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SUMMARY
A comprehensive bibliography of vortex tube publications -

is given together with a brief survey of the development of the

vortex tube bpetween 1931 and 1953,
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, In section 4 the references are classified by the
letters which are found in the contents column, The capital
letter indicates the general classification of the reference
and the small letters indicate details of the contents,

. Qqntents Letters

11, General Classification

" No capital letter:- Vortex tube work

P " += Non-technical or popular publi-
, . _ cation on the vortex tube ’
Lz :~ Work not directly connected with

the vort ex tube,

1.2. Contents Details

:= Applications
1= Bibliography
Discussion or Description

:= Experimental

0 T P
T

+= Theoretical,

2, INTRODUCTION

The objects of this note are to provide a comprehensive
bibliography of vortex tube publications, to give a brief summary
of their contents and to survey developmeénts between 1931 and 1953,

 Although a large mumber of vortex tube investigations
have been made since Ranque's discovery in 1931, meny of the
publications are not well known or readily available and some

investigations have been duplicated,

: A .SImmmary .of the main publications and the development
of the vortex tube is given in section Bs The_a section is sub-

divided under the headings of the various development s between

1931 and 1953. /The Author ...
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The Author Index of section 4 gives a list of the

‘authors in alphabetical order.

Details of author, subject, source and date of just
over a hundred references are listed in section 5, They are
numbered in chronological order, o '
" The Locations of reported vortex tube investigations

are given in section 6 under the three sub-headings of Universities

and Colleges, industrial firms end Government Establishments, -

The general nature of each publication and the classi-

¥

fication of its contents are indicated by the contents letters,
These are found in section 4 and the key to the notation is given
in section 1, Eighty-six of the references are technical reports
on the vortex tﬁbe, fifteen are non~-technical papers and the

remainder are only indirectly connected with the vortex tube,

3,  DEVELOPMENT AND SUMMARY OF VORTEX TUBE INVESTIGATIONS

3.1e Ranque's Invention (1931)

The vortex tube was first mentioned in a French patent

(ref, 1), applied for by G.J, Ranque on the 21st December 1931 .x
The invention was called "an épparatus for obtaining from a fluid
under pressure two currents of fluids at different temperatures"
and the patent was assigned to the company of "La Giration Des
Fluides", — Ranque was a metallurgist at a steel works in Montlucon,
- Central France and it is thought that he may have observed the
vortex cooling effect in connection with cyclone' separators;

The patent indicates that considerable research must have been
done on the vortex tube and it mentions both .the helical inlet
chember and multi-nozzle inlets, A similar patent (ref. 4) was

)

applied for in the Unifed States on 6th December 1932 and was
' /granted ...

= see C,D, Fulton, refs, 48 and 49),



granted in March, 1934,

In June 1933, Ranque, (ref. 2), read a paper to the
Société Francaise de Physique. Few details were given in this
paper and he offered an explanation of vortex tube cooling
different from that given in his patent.. This- explanation was,

however, of the kind that is usually accepted today.

During the discussion on Rangue's paper, E. Brun,
(ref, 3), a not undistinguished member of the Society and an
aerodynamicist, dismissed Ranque's discovery on the grounds that
he had confused static temperature with total temperature. Oddly
enough, Ranque published no r’epIy to this criticism and it is
possible that he deliberately fostered scepticism in order to
gain time in the development of his invention, These developments
may have brought the disappointing realisation that the vortex
tube was inefficient as a refrigerator for no further reference

was made to it by the inventor.

3,2. Hilsch's Investigations, (1944)

Dr, Hilsch, of the Phys:Lcs Instltu’ce at the University
of Erlangen, Germany, read. Rangue's paper and bega.n investigations
in 191.4 with a view to using the vortex tube to cool underground
mines and shafts.  Although this particular application was not
successful Hilsch was able to use the vortex fube as a substitute
for the ammonia 'pre-cooler in his laboratory's air liquifying

plant,

3,3. The American Rediscovery, (1945)

In June 1945, at the end of German War, C,W. Hansell,
an investigator for the United States and British Technical
Industrial Intelligence Committee, visited Erlangen University

snd rediscovered the vortex tube. . Reports of the investigation

- are given in refs, 15, 16 and 17, About the same time R,M, Milton

of Johns Hopkins University also visited Erlangen and took a
/working model 4.6
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* working model and a thesis by Hilsch back to the United States.
The. thesis. was translated by I, Estermenn of the Physics Depar’c-
ment, Carnegie Institute of Tecl'moiogy and the tranélation was
circulated’ﬂ)rough Wright Field, The original paper was pub-?
lished in Germany in April 1946, (ref, 18), and gave performance
data and optimum dimensions for the vortex tube,

Wideépr_ead American attention was drawn to. the vortex
tube when Milton published a short descriptive article (ref, 19) R
in Refrigerating Engineering, May 1946. = The extreme éin@licity
of tlr"1e device suggested that it might replace many of the more
complicated refrigeration' appliances, This possibility stimu-
lated a large number of investigations to be initiated between
494,6-1948, During these investigations it became clear that
the power required to drive a vortex tube was many times that
required by a conventional refrigerator and that, in' spite of its
simplicity, its general application would not be practicable,
Besides its possible importance as a prac’t:ical device, the vortex

tube presented a new and intriguing phenomenon in fluid dynamics,

3eks O’bjécﬁ of‘ Further Ihvestigétions

After the :mltlal burst of enthusiasm, research workers
have con’cmued to make about a dozen contributions each year, The
objects of the Anvestigations.may be classified under four main

headings: ~

(a) Explanation and theoretical prediction of the vortex
tube performance, =
(b)  Experimental investigation of the internal flow in the

vortex tube as well as the overall performance.

12

(c) Modifications of the vortex tube conf‘:.gura‘tlon to
. dncrease the perf’ormance. ;
(d) - Investigation of practical appl::.catlons of the vortex
tube in which the tube's advantage of simplicity
is not overerﬁled by the disadvantage of its high

power consumption,

/3.5‘ LR R J
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3,5, Experimental Investigations at the Massachusetts
Institute of Technology, (1947)

Following Hilsch's experimental paper, the vortex tube

was discussed in various minor papers, The next contributions

experlmental) which were completed at the Massachusetts Institute
of Technology, during 1947; (refs, 25, 26, 32, 33, 39 and L0)y -

B,H., Mayer and J,W, Hunter, (ref, 25) and R,L. Greene
(ref. 26) gave overall performance data showing’ the effects of

inlet air pressure, cold orifice diameter and- nozzle dlameter.

The first experimental results on the :'m’cernal flow in
a vortex tube were given by G.A. Reed (ref 32), He also |
mcludecl overall perfomances and the effects of éltermg the
tube conf:.gura‘clon. “Reed suggested that the vortex tube m:t_gh’c
be used to cool the cockprbs of hlgh speed Jet propellea alrcraft.

Further perf‘o:mance resul’cs Were . glven by R. Haddox, ;
J.W. Hunter and W,H, Plunkett (ref. 33) and an attempt was made
’co vary the n_nle’c air temperature.

. R J. Corless and R.L Solnlck (ref 39) also gave
overall data and showed sedment flow pictures and the static

pressure distribution over.the cold outlet plate, .

* The last paper to be published by the Massachusetts

Ins’cltu’ce of” Technology in 1947 is by M, Fattah and A,N, Sweeny,

F'(ref‘, L;.O). These expermenters used a convergent-divergent

inlet nozzle and their investigations Aincluded o;rc_arall perform-
ance data, visual flow, pressure and temperature measurements on

the internal surfaces of the tube, . EE .

5.6, Canada, (1947)

AF. Johnson, at ‘the Department of Physics of the
Unlvers1ty of Toron‘co, also . initiated an experimental investi- .

gation of the vortex tube in 1946 and his results were, published

/in September ,,.

»
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in September 1947 (ref. 41). In.general he confirmed Hilsch's
work and gave brief results when 002 and. '.~-H2 were used as the

working fluid in _place of air,

3.7. Theoretical Analysis, (1947-48)

Until the middle of 1947 explanations of theé vortex
tube process had only been suggested in general terms and there
was no :univers‘al agreement or confirmation, - The first important

[

theoretical work was given during November 1947 in "Friction
Laws and Energy Transfer in Circular Flow" by R, Kassner and

E. Knoernschild, (ref. 42), of Wright Patterson Air Force Base,
The analys:Lg assumed that a free vortex was :_nltlally fomed
inside the vortex chamber at the inlet nozzle, and that it was
converted into a f‘orced vor‘cex as the air spiralled along the ‘

tube to the hot outlet By mak:mg various assumptions the

“ veloclty and 'temperature in the resultan‘t vortex was calculated

An estimate was then made of the tube s performance and th:Ls was

compared with Hilsch's results,

In Norway the attention of Dl. ter Haar and H, Wergelénd
was drawn to the vortex tube by Milton's article and they pub-
lished a brief theoretical emalysis, (ref, 4J4) in January 1948,
The explanation was based ‘on the assumption that the process
was simply adiabatic cooling in passing through the pressure
gradient caused by the centrifugal fiéld, = Their simplifications
do not appear to be acceptable. '

© 4 simultaneous theoretical contribution by G. Burkhadt, -~
(ref. L5), of Germany, atfempted to predict the vortex tube
pérformance without a detailed sndlysis of the internal flow,

X

The theory was based on several. plausﬂ)le asstmptlons and on an
empirical observation from Hilsch's work,

. In May 1948, C.D, Fulton campleted two theorstical
theses at the Massachusetts Institute of Technology, One dealt

with the energy migration in the vortex tube whilst the other

/discussed ...
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discussed the overall thermodynamics, Fulton first learned of -

the device in December 1946 whilst at the Mechanical Investiga=-

tion Division of the General Electric Coinpany where he began
experimental investigations which were later taken over and
published by J.E, Corr, (ref 55), Fulton used this experience

as a background to his theoretlcal investigation. .

-In the first paper, (ref )+8) he endeavoured to solve
the equations for a three dimensional compressible vortex which.
was subjected to viscous or turbulent shear, He suggested an
approximate solution and gave an expression for the temperature
drop across the vortex, Although Kassner and Knoernschild did
not consider compressible flow, Fulton generouely concluded his
report by statlng that the method of Kassner and Knoernschlld
involved fewer uncer‘ba:mtles and that it appeared to agree

atlsfactorlly with experment Sa

: Fulton's second paper, (ref. 49), considered the over-
all thermodynamics of the vortex tube end pointed out that, if

the hot -air from the tube was wasted, then the power required to .

drive a vortex tube refrigerator would be of the order of 100

times that of a well designed competing machine of conventional

type.

3,8, ‘Application to the Cooling of Aircraft, (1948)

E.M. Knoernschild and O. Morgensen of the Equipmvent"‘
TLeboratory, Wright Patterson, wrote a peper, (ref. 50), in June
1948 entitled "Application of Hilsch Tube to Aircraft and
MlSSlleS". This was the first report to be concerned solely
with the application of the vortex tube, Tt discussed the

cooling of high speed aircraft or migssiles and compared the

merits of the vortex tube with those of the ‘expansion turbine.

For an expansion turbine with very low "specific speed" it was
shown that the vortex tube might have superior efficiency and

it was therefore concluded that, for small requirements of

/cooling air, ...
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cooling air, the vortex tube would be the most practical means of

cooling,  With higher mass flow requirements the vortex tube .

would have lower efficiency and performence and its only merit . . /

would lie in its simplicity,
Although this paper discussed cool:_ng systems in Whlch
the ram intake was utilised to give a source of high pressure

air, much of the work would be applicable to systems using a high
pressure bleed from & jet engine as suggested by Reed, (ref.. 32).

3.9, Experimental Investigations at General Electric
Company, (1948),

An’ experimental paper, (ref. 55), -bs} J.E. Corr gave a
summary of tests carried out at the ‘G.E.C., ‘Research Division,
Schenectody, New York, between Décember 1946 and July 1947, The
report, published in July 1948, stated that the company did not
contemplate any further work on the project,  The work investi- \
gated the effect on performance of inlet pressure, tube config-
urations -and it was the first to give experimental results on .
the multi-nozzle inlet champer as suggested by Ranque inm his .
patent,y Static pressure measurements were taken at the hot
tube outlet and cold outlet diaphragm and, when used as parameters
for plotting tube performance, revealed several interesting |
features, Corr carried out brief tests on a supersonic inlet
nozzle but the results indicated a. decrease of the temperature
drop, Attemps were also made to mvestlgate the internal flow
using pressure and themocouple probes, Other aspects included
the use of a glass hot tube to observe flow lines on the :mtemal
wall, and a spectrograph analysis of hot and cold air samples
revealed no separation of the component gases, Him:idity
measurements :Lnd:.cated on.ly negl:s.glble increase of water vapour

in the hot air,

The report suggested that a regenerative type of

vortex tube system, in which the cold air was fed back to

/precool ese
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precool the inlet air, might be used where large tempe_rature
drops were required, The advantages of this system were
explained but the sample calculations assumed that the temperature

depression in a vortex tube was independent of the inlet tem~

~ perature. :

Research on the vortex tube was again resumed at G.E,C.e
in 1949, (refs., 63, 69, 71 and 72). | '

3,10, Theoretical Investigations at the Massachusetts
Tnstitute of Technology, (1948-L9).

The vortex tube work at the Massachusetts Institute of
Technology was continued in a theoretical thesis by W.P. Barnes,
(ref. 57), written September 1948, He assumed that the vortex

tube flow was that of a two-dimensional symmetric and compressible

vor‘l:ex with- small radial flow, and cons:x.dered the cases of both

laminar and turbulent shear, Methematical difficulties prevented '

the completion of the laminar flow analysis, and an additional

assumption had to be made for the turbulent flow case.

- In May 1949, J.R. Nickerson, (ref. 60) of Massachusetts
Institute of Technology, attempted to complete Barnes' work by
mak:‘mg several assumptions and by using a slightly different
approach to the equations of two-dizhenéional‘ compressible
turbulent flow, = An approximate solution was obtained for the
tefnp_eratxme distribution in the vortex, which agreed fairly well
with the experimental results of Fattah and Sweeny (ref. L4O).
Nickerson, however, expressed the ‘opinion that, in view of the’

assumptions, the agreement might be "somewhat of a coincidence".,

3.1 Other University Investlgatlons, (1949)

G.W. Scheper completed a thesis, (ref. 59) at Un:..on
College, Schenectody in May 1949. Hn,s experiments covered the
internal flow of the vortex tube and gave the tempera’cure speed '
and flow direction distributions, He also prOposed a heat

/trensfer ...
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transfer theory by which heat transfer occurred radially outward
'f'romf the vortex core due to the low static temperature at the
periphery, = The experimental results were the first to show P
velocity distributions in the voi'tex. The theory was original -
in that it was based on forced convection due to static tempera'-
ture graél:.en‘cs whereas provious investigators used the pI‘:LnClple

of energy transfer due to shear stress.

Other University contributions were made by J.J, Sochor
of Syracuse University, (ref. 61), May 1949 and by B,B. Levitt
of Rensselaer Polytechnic Institute, (ref, 62), in June 1949,

&

2,12, The Vortex Tube Free Air Thermometer, ,(‘1 949)

Work on the vortex tube was revived at the Geheral
Electric Company's Research Leboratory under "Project Cirrus",
In a report, (ref, 63), dated September 1949, B. Vonnegut j
described a novel application in which the vortex tube was used - /

R R - 1
e st e ss®

to eliminate the aerodynamic heating errors of free air tempera— ;

ture thermometers on aircraft,

The vortex tube was placed in the airstream, perpen-

dicular to the direction. of flight, and ram air was fed into the 5

inlet whilst the hot end of the tube was exposed to silcti.on by -

cutting the hot tube diagonally to its axis on the down stream
side, The overall pressure difference between inlet and hot
exit was about twice the dynamic head and its magnitude was
controlled by a valve at the inlet, - A thermometer bulb, to -
measure. true air temperature, was placed inside along the axis
of the vortex tube and the inlet valve was experimentally
adjusted so that the thermometer read the true air temperature
for a given altitude and aircraft speed, It was then found

O AN AT 00w s i S . EhAT A Al 74 T TR T P00 A A

that ‘bh:Ls valve setting was satlsfactory over 2 large range of
speeds and altltudes i, e. the error in true air temperature
measurements was less 'than 0.5 °¢ for speeds up to 260 m,p.h, in
the range of' altltudes 0-25 000 feet,

/The success ..,
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The success of this device suggested that it could be
modified to indicate true air speed, The principle was based
on the determination of the difference between the stagnation -
temperature and the free.air temperature along the axis of the
vortex. The true air speed of the aircraft was then proportlonal

to the square root of this temperature difference,

Additional references to the General Electrlc Company
free air thermometer may be found in ref's. 69, 71 and 72 and
parallel work at the Cornell Aeronautical Laboratory was reported
in April 1950 by S. Chapman (ref‘ 73).

3,43, Refrigerating Engineering (1950)

D.S. Webster carried out a limited investigation of
vortex tubes at the Engineering Research Laboratory of E.I du
Pont de Nemours and Co. Inc, s and preserted a paper to the 45th
Ammual Meet:mg of the American Soclety of Refrigerating Engineers,
‘which was publ:x.shed in Refrlgeratmg Engineering, February 1950
(ref. 70). - His explanatlon of the vortex cool:Lng aroused some
controversy and it appeared that many prev1ous publ:_catlons on

the vortex tube were not generally known.

In Refrlgeratlng Englneermg o:f‘ May 1950 (ref. 74), |
C,D. Fulton re—asserted some of the explanatlons given in the
less Well known theses of My 1948 (refs. 47 and 48)

3,44, American University Research (1950-51)

A thesis by L. Lustick, (ref. 75), June 1950, of
Syracuse Un:l.vers:Lty rev:.ewed prev1ous developments on the vortex
tube and gave the theory for the overall themodynamlcs. It was
pomted out that the eff:.c:Lency of the vortex tube would be
cons:uierably increased if the avallablllty of the energy of hlgh
pressure hot gas could be realised instead of bemg reJGcteéL
through the throttle velve. Unfortmately the ‘added compllcatlon
would undoubtedly cause the vortex tube to lose its most important
sadvantage, i.e. simplicity. /R, MnoGes |
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. : R, MacGee submitted a thesis at Boston University
Graduate School in 1950, (ref, 80), Past work on the vortex
was discussed, and his experimental contribution investigated

the pitch of the vortex along the hot tube by flow visualisation

..on the wall of a glass vortex tube, A comprehensive list of .. -

references was quoted and these were included in a bibliography:
by W. Curley and R, MacGee, (ref. 90) which was publlshed by
Refrlgerating Englneermg in February 1951,

" 3,15, Vortex Investigations and Avxﬁlications, (1950)

In June 1950, H, Dormbrand wrote a very complete report
(ref., 78), of the work done at the Republic Av:Lat:Lon Corporatlon
under a U.S. Government contract, The report included experi-
mental data on the effects of most parameters mcludmg those of
inlet temperature and the pressure ratio across the vortex inlet
and the cold outlet, Internal flow investigations included
pressure,' x}elocity and tempera%ure traverseé as well é.s visual
flow pat’céms on the intemal walls, A theory was é.eveloped
for 'Ehe flow in the laminar two-dimensional compressibie' vorteic.
which was formed between two rotating cylinders, Attempts to '
improve the tube's perfoxmance included the testlng of’ an

internal guide vane,

Also in June 1950, (ref. 77), M.P, Blaber of the
Research Laboratory of Kodak Itd. s Wealdstone briefly descrlbed
the construction of a simple vortex tube which he had made from

perspex,

One of the first attempts to use the iro_rt_ex for a

px}a@tical application in Great Britain was éiven in a report
by the De Havilland Aircraft Co. Ltd., Hetfield, (ref. 84),

Augus‘b 1950, This report J_nvestlgated the appllcablll‘ty of -
the vor'te:x: tube for the cool.mg of a Vamplre cockpl’c when the
alrcrai’t was flying at low altitudes in tropmal c_ondltlons.

Air, under pressure, was to be supplied from the jet engine to

/the vortex ... -

e

a



m,w“-a.x-‘m-.,uu-u»—‘?.

-5~

the vortex tube, The report gave experimental data for tubes

fitted with various inlet nozzles, hot tubes and cold outlets
and. a tube was developed which would satisfy the initial cooling
requirements, = It was considered inadequate however to meet

revised specifications calling for an increased emount of cooling air

3,16, Burcpean Developments, (1951)

After the publication of Hilsch's paper, most of the
vortex tube investigations were carried out in Amef:l.ca, but in

1951 the main contributions came from Europe.

In January 1951, K. ‘Elser and M. Hoch, (vef. 88), «
described experiments in which various gases and gas mixtures
Were used. as the Work:mg fluid in the vortex tube, They

recorded the temperature drop and also analysed samples of gases

‘ Aleavn.ng the hot end cold outlets, Unlike refs, 55 and 91 :Lt

was found that separatlon differences of about one per cent oould
occur between the hot and cold mlxtures and the authors concluded
that it was possible that the vortex tube was superior, or at
least equal, to other separation devices., Elser and Hoch tried
to aslcerbainr if a ceritrifugal field was necessary for the Ranque
cooiing effect. A somewhat similer but smaller cooling effect
was observed in the temperature distribution across four parallel

air jets when placed in echelon,

.A.F W:Lll:Lamson and Miss J A Tompk:ms of the
Mechanlcal Engineering Depertment R AE, publlshed some practlcal
notes on the de51g,n of a vortex tube in March 1951, (ref. 92)
It was stated that an inlet chamber with mult'v-—mlet nozzles and

" with a diameter larger tban the hot tube diemeter Would glve

improved performance, Their experimental results are difficult
to compare with those of other investigators because the usual
hot valve had beén replaced by a fixed orifice which had the

same dlameter as- that of the cold outlet,
The next paper by H Sprenger, (ref 98) was publlshed

/:Ln July e
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dn July 1951 and gave an account of several mainly Qualitativé
but new experiments which were carried out at the E.T,H., Zurich,
"“between 1949 and 1951, Hilsch and -others had commente@ on the
loud noise which was produced in the vortex, In order to
'31pvest1gate this effect Sprenger attached a tube;'oontaining"
Iycopodium powder, to the hot tube and detected an ultrasonic
stending wave. The tests included the verification of Hilsch's
results énd the measurement of the temperature distribution
along a simple Vorte; tube which had no hot flow and was without
a cold Aiaphragm. . Other novel features included the use of
temperature indicating paints, vortex tubes constructed from
cellu101d or p&raffln blocks, comparlson of the internal flow
pattern when the Worklng fluid was alr or water and the effect
of rotating the vortex hot tube whllst the inlet nozzle remained
at rest, The report dbsérved‘thatvprevious explanations of the -
_ vortex tube did not appear to BeICOmpletely‘satisfactory and in

" a short artlcle, publlshed in August 1952 (ref 110) Sprenger
suggested that the vortex tube coollng and heatlng phencmena was
due to an ultrasonic effect which was not solely'restrlcted to
"Circular flow, The heating and cooling effects experienced in

a modlfled Hartmann type generator were cited as an example.

- An American contrlbutlon .on the vortex tube was made
by S. Comassar, February 1951, (ref, 91). Previous work on the
vortex tube was reviewed and details were given of experimehts
to 1nvest1gate the appllcatlon of the vortex tube to the reheat
of gas turblnes. 'In this case the vortex was used as a source
of hot alr.‘ The application was notysucceséfﬁlx’ ”The author
states that an analy81s of the exit gas streams frém the vortex

1ndlcated no separatlon of the constituents,

3 17. Appllcatlons of the Vortex Tube (1952~53)

During 1952—53, emphaSJS was mede on practical
applications and four reports discussed dev1ces Whlch could be
used in high speed aircraft, '

/B. Vormegut ...
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B, Vormegut of G,E,C, had developed a vortex tube which

would measure free air temperatures for aircraft speeds up to
At the Naval Research Laboratory, Washington, this

250 m.p.h.
speed was increased to 50C m,p.h. by the more elaborate develop-

ments of Ruskin, Scheter, errill and Dinger, January 1952,

(ref, 104).
In February 1952, (ref. 106), L.S. Packer, of thé

- Physics Department, Cornell Aeronautical Leboratory, Inc.,’
Buffalo,'N.Y.g issued a progress report of work which was being
carried out for the United States Navy Department under "Project
Vortex", The object was to develop the vortex free air ther-

mometer for use on aircraft over the range of Mach numbers 0.3

Packer's report gave details of the experimental

to 0.95.
apparatus which he had designed to investigate vortex tube

performances and, in particular, the internal flow characteristics.
A list of references was also appended, (Reports of previous
work on the vortex tube at Cornell Aeronautical Leboratory had

‘been given by 0.B, Finnamore, August 1948, (ref. 56) and

S. Chapman, April 1950, (ref. 73).)
o A further application of the vortex tube was given at
‘the Proceedings of the Conference on Cooling of Airborne ‘
Electronic Equipment, March 1952, (ref, 108), A paper by

M. Applegate of AiResearch.Manufactufing Co., Los Angeles,
California, described the use of a vortex tube for cooling and

pressurising an airborne, 400 amps - 70 volt, generator., The

vortex tube unit consisted of a bank of 20 tubes which was
Pressurised air

located between an air to air heat exchanger.
was bled from the engine and.precooled by ram air passing through
the heat exchanger, The precooled air was then passed through
the bank of vorfex tubes to the generator, The unit supplied
61b./min, of air at 160°F at sea level, 100°F at 50,000ft, and

in the latter case the generator was pressurised to simulate

During preliminaryexperiments it was found that
/increased ..

30,000t
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:'Ln“‘creased’ efficiency was obtained by cooling the outsides of the
hot tubes and they were therefore incorporated inside the air to

air heat exchanger,
The application of the vortex tube to ventilated suit

g

i A

cooling in aircraft was discussed in a College of Aeronautics
Tech, Note, April 1953, (ref. 11L) by R. Westley. The report

described part of the investigations which were. being made at
Under certain conditions

T A e e s S A AW

the College .of Aeronautics, Cranfield..

the vb;‘tex tube presented a very simple method for cooling
The disadvantages of the device were that it

preTR—

- ventilated suits,
was not as efficient as the more complicated refrigeratj_on

turbine and the latter had usually a larger availeble temperature

drop.

3,18, Vortex Tube Theory, (1952)

One of the best theoretical contributions on the vortex
tube was given by J.J. Van Deemter of the Royal Dutch Shell
Laboratory, Amsterdam in Applied Scientific Reéearoh, 1952, (ref,
109).  The paper combined the conceptions of Hilsch and Prins,

Van Deemter pursued an approach similar to that used by Fulton,
in which the temperature distribution in the vortex was determined .
by the ratio of work flux to heat flux, but he pointed. out that
the heat flux in turbulent circular flow was not solely propor-

tional to the temperature gradient but included a term which was

proportional to the radial acceleration,

Y/
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requirements for the Degree of Master of
Arts, 1950, Boston University Graduate School,

"A study of the Hilsch tube",
Thesis, Mechanical Engineering Department,
Purdue University, U.S.A,

"Experiments on Aerodynemic Cooling",
(Remarks on the Hilsch vortex tube),

Mitteilung No, 18, des Institute fifr

Lerodynamik an der E,T.H, (1950), pp.49—5o.

~ "On aer‘bdynamic cooling effects",

Ricerca Sci. Vol. 20, 1950, No, 12, pp.1926~1927.

"Tortex tube cooler",

Test Report No., T.R. 100147, 15th -Aug. 1950,
Structural Test House, "E" Block,

‘De Havilland Aircraft Co, Ltd., Hatfield, Herts,

"Reé_ent. developments in gas dynamics",
Engineering, London, Vol., 170, (4418),
29th Sept, 1950, pp.277.

"Fluid .actibn in the vortex tube',

Refrigerating Engineering, Vol, 58, Oct,1950,
rr. 974’975-
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("How the Ranque-Hilsch Tube operates"),
"Die Wirkungsweise des Rangue~Wirbelrohres",

Keltetechnik (German), Vol. 2, 1950, No, 11,

DPe 273-27L.
(Also:- V,D,I., Vol, 96, No. 36, pp.1018).
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"Das Verhalten Verschiedener Gase Und Die
Trennung Von Gasgemischen in Einem Wirbelrohr',

Zeitschrift Fur Naturforschung, Vol. &a,
No, 1, Jan. 1951, pp. 25-51. |

Digest of significant articles aﬁpearing in
foreign journals:- The Vortex Tube,
"How +the RanguerHilsch vortex tube operates™

by F, Schultz~Grinow,
- Refrigeration Engineering, Vol. 59, Jan., 1951,

PP, 52-53.

"Bibliography of the vortex tube",

- Refrigeration Engineering, Vol, 59, Feb. 1951,
No. 2, pp.166, 191-193,

"The v“ort ex tube",

Journal of American Society of Naval

Engineers,_Vol. 63, Feb, 1951, pp. 99-108.
"Practical notes on the des:Lgn of a vortex
tube s

R,A.E, Technical Note, No. Mech Eng. 67, :
March, 1951, '

"'The vortex tube today",

- Power Engineering, Chicago, Vol. 55, No, 3,
March 1951, pp. 82-83.

("Turbulent heat transfer influenced by
centrifugal forces"),.

“Turbulenter Warmedlrchgeng im Zentrifugalfed",
Forschung Ing, Wes., Vol., 17, 1951, No. 3,
PP 65"’76 ’

"The vortex tube",

Journal British Ship Building Research
Association, Vol, 6, May 1951, No, 5, pp.255.
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"Internal flow data and a heat transfer-
theory for the vortex refrigerating tube".

Heat Transfer and Fluid Mechanics
Institute, (held at Stamford University),
June 1951, pp. 159-176.

"Theoretical Contribution to the work of
R. Hilsch on the vortex tube",

(Translation by R.C. Murray. from:-

Zeitschrift fur Nasturforschung, Vol. 3a,
No. 1, Jan, 1948, pp. L6-51). )
R.A,E, Library Translation No, 345, June 1951, =

"Beobachtungen an Wirbelrohren",

Zeitschrjft fur Angewandte Mathematik und
Physik, Vol, II, July 1951, No, &4, pp.293-30.

‘"Modified Hilsch apparatus for producing hot

and. cold air streams",
(French Patent No. 521,736; Sept. 1946).

Journal of Scientific Instruments, Vol, 28,
dug. 1951, No. 8, pp. 251,

(Review of "Turbulenter WarmedBirchgang im
Zentrifugelfed". Forsch. Ing. Wes. Vol., 17,
1951, No. 3, pp. 65-76).

Z. angew, Math, Mech, Vol. 31, Aug./Sept. 1951

No. 8/9, pp. 293-29k.

"The vortex tube, - Internal flow data end
heat transfer theory",

Refrigerating Engineering, Vol, 59, Oct, 1951,
pp. 985-989, 1018,
"Comments on the vortex tu’be".

Ref‘rigera’cipg Engineering, Vol.59, Oct. 1951, o

[

(Translation by 4, 0'Donnell from:-
Zeitschrift fur Angewandte Mathematik und
Physik, II, 1951, 4, pp. 293-300.)

R.AE, Library Translation No, 394, Dec., 1951,



10L.,

105,

106,

107,

108,

109,

110,

111,

RUSKIN, SCHECTER,

MERRTLL and DINGER,

ELSER, K, and

HOCH Me

PACKER, L.S.

KAPADER, A,D, and
TEICHMANN, 0,E,

APPIEGATE, M,

VAN DEEMTER, JJ.

SPRENGER, H.

SCHMTDT, K.,

1952

"Vortj,ex thermometer for measurement of
true air temperature in flight".

Naval Research Laboratory Annual Meeting,
American Meteorological Soclety, New York

© City, Jan, 1952,

"The behaviour of various gases and the
separation of mlxtures of gases in a vortex
tube”,

(Translation by G. Calderwood from:-
Zeitschrift fur Naturforschung, Vol. 6a, No.1,

1951, pp. 25-31).
R.A.E, Library Translation No, 400, Feb, 1952,

"Phase A, Report vortex free air
thermometer",

Report No, IH-775-P-1,

Contract No, a(S)51-832-C,

Physics Department, Cornell Aeronautical
Laboratory, Inc., Buffalo, New York,
15th Feb. 1952,

"Mysterious Hilsch tube",

The Frontier,March 1952, Armour Research
Foundatlon Illmo:.s Instltute of Technology.
"Wortex tube appllcaulons"

Proceedings of the Conference on Cooling of

~Airborne Electronic Equipment, March 1952,

Ohio State Unlversrcy an:meermg Series,
Vol, XXI, No, 2, July 1952, pp. 207-209.

"On the theory of the Ranque-Hilsch coollng
effect".

Lpplied Scientific Research. Section A, Vol,3,
No’v 3, 1952’ PPe 174"196’#

"Uber thermische Effekte bei resonanzrohren”,

Referat géhalten anl?isslich der Jahresvers-

- ammlung der Schweizerishen Physikalisken

Gesellschaft in Bern am. 2 August 1952
"Experimentelle Un‘terschungen am Ranque-
Wirbelrohr"

Z, Naturf, Vol, 7a, -July 1952, No, 7,
Pp. 480-486,
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6.1. Universities and Colleges

California Tnstitute of Technology, California,

112, HOOPER, F.C. and "An electric dew point meter cooled by
JUHASZ, I.S, the vortex tube".
Refrigerating Engineering, Vol. 60,
Nov, 1952, No. 11, pp. 1196-1197,
" 19 3
113, - S»'I‘ILL,'E.W. ‘ ' "Temperature control of jet-engined .
" aircraft”,

- Journal R. Ae. S., Feb, ‘2953, pp, 93. ,
114. WESTLEY, R, "A note on the application of the vortex
' tube to ventilated suits',

College of Aeronautics, Tech. Note Aero. 1,
April, 1953, _

115. "SIRA TECHNICAL Sira Technical News (S TN,21), May 1953.

NEWSH . 0 v

116, MACE, , A.G, Mrs,  "A summary of literature on the Ranque-
Hilsch~Vortex tube",
British Scientific Instrument Research
‘Association, B.S.I,R.,A. Research Report
NO;'M.16, NOV. 1953.

LOCATION OF VORTEX TUBE INVESTIGATIONS

Boston Unlvers:.‘ty Graduate School, (Phys:Lcs Department ) ,Boston,

- UsS, 4,

UsSahe

Cranfield, College of Aeronautics, (Aerodynamics Department),

Bedfordshire,

E.T.H., Institute flr Aerodynamik, Zurich,
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