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The resul ts  are  presented on experimental  studies of cylindrical  vortex tubes having inner rifling 
of the hot end. 

The state of the inner surface ofa vortex tube has an important influence on the efficiency of the t emper -  
ature separa t [onof  gases .  The data available in the l i terature onthis  question are  scanty and, tea  cer ta in  
extent, contradic tory.  In [4] it is shownthat  polishing the inner surface era vortex tube 8 .7 ram in d iameter  
and 36 cal ibers  long made of acry t ic  res in  increases  the cootingeffect  by 10%. The authors of ill suggest  cover -  
ing the inner surface of a vortex tubewith a layer  of plastic having a low coefficient of fr ict ion tea  length of 
8-16 cal ibers  f rom thenozzle  c ross  section to increase its thermodynamic efficiency. The resul ts  of anexper i -  
mental  study presented in [2] shown decrease  of 10-20% inthe efficiency of short  vortex tubes 15 mm in d iam-  
eter  at the nozzle c ross  section having inner rifling of the hot endmade in the form of t r iangular  grooves and 
of a me t r i c  thread with pitches of 1.5 and 4ram.  The rifled section has a short  length and is adjacent to the 
nozzle c ross  section.  

At the same time, in [3] [twas es tabl ishedthat  theuse  of inner rifling 1 . 5 m m  deep (an inner diameter  
of 18 mm)over  the entire length of the hot end allows one to reduce the length of the vortextube f rom30 to 25 
cal ibers  while retaining the cooling and heating capacity.  

In o rder  to refine the charac te r  of the influence of inner r i f l ingon the efficiency of a vortex tube, we made 
experimental  studies of cylindrical  tubes 15 mm in d iameter  w[thoutaligning c ross  pieces and with a rif led su r -  
face of various lengths (Fig. 1). The tests  were conducted on compressedundr ied  a i r  coming from a compres so r .  
The tempera tures  of the compressed ,  cold, andhot  a i rwas  measured  in thermally insulated rece ivers  by m e r -  
c u r y t h e r m o m e t e r s  with a m e a s u r e m e n t a c c u r a e y  of0.1~ The p ressu re  of the compressed  a i rwas  measured  
by a manometerwi th  an accuracy  class  of 0 .6 .  The flow rates  of the cold and hot s t r eams  were determined 
with Ventur[ tubes. 

To reduce the heat inflow the f rame of the helix was made of organic glass  while the single-cuthelLx itself 
was made of b rass  with a rectangular  channel in the form of an Archimedes  spiral .  The hot end of the vortex 
tube was made of b rass  witha smoothness of working of the inner surface of V5-V6 and was made detachable, 
screwed together f rom individual pieces each 6 cal ibers  long. The section direct ly adjacent to the nozzle c ross  
section was assembled from individual pieces each 1 caliber long. 

The tests  were ca r r i ed  out with the success ive  replacement  of the smooth end pieces adjacent to the throt-  
tle by pieces of the same lengthwith inner rifling made in the form of an M16 x i met r ic  thread (rifling depth 
0.54 mm).  In the limiting cases  ei ther  the entire inner surface remained smooth (L 0 = L)o r  it all had threaded 
rifling (L 0 =0). 

In Fig.  1the resul ts  of the studies of vortex tubes with lengths of 18 (curve 1) and 48 (curve 2) cal ibers  
with v =5 are  shown. Similar  resul ts  were obtained for ~r =3. It was established that the influence of the length 
L 0 of the smooth section of the tube is nQt the same for long and shor t  tubes.  Ina longtube an increase inthe 
length L 0 from zero to seven cal ibers  leads to a constant increase in the coefficient of tempera ture  efficiency ~t" 
A further  increase in the length of the smooth section does not affect the efficiency of the tube. 

Ina shor t  tube an increase in the length L 0 f rom 0 to 6-8 cal ibers  causes an increase in the tempera ture  
efficiency, as in a long tube. But a fur ther  lengthening of the smooth section reduces the coefficient ~?t" An 
entirely smooth short  tube has a somewhat lower efficiency than an entirely rifled tube. 

Besides the experiments  descr ibed ahove, we also studied cy l indr i ca lb rass  vortex tubes 15 mm in d iam-  
e te r  and 48 cal ibers  long withthe following construct ion features:  1) inner surface smooth without rifling; 2) 
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Fig.  1. Dependence of coefficient of tempera ture  + 
efficiency ~lt on relat ive length L0 of smooth section 
of vortex tube. D =15 ram; 5 =0.45; w =0.092; P0 = 
5 �9 l0 S Pc;  T 0=303~ 1) L = 18; 2) 48. 

at a distance of 6 cal ibers  f rom the inletnozzle there is a section 6 cal ibers  longwith an M16 • 1 thread; 3) the 
initial section 6 cal ibers  long is made of Teflon; 4) the initial section 3 cal ibers  long has an M16 x 1 thread.  

The highest eff ic iencywas obtained for vor textube 3, which agrees  wellwith the recommendations of 
[1]. Tube 4 proved to be the least  efficient.  Vortex tubes 1 and 2 have the same tempera ture  efficiency, 
about 3% less than tube 3 but 10% higher than tube 4. 

The resul ts  of these studies are  In qualitative agreement  with thoseof  [t, 2, 4]. A quantitative compar i -  
son between the resul ts  obtained and those of the enumerated papers  did no t seem possible because of the con- 
siderable difference in the construct ions of the test  vortex tubes.  

The resul ts  obtained indicate that the process  of temperature  separat ion of the gas occurs  mainly inthe 
initial section of a cyl indrical  vortex tube in a length of 6 to 8 cal ibers .  The res t  of the tube plays the 
role of a kind of vortex brake,  reducing to a minimum the radial  p re s su re  gradient  at the end of the vortex zone 
of the tube. If the length of the tube is grea t  enough then the additibnal braking of the flow with the aid of the 
rifling does not affect the efficiency of tempera ture  separat ion.  But in shor t tubes  the swirled flow is not able 
to be braked to a sufficient extent by the smooth inner surface of the tube, and in this case r i f l ingon the inner 
surface leads to additional braking of the flow, having a favorable effect on the operation of the vortex tube. 
The introduction of rifling is evidently analogous to the use of an aligning c ross  piece or  to lengthening of the 
hot end of the tube. 

But in all eases the inner surface must  be made smooth in the initial section 6 to 8 cal ibers  long, 
which reduces the fr ict ional  losses in the main zone of tempera ture  separat ion andra i se s  the temperature  effi- 
ciency of the vortex tube. 

NOTATION 

L, length of vortex tube; L0, length of smooth section of vortex tube; D, diameter of vortex tube ; L = L/D, 
relat ive length of tube; I, 0 = L0/D, relat ive length of smooth section of tube; d, d iameter  of diaphragm opening; 
5 = d/D, relat ive diameter  of diaphragm opening; co = 4S/~D 2, dimensionless  c ross - sec t iona l  area of helix; v = 
P0/Pc,  degree of expansion of compressed  air ;  P0, total p ressu re  of compressed  a i r  ahead of vortex tube; Pc,  
total p re s su re  of cold a i r  at  center  of nozzle c ross  section of tube; 71t =ATc/ATs ,  coefficient of temperature  
efficiency; AT e = T O -- T c, cooling effect; ATs, calculated air  cooling upon isentropie expansion from a p r e s -  
sure P0 to a p re s su re  Pc;  To, stagnation tempera ture  of compressed  a i r  aheadof  vortex tube ; T o, stagnation 
tempera ture  of cold air ;  S, c r o s s - s e c t i o n a l a r e a  of inlet helix. 
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