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lubes
blow hot ond cold

Can you find new uses
for this strange pipe that
mysti f ies sc ientists ?

By GREG STONE

ClNcrNN,{fl. OEo
For nearly haif a centur,v the vortex

/"'. tube has been an orphan of modem
f-l€chnoloey, an encineering curiosity

\_-.rar cpuidn't break the umbilical
cord that held it to t}le labomtorv.

That doesn't mear ir hasn't be€n
loved. Quite the contrsry: It has
had its own snall, devoted group of

: followers. Heck, what caicuiarcr-rot-
f ing science bull wouldr't be fasci-
i nated by a device that weighs just
* six ounces. looks like an ordinary
I pipe with a nozzie on one side. has
, no moving parts, no eiecrrical con-

) nections, no hesting or coolirg clils.
/ and ye! can take an ordinary stream

of compressed air and simultaneow-
ly deliver very coid air out one end
and hot air out the other?

Perhaps you've met the vonex
tube beiore under one ol its aliases.
It's been kickirg around enrineer-
ing laboratories silce 1928. vari-
ously lvrown as the Maxweil Demon
T\rbe, Ranque Vortex Tube. Hilsch
T\rbe, and flanque-Hilsch Vortex
Tube.

Wben the vortex tube is applied
io Iarge heating and cooling prob-
lems it turns out to be I for shamel )
an energy guzzler. It needs com-

, pressed air to function, allq c.om-
,. Dlessed air requires energy.
{ Yet it can provide an erficient and
\-. 'practical means of solving the ngnr

problems. That's why Vortec Corp,,
a.;mall 6rm here, is sell irg nearly
1000 rubes a month. It has built a
business on finding problems rne

Codtrnued.

ncf,ccl iv. suit  has vonex tube on belt,
connect€d lo compressed-air hose. In-

Conc-shrpcd intcrio. ot cold outl€t
shown in cutaway ol Vortec Corp. lube

coming air cooled by tube ke€ps occu-
pant comfonabl€ in 2OO"F environment.

toaces aia up the long€r, warm-air out-
let.  iurn p6ge ro s€e air f low in a tube.



vortex tube can solve erliciently
' ' \\ hen it come-s to cooiinc some-
thinq small io a verv cold iempera-
ture. the vortex tube reailv shine-", '
savs Leslie R. In!ri i ,". ciriet enqrne€r
and president oa Vortec.

Vortec's is not tn overnlqht suc-
, ess :rory The , omllanv beqan un-
der another name ,,vhen Charies

Darby Fuiton, Jr., engineer and
dedicated advocate ol the ',ortex

tube. lounded Fulton ( rvoqenrcs.
Inc. In 1961 Fulton -.et otlr to nlake
nnd .eil \ottex tubes with nolhinq
ntore lhan r  basenlent  woff is l lop,  l l

lot oi detcrmination. 'urd ir t lny
ad in the back pages of PoPur,rn
ScrENcE. The ad boasted oi the

' 'simplv lmazinq" new Ranqu
Hilsch Vortex tube that blor
blue r:oid below jiO'| '  tronr on
enci and hot from the other. "

That stream oi cold irir. which
can be  as  (  o ld  i rs  -  1 ( l ( l 'F ,  i s  so tne-
thin!.i that has to be ielt lo be be-
lieved. I became a beiiever when
Inglis hooked one oi the l itt le pipes



to an ordinarv supplv oi corn-
r lpresed i , i r  sbou i  lo r r  ; r :  1  .  -nc

ressure normallv used rn &n lndus_
rial sliop r There was iln ear-plerc-

ing * rclnt ik" har ' l  r :el
. lp r  r . l r ln . :  o r  ' :  h "ur r

moved mY hand towatd lhe t"t
str€am fllshing lrom one encl-
Walm. I switched to the other end.
Cold. Darned cold. In icct. ir ther-
morncter shot'ed it was approach-
irrg -i0"F. rnd this lvas just a iew
s€c'onds citer the air was turneci on.

How rioes it do it l  Weil. the
whimsical explanation I iavor be-
cause it's the one I'm sure I uncier'
stand) was advanced bY the great
19th century Phvsicrst James (1.

Maxweil. He postuiared thar since
hear  in ro ives  Ihe  rovcmenl  ' i l
moiecuies. rve nright rolneda\' be
abb lo tet Sot lnd iolci rt i l  ironr
the .ame rlelict '. lhrortirh the lteltr
o f  r t  t r jend iv  l i t t le  l len lon '  ' \ho
would sort out the coici rrolecriles
ard toss them in one direction while
le$ins the hot ones so in irnother'

.{)t cour-.e when }Iax$eil con'
cei'ec.,Jris busv Iit l le t lemon he
dicn't have the vortex tube in mind.
No,g;l41did i lt Ihat t ime. In fact.
tb€Jtista5( ', i  hr. rube - r '  rre 'r i
rqr,rniffed c redit 'hat Dr. Irrt iton

.rq wi'th,iome :l l(, ess 'er rtrSlgJrl

,1g tgtrbq4ne rrccotrnt draws upon
ftr,-,Eldton's research 3nd Lorre-
smrd6tre*4 i l h lhe rube ' invpntor'
tbc J4p. C4orse T. Rrn,tue lt rva-
BqnqerPr. Fulton maintains. who
de*rre*creriit for wlut is coftlmon-

rvhen Ranque. a French Ph1-slcs
student, lvas experimentine rvith
various lorlex phenomena. Bv 192cQ
Ranque had inventeri several uses
for the vortex edcct. inciuding rt
i acuLrm ptrmp This last cievice
iooked rnuch like lhe rnociern vor-
tex tube. onl1- it didn i have .r
valve et rhe hot end. Ranque wanl-
ed to rrse it to cxhausr dust in it
.reel piant und had a valve placed
ln one end.

The result? Warm rir xppeared
rvhere l l l  the luws oi phvsics said
ihe l ir should be cooler. if any-
ihinq. .\fter ail. compressed irir was
beinc put into the tube. and as anY
gas expands it cools siiehrly. Re-
spectinc the larv oi lhe conserva-
iion oi enerqJ'. l lanque reasonecl: Tf
,,varm air \vas aieated rt one !)olnt.
,  o l d  . , i r  - l t o r r l , j  . 1 p 1 ' - 1 1  , 1  ' r 1 r , t h | r

E a r l y  f a i l u  r e

Thollgh it iook iome tine ior
Ranqr re  to  d iscoro lha t  rhe  '  o ld  . i r
emerqeci irom thc other end '.vhen
i l  rvas  : rncovcrcd .  \e  immedi : r le i \
saw the tube's commercial poten-
liai. However. noies Inglis: ' In

lhose llavs lhe compressed-air s,"_s-
tems weren t r 'ery leliable." The in-
it ial !ortex iube was c commerciai
failure. cnd Ranque's Yorrex firnl
died rrfter a ierv Iears. Other scien-
tists chailenqed Ranque's thesrs
and said. in elTect. lhlt a vortex
tube was impossible.

Ranque continued rvith other
rvor-k:rncl the vortex tube drifted in-
to ()bscuritv unti l Rudolf Hilsch.:r
(]erman phvsicist who knew ot
Ranque s work. ciid some investiga-

l . C  a n t l n t l e d  o n  D Q g e  1 9 2 )

T h e r m o m e t e r  n e e d  l e  r l u r r m e l s  i o
J C ' 9  i e c c . r r s  i r t e r  / o r r - o x  : u D e  s

siaf ted,  iv l  u i i  er  .3n sol ten norsv screecn
. a u s e d  b v  ! o m o r e s s e d  a  i r

S u b - z e r o  b l a s l  f r o m  t u b e  s  e t f e c t r v e
a o o t a n l  w h e n  m a c i r n r n g  c o o l  c o n d u c
i o r s ,  o r  w n e r e  r q u r o  a o o l a n t s  c a u s e
a l o r e  p r o D l e m s  l h a n : n e y  s o l v e

. l:l gg}q{r*he 'Hilsch .Iube" rtter
.- . ibl pnqled ciiscoverer. Rudolf
' '.I4hQhtt,',

"\ 'dog8{$&cr Then belrin in 1922

Cim&tssl iF a l r  d l  about ;0"F enters

a.  lo+ircx t t - i re tangentral lv :  ihai  s ,  I  s

s h o r b f l f g  l h e  n r e r  - r ' . - m r " F n c e  o l

thc r t l lb6 ' :and begins sprral ing n a la_

mi l is i fvof iqt  lormat ion.  Vor lec Corp

t u b 6 r r i ! u g t a t e d : r e r e  i a v e  a  s r n a l
wlreal ,d l r ih*  r  '  rDu!  .v  l f  FvFral  Jr '
qentrat- ; i i i ry  io. r 'es.  C-nI-r ' r ,o.  :o 'ce

k e e o s  | J | 9  r . r  _ e a -  r . l )  d e  :  _ c u m ' e r

er ' rce.  Slq i#t , re lJDe \  ' .ner o iar .eter  ' .

larEsni l -*d ihe seci ion Inat  becomes
h€ated,  tha ai r  sprra is lh3i  ' ,vav i  rs l .  As
t h e  v o r t s x  m o v e s  - r  : 1 e  L r o e .  d  p a r t l a l

vacuum is createo near i ts  cenler  i few-
er '  moiecr. l lea near ihe vortex center
m e a n  l o w e r  p r e s s ! r e  I

r e  J r r  s  y p . . a L r v  o a t F o . o  o z  -

a s ' i r  m o v e s  u p  a F  r o e  0 " e  , u s o e c t
e d  r e a s o n  f o r  : h e  \ e a t r n q  , r i 1 1  b e  e x -

i d i n e d  s h o r t l y .  A  n e e o l e  v a i v e  d t  c n e
r ld or  lhe iube l  tows some oi  :he

w a l m e o  r r r  i n  i i e  o u t e r  t | l c L r m l e r e n c e
< r i  t h e  u o r t " ,  t o  e s c a p e  B u t  . r b o u l  h a i i
o P l h e  a i r  h e a d s  b a c k  d o w n  r h e  r u b e  a s
a  s e c o n d  / o r r e \  - s i d e  - e  o w  p  a < q - r a
a r e a  o f  t h e  i a r g e r  v o r r e x .  . V h  l e  o n e  ; l r
s t r e a m  m o v e s  u p  t h e  r u b e  a n d  I h e  o r h e r

d o w n  r ,  b o t h  r c t a t e  i n  t h e  s a r n e  d i r e c
i i o n  a t  I h e  s a m e  a n g u l a r  v e i o c l l y  T h a l

s ,  J  c a r i t c l e  o n  i h e  n n e r  s l l e a m  c o m
p i e t e s  o n e  r o l a  o n  I n  i h e  s a r n e  a m o u n i
c i  l r m e  r s  . r  p a r t c i e  n  l i l e  o u t e T

. l o w e v e r ,  b e c a u s e  o i  t h e  p r  n c r p t e  o l
t o n s e r v a t L o n  o t  a n q u i a r  m o m e n t u m ,  i h e
r o t a t i o n a  s o e e d  o t  l h e  3 m a i l e r  v o r t e x
r n r g n t  b e  e x p e c t e o  t o  i n c r e a s e .  L T h e
c o n s e r v a l r o n  p r i n c i p t e  i s  d e m o n s i r a t e d
b y  s o i n n r n g  s k a t e r s  w h o  c a n  s  o w  o r
s p e e d  J p  l h e r r  s p r n  b y  e x t e n d r n g  o r
d r a w i n g  n  t h e r r  a r m s . )  B u t  i n  t h - "  t u b e .
t h e  s p e e d  o f  t h e  s m a i l e r  v o r l e x  r e m a r n s
r h e  s a m e ,  T h u s  a n g u l a r  m o m e n t u m  h a s
b e e n  l o s t  { r o m  r h e  n n e r  v o r l e x .  W h e r e
h a s  t h i s  e n e r g y  g o n e ?  O n e  t h e o r y  p r e -

s e n t e d  b y  v o . t e c  c o r p ,  s  l h a t  l h e  e n -
j ' g y  j ' 1 o w s  r o  - s  ' e a I  n  n F  o u l e -
v o r t e x .  l h u s  t h e  o u t e r ' r ' o r t e x  b e c o r n e s
w a r m  : h e  i n n e r  v o r t e x  i s  c o o l e d ,  ' y ' o r '

' e c  C o . p .  e d o  l y  , c r n o w l a d g e s  l ' e r e
s t  l l d i s a a r e e m e n t  o n  h o w  ! u b e s  w o r k .

A  s o m e w h a t  d i f f e r e n t  e x o l a n a t l o n  o l
t h e  c o o l i n g  e f i e c r  v a s  D f f e t e d  b v  W r '
i a m  

- : a v r o r  
o f  : n e  N a l r o n a l  S u r e a u  c r

S t a n o a r d s  n  a  V a y .  I 9 4 7  P S  r r t i c l e
o n  e x p e f l m e n i a l  v o r i e x  : u b e s .  T a y i o r  s
e x p r a n a ! r o n  w a s  i n a l  c o m p r e s s e d  3 { r
p a s s r n q  I n r o u q n  i n e  e n I r Y  f ; o z z l e  s p e e o s
i r o  a n d  o s e s  r e a t .  : h e  ! e  o c i t y  q a r n
b e i n g  m a d e  a t  I f e  e x p e n s e  o i  i h e  o s t
h e a t  e n e r g y  h i s  r a s t ,  . o l d  a r r  s  i h e n
s l o w e d  ! p  d s  r  s p r r a l s  n  t h e  1 u o e ,
s o m e  r n o i e c u r e s  d r o o  I o w a r d  l h e  c e n
I e r ,  l n s l e a d  o i  r e a l l n g  u p  a s  i h e v  i o s e

s o e e o ,  n o w e v e r .  i n e v  p a s s  a l o n g  S o m e
o r  r h e | l  e n e r g y  l o  t h e l r  n e x l  o u i e r  n e r g n -
0 0 r ,  a n o  r e m a  | 1  c 0 0

A n  a d d  t r o n a l  c o o l i n q  e f i e c t  c o m e s
i r o m  r h e  c e n r r  i u g a i  r o r c e  o {  ( h e  w h r r l
p o o l  i t s e l i  - h i s  r o r c e  r h r o w s  r i r  m o l e -
c u i e s  o u t : o  l n e  a o g e  o i  I h e  s p i r a l  s o
t h a t  t h e r e  a r e  l e w e r  m o l e c u l e s - a n d
t h u s  o w e r  Q r e s s u r e - i n  t h e  I n n e r  l a y c r s
t h a n  l n  t h e  c u t e i  c n e s .  i , r y h e n  a i r  m o v e s .
T r o m  t l r e  i r g h - p r e s s u r e  J u t e r  a v e r s  i 0
: h e  o w - p r e s s u r e  n n e r  a v e r s ,  . t  n a t u
r a l l v  e ) ( p a n o s  J n o  c o o l s

' i o  
r o n o r  r d  . . r  c o r .  L b e  . c

: i o n  d r a w s  o r i  l 5 e  . e n t e r : c t d  i r r r :  : n e
o n g e r  i a r g e r  o o . e  r r m  d r a w s  o t i  l h e
r o l  m o l e c ! l e s  J t  l n e  v o r t e x  s  p e r  p n e r v .

- r c : t a i i  l t 6  1 2 5
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. lr<ions of his own. In 1945 he Pub-
I i isn"a a scienti i ic paper on lhe vor-
'& .tex tube rhet {ained recosnition

for borh Hilsch and the tube. Hilsch
i briefly r: ited Ranque in his article.
i but a misprinted footnote made it

i dif l icuit tor other researchers to 6nd
j *Ranqre .  work .  Thus  the  vor tex

l*tube became known as the Hilsch

lh'*i"ori. now Iavors the name 'vor-

tltex tube. 
'whicn has rhe sa.me mear-

Qine as tube rourbil i ion. 
' Ranque s

i*.French name lor it.
Eir
l {Compressed-a i r  app l  iance

EF ,,\t R."t glance the vortex tube
'rlooks l ike the solution to a varrety

-.oi cooling problems. Even todaY
;'therc are very iew hearinq applica-
I  t ronr .  \ \ ' hv  'ou ldn  t  r (  \e  usec i  to

air-condition home. car, boat, or
piane? Ingiis chuckled, 'That's

what everyone thinks when they
first hear about it. I alwaYs teil

, l them rhat they wouldn t buY a
.l ltoasrer ior the kitchen if rhev had
| ; to buy the qeneralor to produce the

\electricitt ' . You ve :ot lo think ol
. this as a compressed-air appliance."

---1 As a compressed-air appliance;

I

I
Vortex tubes

lConunueof

to qet the air spinning at near sonic
speeds. If I'ou are interested in ex-

- perimentinq with applications. vou
can get an experimental package ior
S10?. Included: a tube that grves
400 Btu of refrigeration Per hour
and temperatures to --10"F; a filter
lor rhe compressed-air suppiv: noise
rruffler: a. handful ol changeable

. inrernal parts that varv lhe Per-
- formance, pius instructions. i Vor-
l l l  tec tlorp.. 4511 Reeding Rd . ( ' in-

f, cinnari. rJhio +5229. F
t -

[ lho*"u"., the vortex rube eice]s in
l ' l l  uarious uppliqrtions. Take the guy

ll\ in 
" 

prot"., iue suit workins itr
l l l  to i0o"F environment. How to

[], lkeep him ,ooi? Hes nor rbour to
crrrv 3 conventtonal arr condltloner

flwittr nim. Trv 'o pump , oid siro
h im lh roush l  long  hose,  1nd lhe

f-1-err wil l warm Irp en route. Brrt hoo]
ll him ro a half-inch compressed-aiJ
ll bose, attach a vortex tube smallb
li than a flashlight to his belt aru

l -he l l stav cool -ri l  dav.
I i What eise? How about cooling:
j l . Drinkitre water in a palnl
I spray department. Lvhich has plen
] tv of compressed air. but wheri

eiectricai , ie, ices would create 1
hazerd . '  I

i l  . -r lemote teievision camera i l
i i  an industriai location so hot i l
l l  rvould normaily damage eiectronip

]r
1Y
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How to bui ld  a vor tex tube
Y o u  c a n  b u i l d  t h i s  s i m p l i f i e d  v o r t e x  t u b e .

or ig inal lV designed fot  Pooulat  Sctence
' e a o e r .  ' l y  3 C A  e 5 c a r c h P r s  . n d  o e

s c r i b e d  i n  t h e  i l o v e m b e r ,  1 9 4 7  s s u e .

M o s t  d i r n e n s i o n s  a r e n  t  c r l l L c a l ,  d n d

l h e  l u b e  c a n  b e  o p e r a t e d  i r o m  a  s e r

v r c e - s t a t j o n  a i r  h o s e  o r  a n y  l 5 -  l o  1 0 O _

lb,-prsssure comoressed-alr  source.

Dr ive lhe brass iubing throuqh the

9 / 3 2 , , h o i e  i n  r h e  r / u . ,  b r a s s  s t o c k  u n t r i

lhe two arms are about equal  length

Don l  cut  of f  the square vor lex-qenera-

t ion sect ion l rom !he leng!h of  stock

L r n t i l  d r i l l i n g  s  c o m p l e l e d .  l t ' s  c r u c i a l

t o  d r r ' l  n e  h o r e  r a n q e n t  o  n e  t u b e  \

l n n e r  w a i l ,  5 / 6 4 '  t t o r l \  t h e  c e n t e r  o f

t h e  9 / 3 2 "  h o l e .  D r i i l  a  I  /  1 6 "  h o l e

stra ight  down through lhe stock lust
r h r o u g h  t h e  t u b e  w a l l .  C o u n t e r - b o r e  t h e
l n l e t  h o l e  r / s '  . o  a b o u t  h a l f  i I s  d e p t h

Saw of t  lhe in let  b lock {rom the

s l o c k .  S o i d f r  t h e  v a l v e  i r o m  a n  l n n e r -

r u b e  s t e m  r o  i h e  b l o c k ,  u s i n g  3  1 / 1 6 "
r o C  t o  a l i g n  : h e  v a l v e  a n d  i n l e t  h o l e  A
plast ic  or  wood washer ls  pushed oown
t h e  c o i d  a r m  o f  t h e  t u b e  : o  t h s  I  / 1 6 '
r o d .  l t  a  f l b e r  w a s h e r  i s n  t  , r v a i l a b l e
d r i i l  a  i / s "  S o l e  t n  a  s l i c e  c f  i  i "  w o o O

e n  d o w e l .  F o r  t h e  l h r o t t l e ,  c u t  a  r t '

o n g  o i e c e  o f  1 4 "  b r a s s  r o d .  D r t l l
i h r o u g h  e n g t h w i s e  w i l h  a  N o .  2 8  C r i l l

t h e n  u s e  a n  8 - 3 2  i a p .  P r e s s  ! h i s  i n t o

i h e  t u b e  s  h o t  e n d  a n d  d r i l l  a  N o .  2 0
hole ihrough one wal l  o{  bolh lube ancl
r o d .

With the ihrot t le wide open, both
a r m s  w r l l  b e  a t  l h e  s a m e  t e m p e r a t u r e ,
At  hal t - !hrot t le,  the cold arm reacnes
i t s  l o w e s t  i e m p e r a t u r e .  C l o s e  t h e  t h r o t -
t l e  a l m o s t  e n t i r e l v ,  a n c j  t h e  h o t  a r m
reaches i ts  h ighest  temperature.

:components? I' . Drills used on tough subf

Continuca

stances, such as titanium, rvheru
conventional l iquid coolants jrd
create more pro6lems? |

Can ]'ou make your own? Yeq.
Plans for a simple one accompanf
this articie. You won t necessarilf,
achieve the etficiency oi Vortei
(- 'orp. models rvith vour home-buiO
tube. \rortec's includes a 'brakin(

device' that shortens the tube cort
siderably and a l itt le wheel that'contains 

several tangential nozzlea

Yr"  WASHER , / r 'HOIE %"-  -

BRASS THROTTLE PLUG
NO, 20 HOIE

TUAE
S'EM

SOLDER

/ FIASIICI pnrss rtr 
t- 'i -

'  
IN  TUBING"


