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History
Th; vonex lube etfecrs were i irst observed bv Georges

Ranque, a French phystcist abour 193O He iormed a small

aoaiiny to exDloit the rtem but it fatled soon He presenteo

u-p"'pJt'on the vonex lube lo a sclentlf ic soclety infrance 1n

ifgd tut ir was met wrlh disbeliel and disrnterest Tiereatter

in" uone" tube oisaopeared lor s€verar years JnlrlF-udolotl

Hilscn studreo it ano oublisned hrs rindings n lne-mro'rY4vs

Hilsch's paper stirred much interest where Sanque s

had not. So much so. in fact. thal most readers thougnt

iir i"n i,"o invenled the device, and it was populariy called

th€ 'Hilsch Tuoe." - 
Si"i" then, lhe vonex tubs has become much better

kno*iio t""nn,"ui ieople i-here has been a slow but steady

,n"r"us" ln research and publication on ihe subjeci arouno

;;;;1d. well over t 00 serious studies have been publrsneo

in ,n"-*otfo. sctentif ic anci engine€ring journals' scanereo so

COLD AIF
our {-30.)

:ha|t s' lard to assemole more than a lractlon ol them

ti"-nn ooou,"r anlcles ano commentarles have been

;;;;;;; \4anv engrneelng scnools and :noustrral ano

IJ,"niit 'a qtouo" are v'orxrng )n I ', 'e ! 'onex 'ube
"- - t^"i" vonex iuoes Serve 1 a {lde /arletv of loustrlal

"pp,,""i i i !. 
'n.to,ng coolrnq worKers coorrng eleclrrcar and

ri, i"t i*i l  
"q"'p.unt, 

and many process cooling applicallons

Air Movement in a Vortex Tube
Selow is a schematlc drawlng ol a vonex lube snowlng

the inrernal arrangement and the common names lor cenaln

lmoonant teatures-- 
i ioh or"ssut" alr enters the Inlei and enters the

annutar'spjce around ihe generator' l l  then enters the

;;;zi 'Ji;h"r" i l  loses pan of lts pressure as it exoands and

qu;i-aoni" or near-sonic veloclty' rhe nozzles are atmed so

t';f i ;; i ; s intecteo langenlrarly at Ine crrcumierence of the

,oi"i q"n"t"r 'on cnarnoer' All ol ih€ alr reaves the vortax

o"n"rurlon cnamoer ano goes rlto lne hot :uoe 't r ' laKes Ihis

lno ' ie ,ue tween 'o l  and co lo  enosr  cecause:he  ooenrng Io

; ; ; : ; '  ; ; "  s  d r r 'qavs  arge lnan r le  oeenrng :c  the  co ld

iuo" ftnrougn lhe cenler ol ihe generator) Cenlrifugal lorce

x""oi tttu i ir near the wall oi ihe hot tuDe as rt moves lowaro

the valve at the end.
By the l ime the alr reaches the valve rt has a pressure

som"what less than lhe exlt pressure at the nozzles oul

more lhan atmospnerlc (assuming cold outlst rs at

"iroaonur'" 
pressurel /t rs a/ways uue lhat the p'essu/€ /ust

i.r,no tne conlrot vaNe E ngher than ne cald outlet

pressule.- 
Th" oosltion ot the valve determines how mucfi alr

r""u"" 
"irh"-noi 

end. For not{old separatron' it must allow

nlju-o"n ottn" arr to escaoe. ;he Iemarntng alls lorced to

ini '"u","i ot rhe nol roe ,vnere stl l l  sprnnrng' it novas back

io*"ro tn" cold oullel t goes all lhe way througn tha hot

trOe. rnrouqn the cen:er ol the vortex generalion chamber' lo

lhe cold outlel.
Femember ihe trlglnal stream ot alr !n the hot tube dld

not occupv the cenle'oi tne tuoe oecause ol certrrfugal

rorce. Theretore ' i  oei '1es an deal palh lor l\e 4ner Stream

to tollow. ihls. comblned wlth lhe above mentloned pressure

O,tlerence belween the valve and the cold oullet rs lhe

Luion tn"r" are two distrncl splnnlng streams one Insrde the

other movrng In opposlte l lnear directlons ln the hot tube
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Vortex Tube Perf ormance
As ihe vaive posrlion is changed. lhe progonlons ol nol

and cold arr change. 5ut lhe totai l low remalns the same.
-ihus ine amount ol alr exlt ing ine cold eno can oe varled

over a wrde fange lor a glven vonex :uoe Tha amounl ot thls

arr is Known as lhe coid tractlon.
As you can lmagtne, one ol the secrets ol goo0 vorlex

lube desrgn rs io avord mlxtng oi any oi the cold nner stream
(the coid lractron) with the warm or hot outer stream. i l a
ruoe s operatlng at a ' 'gn cclo "actlon 

'ne cassage 1 -te

cenler of the generalor must be arge enough to handle lne
cold flow. l l  nol, it wll l cause some oi the cold arr lo oe
oe l lec teo  away lno 'n txeo n  w l th  lhe , r ' la rm a l r  s l ream.  thus
wasting retrigeratton. At low cold lracll0ns the deslred resull
rs usuallv a small stream of very cold arr' An openrng ioo
large wil l Invite entralnment ot some oi lhe nearby warm alr

ano rarse the coid outlel lemoerature.
ihus lor anv glven vonex iube of a fixed total l low

caoacltv Itere B an deal opentnq stze lat every cald ttactton'
Prac l rca l l v ,  3  vonex  tube user ' r l i l  nor rna l l v  want  cne o l :wo
rnodes oi ooerallon. Eilhe( maxtmum tefngetattan lwitcn
occurs al aooul 

-Olo :otd rrac:ronl lr owest Doss/o/e ct d
bm1eatura (wnicn occurs at about 200/0 cold fractlon).
Accordingly Vonec offors H ihign cold fraction) bushlngs
designed wrlh th€ optlmum openlng ior maxrmum
reirigeratron ano L l low cold fractlon) bushlngs wrlh the
ootrmum smaller opening to create lowest possrble cold
temoeralures.

Each ol Vonec s standard lubes can also be l itted wrlh
qenerators lor dlt lerenl CFI'. ' |  capaclties. lhus we must offer
^n H and L bustung lot each CFM capaciy tn a glven luDe
so the busnings must be selected based an tvvo patametets'
caDaciv and mode. lhis ls why we adopt the slmple
nomenclature 2-l-1, 4.L, 8-H, etc

lhe 328 tube rs made ' 'vrtn separate generalors ano
bushings, but t ls so rare that anyone would ' 'vant a lube as
large as this to creale extremelv 1ow temperatures' lnal lve
don t show L versrons in the prrce Lisl. All l isted 328 serres
tubes have H style bushings, cut L style can be provroeo on
a specral order oasls.

Temperature SeParation Eftects
ln a Vortex Tube

We have alreaoy covereo lne movernent ol atr 4 Ihe
von€x luoe. Now wg soall atternpt Io exOlaln wny Ine not air
gets not and lng coro arr gels cold

You'l l recall that the air in the hot luoe has a comol€x
movement. An ouler ring oi air is movrng loward the hot end
and an rnner core of alr is movrng toward the cold end. Both
streams of air are rolating in the same direction More
imoortanllv, bolh streams of arr are rolatlng at lne sarne
angular veloclt/. This ls because Intense turbulence at the
bounciary between lhe two streams and throughout botn
streams locks them into a singie mass so far as rotatlonal
movement is concerned.

Now the proper lerm lor lhe inner stream wouid be a
' 'forced voftax." This is distingulshed from a "lree vonex" tn
that its rotational movement is controlled by some outslde
inlluence olner tnan Ino conservatlon of anquiar momentum
ln this case the outer hot stream forces the Inner (cold)
stream to rolale at a constant angutar veloclly

In the bathtub whirlpool situation (which most peoole

associate with the word "vodex'), a iree vonex rs formed As
rhe water moves Inward. its rotallonal soeed increases lo
conserve anguiar momentum. Linear veloclty ot any panrcle

ln the vorteirs inversely proponional to lts fadius ihus. . n
movino lrom a radius of one unlt to a draln ai a radlus ol 12

unir, a canicle doubles lts l inear {tangential) speed rn a free
vonex. ln a forceo vonex with conslant angular vslocltY' lhe
inear soeed oecreases oy'lalf as a oanlcle noves from a
radius oi 1 Lrnrt to a dfaln al a radius oi i/2 unll

So. ior tne sltuatlon aoove. panlcles enler :ne oraln
wtth ,1 lrmes lhe i inear veloclty In a lree vortex compareo wlth
a lorced vortex. Kinetic energy ls proportronal to the squale
o i  ,near  veroc t ty .  so  lhe  oan lc les  ieav lng  l le  d ra ln  o f  tna
iorced vonex have 1/16th lhe kinetlc energy of those leavrng

the drarn ot the iree vorlex in thrs example
Where  ooes 'n rs  energy  r '5 ,16  or  lne  lo la r  ava l lao le

,<inetrc energy) go? lherern l les the secrel oi the vodex lu0e.
The energy leaves the Inner core as heat and s iransmrned
to ihe ouler core.

Now you mtght say the alr In the cooling rnner stream
had to travel through the oul6r (heanng) stream iirst. Why
doesn I  i t  "ea t 'ne  same amoun l  I  coo ts  w l th  no  ne t  coo l {ng
eiiect? Kesp n mtnd that th€ iate oi f low ln the outer stream
rs always larger lhan lhal of the lnner slream, slnce pan ot
the outer stream is berng dischargeo at the hol valve. lf the
3TUs leavrng the rnner strearn eaual the STUs garned by the
ouler stream, the lemperature drop ol the nner slream .nusl
3e more than ihe temperature qaln ol the outer slream
Jecause its mass rale of l low is smaller'

l l  this oreceot is clear in your mind, a l i l t le reilecllon
will allow you lo understand wny not end lemperatures
ncrease as cold fraclton ncreases. and cold end
temoeratures decrease as coid lractions ciecrease.

Effects ol lnlet TemPerature
t ls verv easv to predlct lne lemperalure oroos ano

nses ln a vonex tuoe for vartous Iniet lemoeralures. The
bastc rule to rememoer ls that temoerature dro03 or galns are
prooonianal to aosolute inlet tempercture. Any temDerature
expressed in t- 'grees Fahrenheil can be convened to
ab6olute (degrees Fankine) by adding 460 lhat rs.
OoF =  460oR cr  ;0oF =  530oR.

Thus, the entrre table is cased on an inlet temperature
ot 530'R. lf aosoluto iniet temperature doublas, so does the
lemperalure croo or gain. As an exam016, suppose you want
to i ind the temoerature oro0 assoclated wlth a vonex tuoe
ooerating at 300/0 cold fraction and wrlh a i00 pslg,
200oF ln le t .

1 .  Tab le  g ives  118"  d roo  fo r  100 ps ig ,  70"F  in te t  and
300/o CF.

2. Batio of absolute Inlet temperature

200 -  .160 660 .  ^ , .-76 
-  +oo=t*= '  ' " '

3.  Droo g iven n  lab le  t rmes ra t io  s  118 x  i  245 =

4. Cold eno temoerature s 200" - ta7" = 99i!
-hrs ratto can re Lseo Lrst as well wnen t-e Inlet

temDerature is lower than the 70oF on which ihe table is
based. For example, l i  inlet iemperalure were 0oF. ratlo
woulo 0e

0 ! .160 460
---:-7 = =;; = ol
/u + fou )J lJ

ln this case the temperalure drop is feduced

Exaclly lne same aoproacn can oe -seo lo conven lhe

temoerature fises gtven ln the lable. They are greater for inl€t

temperatures higher ihan 70oF and smaller lor rniets below
70.F .

One additional commenl on lhis methoo snould be
naoe.  l t  aop l ies  Io  lhe  oressure  range snown on lhe  tao le
only. Whenever pressures conslderaoly hrgher than the lable

I



are involved. ths Joule Thompson effecl alters the resulls

somewhat. This etfec! is small at pressttes of 140 psrg and

berow. lnd can oe rgnoreo as rt s 11 lhe 'nelnoo given

aoove. Joure Thompson coollng rs tne very slrgnt :ootlng tlal

tak€s place as gases are thronled

Using the Perf ormance Table
-wo ratnernoonant ' imttatlons of lhe pedormance

taDle in the catalog snould be recognlzed.
First. lhe table wouid seem to rmply that iemperature

droos and nses are related lo inlet pressure. This ls not qulte

tru6. ihev are retated In a comolex way to:ne aoso/ule
prcssurc ratrc betw€en inlet and cold outlet. The tabie rs

based uoon the assumotion lhat lhe coid outlet is at
atmosgnetc prossu/g. For any other colo end pressuras the

lable cannot be useo.
You can aopreclate the vanalion In temperalure drops

and nses i i you conslder how qulckly the absoiute pressure
ralro changes with changes n cold end pressure A 90 pslg

inlet (105 psra) provtdes a 7 io I ratro when the luoe
exnausls io almosonenc pressure (0 csig or 15 psta). lf inlet
oressure remarns lhe same and cold outlet pressure rlses lo
onlv i5 psig, ths ratto drops to 3.5 to 1.

Calculatrons of temperature rlses and drops lor
oressures olher lnan thos€ snown on lhe lable can oe naoe.
but they are b€yond tho scope oi ihis Shon Course Fefer
anv such probloms 1o Vortec.

The Heat Balance Formula
A verv handv tormula results from the tact thal th€

energy exrracted from lhe cold alr by the vonex tube appears
in the hot arr.

Ihe iormula ls:
C F  x  ( t ,  - t "  - J l  =  ( 1 0 0  -  C F I  x  ( t n  -  t ,  + . r T )

where CF = cold fraction. 3./o

t = nlet air lemperature, oF

1^ = cold air temperature, 'F

I" = hot atr temperature otr

.I = Jouro-Thompson temperalure correction
oF = aoF at an rnlet pressure ot 100 pslg

By using lhis iormula, cold fraction can be computed
lrom the readings of ths three lhermometars alon€ wlthout
having lo measure any air f low. As an exampl€. suppose
t  =100oF,  t .=50 'F ,  l "=300 'F .  Subs t i tu t ing  in  lhe  lo rmula .

C F x ( 1 0 0 - 5 0 - a )  =  ( 1 0 0 - C F i  x  ( 3 0 0  -  1 0 0 + 4 )

Solving for CF, CF = 81 .50/o
vonex tuoes ooey lhts tormula very ctosely 'egaroless

of their efficiency, provided only that th€ hot plpe 0e
lnsulated.

the formula can be rearranged as lollows:

C F  -  i . - t . + 4  x l O O

This is i ls handiest form for computing cold fractron.

Humidity Etfects
The vonex lube does not separate humidity belwe€n

the hot and cold air. Th6 absolute humtdity of both cold and
not arr. In grarns/oound. .s th6 same as rhat of t\e enterln9
comoress€o atr.

l,, loistur€ wrll condense and/or ireeze in the cold air if
i ts dew pornt is higher than its tomperalure. The following
table shows the amount ol moisture that alr can hold in the
saturated vaoor state as a iunction of air temperatur€' at
slandard atmospheric pressure of 14.7 psia:

Selural ion'
'Saturaton lrrorsluae Conl6nt Gralns/lb. Arr

For examDle, the above table shows lhat i l  the rnolsture
content rs 14 9r./1b., condensatton wrll begin wnen the temoerature
o l theco ld  a r r la l l sbe low 19oF At5gr . i lb . ,  condensat ron  wt l l  beg ln

The saturalion moisture content oi compressed alr al 100
psig is gtven In lhe following tabte:

Tampaaetu,a.  oF r r o  ' 0 0 3090

Satur!t ion' 3 7 S  2 9 5  2 1 7  . 5 4  r  1  I

0 - i 0
' 5 3 2 ' 3 ' 0

Tempcreturc'F 110 100 90 s0 70 60 50 ,r0 30 20

S6turatlon
Mor3turc Contanl
Grarns/lb. Alr

l 8  2 8  2 0  4  J 9  6 9  r 7  3 -  3

8y companng the two lables. t rs posslble to predrcl
the amount ol morsture in the compressed alr. ano the
temoerature at which moisture wil l begtn lo preclpltate or
ireeze in th€ cold arr. As an example. suppose the
comDressed alr is aftercooled to 80'F tollowing cornoression.
and the precipitated watsr drained otf. Th€n the second taDle
shows lhat rt wil l carry 20 gralns/lb. of water vaoor' When this
exoands in the vortex tub€. th€ upper table shows that
precrprtation wrll begrn In ths cold air v/hen rts lemoerature
ialls below 26oF if i ls pressure is 14.7 psia.

l l the comoress€d alr rs cooled unoer pressure 0y a
chil ler to 40oF, the second table shows lhal rt wll l then carry
4 7 gralns/lb of water vapor' whan expanded rn the vonex
tube, precrprtalron wIl egrn wnen the lemoerature oi lhe
co ld  a r r  fa l l s  be low -  i rF  a t  14 .7  psra .

1f, under unusua condttlons. some molsture preclplrates
in the cold air. the terncerature oi the cold air wll l thereby be
caused to flse approxrrnalely 3/4oF ior each graln of morslure
that precipitates. Thrs s because some oi lhe senslble
'eirrgeralton ot the colo alr is consumeo in oroouclng laten(
reirigeration of ths morsture. This relrigeralion is not lost but
reagpears in the cold al( as it warms up in pedorming lts alr
conditionrng duty ailer leavlng ths vortex tuoa, when the
preclprtaled morsture re-evaoorates

The tables show that condensatlon wil l not normally
occur at moderate cold end temperatures. When
temoeratures are iow enough to cause condensatlon. t
appears as snow. The snow nas a sllcky quality oue lo oil
vapor and wrll gradually collect and block cold alr oassages.
Continuous oDeration at ow iemperatures can ba assured by
means of an arr dryer or niecilon of an anti lreeze mrst nto
the comoressed air ieeding a vonex tube,

When selecting dryers give consrderalion to reirigerative
and dsliquescent types. While therr drylng aoil it ies are l imrted
(and need to be considered) thev are qulte comoatlble wlth
th6 vortex tube. chsmrcal dessicant dryers such as srl ica-gel
and molecular sieve lypes are exothermlc, and tend to heal
the compressad air caustng ! 'efrl9erailon losses.

Appl icat ion ) ic i- .s
The Air Supply
Ptessure

Standard voner lubes made bV Vo(ec Corporation are
designsd to uti l ize a normal snoo air sugoly oi 80 to i 10 pslg
pressure. Unl€ss pressures run consrderaoly higher than '110



psrg, do not use a reguiator lo reduce the Loiei pressure
Preisures hrgner lhan 250 oslg must not De used Pressures
lower lhan 80 ostg wrrl slrl l  oroouce some cooling However'
5O1h lhe  iempera ture  drops  and:he : lows are  reduceo oue lo

the iower !nlel Pressures.
Line Slzes

uo to  25  SCFM,  funs  o f  o ioe  less  than 10 lee t  long
may be l/4" stze wtlhout excesslve pressure oroo Uo lo 50
feei use 3/8" otoe, and use 112" Q e auer 50 1eet. Rubber
hose oi suitable pressure ratlng mav be used. Consrder 3/8"
d hose lo be the same as 1/4" croe and 1/2" d hose to be
the same as 3/8" cige. Aemember that lower lransmlsslon
pressures wil l exntort even grealer oressure drops, so care
must be laken lo avold large losses In the lnlet arr plplng

Compressor Slzo
ln most large plants. ihe stze ol the compressor s

adeouale lo nandla manv vonex luoes ooeratin9
srmuitaneously. For smaller olanls' estlmale horsepower
requrred oased uoon tle raleo caoacllv ot Ine luoes cor a
lOO osrg  sys tem.  t  takes  one norsepower :o  comoress  iour

SCFM o i  a t t .

Preparing the Air
Moistura

All comDressed air svstems wil l have condenseo waler
ln the l ines unless a dryer s in use. To remove condensed
water lrom the air. a ti l ter-separator .rust bo used Automallc
drain tvoes are recommendeo unless the area s always
tended by a responsrble employee who can emoly lne
colleclron bowl periodacallv Place the l i l lerseparator as near
to lhe vonex tube as posslole.

Drvers
Normallv a dry€r is not required fcr vortex iuoe

aoplications. Occaslonallv, however' when very low outlel
lemperatures are produced clng wll l cause problems Also,

some applicatrons may requlre the cold alr stream to be
comoleteiv free ol condensed water or ice A chemlcal dryer
(sil ica gel, heatless, or other ivpe) can be used ln lhe rnlel
i ine to elirnrnate condensed waier or lcg In the coto alr
stream. The dryer should be raled lo produce an almospnerrc
dew ooint lower than the iowest expecled cold outlet
tem0etature.
Oirt

Because of the water in compressed air l ines, there rs

always rust and dirt present. Vonec s l i l ter-separators
eflectrvely remove these contamlnanls by using a 5 mlcron
fi lter. Feplacamenl i i l ters are available at nomlnal cost, and rt
rs necessary for tne Jser lo determlne Ihe freouencv ol
reDlacemant based on lhe conditions prevail ing ln his plant.

o t l
Never use vonex lubes downstream of a lubricator' Oil

n the arr wnicn has been ntroduced by the compressor
lubflcation system rs usuailv not a problem lor Vonec
products. but occasionally older comoressors proouce very
oily arr. lf lhe plant air is very otlv, use an orl removal lr lter
downstream of ihe fi l ter-separator. The oll removal l l l ter
removes din, water. and oll aerosols wlth an etfectlve
fi ltralon of 0.01 micron.

Settings
Maximum Rolrigeration. Maximum refrigeration occurs

when a vonex tube operates at 60 to 70 percent cold
lracron. lhrs is where lhe product of tne mass of cold arr
ano ts temperature oroo is lhe greatest. fvlanv aoollcallons
such as cooling electrical controls l iqurd baths and personal
arr conditioning use this maximum reirlgeratlon seltlng For
maxrmum re l f lgera l ton ,  Jse . i  sN le  oush lngs

Minimum Tempetature' Some applicallons reouire lhe
,owest  cossro le  coro  ou tou l 'e rnoera lu re  Examoles  are
cooiino alass. cooling hot pans, and uslng cold alr to cool
macn i i r iq  ooera l rons .  

- r -hese 
a i r  sprayrnq  aoo i ica t lons  !s !a l l v

work be ;r wrth very cold alr, ano .esulls seem not !o
deoend uoon the reingerallon rate For ihese applicanons, L
style bushings and ccld lracllons n lhe 20 lo 40 percent

range are best.

Using the Cold Air
Back Pressure. one ol the most common mlstakes

rvtth vortex luDes is to restncl the cotd oullel. This wrll cause
a ioss of oeriormance. A small back pressure on the cold
out le t  lo  a l low lhe  a l r  lo  nove In rouqn p lo rng  or  duc t rng  s
acceolaole. cul cacK oressuto measureo at lne lJoe snould
be limrted lo less lhan 5 psig. Keep in mind lhe lube ls
resoonsrve to the absolute pressure ratio aooiied and back
oressures as low as 15 oslg cut ihis ratlo in half. Somo
cressure s avatlable al lhe hot end. and lt can be used so
'onq as  conoensa l lng  ao lus tFen ls  1  : re  con l ro l  r 'a lve
se l t rngs  are  maoe.

lnsulation. As wtth any thermodynamrc devlce. ine
orooer use of insulatlon wll l rmprove vonex luoe syslem
oertormance. Avord ducting th€ cold alr through large thermal
inasses such as heavy prping, drrl led holes rn iarge blocks'
etc. 1l oossible use plastic tuoing or ptplng. Foam type
nsu la t ron  can a lso  oe  qu , le  ne lp fu l

Noise Mufflers
General. A common misconceotlon s that a vonex luos

emils a scream or whlstl€ due to the sonlc speeds lnsld€.
Actually sucn nolse s 'arely observeo cul 'h€ souno of
escaprng air s always present, and in some cases lt must be
muffled. Ord,.3fl ly lhe cold alr wrll be ducted Inlo an
enclosure or ::rrough some proe or tubtng. ihis alone may
ieouce r ts  no  -e  leve l  lo  acceptao le  l im l (s .  Hot  a t r  escapes In
smatler amounls rn most applications and may nol be
oblectionaole. ). levenheless, lels of escaplng alr can be qulle

ooiectionable i conlinued over a long period ol t ime near
worKer. in sucn situations muitlers are avatlable, and shouid
be used.

Cold Murtl ing. Muiflers used on the cold alr must not
be of a stutted or porous type. Therr small openlngs wll l
ouicklv blocK wtth rce which has conoensed and frozen in tha
cold air stream. tsail le type mutllers ano sllencers are best
ior ne cold air. Avoid selectlng any murfler which wll l apply
hrgn back pressures to lne vonex luoe

Hot Mulfl ing. Nearlv any arr sllencer or muftler wil l
work on the hol eno. One should avord selectlng a muifler
made from piastrcs or olher materrals with low resistance lo
heat srnce hot end temperatures can easily exceed 200oF

Maintenance
Since vortex tubes have no movlng pans. tney are

h ign iy  re l iab le .  and requ i re  i i t t le  o r  no  maln tenance.
Prolonged us€ with diny or orly alr can cause wear or oln
cor rec l ron  In  lhe  tuoe.  Occasona l  o rsassemoly .  , ] soec t ion

ano c tean nq  are  l ' l e  on ly  r ra ln tenance ac t rv l l les  reou l red .



VORTEX TUBES
Refrigeration from
Compressed Air
What ls a Vortex Tube?

A Vonsx lube is an Instrumenl with no movlng pans

that convens a supply of ordinary compressed alr rnto tvvo
airstreams at slightly above atmospherlc pressure. one ' lot
and one cold. A Vortex tube can produce up lo 6000 BTUH
of rotrigeration or tempsratures oown to -dooF lsing
nothing more lhan compressed alr at 100 9slg. A valve ln the
hot arr outl€t allows you to nfinitsiy adjust the l lows and
temoeratur€s ov€r a wido fange

Benefits ol Vortex Tubes
. No movrng pans
. Vinually maintenance lree
. Low init ial cost
. Small srze
. Highly reliable
. Easrlv conlrolled

How ls Industry Using
. Cool machining oP€rattons
. S6t solders, adhestves
. TemOerature cycle thelmostats. instrumenls ano electronlc

comoonants
. Dehumiditv gas samples
. Cool electronic conlrol caolnels
. Coot worx€rs In prolective helmels. noods and ' - ls
. Test automobtle temperalure sensors and cnox€:
. Cool induslnal sswtng ne€dles
. Chil l environm€ntal chambers
. Cool mold looltng
.  And manv more . . .see  the  app l ica t ion  cases  In  sec t ron  l .

How Does a Vortex Tube Work?
Hign pressure a[ enlers a slalronary generator ano is

'eteaseo wrth a vonex molton. sornnrng along lhe luoe s
walls toward the hol arf eno a{ sonlc speeos up to i.000.000
rOm. Air near lhe sudace ot thls Splnnlng vonex becomes
not .  ano some o t  l  ex r ls  :h fouqn l le  need le  va lve  n  lne  hor
end. The arr lhat ooes not escape through the hot arr needle
vaive is forced back through the cenler ol the warm alr vonex

Because the arr lorced back through the sonlc-veloclly

fu t  -  30e l

. Lightweignt

.  Ponab le

. No spark/exolosron hazard

. spol cools wllnoul waste

. lns ian t  on /o t i

.  No FF n tenefence

Vortec Tubes?

hot arrstream moves at a siower speed. a srmple neal
exchange lakes olace. The inner. slower-movlng column ot
arr grves up heat lo lhe outer. laster'movlng column When
the stower, Inner column oi alr exlts thfough the cenler ot Ine
statronary generalor ano out the cold exhaust. lt has attalned
an extremely low temoeralure.

For a more detailed explanatlon oi thls orocess nitially
dlscovered n i930. read the Shon Ccurse n seclron H or
ca l l  one o t  our  App l ica l ton  Eng lneers  on  lhe  H0 l  L lne

cord af rfoo a von6c Moo.l 606 Cold Ar Gun elrnr^alos cfsd(s durng loorgnnorng

aord  a .  macn  ̂  ng  3

!OFIEX'GENERATION CBAMA€F



Vortex Tube Perlormance
You can varv the volume and temoeralure ot the cotd

arr proouced by a Vortex tuoe cV adjustlng lhe valve Ln the
hot arf oullel. Thrs conlrols wnal is xnown as ihe cold
l rac t ion . 'wh ich  is  lhe  psrcant  o f  the  Input  a i r  vo lume
released through the cold outtel. For example. rl the lotal
volume of comoressed air inout is 15 SCFM and tne cold
fraction rs 700/0. then 10.5 SCFM exrts the coid end and 4.5
SCFM 6xlts the hot end. A high cold lraction \morc than 500/0
of th€ input air released througn lhe cold atr end) produces
maxtmum rchigerctlon-the grealesl BTU outpul. lhis usually
occurs at cold lractrons of 6oa/o-704/o, wnere ihe mass ol alr
'eleaseo at lne coro outlel ano :le lemperalure orop ol l1e
arr are oDtrmrzed to yreld maxtmum etliclency and BTU's.
Most aoplicalons, such as cooling electflcal conlrols. lquid
baths. and personnel. use nlgh cold lracttons lor maxlmum
retngeralron.

A low cold r.acl/on (less than 500/0 oi rnpul alr released
through the cold end) oroduces i ie iowesf lemaetatutes. cul
'/vrth a reduceo ilow of arr. A low cold iractron. wlth ls
extreme ow lemperature and ow I!ow. is usefui In ccollng
smal l  ' racnrnrng  ooera l rons .  smal l  oar ts .  g lass .  es l tng  o l
electronrc components. and laDoralory expeflmenls.

Standard Models from Vortec
Vonec Corporation was the i irst company to iully

davolop and commercralize tho Vortex tu0e,
ln more than two decaoes or worK, we nave oevelopeo

three standard tube sizes. each caoable oi three l low ratlngs.
We accomplisn lhis wrth thre€ ditferently-stzed.
Intercnangeable generators wnicn provtoe three CFM ratlngs
for each lube.

The nine ditferent capacrties provided by cur vortex
tubes cover the entire range ol cooling capabrlity whrch s
economrcallv practicai wrth a Vonex lube. This enaoles you to
size a unrl for your applrcatron without wastefui over-capac,ly.

Optimizing Vortex Tube Efficiency
For Your Application

Bv changrng the diameter of the coid arr passage rn the
cenler of the vonex generator, you can conitgure your vodex
tuoe for maxrmum efticrency as a nign-cold-lractron unrt or a
low-coldJractron unrt. We provrde srmole oushrngs to
accomoiish this In our 106 and 328 tuoes. We oesrgnate
these bushings H and L ior high and ow cold iraclions. Each
bushing ls srzed to maich the CF[| capacrty of its
correspondrn!i /onex generator. For example, generators lor
a 106 tube {des gnaled 2. 4, 8) may be used wrlh bushings
2-N ar 2-L. '1-r- or 4-L. 8-H or 8-L, depending on ihe cold
fractton you \! 'ant.

ihe busnrng and generalor are separats parts for our
106 and 328 i joes .  For  the  208 tuoe,  the  bush ing  ano
Eeneralor are nanufactureo as a srngle pan, with the model
numoers agarn desrgnatrng CF[4 ratrng and hrgh or low
i rac t ron  e f f i c rency :  11-H,  11-L ,  l5 -H,  15 .L ,  25-H,  25-L .

)
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Vortex Tube CaPacities
lntat Alr

Mo6al Ptlaauao Conlumption Crprcity
Numb.. (PSIG)' lSCF[' l)  (BTU/H)

1062-H 100 2 1 0 0

.06-4-H 00 200

1068-H :00 I 400

m&1r-f i r 00 t l 600

20&15-H r00 1 5 900

2O&25-H loo 25 1500

328-5GH ioo 50 3000

328-75-H r00 4500

32&,OGH 00 00 6000
' t n ld  lemp€ra lu fo :  t0oF Model '106

T-
3r,l rc 3%

-_:Lle2 nn 'o es mi

: 0

Model 208 Model 328

Air Flow
The total discharge (hot and cold) in SCFM Jrom a Vortex
tube is proportionai to absoiute inlet pressure. To
aoproximate the lolal f low tor a gtven Inlet pressure, use tna
following simplif ied formula:
(inlet psig. + 15) x clryr_rating ol generator = approx. totat l low

1 1 5

ISpecifying a Vortex Tube
This table shows the approxrmate temperature drops

and rises vou can expect trom Vortex tubes adJusled to
uanous coid fractions. The primary determinant in Vortax tube
psrtormance. in addition to the cold lractlon settlng'
ts rnlet or€ssure.

Tho iable assumes an inl€t temp€ralure ol T0oF Keeg

in mind thal the cooling p6rlormance of the Vo(ex tube can

oe oegraoeo bv 1'gner Suopty atr lemoeratures by molsture
rn rne 

-suoolv 
air *ntcn can conoense and l 'eeze (easliy

corrected wrth an arr f i l ter), or by excesslve bacK pressure aI

erther the hot or cold arr outlet A clean vortex lube'

ooeratinq wrth constanl inlet pressure and temperature' wll l

marn ta in - temoera turos  wt th l l l  ; '  oF

Vortex Tube Performance Data

20 30 40
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9 r  5  r  1 7  ' 1 7
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Air Conditioning
Power
To approximate the coolrng
and heatrng power in BTUH,
use th€ lol lowing srmPlif ied
lormulas:
CF=Coid Fraclron
CFMr = Totat Art Flow
CFMc =Cord Arr Flow=CFMr lCFl
CFMh = Hot Alr Flow = CFMI l l0GCFI

I = Lnrel Temoeralure
t:=Cold A r oul et i , i f l roefalure
th= i lol  Alr 0ul€1 Tem0eralure

Fof Cooling:
8TU/hr- I  0746 (CFMd i l ' ic)

For Heatlno:
BTU/hr = 1.07!5 (CFMh) {tr-t)

60 8&O s0 73',
a 0  : O :  l 5 C  i r 5  / r 0

1(tr 10 {Il.0 E/u}
&  U : :  rCO 5a5  aoo

1 r 5  1 ! O  t @  c n
8 0  : g c  l l o  4 3 a  9 5 0

128 l lE 1lo ggt

2 6 0  r 5 O  6 6 5  9 1  0

12 14 ltt 1s,. v  26a 450 690

,40 :f, :f, if'

:

5
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Getting Started
The technrcal and placlrcal questlons you may nave

3DOUt oeslgnlng a vonex luoB'nlo a oroduct or process-can.

ii ""nor"o 
ou ;ur vonecnology Aootrcalron Enqineers ;nev

iir onry *no* our products rnsroe-out but thev v€ also

reiped 
'r 
nousanos ol cLstomers use lnoss oroducts n a

uiiieiv or inorsrnes ano aDplrcatrons 
-herr exoerrenca s a

i"-"n-nt"t ,"aorraa lnat s avallaole to vou iol Ine asxing cnd

Experimental Kits
l f  vou  wan l  to  learn  or  lour  own or ' l  you  need lo

o"noo,cii lv lest Vonex :uoes In vou' oroducts or svslems 
"ee'have 

avarlable lwo experlmental klls conlalnlng lne

oin"tl ioi. 
"no 

or.hings needed lo produce lhe full range ot

i lJ'"" ino tutp",",urei *'tn ine Iwo most commonly usod

ru-oes: the 106 and 208. 
-he (rls also conlaln a s'mrcron

iitt"r, a aoro'"no nutl lsr' and a oooKlet on lho ooeratlon ano

too,i"irtn of vonex tuoes. ihe nils are hanoy desrgn lools

t--""u" *n"n"""t !ou are conlemolatlnq lne Llse ot a vonex

iuoe in your Producl or sys{em

;'ffi;""-" .*'"-*'ssary ro prodlcs ire r!{ ranq6 or rLow3 and ren'

,€ratlGa lroh rn6 106 and 2og von.r irb65

Specif ications
1 1 6

EXPEFIMENTAL
OUTFIT

2 1 8
EXPEFIMENTAL

OUTFIT

/on6r T.rb6 i 0 6

R6i geralron up ro 400 BTU/hr .rp to I500 8TU/hr.

Flow Rales (scFM) 2 . 4  3

Iemp€ralure

Accessories
We stock a full l ine of accessories that have proven lne

most-usetul and most'asked-lor by Vonex lube purcnasers

and system designers:
. Bushing/generator krts
. Cold end mutflers
. Hot end muftlers
. Th6rmostats

. Solenotd valv€s

.  Ai r  l ines

. Pressure regulalors

. Filtsr/separators

. and more

* t o G  # 0 9 -
# LCr  4  e31-

, f  l i ' ( .  -

Q!es l  ons '  C i l l  cu r  Eng lnee f  ng
1 1

APPLIED VORTEX
TUBE PRODUCTS
Standard SYstem Packages

W€'vg learned trom worktng with our customers that a

numoer ol Vonsx tube aoollcaltons are almost Jnlversal so

4e ve oacKaqeo s€veral syslems wilh lhB tuoes and

""""iaon"t 
iasrgneo tor speclfic usas trour ol those syslems

"r" 
o-#tio"a in ihis section: Cold Air Gun Circurl iester'

df'ro*"1".1"t and Thread Guard lwo others-Vonex Control

Ciofino Svstems and Mancooling-have grown lnto complete

oroduci l ines. They are described lully in the secllons

devoted to thos€ aPPlications

Thread Guard
Add the model 424 ff iead Guard lo any sewrng

machine and watch production soar, even n contlnuous

l""r"tlo"i for warstbands and belt loops' and wilh tough

materials such as denim and belting'
ihe contlnuous s{ream oi lO'F alr lrom the 

-r'hread

Guard vrdually ellmlnales thread burnlng ano breaKage as

well as heat-relaleo neeole creaKage it 's especlally eneclrve

wrth synthetlc threads,

Ready lo Use
. Uses lust 4 SCFM oi snoo

ar r  a t  80-100 Psrg
. Easrly and qulcKly

mounted.
. Adapts lo any macnrne

. Inc ludas  mount rng
hardware, lrve-mlcron
ii lter. shul-oll valva'
prsssure f eguiator/gauge.
cold air tuoe an6 complete
lnstruclrons.

rh.eao Glard cools se*nq opetat ons l s(oos rhfead burnr'q and bf€aitgo a3 wtrlas noa!

,erargo .oedl6 oreaxage
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