The mysterious Hilseh fube in s ariginal form os developed in Germany is about 20 inches long.
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The Ranque-Hilsch Effect

Researchers at the University of Tennessee Space Institute
have emerged with a radical explanation of the Ranque—Hilgch
effect. a spectacuiar and mysterious separation of air in swirling
motion into hot and coid streams, and have traced the cause to a
whistling sound present in the vortex flow.

In 1933, Georges Ranque, a French engineer, uncove_red a
striking phenomenon: when compressed air was introduced 1nto a
pipe through tangential injection holes jimparting a s»vlrl:ng‘ mo-
tion} the temperature near the tube centerline became freezmg_ly
cold, whiie the temperature near the tube periphery exceeded uts
inlet value. This temperature separation took place without the aid
of any external mechanical device. The etfect became populanzcd
tater through a paper by Rudolf Hilsch, a German scientist. The
device which became known as the Ranque—Hilsch tube or vortex
tube is now commercially available; it is routinely used as a refrig-

erator without a motor or other moving parts for such purposes as
machining operations and protection of electricai equipment. since
even with inlet air at room temperature and at readiiv atlainabie
pressure of a few atmospheres. cold air below O°F can easily be
obtamned.

Inspite of the simpizcity of the Rangue-Hilsch tube, the mech-
anismof temperature separation has been a matier of long-sianding
dispute. Despite many attempts. the process eluded an adeguate
explanation; some attributed this. in a lighter vein, 1o Maxwell's
demon, an imaginary being invented in the mineteenth century by
James Clerk Maxweli. This microscopic demon would divide up
the zir by storing faster-moving molecules in one compartment and
slower-moving molecules in another.

It had now long been recognized that z high-intensity whis-
thing sound—the so called vortex whistle—emanates from vortex
flow 1n general and from the Ranque-Hilsch tube in particuiar,
Although previously regarded merely as an annoying by-product of
such swirling flows and nothing more, the Tennessee scientists hy-
pothesized that this vortex whistle was, in fact. the main cause of
the Rangue-Hilsch effect.’

Inorder to verify this. they instailed acoustic suppressors. spe-
cially designed and tuned to the frequency of the vortex whistle. on
a Ranque~Hilsch tube. When the pitch of the vortex whistle. which
increases as the flow through the tube 1s increased. hit the tuned
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frequency, the sound levei suddenly tumbled by 25 dB, changing
from an ear-sphtting whistle to 2 muffled hiss. At that very mstant.
the tube centerline temperature, which had gone down 1o as fow as
— 32°F. Immediately jeapt upwards 10+ 33°F :a temperature
jump of 65°F), while the temperature near the tube periphery plum-
meted by 10°F. This supported the theorv that the vartex whistle
was indeed the main cause of the Ranque-Hilsch effect.

The sound deforms the distnibution of swirl velocity in rhe
radial direction through the mechanism of acoustic streaming.
Acoustic streaming, or sonic wind. is 1 general & phenemerion in
which sound or aiternating currents of flow modify the time-aver-
aged, or direct, currents of flow: it 15, in & sense. analogous to the
more famiiiar generation of electric heat by alternating current.
Owing to this acoustic streaming induced by the vortex whistle, the
flow becomes distorted in such a pattern that the swirl velocity.
with a zero velocity near the centerline, confinues to increase in the
radial dircction. Iike the rotation of a car tire, When the air even-
tuaily comes to rest. the mgher velocity near the peripnerv 1s con-
verted inte warmer temperature while the lower velociy near the
centeriine is converted into coider temperature.

M. Kurosaka, Uniersity of Tennessee
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