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, o re . t r : r t  r , i  t hc  i ube  commun ic l l es  : r n j v
r r r l  J ' ,  L  r ,  r  |  ' . q  \ l r l t l , , r , i  . , n , 1  h , , r p -
: "  '  i r , . r .  .  , r l  1 . ,  i , l  . r r .  T1 r ,  , , , r , , : r r .
l . r r ge r  i r o r t . . r f n )  r i f . l \ s  ( ) i t  l h r  r es t  { r f  t hc .L t r
- r l r e '  l t o t  ' | , , i ee r r i r ' s  l e t t  , L !  t he  t r r r lDhe r \ '  ) l
' i . , \ i , , , 1

\ . , 1 \ ' r l r {  . . . i r r .  , , t  l , o t  L I c i  r o l r l  . , r r '  L r n  i r |
L r l . r l n r -a  i \  . i l  | \ i I l . 1  : l l ( .  . t r ) i ) ( 1 j r  i  i t  l l t e

' . \ . r r i l - . i j r  , . l r ( i .  l - l l r  i L l i ) c  r s  c . l p . r i , l r  l i
.  r  r  r  r  r  r  i  t  .  .  r  ,  ,  .  ,  ,  ,  r  '  t t  : l l ) r r . r l u r r , \  , r i  i r i L r .  j ( r ( i  . , nc i
; I r I r l l 5  ; i j  l : .  \ t  l t , ) t  . . . l t us tmr l !  r r  L . r u
: ) l o ( l r r ( ( ' L r l )  i ( )  r ) ( ,  i '

\ \ ' l r i i r  i hc  i r r r c i . im t  t . r l  \ c r cn t i \ t s  l n \e
i , t t t r . . r ( r r r r r { .  r hc  . . l r p i i c c i  . c l c l t t i t s  L , t  t l t c
r r i ) i q r , r . r t l r r l j  r r ( i L r s t f \  l , , r \ c  becn , i o r r r , l  i n re
t ' \ r t e r r r l r f r ) t r I | g , r t  t l : e r r  r r \ u .  l nc l r r sL r . , , t e : -
i L l r l s  r r o  i r t t r  : h . r t  r n . r l  l r vo i r . e  c l i s cu rd iu r ;
r xc tho ( l s  l . r l r , ) f r ( ) L l s i \ '  . rD ( l  . \ i ) e r s l r e i r  1 i e -
re l o I r ' c i .  \ t  l e r r s t  t h l c l  l r i q  concen ts  h i ne
lr,rci  .r  iLx,k .rr l i l . -  hr i)c. . \ t  \ \- .st1n(h1)Lr.\e.
( l . , r i , r r L i  \ \  l ) L , r r r r e r .  : n , r r . r gc r  , 1  t l t e  [ ] ec -
i r r r l r i n  ' r t s  l ) , . t r . r i t r r c r t .  i r r r s  i r r u l i  . r  r no r i t , l
r h r . (  l l l r r , ' , l t , , i l . u t 1 t t e l .  . r r  t l r e  . , r . r t r n . r l
i l l l , L .  i l r  r " ' r  l \

\ L / t , t l t ! i  r i  I  ! l  r ,  I l j ! ( : . r t t t ' J t  l i , , i  i ) r , .

h i ches t  u t i l i t l  i s  . i s  , t  l . Lbo r l t o r v  r l e r i ce .  Fo r
i ns t . t r l ( \ r .  i t  i o r r i d  be  r r se r l  . r s . l  co j ( l  t r . tD  l o r
m - r a t r t \ .  . t  , ,  r l , l  , ' 1 r , , ,  c  t \ . , 1  ' ,  n  - . 1 \ r : .
: l r ( r .  . . \  ; r r  i r r r n ,  ' r r . . r '  '  . i r r I l ,  r . , ( r I . ,  L

f l t \ \ i c i s t s , ) t , , t h e r  i o m l ) . r n i { , . .  i o ( : e t h e r
\ \ ' r t h  t ho \ c  ' , r  l he  \ , L t r on . r l  I l r r r e . r r r  r r i  S t . r n r i -
. r r { i s  : ( n . f . r i i r  . Ls t f  r l r . r t  l l r c  l l i i : r i ,  r r r i r r
i , . 1 . : r , ,  I  r  .  L  r  t  r  r  L  r  r  .  r  r  I  r  r , r \ \  ) l l ( i n \ l  . L i  I L l i r u r  t , , r
i l , r  I r n r |  l ) e r r ) { .  i ' l r e . ,  Do in l  i , l l t  t l r . t r  . r h t l r
i l t t ' i r t i r r :  g r r t :  i 5  t o  l { )  l j n r c s  i n l r t , c , , , r i j r q
t h l r r r  t h e , r r d i r r r r r r  i . r l r o r l t o r r '  ; l e i h ( ( l - - \ -

! r . i l r \ i ( i r l  ( ) l  { . r s  l h ro l l , . . : l t  . i  i l ( r zz i e  u l r ( i r t  l l t r
I o r r l c - f l r r r n r so r r  l ) r r r r c j p i c - ! t  j r . r s  r e l nqe r -
. t t l n {  e l f i ( i enc r  , r i  , r n l r '  l i )  i ) e r c r l r t .  . i j
x { . r r r r ! t  ; ( )  I ) e i c r r l  i I r  l r o r r r t i r o i r l  r c t f l ( r t l r ( , r \
. L r r t i  t i r r sc  l o  : l ( l  i r  i . L r  de r  ( 1x ) i l ng  I ns t ) i | . I I I ( ) I I 5 .

The r  . r r e  l o . r t i r .  ho r re \e r -  t o  < l i s r ' - . g . r r< l  t h t .
l r o \oc i r t i \ c  r o rnmerc l J l  i ) oss ib i j j t l e s  r ) l  i he
tu l r r .  i  : no r r  h i c i r i r  l c f i ne ( l  u todg l  r n r , l l r t
. . t t r l i r r  i he  t he rm(x iu l i un i c i s t \ '  d re i L r r r  r r r  r
r i o t r  L r l e -p l r  r ose  u r r i t .  ) n  w i r i ch  one  s \ \ ' t i a i l
p r ( , ( i L ) cc \  I l e i r l :  r r r o t l r t r .  i L r l d .

\  l . r r l  l i l  . ; r r i  i r i s  : n te i l i g t r r t  ( l c r : r on  . r i .
. r i . :  :  :  i  \  . l  . . r i  ,

l . r i r r r  , r t . , r r  ,  r r  c  i r .

The Ranque--Hi lsch Eff  ect

Researchers at the Universrtv ol Tennessee Space Inst i tule

have emerged wrlh a radical crPlanal lon oi the Ranque Hilscn

efect. J rFectacular Jno my<tertous seParalton oa JIr in '$lr l lng

mo(ion into hol and cold streams, and have laaced the cause to a

whisrl ing sound present in the vonex l low.
In 1913, Georges Ranque, s French englneer'  uncovered a

s tnk rng  f henomenon :  when .omnres leo  3 l r  \ as  rn t roduced  i n l o  a
pipe through tangcntlr i  injecl ion holes l impaning e swlr l ing mo-

t ionl the temDerature near the tube cenlerl ine became freezingly

cold. while the lemperalur€ near the tube p€riphery erceeded i !s

inlet valuc. This temperature s€paration look place wrthout the ald

of anv extemal methanrcal dcvlca. The eifec! became populanzed

latcr through a pap€r b!' Rudolf Hilsch' a German scientlst The

dcvice which bec-ame known as rhe RanquFHilsch tubc or vonex

tube is now commercially avaiiablel it is routinely used as a refrig-

eralor ! \ ' l !hou! a motor or othet mo!rng pafls fot such purposes Js
mach rn lng  ope ra l l ons  and  p ro rec i ron  o t  a i ec tnca i  equ rpmen l .  s t nce
even w h lnlet 3rr al aoom tempersture and at readi iv al l3inabje
pressurc oi r  few armospheres. cold air beiow 0'F can easl jv be
oblalned.

I n  sp i t e  o i  t he  s rmp i i c i r v  o f rhe  Ranque - I l i l s ch  rube .  t he  mech -
anrsm ol lemperalure separatlon has been a matter oi Iong-s!andlne
dispute. DesDlle nanv altempts. the process eludad an adeouate
(  r n rdnauon :  . ome  t t l f l bu ted  t h l s .  . n  a  l , en te r  \ e l n .  t o  V3 \ ! r ' ( : 1  ,
demon, an imaginary betng invenlecj in lhe ntoeteenth cenlurv by
James Clcrk \ , laxwell .  Thrs rnicroscopic r iemon woL-rld divrdc uo
I he arr bv storing Jaster-movrnq molecules rn one compartment ano
slor\er-movrng molecules in another.

I !  had now long been recognrzed rhat a hi-eh-rnrensir,v * bis-
l l lng sound-rhe so cal led vonex whist le--manales from r 'orrex
i low rn general and from rhe Ranque-l l i lsch lube ln parlcuiar.
Al lhouSh previouslv regarded merel!  as an annoying by-producr oi
such swrrlrnq f lows and nolhing more. lh€ Tennessee sclentls!s h\.
no lnes l . f ed  I ha l  l n r (  ! nne r  wn i s t l e  q r ' \ .  j n  i J c l .  l hc  marn  JJu \e  , t
the Ranque Hilsch efecr. l

I  n order ro vedh ihis. thev rnsral led acouslrc suppressors. spe-
c i a l l v  des rsned  and  t uned  to  rhe  f r equenc !  o i t he  yo r tex  wh i s r l c .  on
a  Ranque - l l  i l s ch  l ube .  When  l  he  n r t ch  o i  r he  l onex  $  h  i s l  l € .  wh rch
increases as the dolv lhroLrgh lhe lube rs increasecj. hlr the luned

P^y s i .s  l - ; " . ,
1 !

\ \ ?.+
!j 4-.r^- ,) \

f r equeno .  t he  sound  l eve i  sudden l v  t umb led  hy :5  dB .  chang lne
i iom an ear-spl i l l rnq !vhis{le to a mulied hlss. At that ver! t i  s{ an t.
the tube cenlerl ine Iemperature, \{  hich hao gone ( jo$ n ro ds j(r! \  :rs

l2'F. lmmecjiatelv ieaol up$ards ro - l l 'F a ten)ner3lure
. jumn oi65'Fl,  $'hi le lhe temperature near the I ube ; ienpher! plum,
me ted  h !  10 'F .  Th i s  supponec i  l he  rheo r \  l hx l  l hc  ! o  ax  q .h i s l l c
was Indeed the marn cause oi lhe Ranque-Hilsch ct lcct

The sound deforms lhe distf lbulton ol swlr l  r 'elocltv tx the
rSd i t l  J i r ec f i n  n roueh  ' ne  rech . rn . \ n l  , t  l t coL \ l l c  . t r eJm ln l .
A ious l r c  . l r e : rmrns ,  . , r  \  r n l c  ! r ' l t o ,  . \  l )  t cne r . l .  :  t henomr t ' . n  r n
whicir sound or aiternal ing currenls of l ' low mocitfv lhe trme-t! . 'cr,
apeci. or dlrecl.  currents of f low: i t  is. in a sense. enalogous ro rhe
more  : : rmr i l J f  t ene r l t t on  . i . l ec t r r c  hee t  - v  J l t e rn3  ; c  . J - - ( r l
Owrne ro I his acousuc srreomrnq rnduced bv the \ or!ex \(,hrsrle, the
flo* becomes distorred in such a peltern thal the s*ir l  \ciocl! \ ' .
w i t h  a  ze ro  ve loc i t v  nea r  l he  cen  ! e r l i nc ,  con t rnues  I o  rnc rcase  i n  r  he
rad ia l  d l r cc t l on .  i l ke  l he  ro ta l i on  o fa  c ! r  l l ae .  When  thc  t t r  c ren -
tua r l v  comcs  t o  res t .  t he  h lqhc r  \ e i oc l l !  nea r  l he  p r r i pne r !  t \  con
\erleo lnlo warmer lemDerature whlle lhe lo\r,er velocl iv neaf lhe
centerirne ls con\ 'eneci into colder ternpcra!Llre

. l t .  K u rosa ko. L'n t  t  crstrt '  ol  T, t , . :essea

I \{.  Kuro\ala. J Flurd }{ech l2r. l l9 lNo\enrorr l .rq:t


