A Short Course on Vortex
Tubes and Application Notes

Contents

History

Air Movement in a Vortex Tube
Vortex Tube Pertormance
Temperature Separation Effects in a Vortex Tube
Effects cf Iniet Temperature

Using the Perfarmance Table

The Heat Baiance Formula

Air Flow at Various Inlet Pressures
Humidity

The Air Supply

Preparing the Air

Settings

Using the Cold Air

Noise Muffling

Maintenance

History

The vortex tube effects were first observed by Georges
Ranque, a French physicist aoout 1930. He formed a small
company to exploit the itém but it failed soon. He presented
a paper on the vortex tube 10 a scientific society in France in
1933, but it was met with disbeiief and disinterest. Thereafter
the vortex tube disappeared for severai years, untii Rudoiph
Hilsch studied it and published his fingings in the mid-1940s.

Hilsch’s paper stirred much interest where Rangue's
mad not. So much so. in fact, that most reagers thought
Hiisch had invenied the device, and it was poputarly called
the “Hilscn Tuoe.”

Since then, the vortex tube has become much better
«nown to technicai people. There has been a slow but steady
increase in research and publication on the subject around
the world. Well over 100 serious studies have peen published
in the world's scientific and engineering journals, scattered so
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‘hat 1t is hard to assemole more than a fraction of them.
Many popular articies and commentaries have been
published. Many engineering scnools and ingustnai and
scientific groups are warking on the vortex tube.

Today vortex tupes serve in a wide variaty of inqustrial
applications, including cooling workers, cooing aiectricai and
electronic equipment, and many proecess cooling applications.

Air Movement in a Vortex Tube

Below is a schemauc drawing of a vortex tube sROWINg
the intermai arrangement and the common names for certain
important teatures.

High pressure air enters the inlet and enters the
annular space around ihe generator. it then enters the
nozzies whera it loses part of its pressure as it expands and
gains somic Or near-sonic velocity. The nazzies are aimed so
that the air is injected tangentially at the circumference of the
vortex generation chamber. All of the air leaves the vortax
generation chamber and goes intc the hot tube. [t makes this
cnoice (between hot and coid ends) because the opening (o
the hot tube is aways larger than the opening to the cold
tupe ithrough the center of the generator). Cantrifugal ferce
keeps the air near the wall of the hot tube as it moves toward
the valve at the end.

By the time the air reacnes the valve it has a oressure
somewhat less than the exit pressure at the nozzies, but
more than atmospheric (assuming cold outlet is at
atmospheric pressure). it /s always true that the pressure just
hehind the control vaive is higher than the cold oullel
pressure.

The position of the vaive determines how much air
leaves al the not end. For not-cold separation, it must allow
only part of the air to escape. The remaining air is forced to
the center of the hot *upe where, stilt spiAning, it MoOves back
toward the cold outie: it goes ail the way througn the hot
tube. through the centar of the vornex generation chamber, 10
the coid outlet.

HSememuper the criginal stream of air in the hat tube did
not occupy the center of the tube because of certnifugal
force. Therefore it defines an ideal path tor the inner stream
to fotiow. This. compined with the apove mentioned pressure
difference between the vaive and the cold outlet. :3 the
reason there are two distinct spinning streams. ang inside the
other moving n opposiie iinear directions  the hot tube.

CONTROL
YALVE

CoLD AIR
OuT {-30%

\ VORTEX-GENERATION CHAMBER

HOT AR
QUT {162™



Vortex Tube Performance

As the valve position is changed. the proportions of hot
and cold air change, but the total flow remains the same.
Thus the amount of air exiting ihe coid end can ce vared
over a wide range for a given vorex twpe. The amount of this
air is known as the “coid fraction.”

AS you can (magine, one of the secrets of good vortex
tube design 1s 10 avoid mixing of any of the cold inner stream
the coid fraction) with the warm or hot outer stream. if a
tupe is operating at a high coic fracticn, the passage in the
center of the generator must be large enough 10 hanale the
cold flow. If nat, it witk cause some of the cold air to oe
deflected away and mixed in with the warm air stream. thus
wasting refrigeration. At low cold fractions the desireq result
is usuaily a smail stream of very cold air. An opening 100
large wiil invite entrainment of some of the nearby warm air
and raise the cold outlet temperature.

Thus for any given vortex ube of a fixed total flow
capacity there is an ideal cpemng size tar avery cold fraction.
Practically, a vortex tube user wiil normaily want one of two
maodes of cperauon. Either maximum refrigeration (wnicn
occurs at about 70% cold fraction) or lowest possible cold
temperature (Wnich accurs at about 20% coid fraction).
Accoraingly Vortec offers B (high cold fraction) bushings
designea wih the optimum cpening for maximum
refrigeration and L (low coid fraction) bushings with the
optimum smaller opening to create lowest possible coid
temperatures.

Eacn of Vortec's stangard tubes can also de fitted wih
generators for ditferemt CFM capacities. Thus we must offer
an A and L bustung for each CFM capacity in a given tube.
So the bushings must be selected based on two parametsrs,
capacity and mode. This is why we acopt the simple
nomenclature 2-H, 4-L, 8-H, 2tc.

The 328 tube 1s made with separale generators and
bushings. but it is so rare that anyone would want a tube as
large as this 10 create extremely low temperatures. that we
don’t show L versions in the price list. Ail listed 328 series
tubes have H styie bushings, but L style can be provided on
a special arder basis.

Temperature Separation Effects

In a Vortex Tube

We have aiready covered the movement of air in the
vortex tube. Now we shall attempt 10 exptain why the hot air
gets hot and the cold air gets cold.

You'll recall that the air in the hot tube has a comptex
movement. An ouier ring of air is moving toward the hot end
and an inner core of air is moving toward the cold end. Both
streams of air are rotating in the same direction. More
impariantly, both streams of air are rotating at the same
angufar velocity. This is because intense turbuience at the
boundary between the two streams and throughout hoth
streams [ocks them into a singie mass so far as rotational
movement i3 concerned.

Now the proper term for the inner stream wouid be a
“forced vortax.'’ This is distinguished from a “‘free vortex'’ in
that its rotational movement is controiled by some outside
influence cther than the conservation of angular momentum.
In this case the outer ho! stream forces the inner {cold)
stream to rotate at a consiant anguiar velocity.

(n the bathtub whiripool situation (which most people
associate with the word “vortex'), a free vortex is formed. As
the water moves inward, its rotationai speed increases 10
conserve anguiar momentum. Linear velocity of any particle
in the vortex s inversely proporticnal 1a its radivs. Thus. in
moving from a radius of one umit 1o a drain at a radius of 72

unit, a particle doubles its linear {tangential) speed in a free
vortex. In a forcea vortex with consiant angular vetocity, the
linear speed decreases by hatf as a particle moves frem a
radius of 1 umit to a drain at a radius of 2 upit.

Sa. for the situation apove. panicies anter the drain
with 4 times the iingar vetocity in a free vortex compared with
a torced vortex. Kinetic energy is proportional to the sguare
of linear velocity, 50 the particies eaving the drain of the
farced vortex have 1/16In the kinetic energy of those leaving
the drain of the free vertex in this example.

Where does this energy (15/16 of the totai available
xinetic energy) go? Therein lies the secret of the vortex tube.
The energy leaves the inner core as neat and is transmiited
to the quter core.

Now you might say the air in the coecling inner stréam
had io travel through the outer (heating) stream first. Why
doesn't it heat the same amaunt it cools with no net cooking
effect? Keep in mind that the rate of flow in the outer stream
is always larger than that of the inner stream, since par ot
the outer stream is being discharged at the not valve. If the
aTlUs leaving the inner stream equal the 8TUs gained by the
outer stream, the temperature dgrop of the inner stream must
se more than the temperature gain of the guier stream
secause its mass rate of flow is smaller.

If this precept is clear in your mind, a little reflection
will allow you to understand wny hot end temperatures
increase as cold fraction increases. and cold end
temperatures decrease as coid fractions decrease.

Effects of Inlet Temperature

It is very easy to predict the temperature drops and
rises in a vortex tupe for various inlet temperatures. The
basic rute to rememper is that {emperature drops or gains are
preportional to absolute infet temperature. Any temperature
expressed in —3grees Fahrenheit can be converted to
apbsolute {degrees Rankine) by adding 460. That is,

(0°F = 460°R cr 70°F =530°R.

Thus, the entire table is based on an iniet temperature
of 530°R. If apsolute iniet temperature doubles, 5o does the
lemperature rop or gain. As an exampie, suppose you want
to find the temperature drop associated with a voriex tube
aperating at 30% cold fraction and with a 100 psig,
200°F iniet.

1. Table gives 118° drop for 100 psig, 70°F intet and
30%, CF.

2. Ratio of apseciute inlet temperature

200 - 460 _ 880

70 + 460330

3. Drop given in table times ratio is 118 x 1,248 =
147°

=1.245

4. Cold end temperature is 200° — 147° = 53°F

This ratio can be used just as weil when the inlet
temperature 1s (ower than the 70°F on which the table is
based. For example, if inlet temperature were 0°F, rano
would be

Q0 + 460 480 _
70 + 460 530
In this case the temperature drop is reduced.

Exactly the same approach can be used to conver the
temperature rises given in the table. They are greater for inlet
temperatures higher than 70°F and smaller for inlets below
70°F.
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One additional comment an this method should de
made. It applies to the pressure range shown on the table
only. Whenever pressures considerabty higher than the table



are involved, the Jouie Thompson effect aiters the resuits
somewhat. This eHect is small at pressures of 140 psig and
pelow. and can be ignored as it is in the method given
above. Joule Thompson cooling is the very slight coating that
takes place as gases are thretiled.

Using the Performance Table

Two rather important limitations of the performance
table in the catalog snouid be recogmized.

First, the table wouid seem to imply that temperature
drops and rises are related to inlet pressure. This 1S not quite
trua. They are related in a compiex way to the apsolute
pressure ratio between iniet and coid outlet. The table is
based upon the assumption that the cold outfet is at
atmospheric pressure. For any other cold end pressures, the
table cannot be used.

You can appreciate the variation in temperature drops
and rises if you consider how guickly the absolute pressure
rato changes with changes in cold end pressure. A 30 psig
iniet (105 psia} provides a 7 {0 1 ratio when the tupe
exnausis 'o atmospneric pressure (O psig or 15 psia). If intet
pressure remains the same and cold outlet pressure rises 1o
only 15 psig, the ratio drops to 3.5 to 1.

Calculations of temperature rises and drops for
pressures other than those shown on the table can be made,
but they are beyend the scope of this Short Course. Refer
any such problems to Vortec.

The Heat Balance Formula

A very handy formula resuits from the fact that the
energy extracted from the coid air by the voriex tube appears
in the hot air.

The formula fs:

CEFx(t -t -JdT) = (100 - CH x {t, =t +JT)
whnere CF = cold fraction. o

t = inlet air tamperature, °F

t. = cold air temperature, °F

t. = hot air temperature, °F

JT = Joule-Thompson temperature correction
°F = 4°F at an iet pressure of 100 psig

By using this formula. cold fraction can be computed
from the readings of the three thermometers alone without
having to measure any air fiow. As an example. suppose
t, = 100°F, 1. = 30°F, t,=300°F. Substituting in the formuia,

CFx(100-50-4) = {100-CF) x (300- 100 + 4}
Solving for CF, CF=381.5%

Vortex tubes obey this formuia very closely, regardless
of their efficiency, provided only that the hot pipe be
insutated.

The formuia can be rearranged as follows:

CF = =74 w00

L] C

This is its handiest form for computing cold fraction.

Humidity Effects

The vortex tube does not separate humidity between
the hot and cold air. The absolute humdity of both cold and
hot air. in grains/pound, is the same as ¢hat of the entering
compressad aif.

Moisture will condense and/or freeze in the cold air if
its dew pont is nigher than its temperature. The following
table shows the amount of moisture that air can holg in the
saturated vapor state as a function of air temperature, at
standard atmospheric pressure of 14.7 psia:

Temperature, °F 10 100 50 30 70 50 z0
Saturation” 375 295 217 54 it 7 sS4
Temperature, °F 40 30 20 0 7 -0 -20 -30
Saturation” 37 24 5 3 35 32 ‘8 a

- Gaturaton Moisture Contant Grains/ib. Air

For example, the above table shows that it the moisture
content is 14 gr./ib., condensaton will begin wnen the temperature
of the cold air tails below 19°F At 5 gr./lb., condensation will begin
at -1°F.

The saturation moisture content of compressed air at 100
psig is given in the following table:

Temperature °F 110 100 90 80 FO 60 S0 a0 30 20
Saturation
Moisture Contemt 48 38 28 20 14 99 69 47 31 18

Grains/ib, Alr

By comparnng the two tables, it :s possible to predict
the amount of moisture in the compressed air. ana the
temperature at whnich moisture will cegin 10 precipitate or
freeze in the cold air. As an exampie, suppose the
compressed aif is aftercooled to 80°F following compression,
and the precipitated water drained off. Then the secong table
shows that it will carry 20 grains/ib. of water vapor. When this
expands in the vartex tube, the upper table shows that
precipitation will begin in the cold air when s temperature
falls peliow 26°F if its pressure i5 14.7 psia.

if the compressed air is cooied under pressure 0y a
chiller to 40°F, the second table shows that it will then carry
4.7 grains/lb of water vapor. When expanded in the vortex
tube, precipitation wiil ~egin when the temperature ct the
cold air falls below - .°F at 14.7 psia.

If. under unusual conditions. some moisture precipitates
in the cold air. the temoerature of the cold air wiil thereby be
caused to rise approximately 3/4°F for each grain of moisture
that precipitates. This s because some of the sensibie
refrigeration of the cold air is consumed in aroducing latent
refrigeration of the moisture. This refrigeration is not !ost but
reappears in the cold air as it warms up in performing its ar
conditioning duty after leaving the vortex tube, when the
precipitated moisture re-evaporates.

The tabies show that condensation wili nat narmally
occur at moderate caold end temperatures. When
temperatures are low enough to cause congensaton. it
appears as snow, The snow has a sticky quality due (¢ oil
vapor and will gradually cotlect and block cold air passages.
Continuous operation at low temperatures can be assured by
means of an air dryer or 'njection of an antifreeze mist into
the compressed air feeding a vortex tube.

When selecting dryers give consideration to refrigerative
and deliquescent types. While their drying abilities are limited
(and need to be considered) they are quite compatble with
the vortex tube. Chemical gessicant dryers such as silica-gel
and molecular sieve types are exothermic, and tend 10 heat
the compressed air causing refrigeration losses.

Applicaticn ctas
The Air Supply

Pressure

Standard vortex tubes made by Vortec Caorporation are
designed to utilize a normat shop air supply of 80 to 110 psig
pressure. Unless pressures run consideraply higher than 110



psig, do not use a requiator 0 requce the Infet pressure.
Pressures higner than 250 psig must not be used. Pressures
lower than 80 psig wil sull oroduce some cooling. However.
noth the temperalure drops and !he flows are reduced due to
the iower inlet pressures.
Line Sizes

Up to 25 SCFM, runs of pipe less than 10 feet long
may be 1/4” size without excessive pressure droo. Up 10 50
feet use 3/8" pipe. and use 1/2" pipe over 50 feet, Rubber
hose of suitable pressure rating may be used. Consider 3/8”
id hose to be the same as 1/4” pipe, and 1/2" id hose 1o be
the same as J3/8" oipe. Aemember that lower transmissicn
pressures will exnipit aven greater pressure drops, so care
must be taken to avoid large iosses in the inlet air piping.
Compressor Size

in most large plants. the size of the compressor is
adequate to handle many vortex iupes operating
simuitaneously. For smaller plants, estimate horsepower
required based upon the rated capacity of the tupes. For a
100 psig system. it takes one NOrsepower 1o COMoress four
SCFM of arr.

Preparing the Air
Moisture

All compressed air systems will have condensed water
in the lines unless a dryer is in use. To remove condensed
water from the air. a filter-separator mus! ba used. Automatic
drain types are recommendea uniess the area is always
tended by a responsible empioyee who can empty the
coltection bowl periodicaily. Place the filter-separator as near
to the vortex tube as possible.
Dryers

Narmaity a dryer is not required for vortex tube
applications., Qccasionally, however. when very low cutlet
temperatures are produced. icing will cause problems. Also.
some applications may require the cold air stream 10 be
completely free of condensed water or ice. A chemical dryer
(silica gel. heattess, or other type) can be used in the inlet
line to eliminate condensed water ¢r ice in the cold air
stream. The dryer shouid be rated to produce an atmosphneric
dew point fower than the iowest expected cold outlet
temperature.
Dirt

Because of the water in compressed air lines, there is
always rust and dirt present. Vortec's filter-separators
effectively ramove these contaminants by using & 5 micron
filter. Replacement filters are available at nominal cost, and it
is necessary for the user to determine the frequency of
replacement based on the conditions prevaiing in his plant.
oil

Never use vortex tubes downstream of a jubricator. Ol
in the air which has been introduced by the compressor
lubrication system is usuaily not a problem for Vortec
products. but occasionally older compressors produce very
oily air. If the plant air is very oily, use an oil removal filter
downstream cf the filter-separator. The cil removal filter
removes dirt, water, and oil aerosols with an effective
filtration of 0.01 micron.

Settings

Maximum Refrigeration. Maximum refrigeration occurs
when a vorex tube operates at 60 to 70 percent coid
fraction. This is where the preduct of the mass of cold air
and its temperature drop is the greatest. Many appiications
such as cooling eiectrical contrals, liquid baths, and personal
air conaitioning use this maximum refrigeration setting. For
maximum refrigeration, use H style bushings.

Minimum Temperature. Some applications require the
iowest possiDle cold output temoerature, Examples are
cooling glass. cooiing hot parts, and using coid air te cool
machining ooerations, These air spraying applications usually
work better with very cold air, and resuils seem not 10
depend upon the refrigeration rate. For these applications, L
style bushings and cold iractions in the 20 to 40 percent
range are best,

Using the Cold Air

Back Pressure. Cne of the most common mistakes
with vortex tubes is to restrict the coid outtet, This wiil cause
a ioss of perfarmance. A smail back pressure on the cold
outlet to allow the air 10 move thraugn piping or 2ucting is
acceptable. but back pressure, measured at the tube, snouid
be limited to {ess than 5 psig. Keep in mind the tube is
responsive 0 the absclute pressure ratio applied and back
pressures as low as 15 psig cut this ratio in haif. Some
pressure | avadable at the hot end. and it can be used so
iong as compensating adjustments .n the cenirol valve
settings are made.

insulation. As with any thermodynamic device. the
proper use of insulation wii improve vortex tube system
pertormance. Avoid ducting the cofd air through iarge thermal
masses such as heavy piping, driied holes in large blocks,
etc. If possible use plastic tubing or piping. Foam type
insulation can aiso be guite neipful.

Noise Mufflers

General. A common misconception is that a vortex tupe
emits a scream or whistie due to the sonic speeds inside.
Actually such noise s rarely observed, but the sound of
ascaping air is always present, and in some cases it must be
muffled. Orairarly the coid air will pe ducted into an
anciosure or .~rough some pipe or tubing. This aigne may
reduce its noise level to acceptabte limits. Mot air escapes in
smailer amounts in most applications and may not be
objectionable. Nevertheless, jets of escaping air can be quite
objectionable 1 continued over a ieng perioa of time near
worker. in such situations mufflers are avallable, and shouid
be used.

Colg Muftling. Mutfiers used on the cold air must not
be of a stutfed or porous type. Their smail openings wiil
quickly block with ice which has congensed and frozen in the
cold air stream. Baffle type mufflers and siiencers are best
for ‘e colg air. Avoid selecting any muifler which wiil apply
hign back pressures (o the vortex tupe.

Hot Muffling. Nearly any air silencer or muffler will
work on the hot ena. One shoutd avoid salecting a muffier
made from plastics or other materials with low resistance o
heat since hot end temperatures can easily exceed 200°F.

Maintenance

Since vortex tubes have no moving parts. they are
hignly reliatle, and require little or no maintenance.
Proionged usa with dirty or aily air can cause wear or cirt
coltection in the iube. Occasional disassembly, inspection,
and clearing are the only maintenance activities reguired.

Lae o ]



VORTEX TUBES

Refrigeration from
Compressed Air

What |s a Vortex Tube?

A Vortex tube is an instrument with no moving parts
that converis a supply of ordinary compressed air into two
airstreams at slightly above atmospheric pressure. one hot
ana one cold. A Vortex tube can produce up to 8000 8TUH
of refrigeration or temperatures down to - 4(°F, using
nothing more than compressed air at 100 psig. A vaive in the
Kot air outlet allows you to infiniteiy adjust the flows and
temperatures over a wide range.

Benefits of Vortex Tubes

* No moving parts » Lightweight

s Virtuatly maintenance free * Portable

+ { ow initial cost + No spark/explosicn hazard
+ Small stze » Spot coots witnout waste
= Highty retiable » Instant on/off

« Easily controlled » No RF interterence

How Is Industry Using Vortec Tubes?

« Cool machining operations

» Set solders, adhesives

» Temperature cycte thermostats. instruments ana eteciron:c
components

« Dehumidify gas samples

« Cool slectronic control cabinets

« Coot workers in protective heimets. hoods and suits

« Test automobile temperature sensofs and chokes

+ Cool industrial sewing needles

+ Chill environmental chambers

« Cool mold tooling

+ And many more...see the application cases in secticn |.

Zold ar machining siminales mists. ‘esigues. angd otner hquid coolant groolams

How Does a Vortex Tube Work? hot airstream moves at a slower speed. a simpie heat
High pressure ar enters a stationary generator and is exchange takes place. The inner. slower-moving column of
reieased with a Vortex motion, spinning along the tube’s air gives up heat to the outer. faster-moving column. ‘When
walls toward the hot air end at sonic speeds up to 1.000.000 the siower. inner column of air exits through the center of the
rpm. Air near the surface of this spinning vorex becomes stationary generator ana out the coid exhaust. it has attained
hot. and some of it exits through the needle valve in the hot an extremely low temperature.
end. The aif that does not escape through the hot arr needle For a more detailed explanation of this process, initiaily
vaive is forced back through the center of the warm air vortex. discovered in 1830. read the 'Short Course ™ in sectien H or
Because the air forced back through the sonic-velocity calt one of our Application Engineers on the Hot Line,
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Vortex Tube Performance

You can vary the voiume and temperature of the coid
air proguced by a Vorex tube oy adjusting the vaive in the
not air cutlet, This controls what s Known as the "cold
fraction.” which is the percent of the input air volume
released through the cold outlet. For example. if the total
volume of compressed air input is 15 SCFM and the cold
fraction 15 70%, then 10.5 SCFM exits the coid end and 4.5
SCFM exits the hot end. A high coid fraction (mose than 50%
of the input air released through the cold air end) produces
maximurm refrigeration—the greatest 8TU output. This usually
pccurs at colg fractions of 80%-70%, where the mass of ar
released at the coid outlet and the temperature drop of the
air are optimized to yieid maximum efficiency and BTU's.
Most applications, such as ccoling electrical controls. liquid
baths, and personnel, use nigh cold fractigns for maximum
refrigeration.

A low cold fraction (less than 50% of input air released
through the cold end) produces the /owest temperatures. DUl
with a reducea flow of air. A low coid fraction. with 113
extreme iow temperature and low flow, s usefui In cooling
small machining operations. smaill parts, glass. testing of
etectronic components, and laporatory expenments.

n

Temoeratura Of CAIC &ir fram a vortex T.08 15 ad;usied with a simpie valve in tne not-awr ena

Standard Models from Vortec

Vortec Corporation was the first company 1o fully
deveiop and commercialize the Vortex tube.

in more than two decades ¢f work, we have deveioped
three standard tube sizes. each capabie of three flow ratings.
We accomptish this with three differently-sized.
intercnangeable generators wnich provide three CFM ratings
for each tubs.

The nine different capacities orovided by our Vortex
tubes cover the entire range of cooling capability which is
economically practical with a Vortex tube, This enaoles you to
size a und for your application without wasteful over-capacity.

ICr 3t oof [Nree 5130Qarc SIZ8s Of Janex TL0eS5 15 JAnapte o three ditterent how faNNGs

Optimizing Vortex Tube Efficiency
For Your Application

By changing the diameter of the cold air passage in the
center of the vortex generator, you can cenfigure your Vortex
tupe for maximum efficiency as a nigh-cold-fraction unit or a
fow-cold-fraction umit. We provide simpie bushings to
accompiish this in cur 106 and 328 tubes. We gesignate
these bushings H and L for high and low <old fractions. Each
bushing is sized to maich the CFM capacity of its
corresponding ortex generator. For example, generaters for
a 106 tube (dssignatea 2, 4, 8) may be used with bushings
2-H or 2-L, 4-+ or 4-L, 8-H or 8-L, depending on the cold
fracticn you want.

The busning and generator are separate parts for our
106 and 328 tubes. For the 208 tube, the bushing and
generator are manufacturea as a single par, with the model
numpers again gesignating CFM rating and high or iow
fraction efficiency: 11-H, i1-L, 15-H, 15-L, 28-H, 25-L.

Tha gratgnary Qeneratoss and 2uSMINGs nside ihe Vartex Tupe coairol air low ang coid-
‘racton cagabiives




Vortex Tube Capacities

_— 5% -
Inlet Air 130 mmt .
Modei Prassure Consumption . Capacity — ; ‘
Number {PSIG)* {SCFM) {BTU/H) ! | /- 1y NPT M) |
! — {2) PLACES 1
106-2-H 100 2 100 E_L_J/ !
. “ I 90 !
06-4-H 00 4 200 e
106-8-H 10 ; 4 - ‘ - y -~
06-8 o 8 00 ] ;ﬁ:ﬁ__——ﬁ [i E
208-11-+ 100 ‘ 11 600 . ‘
208-15-H 100 15 300 ! ‘
208-25-H 100 25 1500 \ .
328-50-H 100 50 3000 !
' M
328-75-H 100 75 4300 | ‘
! 57e
328-100-H 100 100 5000 o i St:t/mm)
*iniat temperature: 7O°F. Model 106
sz, —
T " NPT (M) 125 mmy — 1%y — !
\ (2} PLACES ; ; (46 mms
P = 4 NPT (R ‘ 12-14 NPT (M) %4 15 3%
| '-_t ,’_'T—‘/— .| 192 mm 1o anmn
! \ It 2%y | S—
1!25mm;\ I ; 156 mmi ‘
v ‘ | ‘ ‘_‘1 - _I—\_/ﬂ_ e —
: i NG s ’_—'.L\_//*-ﬂ Vet
| 9 ! - r- ; NPT ;}
l . (RN |
i NPT (F}i :
H 15 1334
1178 mm! ;340 mm
Modei 208 Model 328
Specifying a Vortex Tube ‘
This iable shows the approximate temperature drops
and rises you can expect from Vortex tubes adjustec to Air Flow

various cold fractions. The primary determinant in Vortex tube

performance. in addition to the coid fraction setting,

is inlet pressure.

The table assumes an iniet temperature of 70°F. Keep

in mind that the cooling performance of the Vortex tube can

be degraded by higher suppty air temperatures. by moisture

in the supply air which can condense and freeze (easily

corrected with an air filter), or by excessive back pressure at

either the hot or cold air cutlet. A clean Vortex tube,
operating with constant inlet pressure ana temperature, wiil

maintain temperaturss within = 1°F.

Vortex Tube Performance

Data

Iniet

Cold Fraction. %

P esure 20 30 49 50 60 70 80

) 61.5 50.5 555 505 435 380 5

0 145 245 36.0 85 540 325 107

88.0 85.0 200 730, B2S  5tE  sAp

40 205 350 515 710 315 17 a7

50 104 100 a0 BAL 740, 586 A5

235 0.0 585 300 204 132 168

R 15 110 102 920  80.0. .. 985 - 46D

0 250 3.0 530 86.0 13 43 181

50 23 118 1o wWo - 8Dz

1 26.0 5.0 56.5 91.0 119 151 “g2

129 124 118 106 . 905.. .MD 350

120 260 460 830 940 *23 156 195

.4 138 s 121 300 U9ADE; IGO0 . 58S

0 55 480 705 6.0 124 156 193
Figures 1n gray area give temperature arop ot cold arr, °F
op

Figures 10 white area give lemperature rse of hot air.

The total discharge (hot and cold) in SCFM from a Voriex
tube is proportionai to absoiute inlet pressure. To
approximate the totai flow for & given iniet pressure. use the

following simplified formula:
(inlet psig. + 15) x ¢fm rating of generator
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TEMPERATURE VERSUS COLD FRACTION
FOR A TYPICAL YORTEX TUBE
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= approx. total flow

Air Conditioning
Power

To approximate the cooling
ang heating power in BTUH,
use the following simptified
formulas:

CF = Coid Fraction

CFM: = Totai Air Flow

CFMe = Coid Air Fiow = CFMr iCFY
CFMn = Hot Air Fiow = CFMt (100-CP)

t = Iniet Temperature
1 =Cold Air Quilet Temperature
th = Hot Air Qutlet Termnperature

For Cooling:

BTU/Rr = 1.0746 (CFMc) iti-ic)
For Heating:

BTU/Mr = 1.0746 (CFMn) (tr-L)



Getting Started

The technical and practical guestions you may have
aboul designing a Vortex tube into a product of process can
ke handted by cur Vortecnology Application Engineers. They
not only xnow our products inside-out, but they ve also
helped thousands of customers use those products it a
variety of industries and applications, Their experience isa
technical Fesource that's available to you for the asking. And
it's FREE.

Experimental Kits

if you want to “'learn on your own,” or if you need 10
periodically lest Vortex tubes in your progucts or sysiems, we
have avallable two experimental kits containing the
generators and bushings needed to produce the fuli range of

flows and temperaiures with ihe

two most commonly used

iupes: the 106 and 208. The kits also contain a S-micron

filter. a cold-end muffler, and a booklet on

the operation and

application of Vortex tubes. The kits are handy design tools
to nave wnenever you are contemplating the use of a Vontex
tube in your groduct or sysiem.

Expanmenial ks contain ai parts necessary io produce ihe fuil range of flows ang tam-

caratures from tha 106 ang 208 Yonex Tubes

Specifications
118 218
EXPERIMENTAL EXPERIMENTAL
QUTFIT QUTFIT
Voriex Tube 106 208
Refrigeration up 1o 400 BTWhr. up to 1500 BTU/hr.
Fiow Rates (SCFM) 2.4 8 11, 5, 28
Temparature ta —40°F 0 —+0°F

Accessories

We stock a fuli line of accessories that have proven the
most-useful and most-asked-for by Vortex iube purchasers
and system designers:

+ Bushing/generator Kits
+ Cold end mufflers

* Hot end mufflers

+ Thermostats

» Solenoid valves

« Ajr lines

« Pressure reguiators
* Filter/separators

* and moare

106 £ 09—
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APPLIED VORTEX
TUBE PRODUCTS

Standard System Packages

We've learned from working with our customers that a
number of Vortex tube applications are almost universal, 50
we've packaged several systems with the tupes and
accessories designed for specific uses. Four of those systems
are described in this section: Cold Air Gun. Circuit Tester,
Choke Tester, and Thread Guard. Two others—Variex Control
Caooling Systems and Manccoling—have grown intc compliete
product lines. They are described fully in the sections
devoted to those applications.

Thread Guard

Add the model 424 Threaa Guard to any sewing
machine and watch production soar, aven in Continuous
operations for waistbands and beit 1o0ps. and with tough
materiais such as denim and beiting.

The continuous stream of 10°F arr from the Thread
Guarg virtually eiminates threac burning anc breakage, as
well as heat-relaled neecle breakage. it's especially eftective
with synthetic threads,

Ready to Use

e Uses just 4 SCFM of shop
arr at 80-100 psig.

» Easily and guickly
mounted.

« Adapts 1o any machine.

 Includes mounting
hardware, five-micron
filter. shut-oft vatve,
pressure reguiatorigauge.
cold air tupe and compiete
instructions.

Thread Guars coois sewing GPeratons. It stoos (hread burming ang breaxage as wail as neat-
-glated needle Dreakage.
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Questions? Cail cur Engineerng Aot Ling: (5131 5391-7478 1



