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Fluid Action in the.Vo‘rtex Tube

A Report of Experiments in Which o Colored Liquid Is Introduced into a Vortex Tube

To Enable Visuad Stidy of the Strange Separation of Hot and Cold Air

Roy MacGiee Ir.

Simntons Colloge

flasten, Massuchuseres

N 1931 Georges Joseph Rangue developed @ method

of separating a stream of compressed gias 10LG Lwo
streams of gas, at a lower pressure. having 1 jetinite
temperature differentiult.  The work orf Ruanque lay
undeveloped until Rudoinh Hiisch became interested
in the vortex tube in velation to his low temperature
sxperiments. The investivations of Hitsen were broucht
1o the Umited States by Rooert Milton o Josns Hope
<ins University.  3inee then much irdependent in-
vestigation has iaken pluce in voileres and industry.

The vortex tube is u device that szeparates an in-
coming stream of compressed ¢as into separate streams
of hot and cold gas, both ut a fower pressure.  This
result s obtained by causing 4 vortex in a tube of
circular cross section. The vortex is created when the
2as enters into the tube on a tangent to the cross
section at a high velocity., A study of the crose sec-
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Fig. . The uniflow rype uf vortex tube,
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Fig, 3. A working model of the counterfiow vortex tube.
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The perplexing phenomenon of the vortex tube,
also called Ranque's tube or Hilsch’s tube, which
produces hot and cold air when air under pressure
cnters the rube tangentially, continues to intrigue
variows investigators, [n this article the author de
woribes the visual effects that were seen in uniflow
ard countertlow vortex tubes nhen a trace of colored
nater was infected into the incomng air stream. For
a thorough discussion of the operation of the vortex
tube, the reader is rejerred to the article “Rangue's
Tube” which appeared in the May 1950 issue of
REFRIGERATING ENGINEERING,

tion of the vortex shows the center portion of the
vortex to be ut a lower temperature and pressurc than
the outer portion. The separation of the center and
outer portions is necessary if the hot and cold streams
are to be obtained. This is done by two methods, the
uniflow and the countertlow.

The uniflow method of separation is shown in Fig*
ure 1. The center of the vortex is separated by using
a zampling tube in the middle to remove the cold
was, and a concentric outer tube to take off hot zas

The countertow method of separation is shown in
Figure 2. The center of the vortex is forced out the
small tube on the left while the outer parrion is aie i
lowed to flow out the larger tube on the ripht.

The hot stream tube must he kept at i nigher pres
sure than the cold stream rube, since the center por-
vion of the vortex is at lower pressure. [ the cold
tube exhausts 1o atmosphere, it is necessary to throt
tie the zas tlow in the hot rtube, .

By holding the physical dimensions of the tube ang
pressure and  temperature constant, the
amount ol ilow through the cold tube may be varied
by adjustment or the not :ube throttling, Since the
vortex tube obevs the laws of thermodyvnamics, this
Pheottting also varies the gas temperatures with the .
wus dows.  Two interesting cold ruas points may b8
‘ound. the lowest temperature and the greatest refrig-
eration. :

The flow puttern of the vas in the vortex tube hag :
ome to be a4 point of discussion in the analvsis oi..
the tube. The actuai facts are unknown to date: how-
ever, research is gradually reducing unknown factorse.

It is easy enough ‘o imagine what happens uat the
nozzies when the gas is inducted into the tube. How=,
ever, this is not quite as -asy as it iooks when con~ i
siderable thought is wiven to the aection within the tuped

. D. Fulton Jr. of the Massachusetts Institute of.
Technology tirst suggested the use of muitipie nozzle!»?
rather than the single neozzie and spiral chamber usedf
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