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Resu l t s  a r e  p resen ted  of an expe r imen ta l  invest igat ion of cy l indr ica l ,  diffusor ,  and step 
vor tex  tubes.  It is shown that long cy l indr ica l  tubes a r e  m o s t  effect ive in a broad range of 
va r ia t ion  of s t r u c t u r a l  and modal  p a r a m e t e r s .  

No s tandard  viewpoint  on the influence of vo r t ex - tube  Length and configurat ion on the magnitude of 
t e m p e r a t u r e  gas  s epa ra t ion  ye t  ex is t s  in the extensive  l i t e r a tu r e  devoted to the vor tex  effect  (the Ranque 
effect) .  The de te rmina t ion  of the mentioned dependences  is e s s e n t i a l  to a study of the m e c h a n i s m  of vor tex  
t e m p e r a t u r e  sepa ra t ion  and of p rac t i ca l  r ecommenda t ions  for  the use of vor tex  tubes in a number  of 
b ranches  of industry  ( re f r ige ra t ion ,  gas,  aviat ion,  etc.).  

Hi lsch  [1], and a f t e r w a r d s  Mar tynovski i  and A [ekseev [2], who invest igated cy l indr ica l  vor tex  tubes,  
r e c o m m e n d  Lopt = L0 = 50D0 as the op t imal  ( thermodynamical ly  m o s t  effect ive)  vor tex- tube  length. Merku-  
[ov [3], who mounted a rec t i fy ing  c r o s s p i e c e  in a vor tex  tube, obtained Lopt = 9D0. The influence of the 
r e c t i f i e r  on the diminution of Lopt was a lso  noted by Metenin [4]. Henda[ [5] proposed the use of di f fusor  
(~ = 2-5 ~ vor t ex  tubes with a sma l l  conical  and long cy l indr ica l  sect ion to inc rease  the eff iciency of t e m -  
p e r a t u r e  gas  separa t ion .  Gulyaev [6], Metenin [7], Bor i senko,  et  al. [8], who invest igated conical  vor tex  
tubes,  indicate that the i r  t he rmodynamica l  eff ic iency is g r e a t e r  than the eff iciency of cy l indr ica l  tubes. 
However ,  an opposi te  viewpoint  exis ts .  Thus,  the authors  of [2] r e m a r k  that long cyl indr ica l  tubes a r e  
m o r e  eff ic ient  as  c o m p a r e d  with d i f fusor  and confusor  tubes.  

Resu l t s  a re  p resen ted  in this p a p e r  of an expe r imen ta l  invest igat ion of the influence of the v o r t e x -  
tube length and conf igurat ion on the v o r t e x - t e m p e r a t u r e  g a s - s e p a r a t i o n  p roce s s .  The a i r  a f t e r  the c o m -  
p r e s s o r  in the e x p e r i m e n t a l  setup was dried by s i l ica  gel  and d i rec ted  by the ent rance  nozzles  of the vor tex 
tube. The a i r  p r e s s u r e  at  the en t rance  to the vor tex  tube was regulated by a gate valve.  F r o m  the vor tex  
tube the cooled and heated a i r  s t r e a m  w a s  d i rec ted  to the f iowmete r  and then e jected into the a tmosphere .  
A change in the re la t ionship  between the cold and hot s t r e a m  d i scha rges  was accompl ished  by the conical  
valve of the vo r t ex  tube. 

The p r e s s u r e ,  t e m p e r a t u r e ,  and d i scharge  of these two s t r e a m s  w e r e  m e a s u r e d  during the e x p e r i -  
men t s .  The total  p r e s s u r e  and s tagnat ion t e m p e r a t u r e  of the gas  we re  m e a s u r e d  in tanks at the ent rance  
to the vor tex  tube, at the "cold" and "hot" ends of the vor tex  tube, and at the appropr ia t e  f lowmeters .  

The "cold" and Whot~ tanks were  manufac tured  f rom ebonite to d iminish  the heat  losses  and were  
washed ex te rna l ly  by the emerg ing  a i r  s t r e a m s .  The a i r  p r e s s u r e  was m e a s u r e d  by s tandard m a n o m e t e r s .  
The a i r  t e m p e r a t u r e  was  m e a s u r e d  by copper  - c o n s t a n t a n  the rmocouples ,  whose " ze ro  w junction was 
placed in mel t ing  ice. A P P - 6 3  po ten t iomete r  was used to r eco rd  the thermocouple  readings .  The t h e r m o -  
couples  we re  ca l ib ra ted  before  p e r f o r m i n g  the exper imen t s .  The a i r  t e m p e r a t u r e  was m e a s u r e d  to •176 
accuracy .  The a i r  d i scha rge  was de te rmined  by using a d iaphragm dif ferent ia l  m a n o m e t e r  filled with water .  
The a c c u r a c y  of m e a s u r i n g  the d i scharge  was ~:1.5%. 

Also m e a s u r e d  dur ing the expe r imen t s  was the s ta t ic  p r e s s u r e  within the vor tex  tube a t  the emergence  
of the a i r  f rom the en t rance  nozzles ,  which pe rmi t t ed  a judgment  about the p r e s e n c e  of the c r i t i c a l  escape  
mode.  
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Fig. i. Configuration of the vortex tubes tested. 

The e x p e r i m e n t s  w e r e  conduc ted  wi th  ebon i t e  c y l i n d r i c a l  and d i f f u s o r  v o r t e x  tubes  whose  c o n f i g u r a -  
t ion i s  p r e s e n t e d  in F ig .  1. The  d i a m e t e r  of the i n i t i a l  s e c t i o n  of a l l  the v o r t e x  tubes  s tud i ed  i s  D l = 10 
m m .  The  a i r  was  supp l i ed  th rough  two r e c t a n g u l a r  t a n g e n t i a l  n o z z l e s ,  w h o s e  to ta l  a r e a  S w a s  5.55 m m  2 
(w = 0.071). The coo led  s t r e a m  w a s  r e m o v e d  t h rough  a d i a p h r a g m  wi th  a d = 5 - r a m  (6 = 0 .5 ) - -d i ame te r  
ho le .  

Six c y l i n d r i c a l  tubes  (Fig.  1A) of  d i f f e r e n t  l eng ths ,  L 0 = 5D0, 10D0, 20D0, 30D0, 40D0, and 50D0 and 
a c y l i n d r i c a l  v o r t e x  tube of length L 0 = 40D 0 wi th  a c r o s s p i e c e  which  could  be  moun ted  a t  v a r i o u s  d i s t a n c e s  
L 1 f r o m  the i n i t i a l  s e c t i o n  of the v o r t e x  tube ,  w e r e  t e s t e d .  M o r e o v e r ,  s t ep  c y l i n d r i c a l  tubes  of  the c o n -  
f i g u r a t i o n s  C and D w e r e  t e s t ed .  

The diffusor vortex tubes consisted of a diffusor part of length L~ and a following cylindrical diffusor 

section. The total length of the diffusor and cylindrical sections was 40D 0. Diffusor vortex tubes with the 

apertures ~ = 2 ~ 3~ ', 5 ~ and 7 ~ were studied. The length L~ of the diffusor part was varied in the 

experiments and there was the possibility of moving the crosspieces to different lengths L I in the diffusor 
tube with ~ = 3048 ' and L~ = 2.5D 0. 

In conclusion, vortex tubes of variable configuration (types E and G) were tested. 

Experiments with cylindrical vortex tubes showed that a change in vortex tube length from 50D 0 to 

20D 0 does not influence the magnitude of the vortex effect. A further diminution in the length L 0 results 

in a sharp reduction of the temperature differences. Presented in Fig. 2 are the most characteristic of 

the results obtained, and in Fig. 3 (the G I/G o = 0.5 mode) the dependence AT I -L 0 in the whole range of 
vortex-tube lengths studied. 

Also shown in Fig. 3 is the change in the temperature differences for a displacement of the rectifying 

crosspiece in the cylindrical and diffusor vortex tube. It is clearly seen that the change in distance L I 

noticeably influences the magnitude of the vortex effect only in the initial section of the vortex tube. More- 

over, a comparison between the thermodynamic efficiency of short (L 0 < 20D0) and long (L 0 = 40D0) vortex 

tubes with a limiter crosspiece demonstrates the explicit advantage of the latter (for L 0 = L I = idem). 

Represented in Figs. 4 and 5 are the results of tests of diffusor vortex tubes. An analysis of Fig. 4 

shows that diffusor vortex tubes are less efficient in a broad range of variation of the modal and structural 

parameters, than are long cylindrical tubes. When the diffusor aperture is small (~ = 2-3~ the thermo- 
dynamic efficiency of the diffusor and cylindrical tubes are commensurate for large L 0. As the cone 

aperture increases further (to ~ = 5-7 ~ an abrupt reduction in the vortex effect sets in. The curves in 

Figs. 4 and 5 are recorded for G I/G o = 0.5. 

The influence of a change in the length L~ of the conical section of diffusor vortex tubes on the value 

of the vortex effect was also studied. It is seen from Fig. 5 that as the length of the diffusor diminishes, 
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Fig. 2. Influence of vor t ex - tube  Length on the magnitude of the t e m p e r a t u r e  d i f f e r -  
ences  ATI (P0 / !~  i = 3): 1-3) cy l indr ica l  tube; 1) L 0 = 40D0; 2)10D0; 3) 5D0; 4) di f fusor  
tube L 0=5D0,  L~=2.5D0,  ~ =3~ ,. 

Fig. 3 .  Influence of the vor t ex - tube  length on the magnitude of the t e m p e r a t u r e  d i f -  
f e r e n c e s  AT 1 (G 1 / G  o = 0.5, P 0 / P i  = 3): 1} dependence on L0, cy l indr ica l  tube; 2) d e -  
pendence on Li, cy l indr ica l  tube; 3) dependence on L1, d i f fusor  tube ~ = 3~ ' ,  L~ 
= 2.5D 0. 
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Fig.  4. Influence of the d i f fusor  ape r tu r e  angle on the magnitude of the 
t e m p e r a t u r e  d i f f e rences  AT i (G1/Go = 0.5, L~ = 10D0): 1) l o0 /P  i = 3; 
2) 5. 

Fig. 5. Influence of the length L~ of the d i f fusor  sect ion of a vor tex  tube 
(configuration B) on the magnitude of the t e m p e r a t u r e  d i f fe rences  AT i 
(G1/G 0 = 0.5", L 0 = 40D0}: 1-4} P 0 / P i  = 3; 5-8) 5; 1) ~ = 3~ 2} 5~ 3) 
7~ 4) cy l indr ica l  tube; 5) a = 3~ 6) 5~ 7) 7~ 8) cy l indr ica l  tube. 

the magni tude of the t e m p e r a t u r e  d i f fe rences  i n c r e a s e s ,  approaching values  obtained in t e s t s  of cy l indr ica l  
vo r t ex  tubes.  

Shown in Fig. 6 a r e  the r e su l t s  of e x p e r i m e n t s  with d i f fusor  vor tex  tubes and with tubes with the 
conf igura t ions  of  type C and D. The poi~_ts of curve  1 indicate the invar iabi l i ty  of the magnitude of the 
vo r t ex  effect  fo r  a sha rp  s tep expansion of the he l ica l  s t r e a m  which has  f i r s t  passed  through a 20--cal iber-  
long cy l indr ica l  p a r t  of the vor tex  tube. Converse ly ,  a s tep expansion of the cy l indr ica l  sect ion of the 
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rat io D 0 / D  (GI /G 0 = 0.5; P0 /P1  
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vortex tube near  its initial section resul ts  in an abrupt reduction 
in the vortex effect  which will be g rea te r ,  the g rea t e r  the d iameter  
D of the expanded section (curve 5). 

It should be noted, however,  that an abrupt  expansion of the 
vortex tube behind a relat ively smal l  section with fixed geometry  
does not resul t  in an essent ia l  change in the magnitude of the vortex 
effect. Thus, the difference in the quantity AT1 for  configuration A 
(L 0 = 40D 0) and E is ~5% in the Gl /G0  = 0.5 mode, and is G ~ 12% 
for B and G. 

Therefore ,  the most  thermodynamical ly  efficient a re  long 
(L 0 _> 20) cyl indr ical  vor tex tubes. As the absolute length of the 
vortex tube (L 0 < 20D 0) diminishes,  the vortex effect is reduced 
sharply.  Exper iments  ca r r i ed  out with a displaceable c rossp iece  
in a long cyl indr ical  tube showed that the main hea t - t r ans fe r  p r o -  
c e s s e s  occur  in the f i rs t  3-5 ca l ibers  of the vortex tube. 

Diffusor  vortex tubes are  tess efficient than long cyl indr ical  
tubes in a broad range of variat ion of the modal and s t ruc tura l  
pa rame te r s .  The thermodynamic efficiency of conical  and cy l indr i -  
cal  tubes a re  commensura te  for  a smal l  diffusor angle (a = 2-3~ 
a sharp reduction in the vortex effect sets in for  diffusor aper ture  
angles,  a > 5 ~ 

The efficiency of diffusor vortex tubes grows as the length of the conical  section diminishes (for 
a = const). 

These deductions explicitly contradic t  the resul ts  presented in [5-8]. The explanation should be 
sought in the fact that the diffusor vortex tubes in the papers  mentioned were  compared with short  cy l indr i -  
cal  tubes (L 0 < 20D0), and as has been shown above, short  cyl indr ical  tubes are  substantially less efficient 
than long tubes with L 0 >_ 20D 0. 

L o is the 
L~ is the 
L 1 is the 
D o is the 
c~ is the 
S is the 
~: = 4s / ~D~ is the 
d is the 
6 = d /D  O is the 
G O is the 
G i is the 
Po / Pl 

~T i = T O - T  i 

NOTATION 

total vor tex- tube length; 
length of the diffusor par t  of the vortex tube; 
distance from the initial section of the vortex tube to the c rossp iece ;  
d iamete r  of the initial sect ion of the vortex tube; 
diffusor  aper ture  angle; 
c r o s s - s e c t i o n a l  area  of the ent rance  nozzles;  
d imensionless  area of the entrance nozzle ' s  c ro s s  section; 
d iamete r  of the vortex tube diaphragm hole; 
dimensionless  d iamete r  of the vortex tube diaphragm hole; 
mass  flow rate of a i r  through the vortex tube nozzle; 
mass  flow rate of the cold a i r  s t r eam removed through the diaphragm hole; 

is the ratio between the total air pressure at the entrance to the vortex tube P0 and the 
total air pressure at the exit from the diaphragm Pi; 
is the difference in temperature of air supplied to the vortex tube and the cooled air 
removed through the diaphragm hole. 

io 
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3. 
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