURAL SUPPORT WITH =
FLAT SEMICONDUCTORS USING ONE OR MOR
FLUID RESERVIIRH HEAT PIEc

FOR ¢ NOT IMDEXED

FUELED HEAT TRANSFEP SYSTEMH

GAS TYRPF 4 ABSORPTI 2
GASES#H HEAT = XCw=
HAVING ENHANCED EVAPCRATEC SURFACE *i
HAVING INTEGRAL SEMTIC.ONDUCTIR DFVICSE
HAVING LIQUIN METAL IMTIZIRFACTZ # /2t =0
HAVING 2CTid% AND STATCH CODRLZD BY M=
HEAT RAITWEENM GASESH

HEAT EXCHANGE SYSTEM#

HEAT SXCHANGER AND AppaARATUSH

HIZAT EXCHANGER 0% TCANSEFESFRING HEAT
HEAT ZXCHANGIR USING U-TURE HEAT P12
HEAT S XCHANMGIRSH

HEAT PIPE AND METHON OUF MANUFACTURZ ¢
HEAT PIPE ARR ANGEMENT#

HEAT PIPE ARTERIAL PRIMING DEVICE »
HEAT DIPEF ASSEMBLY Y

HEAT FIFD CTOLDD 2P0W0T S2MICONDUCTCRS
HEAT 2[PT COULFD PACewrx 3CMICONDUCTOLH
HEAT PIPE CODLEDN POWFP SEMICONDUCTCE
HEAT PIRPS COJOLFD RPOWER SEMICONDUCTOS
HZAT P IPc INTERFACES ¥

H=AT OIPE MEANSH PERMAFRC
HEAT PIPS STABILIZATION#

HEAT PIPT STABILTIATTUNGS
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HTAT bk LATED PATEMT 19746 ANMUAL
SYIUCT Ute st # HEAT DI wiTH A SINTERED CaPILL 2y
AND EXCISS FLUID W2SEKVOIR# HZAT PI1OZ WwiTH PLEATED CENTRAL wirw
STRUCTUPAL HEAT P IPE 4
CYNAMIO BAKRIER FOK HEAT OIc ¢
METHON OF YAKING A HIAT PIP<¥
MZTHOD OF CLOSING OFF A& HEAT PipZa
S« HEAT PIPSS WITH SXTREMELY SMALL DCF:
HEAT ZXCHANGER USING U-TURF HEAT PIDES#
HEAT CIPSS¥
RITOE AND STATLS COOLeD BY MEANS NOF HEAT DIPSS# /CTRRICAL MACHING HAVIAG
HAVIAG =NHANCED SVAPIIRATED SURFACE HEAT OIPES# /NOUCTCP REVICE ASSSMeL:®
AT SENMICONCUCTTRS USING ONE OR MGHS HEAT PIPES# /OOLING -APOARATUS FOs =t
DEVICE ASSEMALY HMAVING LIQUID MET/ HEAT SINK COILED BOWER SEMICONDUCT o
0L AR MEAT STURCE AND RECCIVER SYSTEM#
HEAT TEANSFFRER DEVICE #»
HEAT TOANSFER DCVICE #
) HEAT TRANSFESR DEVICF#
METINIDS AMD APODARATUS FOR HEAT TRANSFEL IN 9ATATING BODIFSs .
FADINISOTOPT FUSLED HIAT TRANSFER SYSTEMs
HEAT THFAMNSFEFRPEING CEVICE#
. HEAT TRANSPORTINMG CEVICE#
HEATQGNIC VAL VES#
ARCARATUS FUR MELTING ICeEw
TIN ¢ NOT INDF XED
OROTICN REFRIGERATINNG SYSTEM 127 THE TNERT GAS TYREg A
COULING APPARATUS FOS INFRASSD DETECTORSH
NGEMOCNTe FLECTRICALLY INSULATED CoUQLE TURE HEAT RIPD aArs.
AND A SFH4ICINCUCTIR / SELECTRICALLY INSULATING STAL BETWIEN A METAL 20"
EMISINDUCTOR OEVICE ASSEMBLY HAVING INTEGRAL SEAICANDUCTOR DEVICE Tveno
ASSIMBLY FAVING LIQUID MFTAL INTCRFACT# /L S0 DOWES SIMICONDUCTI®

DEVICE
: REAT PIPz
SEAT FLR

T4

ISOATHSEGMAL VaLve
PEIMAFRSST STRUCTURAL SUPPIDRT wl
DMBUSTIION SNGTNE g
HUF ACTUSS 4
S CONDUC T SEMD

PEVICY pg LY HAvVIM~

SI)OBY MeANS DR/ SITATING TLECTEICAL
MITHID oF

LAMIANATTD AT 9IP6E AMND Mo TS0 OF

S omaAy NG STUS AND 5TATSR COGLED RY
PAL 3ULPPOIT wiTY INTISNAL HIAT pPIPC
ADDARATUS FOR

‘T””AL*Y EN3UL AT IfAL PETwIUN A

UCT.s iCe u:&cMRLY HAVING LIOULD
LAMINATEY wo a7 2107 aApD

FEs IN mITATING SONITSe
(1] FLAT STMITINDUCTINS USIAG TME OF
ICTNDUCTNE DaVIFE AZSTMILY HaVING /
L]
AT H:ID 2r JLISING
AT SO E T S el MGUCTE S USING

INT=RFACZ S
ITNTZRMAL COM3USTICON ENGINER
INTERFNAL HEAT BIPE MEANGSH

I30THESMAL VALVE SEAT FNR INTER

NAL

LAMINATED HEAT PIPE AND METHCD °F
LIQUID MFTAL [NTESSACTS /LED POINE <
MACHINS HAVING POTUR AND STATOD -
MAKING A HEAT P IPE #

MANUFACTURE #

MEANS TF -IZAT DIDE3IE /CTRICAL Mal o
MEANS 2 PERMAFROST TIUCT
MELTING [CE4

METLL H32Y AND A SEMTICINDUCTRR D= v
AZTAL (NTZRFAC=H /LT0 OPCwzhi Scal¢.o»
AR TAHOD TF CLISING (ST A <2ZA7 pTor g

METHMDD DF MAKING A KFZAT PIPCE#
METHIN 29 MANURACTURT #
METHEONS AND APPARATUS FIOF SMEAT Twxan:

MIRE HEZAT PIPESH /3CLING APPARATHC
NONwICKED FIZIAT o18= COCLED Powss -
DF ¢ NQT INDLXFD
NFE A HEAT OIvgy
DN N2 M30T HAZAT PIPESy /OLULING aoc

TG s NTT O TNRDTXIDD
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HTAT 111927 <2bLATHD PATLMT

TAT pTREZ STABTLI ZATITNS

NTERQINAL HEAT B[P eANSS®
LAY INATED HEAT

TRICALLY INSULATED DIUBLE TuBT HCAT
HEAT

SEPARABLE HEAT

CE ASSEMBILY USIN/ DIUBLE-SIDED HEAT
CE ASSEMBLY# DOUBLE-SIDED HEAT
CE ASSEMALY HAVING INTZGRAL S/ HFAT
CE ASSEMELY FAVING / NONWICKED HEAT
HE AT

PUC TURAL SUPPRORT wiITH ITNTERNAL HTAT
AFRNST STRUCTUCAL SUPPURT WITH ~HFAT
AFRDST STRUCTUKRAL SUPPISTY WITH HIZAT
TURZ # . HC AT
XCESS FLUID RTSERVODIAR# HCAT
STXUCTURAL HEAT

MEITHQD 2F CLOSING DFF A HEAT
DYMNAMIC BARKI[<R FDR HOCAT

MIZITHCD OF MAKING A HCAT

== aT

HEAT EXCHANMGI R USING U~TURE HEAT

HE AT

AND STATAR CCIOLED HY MTANS OF HEAT
NG FNFANCID EVAPOPATED SURFACE HEAT
MICIONCLCTCRS USING NNE OR MARE HEAT
D RESE=SVOIRY HEAT PIPE WwITH

HEAT DID;S WITH CXTREMELY SMALL

USIN/ CZus =35IDEN AT PIPS CGOLED
HAVINCGC / NFNNI CKE HEAT PIPRE CORLED
HAVING LIAUIN MIT/ SZAT SINK COOLED
MIUBLE-SIDED ™EAT PIPE CONLED
HAVING INTZGHAL S/ HIAT PIPZ COOLED
COLILING SYSTEM FOR

NG AFPTANGEMENT FOR a DITECT CURSENT

HeEaT 1P ARTHES [ AL

THERPMAL TEANSTTR ALPARATUS

STEM#
SLLAR mEAaT SCuRRCceE ANT
S TYLT 4 AiRSCAPTICH
SATFD CENTEAL NHTOK Al SXCESS FLUIDD
X DEVICE ASS3SIMIILY JUSING COMPRESSTUN
AND APPARKATUS rFitR HEZAT TPAN’F{F InN

DTN apD STATOAS LT 20 AY MEZANMS OF/
BOTATING SLECTRICAL MACHING HMAVING
CINDUCTIF 7/ =LIIT~IvALLY IN3ULATING

{SOTAZFEMAL VvaLVvE

[NG StiL RETWFZIN A METAL B83CDY AND A

CTILING SYSTILM FRE POWER

INTECGRAL 3/ HFAT WIPE CAOLEN POWEFR
COUALE=-SIDZN HEAT PIFE COILED PLWER
TOR DEVICT ALCIMALY HavinG (NTSEGRAL
LIGuIn METY T CInE TISLEC PLuwgR
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DIPMAFRQAST STHUCTURAL SUPRPCRT «wI1TH =

P EZEMAFRDS T TRUCTURAL SUPPORT wITH I

O IPE AND METHOD OF MANUFACTURE ¥

P IPE AQCANGFM;NT# SELEC
PIPE ARTZRIAL PRIMING NDEVICE#

PIPE ASouMeLYM

PIPT COOLED POWFR SEMICONDUCTOR LRV
PIPE COOLED POWER SEMICONDUCTOR TEVE
PIPE CIAQLED POWFER SEMICIONDUCTOR DEVI
BIPE CONLED POWER SEMICONDUCTOR DEV]
PIPE INTERFACZS ¥

PIPC MEANSH# . PFRMAFROST &7
PIPE STABILIZATION# PER M
DIPE STABILIZATIONY FERM
PIPE WITH A SINTERED CAPILLARY STRUC
PIPE WITH PLIATED CENTRAL WICK AND F
PIPE ¥

S IP#

PIPZH .

PIPE#

PIPES WITH EXTREMSLY SMALL PORESH
PIPESH

PIPESH

RPIPESY /OTRICAL MACHINME HAVING FR3ITLF
RDIPESY¥ /NDUCTAOR DEVICEZ ASSEMBLY HAWVT
PIPESHE /DOLING aAPPARATUS FOR FLAT SF

PLEATED CENTRAL WICK AND EXCESS FLUI
PCRES#

POWFR SEMICCNDUCTNR DEVICE AS
POWER SEMICONDUCTOR DEVILCE ASS 2
POWER SEMICONOUCTOR NSV ICE 4S5IMAL
POWER SEMICONDUCTOR CZVICY ASSAFMABLY =
POWER SEMICONDUCTOR DEVICE ASSEM3LY
DOWER SEMICINNUCTOR DEVICESH
POWER SUPLLY# caoL !
F)‘«’IM;N(; ODEvId=»

DROVINING TEANSFIE CONTROL A
RADIVISOTOPE FUELED HEAT TRANSFZZ =v

RMECCZIVER SYSTOMe .
10V sYsSTEm U

LEFSISERAT JE T eE [ NEST C
RESERVATR ¥ HEAT DPiPE WITH o
RUINSH /IPS COOLED PAOWE:S 3EMICINOUCTS
OTARY HEAT ZXCHANGER AND 2PPRPADATUS &
ROTATING BCLIES=# MEZTHCOD &
FOTATING ' FOTRICAL ~ACRITNE SAVING 7
WOTOR AND STATOR CGGCLZD BY MEANMNS CF
SEAL BETWESN & M=Tal F{(7y anNG A S5

INTERNAL CCMBUSTIGN ENGINE S
SEMICINDUCTIR
SEMICCNDUCTAR
SEMICONDUC TR
SEMICONDUCTIR
SEMICONOUC TOR

CMICTHNDLCOTE=S

DEVICE# /CALLY
DEVICES
DEVICE ASSEMELY HAV ING
VEVICE ASSTMBLY#
DEVICE =SVARORATING

DEVICT ASSTMARLY Hav T

INSULAT

suw
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HEAT DI GELATEN PATEMNT 1574 ANMUAL

POUILE=5100 HIAT PIDE CUOLED PUWES SEMICOHNDUCTOFE DIVICE ASSIMALY U3 IA
/ ANORNWICK ®N HELAT PINL COOLED POWES SIMICONNDUCTIR DEVICE ASSIMALY HAVIL
T RPIPES/ CIONLITNG APPARATUS FOF FLAT SCMICONMODUCTORS USING ONT R MGRZ Ro &

CSEPARPAJLE RFAT PIPS ASSEMBLY #
DUCTCE NEVICE ASSEMALY USIN/ DIUUCLE~SIDFED HZAT PIPT CCOLED POIWER SFM] Cn
DUCTIFR DEVICE ASSIMALY# DIUBLE~S IDCD HFAT PIPE COOLEC PAWER SIMIC!®
CE ASSEMBLY MAVING LIAQUID MST/ HFAT SINK CIOLED POWER SEMICONGUCTGR Dov !

HEAT PIPT WITH & SINTEED CAPILLARY STPUCTURE#

HEAT PIPES WITH EXTRUMELY SMALL PGRZS#
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