Can you find new uses
tor this strange pipe that
mystifies scientists?

By GREG STONE
CmcrwNaTI, OHIO

For nearly half a century the vortex
. tube has been an orphan of modern
echnology, an engineering curiosity
\__,_nat couldn’t break the umbilical
cord that held it to the laboratory.

That doesn’t mean it hasn’t been
loved. Quite the contrary: It has
had its own small, devoted group of
followers. Heck, what caiculator-tot-
ing science buff wouldn’t be fasci-
nated by a device that weighs just
six ounces, looks like an ordinary
pipe with a nozzle on one side, has
no moving parts, no electrical con-
nections, no heating or cooling coils.
and vet can take an ordinary stream
of compressed air and simultaneous-
ly deliver very cold air out one end
and hot air out the other?

Perhaps you've met the vortex
tube beiore under one of its aliases,
It’s been kicking around engineer-
ing laboratories since 1928. vari-
ously known as the Maxwell Demon
Tube, Ranque Vortex Tube, Hilsch
Tube, and Ranque-Hilsch Vortex
Tube.

When the vortex tube is applied
to large heating and cooling prob-
lems it turns out to be i for shame!)
an energy guzzier, It needs com-
rressed air to function, and com-
oressed air requires energy.
~ Yet it can provide an efficient and
- practical means of solving the right

problems. That’s why Vortec Corp.,

"~ a small firm here, is selling neariy
1000 tubes a month. It has built a
business on finding problems the
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Reflactive suit has vortex tube on beit, coming air cooied by tube keeps occu-
connected t0 compressed-air hose. In- pant comfortable in 200°F environment.

Cone-shaped interior of cold outlet forces air up the longer, warm-air out-
shown in cutaway of Vortec Corp. tube iet. Turn page 10 see air flow in a tube.




vortex tube can solve etficiently,
“When it comes to cooling some-
thing smail to a verv cold tempera-
ture, the vortex tube really shines,”
vavs Leslie R. Inglis, chief engineer
and president of Vortec.

Vortec’s is not an overnight suc-
cess story. The company began un-
der another name when Charles

Darby Fulton, Jr., engineer and
dedicated advocate of the vortex
tube. founded Fuiton ('rvogenics.
Inc. In 1961 Fuiton sat out to make
and sell vortex tubes with nothing
more than 14 hasement workshop, a
lot of determination. and a tiny
ad in the back pages of POPULAR
Qeience. The ad boasted oi the
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That stream of cold air. which
can be as cold as —100°F, is some-
thing that has to be felt to be be-
lieved. I became a believer when
Inelis hooked one of the little pipes
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to 'an ordinarv supply of com-
pressed air -about 100 ps.i. the
ressure normally used in an indus-
rial shops. There was an ear-plerc-
ing =cream like that of a jet
priming for 1akeoil. Gingerly 1
moved my hand toward the air
stream rushing from one end
Warm. I switched to the other end.
Cold. Darned cold. In fact, a ther-
mometer showed it was approach-
ing -30°F, and this was just a few
seconds after the air was turned on.

How does it do it? Well, the
whimsical explanation [ favor :be-
cause it’s the one I'm sure I under-
stand?) was advanced bv the great
19th century physicist. James (0.
Maxwell. He postuiated thar since
heat invoives the movement of
molecuies, we might <omedav be
abe to ret hot and cold air from
the =ame device. throush the help
of a “friendlv little demon™ who
would sort out the coid molecules
ang toss them in one direction while
letking the hot ones zo in another.
pf course when Maxwell con-
cei soa L hds busv little demon he
dicin’t hava the vortex tube in mind.
No.gng,did at that time. In fact.
thedwstary of the tube is a fale of
mismlased credit that Dro Fulton

when Ranque, a Irench physics
student, was experimenting with
various vortex phenomena. By 1928
Ranque had invented several uses
for the vortex etfeect, including a
vacuum pump. This last device
iooked much like the modern vor-
tex tube. only it didn’'t have a
vaive at the hot end. Ranque want-
ed to use it to exhaust dust in a
steel plant and had a valve placed
in one end.

The resutt? Warm air appeared
where all the laws of phvsics said
the air should be cooler. if any-
thing. After ail, compressed air was
being put into the tube, and as any
1as expands it cools slighrlv, Re-
specting the law of the conserva-
tion of energy. Ranque reasoned: If
warm air was created at one point,
cold air should appear at another.

Early failure

Though 1t took =ome time for
Ranque 1o discover that the cold air
emerged from the other end when
it was uncovercd, he immediately
saw the tube’s commercial poten-
tial. However. notes Inglis: “In
those davs the compressed-air svs-
tems weren’t very retiable.” The in-
itial vortex tube was a commercial

Thermometer needle opiummets 10
-30%% seconds Sfter ortex iupe s
started, Muffler can soften noisy Screech
caused by comuoressed air.

i +q. withwsome success et straight. failure. and Ranque's vortex firm
. e fepwing account draws upon died after a few years. Other =cien-
_ Dr. . Rujtag’s research and corre- tists challenged Ranque's thesis
spondencewith the tube’s inventor. and said. in effect. that a vortex
. the 1gpe Ggorge J. Ranque. It was tube was impossible.
Rangue, Dr. Fulton maintains. who Ranque continued with other
i degerves.credit for what is common-  work and the vortex tube drifted in-
Iy- galegshe “Hilsch Tube” after  to obscuritv untii Rudolf Hilsch. 2 gup ;er0 niast from tube is effective
. . itags suppoeed  discoverer. Rudoif  German physicist who knew of  cggant when machining poor conduc.
i .. Hilgehno, Rangue's work. did =ome investiZza-  :ors. or where liquig cooiants cause
3 eoniyming? Then begin in 1922 {Contnued on page 1921 more problems than ‘hey sotve,
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Gﬁm%ssﬁ?‘air it about YO°F enters
a-vormex tulle tangentially: that is. it's
shoctai@d he inner circumference of
the aibe-and obegins spiraiing in a fa-
miliafTvortey formation. Vortec Corp.
tubas,, Wuspfated here, have a small
whash; atihyes air ‘nput with several tan-
genuial-entry nozzies.: Centrifugal force
keeps the air near inside circumter-
afice. WM the tupe's inner diameter is
Jargensiemard ihe seciion tnat becomes
heated, the air spirais that wav first. As
the vortex moves up the tube, a partiai
VACUUM is createa near its center {few-
er' molectiles near the vortax center
mean lower pressure:.

The air is typically ~eated 1o 162°F
a8 it moves up the :ube. One suspect-
ed reason for the eating will be ex-
Hdined shortly.! A neeale vaive at one
nd or the tube iliows some of :he
warmed 1ir in the Quter sircumierence
of the vortex to escape. But about half
ofPthe air heads back cown the tube as
a second vortex inside tna iow-pressura
arem of the larger vortex. ‘Nhile one air-
stream moves up the wbe and the other

down it. both rotate in the same direc-
tion at the same angular veiccity. That
s, a oarticie on the inner stream com-
pietes one rotation in the same amount
ot time as a particle in the outer
stream.

However. because of the principie of
conservation ot anguiar momentum, the
rotational soeed of the smaller vortex
mignt be expected to increase. [(The
conservation principle is demonstrated
by spinning skaters who can slow or
speed up their spin by extending or
drawing in their arms.} But in the tube.
the speed of the smaller vortex remains
the same, Thus. angular momeantum has
heen iost from the inner vortex, Where
has this energy gone’ One theory pre-
sented by Vartec Corp. is that the 2n-
argy shows up as heat in ine outer
vortex. Thus the outer vortex becomes
warm, the inner vortex is cocled, Vor:
tec Carp. readily acknowledges there's
still disagreement on how tubes work.

A somewhat different explanation of
the cooling =ffect vas offered bv Wi
liam Tavier of the Nauonal Bureau o1

Standaras in a May, 1947 PS article
on experimental vortex tubes. Tayior's
explanation was nat compressed atr
passing through the entry nozzie speeds
up and oses heat. he wvelocity gain
being made at the expense of the lost
heat energy. :his fast, cold air is then
slowed up as it spirals in the tube.
Some moiecules arop toward the cen-
ter. Instead of neating up as thev iose
speed, however. they pass along some
of their energy to their next outer neigh-
bor, and remain cool.

An additional cooling effect comes
from the centrifugal ‘orce of the whirl-
pool itsetf. This force throws air mole-
cules out o the =zage of the spiral so
that there are fewer molecules—and
thus lower oressure—in the inner layars
than in the cuter ones. ‘When air moves.
from the high-pressure outer lavers 0
the low-pressure inner !avers, t natu-
rally axpanas and cQols.

The shorter, smealler-bore tube sec-
tion draws off the center zold air; :he
ionger  iarger-gore irm draws off the
Nt Mmolecules at the vortex s periphery.
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7:[_Cantfnuea‘ from page 71251

«tions of his own. In 1945 he pub-
_lished a scientific paper on the vor-
‘tex tube that gained recognition
for both Hilsch and the tube. Hilsch
. briefly cited Ranque in his article,
: but a misprinted fcotnote made it
mdifﬁcuit for other researchers 1o find
"Ranque’s work. Thus the vortex
= tube became known as the Hilsch
"‘iftube.
Inglis now favers the name “vor-
Ftex tube,” which has the same mean-
e ing as ‘“tube tourbiliion,” Ranque’s
French name for it.

% Compressed-air appliance

At first glance the vortex tube
“ilooks like the soiution to a variety
—~.of cooling probliems. ‘Even today
Z*there are very few heating applica-
~tions.: Why couldn't it be used to
air-condition home. car, boat, or
plane? Inglis chuckled. ““That's
_.what everyone thinks when they
first hear about it. 1 always tell
"-r!them that they wouldn't buy a
+f {toaster for the kitchen if they had
! to buy the generator to produce the
electricity. You've zot to think of
. this as a compressed-air appliance.”
As a compressed-air appliance;
however, the vortex tube excels i
various applications. Take the guy
$7in a protective suit working Im
ia 200°F environment. How to
keep him cool? He's not about to
carry a conventional air conditioner
ﬂwith him. Try to pump coid air to
|__him through a long hose, and the
air will warm up en route. But hoo}v
! him to a half-inch compressed-ak
| hose, attach a vortex tube smalle
__than a flashlight to his beit amn
—he’ll stay cool all dav. :
What else? How about cooling:
¢ Drinking water in a paint
spray department, which has plen:
| tv of compressed air. but wher;
electrical devices would create
hazard? T
b e A remote television camera ik
il an industrial location so hot it
. would normaily damage electront
wcomponents?
* @ Drills used on tough su
stances, such as titanium, where
-conventional liquid coolants jusk
create more problems? !
Can vou make vour own? Yes
Plans for a simple one accompan
this article. You won't necessaril
achieve the efficiency of Vortes
Corp. models with vour home-built
tube. Vortec’s includes a “braking
device” that shortens the tube cony
siderably and a little wheel that
‘contains several tangential nozzlek
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to get the air spinning at near sonic
speeds. If vou are interested in ex-

— perimentinyg with applications. vou
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can get an experimental package for
$107. Included: a tube that gives
400 Btu of refrigeration per hour
and temperatures to —40°F; a filter
tor the compressed-air supply; noise
muffler: a handful of changeable
internal parts that vary the per-
formance, pius instructions. {Vor-
tec C'orp., 4511 Reading Rd., Cin-
cinnati, Ohio 45229.) o3

How to buiid a vortex tube

You can build this simpiified vortax tube.
ariginaily designed for Popuiar Science
readers by RACA researchers and de-
scribed in the November, 1947 issue.
Mpst dimensions aren't critical, and
the tube can be operated from a ser-
vice-station air hose or any 75- 1o 100-
Ib.-pressure compressed-air source.

Drive the brass tubing through the
3/32” hoie in the 4" brass stock until
the two arms are about sgual iength.
Don't cut off the sgquare vortex-genera-
tion section from the fength af stock
until drilling is completed. it's crucial
to drill the hale rangent 1o the tube’s
inner wail, 5/64” from the center of
the 9/32" hole. Crill a 1/18" hole
straight down through the stock just
through the tube wail. Counter-bore the
inlet hole 4" to about half its depth.

Saw off the inlet block from the
stock. Solder the valve from an inner-
tuhe stem to the block, using a 1/18"
rod to align the valve and inlei hole. A
ptastic or wood washer is pushed down
the cold arm of the tube 10 the 1/16"
ragd. H a fiber washer isn’'t available
drill @ 4~ hole in a slice of 73”7 wooa-
en dowet. For the throttle, cut a *4”-
long piace of '4” brass rod. Drill
through lengthwise with a No. 28 drill,
then use an 8-32 tap. Press this into
the tube's hot end and drill a No. 20
hole through one wall of both tube and
rod.

With the throttle wide open, both
arms will he at the same temperature.
At half-throttie, the ceid arm reaches
its lowest temperature. Close the throt-
tie aimost entirely, and the hot arm
reaches its highest temperature.
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