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INTRODUCTION

'The 
vor lex i ;ub e has been lhe subject  of  consic ierable in terest  s inca l t  i ' ,as

i i rs+.  paienied 'oy George 3anque : f  i rance ln  lo j1 .  This  device -essentJ-a1ly  con-

s i s t s o f a s i m p l e t u b a s u c h a s s h o r n i n l i g u r e l , i n t c v h i c h c o m p r e s s e d a i r ! s

introcjr.ic ed tangentlally to .,he lube surface resulting In a separation of tha

ccmoressed ai-r into a low energy c errbral reglcn and a high energ|rlLter region'

r n t h i s c o u n t ] ' y , t h e . " ' o r t e x t u b e p r i n c i p l e w a s i n t r c d u c e d j j f u n e d j . a t e l y a l t e r + - h e

war, Hhen a €roup of Uai.ied Siales sc:entists tiiscovered a r'rorking noriel in tbe

lato-rabary of 
-hrdobh 

Elseh in Gelrarry. The lrritial l:rterresf, in the Tcrrtex

tube was i-ts possible aoplication j.n the field of refrigeration. &tensive

lesting of the overall perfornance cf this device indicated that it was quite

inefiicient and cou-l-d not ccmpete .ri th the existing conrnercial refrigeration

maciiines. During ihis period nany different +'h eories were advaac ed to explai.n

the observed perforrnance of 'uh e vortex tube, anong 
"hese 

were the l'ro rk of

Kassner  and Knoernschi ld  (L) ,  Ful to .n (2) ,  , iebster :  (9) ,  Scheoer ( ! ) ,  Schul tz-

Grunow (5) ,  Ackeret  (1) ,  wenj -g ( I0)  and i 'an Deemter(7) '  The ear ly  exDer i - 'nent€ l

work consisted cf measursnents cf to"al- flcw, cold end flow and hot enci flow

for vari-ous conbinatlon cf nozzle si;es, orifice slzes and val-v_e openj-ngs. The

resul.ls of :hese fnvestigati-ons contrlbuted lit,tle Lo a basic :nderstancii:rg of

the energy "uransf ers wi *"hin a voi+"e1i i low and cculC casi  no f i -aht  as lc

P:bl1cat:-cn f:or *,he ilca+, Transier i: 'blra'ocr"', 'Jni'rcr'si+':' of ll innesota

a R H o u t  r E s ! A r c H  F o u x D A T t o N  o F  L L l N o t s  l N S t l r u r E  o t  t ' e  c l N o L o G Y



r-
I

!
L

',rhich, 1f any, of the analyses are basically correct'

In more recent years saveral ner applJ-cations of the vortex lype hrve been

suggested. -imong ',hese a-:'e its use as a d"ryIlfi"t cr nass geparato-r and also

its use as a dew poiDt indlcator. Perhaps L\e applicattron now receirring lhe

greatest attention j-s its use as a fres strean statlc +,enperaturo lncilcator for
, :

a:rcraJt at high flight speeds as first suggesteci uy vonnegut (B). Ie thls last

menticned apollcatj.on, it. is the hooe that ',he cooling effect associat'sd l.rlth tb

vor+,ex type flol,t can be made to exactly compensate over a n-icie range of altltudJ

and speeds for the increase in teinperature above lree stream statlc cold'l'tlon

caused by the ae rcd;'nanl c hea'"ing efiect-

Real_izing that developmental l^rork on applications of the l'or+.ex tub e as

continuing even thangh the enerry transfers occurring x-i thin such a vortex type

flcr* were not ..rnd.e?s*,ood, the Heat Transfer lAboratory of lhe oniversity of

Mi:rnesota subm:itted to the cfiice of ordnanc e Research a proposal to undeltake

e-E ejee:'i ncnii l i:rvesLigafina- ?1i' truroposal calLed for the measurglent of

Dressures and. tssperaurres w'ithin the vortex type flow and the interpreiation

o.f such neasuranents. The offlce of ordnsnce Eesearch agreed to support the

o:cgrajn which ,I|Ias activated in Febnra:1'- 1951r and has ccntinueci '"u]der lhejj

support to the Present time.

E,l ' lTA,{r-Nn

Thr.ee Inch Dianeter Vor+-ex l'.be

.rr.^ --i--?r, ranciriel3l,i6n in the design of ihe vortex type was the estab-]  r r g  J r  J ' 4 ,  i I

lishing cf a well-defined vortex in a tube of sufficient <iianeter to all-ql{ tbe

insertion of neasuranent probes r.ri Lhout causing a najor disturbance of the

entire fiow. In acidition, it was felt that the tube should be transparent to

all_on fl_ow visualiza.Llon stuciies. As a consequence, a tl3r6€ inch dianeter

Plexiglass tubs of 30 inches in length l'as selected and is shorrn in Figure 1.

The maniJold sectlon was fabr:cat,ed. cf tralsDarent plastlc" Eight nozzles,
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equally spaced arounci the circumference of the iube directed lhe compressed alr

fangentially lnto the nain vortex tube. At a distanca of I inch frcm this nozzle

cross sect j -on, 
"he 

so-caf ied rrcold endrr or i f ice sect ion was located and was so

construct,ed .Lhat, various size orifices could be inserted frcrn 0 inches (ccrnpletaly

alncarr )  , rn  rn I  innh in  d iameter .  . { t  the other  end of  . the 30 inch long tube a :

ccne-shaoei  va lve; . :as located.  ;h is  geonetry  was chosen to preserve f low symrnetry ,

and wi th a s ingle noted excepl ion th is  was lhe valve used throughout  the lest

program reported herein. Opening ports for inserting instrumentati-on were located

aL 6 ax ia l  pcs i l ions afong :he tube.  The cornoleted uni t  uas insta i - Ied at  the

- Rcsemount Ae::nau r:c al, 
,ibora 

lcr: e s of Lhe -lniversit]r )f ),1:..ru:e:: i: -.:here large

q:a-ntities of cleal ciry corTlDressed air were availabLe. A venturi meter installed

prr-or to lhe vortex tube measured the flow rates of the air.

The inslr,:men'ration necessary for lhe neasulement of pressure and 'uernperature

had to neet several crit,e:.ia. The probes have to be made as snaLl- as possible i-n

order to minjmize the f].ow disturbance, but sti1l tirey:nust be sLi-lJ enough to

'',rithstard the forces wilhin the flow field. The probes shoul-d also be relatively

j-nsensitive to variations in iaw and pitch, since it i_s practicable to rotate the

probe only in one plane ',.rhich may result in the probe not beilrg completely a-ligned

rrilh the velocity vector. Forhtnately, the National Adv-isory Comnittee had

conducted roany lests on.'"otal Dressure probes anci reference to |"his work (3)

inciicated lotal oressure probe geometries which appeared pronising for the type

of neasurements aniicipatecj. The r.esulting to'.€.1- pressure Drobes are scaled-dorrn

versj-ons cf orobes tesi,ed by tne fACf and are shown in Figure 2. The NACA

measurenents i,ndicateci that the iiiel tlpe toLal lressure orobe is insensiti.ve to

r i th in  l  per  cent  of  the imoac' .  pressune ( i .e , ,  - ,n  ta i  pressure-srat ic  oressure)

over an angle of- ai'.ack :'ange of + 111.5". The other tot:.l pressure probe shown

is insensitive to changes in angi-e of + 37" ',ri th the sane accuracy, l per cent

^ f  + h 6  j m h r . + lhese l:gures :n insensiLi\ri+-y we:.e obrajted 5-n' a-
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The s i : r ic  l ressure : r3bes are shown :n l igure 3.  Two d i j lerenl  : rodels  l f

the ?randtl, probe are used, cne with Lr roLes around ihe circ'.Inference and *,he o

with cniy 2 ccenings. ?he ,! nole Prandtl .lr:be was ccns truc;"eci iirs'" :nd ahen

:reasurements lnciicated J-arge radj-al pressure grariients in 
"he 

vortex tube, it

cecided -uo consl r - lc t  another  : robe wi"h >penings :n ly  on lhe s ides,  th 'ereb"

r r 'v  a i  the sane rac i ius,  lhe ' "h in i : robe shown :s  a conmerc ia l l ) '  a

: r :be - 'ons- . r : : :ed 3 l /  ' -he i low ) : : 'p : :a-" rcn >- i  Janbr : ige,  lLassac: lset ' ts ,  a : i  -? :

excel lenr  charac. -er :s  t tc  s  x i !h  j .es?ec!  Lo insensi ' " iv - i :y  io  . 'aw and r rLch angles.

The;ressure orcbes rr€ fron I /16 to t /B inch :n J ia.metern; are cf  lhe hcck

. ' ) r  p ia i . lv  ensurrns - -hal  a l l  ieasursnents are:ac ie - ;  - ,he : lane : f  ' -he crcbe s"em'

lhe +,o taL 'uanperature pr:oes shown :n iigare ll were :cnstr' 'rcled in the lab

cratlry a:ad. .were deslgted to give high reccvely faclors, -tbereby 
el'lslabg ![s

;aeasured. temperatures ic be interoreled dlrectry as tctai +"ernpe:'alure s. ?he

tAnperature :reasurements wi.Lh these two piobeS da.nons tra',ed excelleni agreeraent

cuis ide of  'uhe cent: :al  core,

1 prcbe holder  was desj -gned to l 'e ta in ihe l rcbes anC a Yern ier  n icrcrneler

mounted on iire holder :-ntiicated '.he raciial posi--"ion cf '"he orcbe inside -'he

r | . 6  ^ ? ]  d F + . r r  ^ n  . .  . h e  ) r ? b e  c c u L d  c e  : e a c  f r c n  av O f t e x  t U 0 e .  I n  a o d l l l o n -  , n e  J l  - e l l u d L r u r r  J -  - :

mounted protractar,

Five fnch )j-arneter Vori.ex Tube

E c e . n - . i  . r  e  f i v e  i n e i -  . i r r r : o t o -  : l a v ; - l F s  i - i r - . e x  - , u b e  h a s  b e e n  c c n s t : ' u c t e C

rot" 
"".ltroi 

of the inl-et ar.r velocj.l:, '  crLenir't ion. this is accomoJ-isheci by *,

r rse  o f  a  c r ' r i  o f  12  in le*  - . . l ; ^  . , ^^6-  - . r ; j ^ ;  . re  so  lns ta i led  - -ha i  one cent ra f
5 ^  4  J :  v  S q r u ( '  Y d r i s r '  n l [ v r r  4 r

ccntrcl- ncves all L2 vanes s j-nultanecu slv, lhis essentiail;r alIows ccnLiol cf

Lhe :-ati-o :f axla] io c i:c'rmi eren::a I vei:cttv" lhe enl:'ance :: -.he 
iuice "an
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is  careful l l r  contorteci  lo prevent :Low seoarat ion'  The resui i ing v:r tex t 'ube is

shown in l ig, : re 21. f ts l r  fcct  t ransparent secl j -on is ccnnecleci  by eight feet of

s h e e t n e t a L ? i p i n g | c a b i o u e r . T h e b j o * e r d r a w s t h e a j . I N h r c ' J g h i h e S u l d e v a n e s ,

ihrcugh *,he :es+, secl icn, ihe sneel ; rela.L ; ip ing and discharges :- l  lo ' "he sur: 'oundings.

An egg-craLe ty-oe stralghtener is : iaced in lhe sheet netal  pioing before the blower '

m;sT lqolF a l ,?

Three fnch Diameter Vortex 1\:b e

The naln objeclive cf lhe research orogram is to altain an understanding of

'"he energy lra-rsfers wi."h!n a vort-ex lype flcw, consequently, it was decided to

in i t ia i ly  concenLra- ,e in  Lhe case rhere a wel l -  de i j -ned " 'o i - ,ex 
is  generated aL ' "he

nozzlo cross sect ion and proceeds in  one najn d i : "ect ion down the lube lo  be d is-

charged through lhe cone shaped. ',ralve. The [cold-endtr orifice is cornpletely

c losed dur ing ' -hese sLuci ies '

At+-snpts were rade ar  i lcw v isuai izat i :n ,  i l rs l  by i  n t . :3d ' " lc i r€  j r r , lke and

later by use cf a single '"r:cJ tuft stret,ched acIDSs lhe tube oa a jile ciiameter

rrire. -lhe smoke teehrrique lnas -lnscteessful i;'" tl. c h:lL :'efaca-ilcs rc c'::':-i;tg

wi.thin the.3 inch diameter tube as il inrmeriiateLy diff[sedr gt"in3 no inforn'aticn

aboui lhe flow pattern. The seccnd techni-que of introducing the wccl tuft itas nore

successful. ,lt the cuter edge cf i,he flow near *,he lval-1 lhc lufl j.ndicrtecj a

velocily wi.th nefiltgible radj-al ccnncnent and harring a ]arge ci.rc u,'n ie r ent:-ar comDonent

and aLso an axi-af comoonent in the direction of the cone discharge valve. As the

'tuft 
was moveci Lor.rard the central- regi-on :f ihe flow lhe axiaL con)Donent decreased

i

and lhe veloc i ty  was d j l .ectec. i  main ly  :n  the c i rc 'mferent la l  c l i ] .ect icn.  In lbe

region near Lhe very cenLerr the ,-rf: behaved in a ver; erratic manner and gave

eviCance of a brrbu.lent core.

The next step intoh'ed Lhe ac*"ual-

and to t€j- lemperatures at severaf closs

-uests were nade ; ' r i lh  an in i -e l  l ressuro

A P I ' 1  O U I  N E S E A P C H  F O U N D A T I O N  O F I L L I N O I S  I N S T I T U I E  O F  T E E H X O

f 'e3surenent  of  sLat ic  ancr  Lf l ,a f

r , ,  k ^  1 ^ - - + L
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The ini'":-al
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regulating vaive' The iotai pressure ras flrst neazured by to tatlng 
"ha 

probe

lhe positicn whare lhe hlghest pressure was :-ndlcated ar:d the angle recorded'

static Dressure and '' '!al Lsrperafure crobes lere subsequently set at *"hls angl

their respectl-ve neasurelrLents ' To determine reproducibllity of results' these'

anci tampera',,ure r: easr]renenls lrere repealed nany llnes over a period of sevetal '

::etaining +.he sarne discnarge valve operring and the same infet cressure' 0n cot

of  ih is lesr sequence ' -he in let  ?ressure was increased'  in turn'  to 15 gsig an

psig ard ihe requiied pressure ani ienpera'cure neasurgnents acccmpfished' A'l

I
.-hese ia ns xere for +"he same opening of ihe cone-shaped ciischarge vaivet 

"rith

r rcc id endt l  or i - f ice completa ly  c losed'

ft was reali.z ed tnzt ttl€ introduction af ihe probes lnto the flow causes

d.isturbances. This .j.s es.Deci 'l ' 'y (i'ifficult !o avoid '"rhen, the fLow is gurely r

U.or:al, since the probe is t'hen' so to speak' arranged i-n its own wake' Thrsr

acconplished by introciucing lhe pressure probe into the flow and +'ben arrang' !

anotber probe of t'be s'@e djaneter nea ti:e first tEte ad llof;ag the change ii

I

reading of 1f,re first probe caused by the i'liroduc tlon of +'he second' The rest

of ihis st]d)' are presented in the section entitled lrResultsrr'

T h r c u g h o u t t h e e n t i r e S e q u e n c e , t h e c o n e | y p e v a i v e h a d b e e n u s a c i

symn etry of the fl-ow. Anothe! ty'De of affectj-ve syrnnetrical valve is

Acccrcingly, it was feli tiesirabl-e 
"o 

cbiain data wi'"h such a geometr"i and *Jj

valve was leplaced i^Iit i l an orifice of ihe sa'ne area coening and data vere obli

; ; .at 10 Psig i.rtle t Pressu:

Five Incn Die49-!9r Vortex-:ube

-Up to 'Jre present iiioe t U1e major pro gran using 
"he 

five inch dianeter -

has been a flor risuaLizaiion sbrdy wherein smoke is lntrociuceti into the lubr

through a gnall probe and the resufting flow iield observed' lho effects ofl

'Jr e guide vane angLe setting and of varyi-ng the conditions at lhe end of the'

long transparent sec+'ion hava also been studied'

+-c lnsr
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Three fncn Diameter I/or+"ex Tube

The locaf neasurenen+-s of 
"otal 

and stati-c pressure and total temperature

are s hoivTt in Fi;;re 9, 7 anC 9 et three cross sectiors, identiiied as Secti-ons d'

C and E. for an inlet pressure of )'O psig' iection 'd' is located 1 i-nch from the

nozzfe c:oss ;ecl :on1 Secaion C, 6 :ncres l rom the nozzle cross sect ion and Sect ion I '

l B i n c h e s f r o m t h e n o z z l e c r o s s : e c t i o n a n d 1 2 i n c h e s f r o n t h e e r i . t . T } r e p l o t t a d

r e s u l t s a r e t h e n e a s u r e c j v a l u g s o b t a i n e d j . n s e v e r a ] - n r n s t a k e n a t d i f f e r e n t t i n e s

over a pinod cf sevc:'al ',;eeks anci using diiferent -lrobes ' In the outer :'egions
i :

of rhe ilow oeyonti a :adius of 0.5 ilcnes, *"he neasurecl I'esul+"s show good repeat-

ability ior -all iO psig runs, whi-le lnside '"he O'5 inch radius ihe :'esu-lts af.a

nuch more elratic reilecting the difficulty of making :neaseemerrls j-rr r'itj-s region' 
I

,ls anticipateci, lhe total anci staric p-ressares lec:'ease frorn a hr6rt ii lue at the

'"ra11 to a rLini:rrum aL the center. The iotal ,'em1le::aiure a].so cec:'eases to a ruini:rtun

at the center, or elpressed i:r olher -:'rorCs the '"emperalure depressicn below fhe

lT lgr ter .pgfatEeinc?eEsgstoarrg i : r rwrat t }ac.gnigr .Si lce. l iendjJo j .d tE ' , |F-

erature, T-, varied sonewhal iioin one n::r lo "uhe next, the lotal- ierPe"sture

resul-ts are shorm as T,n - T, to Lake irtro account --he crange in :nfet lenoeraiure'

I t r n a y b e n o t e d t h a t t h e p r e s s u r e a r r r i i e r n p e r a t u ] € n e a s r , ] I e m e n | s c e m o n s t r a t e

a l a c k o f s l ' r r u : r e t r ; r a b o u t t h e c e n t e r o f " h e l u b e ' T h i s b e h a v i o r i s a p p a r e n t l y

due to lhe probe itself, for r-f ihe probe is inserted at 'uhe sarc cross sectlon

l',hrough ar opening at 1BO' aroi:nci the tube, lhe resulti 'g neasurernents are a

nr.i-rror image of ihe ori5rn.l o"n"-iour]is cr.css-ing lhan ai '"hc center of the tube.

Again lhe resuLts in the outer I'e glons of +,he if- or'r appear xnorc reliable +-han lhose

j:r the central r'egion.

The veiocity anci +-he slatic tencerature naJr be calculated llom ihe rneasured

nesults and :irese are shor.rn in Figures 5, E enci 10. In the outcr ietaions cf the

-!1ou beyonci a radius of 0.5 inc)-ies ihe velocii; ' ancl slatic 'Lentpelarure resul-ts

A R H P U R  E E S E A P C H  F O U N D A T I O N  O F  I L L I N O I S  I N S ' I T U T E  O F  T E C I ] N O L O G Y



are quj.te'reli dsf:.ned, but in +'he centraL region the :es"rlts scatter and any

cu : . ved ra l r ' n i l ) t h i s reg ion i sco r rp le te l ya rb i t ra ry .Thes ta t l c " "€npera tu re

v a r i a t i o n a c r o s s t h e t u b e i s s e e n t o b e q u i t e s n r a j - I , b e u g o f | h e o r c i e r o f l 0

degreesFahre r r } re i t .Th i ssna i l s ta t i c te rpa ra tu red l f f e renceo f fe rsev i t i ence

that ihe observeci separation of totai- enerry (i.e., high total tanperature ln

outer flor r.e gi,ons and lower toial +uenperatures in {,he central region) is not

to conduction heat flow.

Similar data on pressur€ anci 'uenperaturBs ?re re obtafued at inlet pressure l

I

levels of  i !  psig and 20 psig t"o --h"s" :esul+'s iead 
"o 

the sane conclusions asl

presented f or -,he 10 ps ig inlet pressura ' In ihe lnterest of space -'conclry' li 'j

resuLts for the 
'tri-gtrur irf,-et pressrres 'w-j-LJ- lrot be p:: ' :- i

Tbe neasured Fressur€s and +'ernperat"res were obtzLj':ed oy the i:rsertion

of a probe into the vorr-ex ffov and consequently lhe questi-on atises as to uhat'l

effect the probe produces on the fiow iield ' There is little doubt that some

distrrbance is caused, eveu iirough lhe Prube si:es 'ret€ heid to a ai.rj'ur

(Iron 1[6n to rrl8n di-aneter) ' !a addition, at certa!e posii;i-ons ih€ :oteting

{1ow passes by the probe on its tay to the probe snttance' the reby corpli-cating

the roeas.urements. This effec-b cer+,ain1y contribuies to rneasuring difficultlee

f o u l d j ! t h e c e n t r a f r c g i o n o f t h e f f o w w h e r e t h e f ] . o w t r a v e l s o n l y a v e r y s h o l

d i s t a n c e a f t e r l e a v : - n g t h e b a c k s u r f a c e o f t h e p r o b e u r r t i l i t l e a c h e s t h e p r o b e

entrance. Sorne indication of the effect of introduc j'n g an obstruction i-nto tlte

flow ras obtai:reci by inse;ting the probe to a given locat:on and measrriag the'

pressur€ at thet pojrt and 
"hen 

:ntroriucing a second obstacle the seme diatBtet

as the3robe vithil the flow field anci then reading agaia the jndication of t'he

first probe. lhe results of thjs stuciy indicaie an apprec:-able change in prea:

when the seccod probe is introduced j.nto the tube when tha rre asrrrrng probe 1s :

the central flow region. 
'nen the reasuring probe is iocared outside a radlus

0.5 inches, the effects of -.he second obsiacle are noi.strongly fel*"' generall'

in a cbange of l-ess than O-2 i-nches mercury at'a +'oial pressure of 7 lnches oi'

+!1
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The velocity as shown i:: Figures 6, B and 10, represents the total- ;r:a 5:':'i tud c

of lhe velocity vector. Ths orientation of ihj.s vector was approxj-nately :nciicated

by the posit:-on of the iotal pressure probe where a raxj-num reading '.ras found.

. . ' :  +! .  l l . i -  i - i^* .* inn i t  was possible to resolve the veloci ty in io ar ia l  and ci l -
'Y r .  t / r r  u r l -L r  te  {qv  f  vverv  

J_ / *Ot  €  \ /

cunferential components. i),pical values are shown in Figures ll- and 12. The radial

component oi lhe vefocity is assumed to be ,"re5ligib1e as j:rdicateci by Lhe visual

obserwat ion of  lhe wooL r :u l ' ! .  ihe a-x:af  ue loc l ty  ' l is t r ibuc ion ;ndicates ' "hat  large

axia"l flolr erists only in an annulus approxinately 0.3 inches lhick adjaeent !o

the tube waIl, It also shows an arurular region at a ladius of 0.5 inches j'n '*hj'ch

' ,he I f  ov roves in a i i i?ci . :on cpposi+-e --o 
"he 

nain f lo l : ,  i 'e ' ,  a le ' l icn of  baci l

i1ow, ?|e caicul-ation c ircu:lfe l'e nrlal ,reiocity '/C should be ccnsislent .''lilh the

observed static pressu.e dis-Lritxrti:rr s:LTfse a furee ba-l-ance ;.'.-lJ; 
'.1..: r'e1at:- , ' -.

riPs /.lr - ? V? t". Ihis relationsirip is iuliil--l-ed excepr ix ', 1 : :g:rtral ff ow
u . 9 / ' q l \ ' o l . .

region '*hel ti" .""utt" are unreliable.

The variation of the static pressufe, total pressure, total tenperatr:re

srC sta'":c +-e:pera---::= =1 ::E ',he t:be :t :3tsied r:dij' is glTs! 5 - 4ces J.i,

tlr, tJ ar:O 16 foT tne inlet pressr:re of 10 prig. It :rright be rerrtioned tltat the

:..csults ior f5 and 20 psig have the sanie appearance irhich hints ihat a dimension-

iess representatj-on should 'oe possible. such a rep:'eseniation has not been accom-

plisheci at the present time. itre static pressure at any given radius charges very

little i:r the axial direction, showing a slieht ciecrease in the flow djreciion near.

the ..ube wal,i ancj near the central- z.egion of the vortex. At radij ot L/2 and 3/L

inches the static pressure lncl,,eaies in '.he 3ow iirection, wirich nay rejf-ecL :he

reverse il-ow found i.n .,his section of the tube. The '"otal presstre distribu"ion

aiong the lube_denon strate s 'uhis sarrE roverse trrend at lhe sane radial posit:-ons.

At any given radius, the total anci siaij-c 'LemPerature lncl'ease along the iube

length. This indicates a ndnimum temPerature in lhe 'r icinitly of ihe nozzle cross

A E H O U P  E g S E A A C T  i O U N D A ' I O N  O F  I L L ] N O I 5  I N S ' I ' U T E  O F  I E C H N O L O G Y
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The sffect cf lncreas ilg the 1nlet pressurt on the 1ocal neasured ',enperature B

and pressures withln the '"ube is shown ln rlgures 15, r/ and LB, where r.epresantative

daia for lhe ccne-shaped discharge '/e-Lve are shor.n for one axial positLon. At the

outer region of the flow the pressure increaseg with lncreaslng nanifold Dressure,

whj-le in the cenlral regions of the flow lhe pressure is dln1:rlshed -w-i'oh increaslng

inlet  pressure. The ciecrease of stat ic oressure l -n lhe cors with increasing pressur6

is anticipaied, since an increase in inlet Dressure shoul-d jncrease the st;.cnrrth .1f

the vortex, thereby causing 'uhe lorer pressure values.

The i-nfluence of varyi,ng the valve geometry is apprec rable as nay be seen 1n

Flgr.::re 20, i,rhere +"he leasurerj p:EBs11res and ternoeratures are shofi for the casg

wherrg an oriflce of l-Vz i-nch diar,reter was used to replace the cone valve. Althougx

the same area openiag is used fgy ihc orifice valve as lor ,Jre cone valva ,"he fl_olt

r:ate has changed iron 1.112 scfn to 11! scf:n and ihe neasured. 0""""L"" are higher

1n the flow regi-on near ihe -*a11 and l-ower jl ."he center :.region. The .uer;'perature

der::essi.l :Ls 'r.r'nh sraa l'l€! ilr tle ca-re i.rhere tbe orjjjce valye js nca'i .rt i-s

apparent that iae boundary condltions at the exit of +"he vortex iube play a priJna:y

role j:r deternr:ir:-ing ',he pressures and terperatures througbout the entire length_

of the tube.

Five Inch Diameter Vortex Tube

At this stage in the ex.oerinental progran it ras decicied to constnrct a

larger tube wi-th +"he rnore flexible i-nlet conditions and to attenpt to visualize

the il- ow fieid by the irljection.of smoke. consequently, ihe prev-j.ousJ-y described

5 inch diameter tube lras cons-r,ructed and the flow v-isualization stuciy staned.

The snoke technique '"ras successful at the rower velocj-ties encountered i.:e i;his

stuoy and Eave suDport to the neasurements found with the j lnch diareter tube.

Definite iadications of an ar:nular rilg of rEverse lrow rith a iLow pattern as

shor+n in Figure 22 -*ere found vhen the guide vane s Eere set to glve large

c jrcr:nferentiai velocity to the :rrcomiag air str€am. Thjs bacir"*arci flow :egicql

' , t u -



nay play a vital- r'ole rn the energy transfer process sj-nco +"he air in

ilow region has aLeady traveled a considerable distance i.n the nain

L\i_s backr.;ard

directlon.

lhis neans -"hat scme of i,he air ai lhe nozzle cross section has sDent a ccnsi-derabLe

the withjn lhe vor-.ex anci ihis may weil account for the fact ihat ',he lowest

ternperatures ar.e found aL the nozzle eross-sectj-on

In conclusion, iL shoulci be poin*"ed out ',hat +Jee foregoing results deal. only

i,ri+-h one gecmetry and ihat nuch acidiiional stuciy is :equired before a complete

unders+,anding of the vortex fl-ow 1s obta-ined.
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