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RANQUE'S TUBE

C. D. Fulton

Department of Mechonicg! Engineering
Massachusetts [nstitute of Technoiogy

\\TTHE.\' Georges Joseph Ranque stood before his cul-
" Jearues of the Société Franeuaise e Physigue in
June 1933 and said that hot and cold air came out of o
simpie niece of pipe. he was recelved with skepticism.
He was o metalurrist associated with o steel company
in the mountain town of Montlucon 1o central France:
niwi-speed wus flow wos it of s Hioe o No,
! seradyviamicisi, st

ttiad et

SR TSRD
jrun, The TemMerL e nnd
confused with stuone and o
wall temperatture; the two sireants weren't
and hot.* There is no further mention of the
In the Société’s Journal throuwn 414

Rangue does not tell how he mude s invention bt
11 s possible be war concerned ol -ome itme wWith oo
clone separalors used To separate ust [rom alr in -tee
plants. Ailr drawn from the center ol such cyciones is
sitghtly cool windle wir drown from The autside 0= ~livhtiv
warm. What woeuld now bGe cailed the Rangue siFees ad
hepn noticed. but apparently ignored, ~ihoe <uch
pators wepe first made **

On December 12, 1031, Rangue 2iled o French pooent
dockel on what Is now snewn as the Ranuue Tube,
Hilsch Tube. Vortex Tube. or Vorrex BRefriceritor.
After the French patent issued v 19220 Se tiled the
same docket in the United States on December 6, 1902,
and torssued on March 270 19540 He chows fwo husic
types of design which may be cailed Countertlow and
Unitlow. tllustrated in Fivures 1 oand 20 He shows thn
the tangential entrance may consist of o single nozzie,
a plurality of nozzies, ar a ~et of bhdes. He deserihes
how. by adjusting the size of 'he colu-ulr ortice or the
restriction at the end of the kol *upe, one may obtiin
a1 small gquantity of very cold v or o farger guantiey
ol moderately cold air. He mentions that the tempera-
ture of the hot tube muximum
end of the kot tube (s entirely snd chat che
moere the pressure of the qir <uppited, the cofder s the
cold air. He speaks of having measared the
distribution inside the tube Ranague must qave
to hope he could cccomplish stenifvant
cralion with his inventian, Tor Sweoossirns o1 o
(riration  Dhes Plusdes, orv Whiri-tias, o1
apparent!y o smail company he hiaa oroaoized.

[n attempting 1o Lroacen his clalms, Lhingue shows
macie] ContInIE ItE OWI O x 0, AT T -
abiv never tested. The compressor catsisis ol o bl
rotur driven Sy oan externad moter. The ar
from rOiNr D direcily onte statiomnary oo
whien suide the sor tanventodlv o eto
ot ooniy o wodld the rotor
spircd but, as there s no conlling witer
conler stream of e woeuld <t e
A suppibed to the comprossor,
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Since ts discovery in Sermany in !945 by a4 Wartime
invastigation Team, a vortex ‘*uhe, which =rmils hor ar from
one naad angd cotd aw ‘rom ‘the other when air under pres-
sura is .ntroduced ‘*angentiaily tear the middle of the tube.
has beer ths sourcs or spscuiation by rafrigerating engineers
concerning ity practical spplications and the cause of con-
siderable controversy among heat transfer authorities in an
2H5rt to explain ogically and mathematicaily the nature of
‘ha phenomena, ‘n the February 950 issue of REFRIGERAT-
ING ENGINEERING +he articta "An Analysis of the Hilsgn
Yortaxy Tube  ~4s oupiithed. Tome s-ientists ind snginesrs
disaqreed with +he rheory - the tube s operation advanced
in ‘this article ancther theary
4 presentes o rg o+ markamatical snalvsis is inciuded n the
“witac3 ‘o osomment on ".L‘.;i ANAIY5S.

articie, in +he accompanying

Ansenais. Seadars arn

T treeary Lt Sives o Uhe Bnten o ater Cefecied,
<ok tolbowss Uhe oeatnine s spreads out inoo thiek
<heetl on the widl of the tune and the e layvers of
avers by ocentrifugal
I s nentitgr them. At the

trer vers cxpand and crow cold. Frie-
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The very (Qiiferent theory Danaue cave the Souidté

will be taken apoiater. His remarks onty amounted to
Dropages inoprint, carthout llustratiens or data, and

fe it < owatihboiding further informuation for purposes
A ~ecreey. The fmvention remained virtually unknown
for moere han 10 venrs. inoview of the curiosity that
demonstracons of the tuoe have snvariably stirred up
<ittee PREG, pr seerts anilsely that Dangue made demons
soten Des FPluides, it probably
cotlapsed when it beenme clear that the device cannot
compele with ordinury relmoweration machines, Rangue

StpPatiots. s To dar bt
‘

MU=t e o fost interest by then that he wis no onger
Thsiir soovabidictze the invention, It 15 to be hoped
That i cevonnt T Bis owvoerk wiil be puvlished,

Py the =prtor af 1015, setenti=is sent to learn of war-
feveiopments found the frbe being studied
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1ar us the writer has learned. Hilsch mentiots @ hopwe

of using the device Tor urde--ciic celvhreraiion sl
4% the cooling ol mines. but e
af the low officiency.” He has sctuadly aeea oo the
Haguefuction A1 rises,

Slis slhUE ers i aavare

-

Decnuse Rangue’s work hns Loeon virtaaiis
(Eohas heen wideny asnmon dhat Hhdeck e b nater
ol the deviee, ond the name SHsen Tooe™ mos oo
neadway. It 12 hoped that this cvror wail croonaly oo
rectified. vinie  Fllisen's covtribations wad o =il b
appreciuten.

GATROM Y,

Since 1046, writers af wideiv vnrvins beckorounds
have undertaken o cxpidn the deviees sat o winh ntre-
quent success, This may oe witribitea o che faet thi
while the device irself is extremedy <imnie, Dhe provesses
peedrring in it are among the mest odnliouit nons
dynamics. Fow zus dynamivists aving atteatien to the
problem nave vet Telt ready to publish ther sworks New-
prtheiess there is more <ound theory noexistence than
15 generully appreciated, Most onotaole fsothe work of
Kassner and RKnoevnscenild” Tu Pacd O the writer pre-
sents o s
diction o he TR
eXDLEN Che mecnnoi=m siopsy, The werA s b e e
hriedy described,

ently dlferent opraict, ess sl o npee
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The question of the posstbility or come e appii-
cition Iy 0 peed of claritication hecinse vo Gdequate
analvsis of the eticiency hos appeaced, and the enor-
mous power consumplinn that wauld be rennived for
most applications is aot ceneraily appreciated. This s
deait with in Port [,

PART I. THE MECHARNISM

The present status of the theory, for both iittlow
and countertlow types. muy be summirized e Soilows
Fresh iras, betore 1t bas traveiled very TR R AT
ayeceeds in forming o admoest {ree vortes inowhich the
angular velocity ar rom = low ar he pervipnery and
very high towaird the conters Dat rietion fwebwesn the
lvers- of o canddertakes cooreduee S the cas o the

same anwiar veiocity, s i seild ey This cnuses
the INNer avers Lo -ony dosw oo Che anter fayers o
speed  apoas the sas o moves o anio e ta the
Jow of work from the conter 'o the outside of the vor-
tex. At the =ime 1ime, beeause The center of o cortex
s much raider Thaae the out-udes Geat Hows fhe
copter, but not so capidly s the wors lows

s 08 aripinadly cooied by Dl exnpansiont if <t gty

Ceawsrd

il

cold by sivine soway its hioetic cnerey o he ontor gas
by friction without ceeeiving as o omuch et oo
return.  The auter cas i turn reenives ol aiilelie
onrerey than it joxes hent
SNerey  veniiaiy ISR ST R R
snerey through Sviciion nothe ot ewmd ol The tube
The fdow iz hirnly turbulent and -he free vortex s
supersonic.

ERTANNNEY

ey, ahd s winetic

heconies nternd

The typical tow jattern in the countertlow type
would be something like that <hawn in Figure 00 The
solid limes show =tream-surfives of revelufion whow
the axis. The position it which .o particle »nters deter-
mines it stream-surface, upon which it then deseribes
a epiral path with ever-decrensing radins”® There i3 a
null or stignation point on the axis a0 and the
streani-surtace throuvh this peint divides wnal seconies
the void jyas from what bhecomes the bot cas The chief
ancertainiy about the clow pattern i the foeation of
the null point, which wiil =nift to the reht nod Jelt os

S Private contmuniczae oo i Feocs Meocaner, Maneis seer 10
CToActuailv, see che o s trrmier foowae o s . 1o e
[iths.
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! SYMBOLS
! T static temrcersture, deg & 29 i
i . oressure. any amits :
¢ specific neat at constant oressure 3tu per b, T |
- ipecific near 3t conitant -oiume, Bty par lb. F \!
- Z Z ;
S 77838 rep rer Btu ’
T gas constant. tt per & oaps .
T ratio of weight-rate of fiow of zotd Jas 1o tetal How
sfhiciency ;
ir natural ‘caarithm i
W toral rate of flew, o cer sec i
! o toral avaiaoiiity, it-lo cer ‘b i
i 4 avariabinty due ‘o -emnperature ft.ib oer b
: = avarabiiity due ‘o Tressure t-ib per b
H 4 enthaipy, Sty per ‘b
s _ antropy. 3tu car 5, [ o8
. . density, slugs oer *t  ‘besec’ per £yt
r Traotus, Tt
# angle. radians
E 1. aziai distance, it
H 4.+ w. velogity components rn the s v 2 directions, 't pDersec
l S- umiocity pefenrial, ftooer sec
| I ==yiream ‘unction, b-sec per **
‘4 *Mach -mber saicgity . «gRT
| ¢ . anguiar veiocity, cad ¢mer sec (o0 the rartation
. of Yuinq mecranics) '
i .. apsotute viscositv, 1D-sec Der 58
l - inear stress. (b oper v
O . wr . constant in a ires vortex
P rais ot vhear work, fi-lb per sec
g rarm of fiow of heat Bty per sec
. 3204 1t per sec
5 surfage area. ¥
w - thermal conductivity, Stu Der ime v E
T creTH G . A, Srangt! -~umoer, zimensioniess
Supseriots
_state of gas suppiies to Rangue ube
‘rate of coid gas leaving Ranaue tube
_body ceing cooled at fized temperature
ctate At end of reversibie aciapatic expansion from ! to p.
_deag state—environmantal ‘emperatyre and pressure
norzle |ef
Superserint "
*iurpulent
5

G oy of cold wns s aeerensed and nereased. respees
Coonive o dation This auestion e Anown to The writer
Lo ois thougnt thit Floure 5 may represent iaoveasoi-
Cobe ostimate Tor e not and cold fews.

Af every coint inowhit Rangue cails the “ohamber
Ol cettont exlenaitie from the orifice plate Tooosav. "he
naid point, tre centniueal work dow xceeds the cen-
el went How, resulting oo net sutward flow of
coerey, ~hown byoraaiad arrows, For this centrifuvol
ety U o Tesult fnon teerease In stagnation fent-
ceratire slofne inner was, i0omust cross the streams
rfaces, The <treamestirfiaces sesr the orifice plate, ot
are mainiv oarallel te the radius, and therefore the
in those stream-idbes oniy vansfers energy withm
if i emerces of the nenphery of the diseharee
arifice ~careelv onnied ot ail, This has heen verified
coperimentally by bringing up o small tube to the
month of the nvifice and spiitting the efflux into inne?
and outer parts. Under conditions where alr was =up-
olied at 105 psis and 70 £ and o of the total tlow issued
through the coli-air orifice, the mixed stagnation tem-
perature of the vold air was —350 F: owhen onooufer
annulus vontaining 14 ot the cold-air fow was zepa-
vated, 10 hed o <tagnation temperature of 30 F while
the remaining core had a1 stiznution temperature ot
w3001 This diluting o The cond sgras may be considered
4 disiadvantiee of the countertlow type since a separas
Lo .t rhe orifice would iways be necessary if oue
wishes fo abtain the 'ewest possible temperature. n

]
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the-uniflow type this would be unnecessary.

Siightly downstream of the chamber of action. the
gas has 2 praded stagnation temperature ranging {rom
rather neutral at the axis to very high at the wall. Thut
is why the tube wall in that region is hotter than the
final mixed hot was, und hotter than the rube wall either
at the fur end of the tube or at the inlet »na of the rune.

Wail {riction apparent!y has three beneticiais huas
small, effects. First, it removes some o1 the initial angu-
lar velocity of the outer fuvers, thus increasiny <iightly
the initial value of the shearing friction. Jecond, 1t
tends to keep the outer lavers at o low angular veloeity
instead of permitting them to speed up as they receive
eneryy rom the inner lavers, thus permitting the
energy migration to proceed {urther. Third, it causes
a small uxial work fow down the hot tube by retarding
she rotating mass downstream. This axial energy flux
is indicated by the axial arrows in Fileure 3.

The lowest possible temperature in the cohl wax hv
the present theory would he that obtainable by a
veversible and adiabatic expansion from the inttwal
stiuie 7o the final pressure:

if the cold was coudd cive away abl s Kiete ey
without receiving any beal, b woubll emerge st this
final tomperature. So Tar about 122 o0 this temperuture
drop has been attained in the muixed coid cas, and abow
ST A0 the cove of the cobd vas, Considering b the T
sations of the actuad provess in “he tube, T would
anpear that  little  Turther improvement  coubd o
cxpected, The process o the tebe Is nichlv frveversnie,

Further detaits of the mechanisnt sbe siven it
Appendix,

THE EFFICIENCY

The twa common methods of neating—eombistion
and fhe passage of an electrie current throueh o resis:-
anee —-canuot he reversed. One places o hivher value
onl refriveration than on heating hecause refriperation
i~ <a mueh karder To obtain. It i3 for this reason *ha
1=ine The ho

PART Il

o CTIONT 0 cise e We interesten n

Gt rmeeivnamie avatlability dae both o its sempera-

< e Paingue’s cube While 10 vontains o wood el

e s nvessute, there s oasually noowav 1o s
cres o nvaadlities ddirectdyoin the appiicition. and o
and o rnibary dpparnius o recover them owonld sooa-
covveer the equipment that the oreinad advintaee oF
aimeity would bhe lost.

We must distinguish between iwo basic problems 1y
refriveration, On the vne hand there s the problem o
absttaoting heat from o bhody slways 0o dxed tempers
Ature and pumping this heat out inta the environme;,
The domestic refligerator ix ol eXample ol this oo
em, For this nurpose o Carnal relvloeralor 15 on e
machitie white 1 compression machine =0 practical
michine. A simple stream of cold vas {5 not suitaole {or
shis purpose: its use would invelve Trreversibiiity and
mnethiciency.

On the other hand there {2 the probdem of cooniny
subslance down from environmentil lemberature o
certain low fempernture,  The vooline 1 air Tor air
condilioning ix an exambie ot this preblem. A bioner
machine Jor this purpose would e o isothermad oo
presser Sollowed by an wdinbutwe expaosder. TE st
Cornot machine o0 o SiMie COmMIpression UeTine 18
et cor this parpose, the otficieney ot thie proce == is

anly woout o,
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If 4 muachine which is ideal for one purpose is used
as & criterion for o machine serving the other purpose,
the criterion is ant basic. We shail drst look into some
nombasie eriteriz Tor Rangue's tube 15 a producer of coid
cas, oand therr into o basic eriterion.

Menbasic Criteria
reni 4 dbern— Ve muy deiine a0 coetiiclent of
pertormitice o Rangue's ube as equal to the heat
taken out of the cold vas divided by the work of re-
verstinle (<othermal compression:

where o, and Tooare the pressure and temperature of
the cax <uppiied to the tube, p.ouand T, dre the pressure
anee temperature of the eold cas leaving the tube, o»
ix the <pecnie et gl constant nressure, B8 the ool
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of cold air produced for the same work. Fyuuition 13
is a meaningful criterion provided the possible com-
petitor one wishes to consider cian be no better thun
machine of the fixed-temperature type, =uch s a Carnot
machine or 1 conventionsl compression machine,  Actu-
ally one woutd not be using the Curnol mschiine prover-
Iv: it would be irreversibly and inethelently cppiied. B
turns ot that an idesi moenine wouid vegqrenee oty
the work of this ineticientty applied Carnot machine,
for =mall temperature drons.

The efficiency of Equation 3) his been in the mings
of several writers but for some reason if does ol =eem
to have appeared in print. In Hilsen's small tube e,
3) this etficiency reaches o maximum «alue of shoat
percent at 11 atmospheres pressure. Forosome reison

[
ot

“ig. 3. Supposes flow nartern.

there his been anoimpression Hhat this efficiemey s aver
10 percent, The ethiciency of Foguation 150 1< approx-
mately twice that of the hasic eriterion shown o P
ure 4, and s0 from that ligure one can perceive how it
varies,

Criteriom “or Refrigeration at Fired Temperatione—
Suppose we wish to :se the cold iy fo remove heat
from a body uat a {ixed temperature T.. Then the cold
air can onty be utitized from T. up to T,, =0 thut 7, in
the numerator of Equation hecomes T Alse Tin
the Carnot C.0.P. becomes T.. Then the etficieney be-
comes :

T Fiaet remn = ) ‘ . i4)
P "y
RT. T, in
|”.
This becomes zern 1f T - T, because then the cold

atr 15 not hewng atiiized a0 Wil It also approasches zero

el

|
l ‘
o7 c.8 0.9 -

L ) i

Fig. 4. Avaiiability due 1o temboerature of 2 perfect jas
in steady flow.

as T. oapproaches T, it . does not also approach T..
necause then the work of the Carnot machine vanishes.
It tends to be 1 muaximum when T, is halfwav hetween
T ound T,, awd at that condition it has roughly ls the
vijue of the hasic eriterion shown in Figure A, or a
maximum of around G pervent.  The approximte
Swtor eof L ohetween Equations 3Y and (1 when T
< lfway between TOound Tooisddue to the fact that n
Dountton 4 the C.rnot machine is nnly warking haif
ds hard witile a1t the same 1ime anly haif the refrigera-
tion in the cold ras iz being utilized. The (Jurnot ma-
chine is now being used properiy while the void pas is
bernyg ased improperiy, giving a defictency of o factor
of about 2 compared with the baszic eriterion.

Suppose the competitor awainst
which we wish 1o compare Danque’s tube 18 o reversible
and adinbatic turtane producing the same amount of
cotd wus o Wt the same Temperature T, the work of
the rurbine heing iost.  This turbine will require 2a
smudler pressure ratio than Rangue's tube, and also
irs compressor will only huave to handle the low .~ W
in=tead of the tow T The ratio of *he work of the
uridne’~ eompre<sor "o che Ruanague fube’s compressat

Toriine Criterinm

s el To i

T'l
r 5 -
Feoan
i r‘
L T " T 0
it T
i in
n T.

where T. is rhe finad remperature in o reversible adia-
batic =xpansion from 2. and T, to p.

This etfictency i3 rather insensitive {o the pressuyre,
unlike the etfficiencies of Equations 33 and 4), and
furthermorve it 18 slightly higher uat low pressures. In
Hitseh's small tube Fiv. 3) at t1 atmospheres it has
A maximum af about 13 percent ut a + of about 0.6,
while at 2.5 atmespheres it has o maximum of about
15 percent at oo of shout 0.7 It is the losa of ail the
work from rthe turbine which permits Ranque’s tube o
<how ap much hetter in this criterion. Whoere @ tur-
nine 1% heinge csed o this o way, Rangue's tube {8 per-
haps within a factor of 4 of competing, allowing for
inerficiency in the turbine.

fliisch's Criterion—I[t appears to the writer that
whal Hiisch calls the efficiency is the coerficient of per-
formance of Fquation '2Y, For the curves of Figure
5.at 11 arm this has o maximum of about .02 at a4 »
af ghout 0.6, af 7 utm ond 4 atm 2 maximum of about
.14 at a0 of sboul G.65, and at 2.5 atm a maximum of
shout 0013 at a o« of about 0.4, For a larger tube HHilsch
makes cateuliations whieh seem to zhow values 40 ner-
centt to B0 percent hicher,

The Bas'c Criterion

The hasie criterion calls Tor comparing Rangue's
tube sgminst o reversible producer of cold gas, such as
4 reversible sothermal compressor foilowed hy a re-
versible adiabatie expander.  Let us make this compari-
<an using the concept of availability,

The avatlability of a system is Jdefined as the mini-
mum amount of work reqguired fo bring the sysiem
‘rom the dead =tate To the given state, operating in &
Lirge environment 4t i iven temperature and pressure.
[t is also the maximum amount of work that can bhe
obttained in reducing the svstem to the dead state,
[t is equal to the amount of work by any reversihle
DIDCESS,

It is shown by Keenane that the availability of 2
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pure substance flowing steadily in the absence of
changes in electricity, magnetism, capillarity, rravita-
tionai position, and velocity is given by
a=Jh—h) —T, {5 —x,ji i
in which the subscript. ., refers to the dead state—viz.,
that state in which the substance has the pressure of
the environment, 2., and the temperature ol the on-
vironment, T,
For u perfect gas, Equation 4 reduces 1o

v =Je,T, [;—l—ln;‘ +~f\:71 in’ _]I i

In Equation (7). a4 has the units of ft-lb per b, The
last term represents the availubility due to the pressure
of the gus. und 1t will be recognized that this is simpl

70 i
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Fig. 5. {upper} Data of Hiisch for his smail tube, Tube

diametdr 0.192 in., crifice diametar 0.0914 in, diamater

af the single nomie 0.045% in. ‘otal flow at || atm 18.2

b per hr or 4.12 cu ft per min requiring 0.623 hp ‘or

reversible lsothermal compression. Coid air discharged
at | atm abs,

Fig. 4. {lower} Basic efficiency as producer of coid &ir
only fram Figure 5 and Eq. {9},
the wark of isothermal compression ar sxpansion, [
the pressure is lower than that of the environment, - he
last term is negative because work must be expended
to pour the was out into the environment.

The first three terms are u more interesting function :
their sum represents the availubtlity due to the tem-
perature of the gus, and it is o property of this runc-
tion that it has a positive value whether T T - | or
T T, < L That is because a heat engine can he opere
ated using the gas either . 1 source of heal or as o
sink. aceording to wnether T = T, or T .0 T, The
reversible process required can be accomplished by
using 40 infinite series of Carnot engines, euach operat-
ing at a rlightly lower or higher temperature than the
last, or much more simply by an adiabuatic romnression
or expansion followed by an isothermul expansion or
compression to restore the pressure. In Eguuation : 7,
the first two terms umount to Jr T — T .: this i»
the heat exchanged with the gas. The third term is
the amount of heat exchanged with the covironmen:
The difference is the amount of work invoived.

Figure 4 zhows how the availubiiity e to emper-
wre varies. It is seen that for small temperature:
changes IUL Is appreximately properonul to the ~quure
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of the temperature drop. Therefore a pound of gas
at 10 der [ below the environment is worth approxi-
mately four rimes as much as a pound of zas at 5 deg
 heipw The environment. In caiculating the availa-
hility for small temperature drops, one is subtracting
nearly eouad numbers in Kguation 7)), and it 1s ad-
sisble to expand the fogarithm in a series, giving
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W now detine the etficiency of the Ranque tube 218 2
croducer of cobd ras us equal to the work required by
a reversible machine producing the :ame amount of
cold s ot the <ame temperature divided by the work
renuired by Ranque’s tube using a reversible isothermal
compressor, This rives
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o Freare Soare srown Hidse s data Tor ais cmadl tube
A e s siow s the etieleney of this tube com-
patea seom Dhose g nsinge Foguarion M. Since the
arowas cwetaadly somewhat humid, the avaddability was
sligrntly tiwner than that crerited to it, It is zeen that
the ctheteney s in the neighbornond of 1 percent. For
larger tubes ander tdeal condttions the othelency may
reach 2 opercent. .

IE the hor oz is eredited as to temperature availa-
bility, the eticiency of the tube of Fieure 3 is of the
obrder of 2 pereent: 1 the ot gas is eredited 135 to tem-
peerature and pressure oavailability, the oticienry ranges
betweerr 10 percent and 20 percent.

Conclusion

To war condition 1 passenger autemobile requiring
T000 Btu per he of refrigeration, assuming a coetficient
ol pertorntee ot 012, would require an {deal horse-
power of 210 This would call for a larger tube which,
also omerated at 4 somewhat higher pressure. mieht
bBring the aetiad horsepower to 4 minimum »f 20, For
adomestic refriverator requiring A0 Bty per hr. using
the zame assumptions, the ideal horsepower (s 1.2,

Vooshaeter and L Lanegmuir, in their celebrated work
s the artiticial causing of snaw, have found that the
e ervatais i the cold o act as very zooi seeds for
the snow.  Where u wus is throttled to obtain liquid
by the Jonle-Thomson effect, the Ranque tube would
produce mure Hguid per pound of was supplied toir
Same ol the Hgnuid would cobhect on the tube wall near
the nozzies and should be drained off through proper
opentngs before it 0s re-evaporated.  However, in most
cuses where =uch throttling is done on an apprecinble
stide. the produers pass throurh heat sxchangers which
malntuin ~he process. and it wouid produce no ad-
vititage Thermodviamically to use the tube.® Hilseh
ise the tube dnoa amadl oras liquefier in place of an
expatiion cnrne or ather preiiminary cooling menns:
advitnligres of rapidity of starting are cited.’

While Rangue's tube is {inding 1 few [solated uses,
Weonave seen That P cannot serve in oinstallations of
SIZE CWHErs soWer con=umption s o consideration.  For
PePPIECriion @ sinute quantiites or for Vvery occasional
nse where <tored compressed air i= aviailable, it s =uit-
able Tt remmns ane of the most romarkable mventions
A the centupy, A
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