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The vortex tube, invented by G.J. Renque, is a simple
device which seperates a flow of compressed gas into a hot and
a cold stream by means of a high spced vortex, It may have
useful applications as a refrigerctor and one of the aims of
the present investigation was to widen the field of application
by increasing the vortex tube's cooling perflormance,

The tests, described in this report, determined the
effect of the hot valve setting, the cold outlet diameter, the
inlet nozzle size and the inlet pressure ratios, upon the
temperature drop ratio characteristics of a vortex tube,

The results show that, by matching the inlet nozzles
and. cold ocutlet dismeter to the inlet pressure ratio, it is
possible to obtain, over a wide pressure range, a temperature
drop which is 0,50 of the isentropic temperature drop.

The optimum cold outlet area is almost independent of
the inlet pressure, whilst the optimum inlet area decrcases as
the pressure ratio increases,
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pressure differential across inlet flow meter
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2, NOTATION
Ps inlet pressure
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3, INTRODUCTION

The principle of the Ranque or Ranque~Hilsch Vortex
Tube is based on the thermal effects associated with a high speed
vortexs In its general form the vortex tube separates a flow
of compressed gas into two streams, one of which iz cold and the
other hots The compressed gas is injected tangentially into a
tube to form the vortex. The cold core of the vortex escapes
through a diaphragn neer the inlet nozzles, whilst the remainder
leaves through a restricting valve at the opposite end of the
tube,

Simplicity of construction and easc of maintenance,
in the absence of moving parts, suggests that the vortex tube
might have useful applications as a refrigerator where sources
of compressed gas are readily available, At present such
applications are limited because the vortex tube has a higher
power conswaption and the refrigerant is less cold than those of
the more complicated refrigerators which are in general use.

The object of this experimentsl investigation was to
determine the effect of various parsmeters on the vortex tube's
cooling performance., In particular, with a view to widen’
the field of application, it was required to find the optimam
design which would supply air at the lowest possible temperature.

The investigation was made on a vortex tube of constant
diameter and length, using dry air and the effect on the cold air
temperature was determined for coibinations of various inlet
pressurcs, inlet nozzle sizes, cold outlet sizes and settings of
the hot outlet valve,

The apparatus was designed to investigate additional
variables including vortex tubc length, cold outlet back pressure

and inlet air temperature, The results from these tests will
be given in a subsequent report,

4o AFPARITUS

Lele The Vortex Tube

The three main parts of the vortex tube used in these
experiments were the inlet chamber, the tube and the hot cutlet
valve, These are shown in Figures 1 and 2.

L42. The Inlet Chariber

The inlet chaiber consisted of an anmular settling
charber which surrounded the inlet nozzle and the cold outlet
diaphragn, Compressed air entered the settling chanber and

/’-H_&s ae®
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was injected into the tube through 8 inlet nozzles, The cold
air passed out through the cold outlet diaphragm whilst the
renainder pessed along the tube to the hot outlet valve,
Arrengements were made in the design of the inlet chamber for
changing the inlet nozzle component, the cold ocutlet diaphragm
and the tube length., /An exploded view of these components is
showvn in Figure 3 whilst altermative components are shovm in
Figure 4, Drawvings of the cold ocutlet diaphragm and inlet
nozzle component are showvn in Figure 5,

The cold cutlet diaphragm was a disc with a central
sharp edged orifice and the diameters of the cold outlets of the
alternative diaphragms were 1/8 (41/8) 1 inch.

The inlet nozzle component had 8 tangential slots,
Each slot had a rectangular cross section and was 1/0in. in depth.
Five components werc available with slot lengths of 1/8 (1/8) 5/8 inch.

']-{-.3 . The Tube

The tube connected the inlet cheawber to the hot outlet
valve, The internal diemcter of the tube was 14inches, In
the present tests the long vortex tube was used, and the distance
between the cold diaphragm and the closed hot valve's face was
fixed at 65 2/3 tube diameters,

Leite The Hot Outlet Valve

The proportion of hot to cold air leaving the vortex
tube was controlled by an adjustable plug valve at the hot air
outlet (Figure 2). The valve consisted of a flat topped conical
centre body whose total apex angle was 90°, The smaller base
was 1%in, diameter and formed the end of the tube. The valve
was moved axially by a screw thread of 20 threads per inch and the
position of the valve was shown on a revolution indicators

Le50 GENERAL ATPARATUS

A diagrammatic layout of the vortex tube apparatus
is given in Figure 8, gencral assenbly plans in Figures 9 and 10,
and a photograph in Figure 7.

L6, Adr Supply

The air compressor waes capeble of supplying up to
600 cubic feet of free air per mimute at a maximum pressurc of
100 1b./sd.in. gauge. The compressed cir passed through en
aftercooler and an sctivated alumina drier into a reservoir,

/.!}Al’l af'ter sae



An aftercooler bypass allowed the temperature of the air entering
the reservoir to be increased when required, The compressed
air then passed through the main control velve to a secondary
drier and to the vortex tube.

L4e7. Hygrometer

A tepping in the inlet pipe to the vortex tube was
connected to an Assmann aspirated hygrometer.

L.8s Orifice Flow lleters

Orifice flow meters of British Standard Code design
were inserted in the vortex tube's inlet and exit pipes to measure
inlet, hot outlet and cold ocutlet rates of flow,

4e9e¢ Vacuum Supply

Although in the tests described in this report the
hot and cold ocutlet flows from the vortex tube were discharged
at atmospheric pressure, the epparatus was also designed to
pernit the outlet flows to be discharged at below atmospheric
pressure, To achicve this the outlet pipes could be switched
to tanks which were evacuated by a vacuum pump of 480 cubic ft/min,
capacitye The results of these tests will be included in a
later note,

L4410, Instrumentation

llercury and water menometers and dial gauges were used
to measure the static pressures in the- inlet and outlet pipes of
the vortex tube and the pressure differentials across the three
flow meters,

The temperatures of the inlet air, cold air and hot
air were obtained from thermocouple probes which were inserted
into the respective air flows. The probe, whose thermocouple
wires were constantin and chromel, 15 shovn in Figure 11 The
cold junctions were maintained at 0 C in an ice bath and the
potentials from the thermocouples were fed through a multi
selecctor switch to a balance potentiometer,

The position of the static pressure, differential

pressure and temperature measuring points are shown in Figures
9 and 10,

L5 ws
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5« DETAILS OF TLSTS

5e¢1e Assembly of Vortex Tube

An inlet nozzlc component and a cold outlet diaphragn
were selected and the vortex tube asseubled, The outlet tubes
were opened to atinosphere,

He2s Hot Outlet Valve

The inlet pressure to the vortex tube wes kept constant,
The hot ocutlet valve was closed and after an interval of 5-10
mimutes the pressure and temperature measurcments werc recorded,
The hot outlet valve was then progressively opencd, the inlet
pressure kept at the initial value, and the measurements repeated
for each position of the hot valve until it was sufficiently
opened to give no cold outlet flow., I/hen opened beyond this
position atmospheric air was drawn into the vortex tube through
the cold diaphragn, The hot valve pocition for no cold flow
could not be accurately located using the cold flow mcter. In
order to find this position,the cold outlet valve was closed and
the internal pressure within the cold outlet tube was brought to
atmospheric by adjusting the hot valve.

be5s Inlet Pressure

The tests were repeated at inlet pressurcs of %, 1, 2,
3, 4y 5 and 6 kg/em.® gauge for verious hot valve settings,

5."4—- Cold Outlet Di&PhI‘ﬂfml

The tests iwrere repeated for various sizes of the cold
outlet diaphragm between 1/8in, and 1in, retaining the same inlet
nozzle component,

Ee5e Inlet .lozzles

All the above tests were then repeated for various
inlet nozzle components with slot lengths varying between 1/8in,
an.d 5/(?'].-1'1.

The following teble summerises the values of the
parameters investigated,
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Variable Values tested
Hot valve position Various, between closed and position off
no cold flow
Tnlet pressure Sy g By (54 iy By 6 kg/c:m2 gauge

Cold outlet diemeter | 1/8, 1/4, 3/8, %, 5/8, 3/ky 1 in.

Inlet slot length 1/8, 1/4, 3/8, %, 5/8 in,
L

The humidity of the inlet air was recorded during cach
test, The alunina driers were reactivated to maintain the dew
point of the inlet air below =20°C or below the cold air tem-
perature if the latter was itself below -20°C, Considerezble
scatter was showm on the cold outlet temperature readings when
the hunidity was not closely controlled.

5-?- Noise
The noise level caused by the operation of the tube was

high., This level increased as the inlet pressure increased and
as the hot valve was opened.

6. RESULTS

6e1e Definitions and Reduction of Results

The measurements were reduced to non=-dimensional forms
and are plotted in Figures 12-31.

The non-dimensionel parameters used wereg-

s Twhere ATC was the temperature differcnce between

i
% inlet and cold outlet flows and Ti was the absolute
inlet temperatures
Py
ol where p; was the inlet pressure and P, Vas the
“ig

cold outlet pressure,



o
== where 4  wes the cold cutlet dieamcter amd D the
internal diameter of the vortex tube.
3
T s vhere d, was the diemeter of an equivalent circular
nozzle vhose area equalled the total cross secctional

area of the inlet slots,

It was found necessary to investigate the general
dependence of the function

ﬂTG ' Py dc :
= (R, ool T o 5—) upon its parapeters and in pearticular
i Pg LT
to determine its behaviour near the points of maximum T" .
ar. . *
I.ctk be defined as the value of 0 e
g
1 AT
Y.
! e
which satisfies —e o 0,
d R

AT AT
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0. H.
7 5 o i

(AT \
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(2
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It will be seen thati-

lﬁTc Py di ac
Ti = f1(g s ﬁ- 3 D_ » R) a.....t.l.l.(1)
ATC} P P_l .d_:'- EE (2)
Ti/ = o D $ o300 3. sesvesssesase
/4 C
ATC‘ r E?:-_ 3 oo.ooo--..-l(i)
. C slyg s op
1/2 C ” 4
'/_\TC) pl
= f i t.ll.l..‘l.l(""‘)
(.Ti 4(Pc

3

The function £, is obtained direct from the experimental
readings, f2 is obtained graphically from f, at the points of /BR

: af2
£ 1 ' ¥ ] £ 1 1 t
3 2 Jd—c)
\D
" et
£ ) ' ' ' £ 1 1 P y o

=
A5
e
?!sﬁ‘
o

At each gtep the rmumber of pgrametera is reduced by one and the final
ession{ AT /1 is the maximm value of AT T, for any
o, /3

given value of plfbc .
6e2o Variation of cold outlet temperature with valve setting

for given inlet nozzles, cold outlet diameters and
pressure retios (Figures 12-18),

The variation of temperature drop ratio is plotted against
the valve setting, R, for a jypical inlet nozzle of d./D = 0.461,
and for pressure ratios of P;/p, = Veby-2y 3 9, and 6.,

Figures 12-18 give the results for seven different cold outlet
diameters,
d.

Similar curves were obtained for inlet nozzles of 5i = ¢268,

«376, +532, and 4595.

AT a a.
= f -—-, EF 5 Dl was obtained from maximum points on

(}T
T against R.
- 3

the curves of
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6.3, Variation of maxirmm tempersture drop with cold outlet
diamcter (Figcures 19-23)
rl\‘T \‘

In figures 19-23 the mexdmum temperature dlrc)p( s < / 5
i
at the optimum valve settings, is plotted against the cold
outlet diameter, dc/D, for each inlet nozzle diametcr, and

for various inlet pressure ratios, It will be seen for cach
inlet nozzle that, (ﬂTc/Ti) s has a maximun value, which is
1

UIO.C‘J

denoted by (& it c/T) at the appropriate value of
i .
AT\ p. 4, a,
c i - S : . N ] - 1 T 4
= ) = f‘2 (—- —-) is plotted against T in figure 24,

’
e PCD

Gelie Variation of meximmum temperature drop with inlet nozzle
diameter, using optimua hot valve setting, and optirun
cold outlet diameter (Figurc 2L).

[ O
Figure 24 shows the variation of'{ TE ) s with inlet
i |
-2

diameter for verious inlet pressure ratios, The maximmm value

VAY Tc\ DTN
of --T--/ s denoted by T ) s Was found for each value of
i/, i 3

inlet pressure ratio,

-

AT / P.
( T ('9 is plotted against the inlet pressure rs.‘bio,{ ;-_)-:l'-_, s in
b XSz A =0
2

Figure 25,

6ebe Variation of maximum temperature drop with inlet
pressure ratio, using optimun hot valve setting, cold
~outlet dizmeter, and inlet nozzle diemeter (Figure 25)

AT\
Figure 25 shows that, | w - / s increcses continuously
LT -
2 P
with increase of inlet pressure ratio, Ej-'- s and it is therefore
c

not possible to obtein a further maximum,

Tl
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6.6, Empiricel Iaws for veristion of maximm temperature
drop with pressure ratio (Figures 26 =nd 27)

Pigures 26 and 27 indicate that two approximcte
empirical laws may be used to represent the varistion of mexirmum
temperature drop with pressure ratio, In figure 26, Tc: is
the minimum cold temperature, end in figure 27, AT

was calculated from the isentropic equationg- : 2 isentropic
s . p \ X!
T o - 1§entroplc - (59- & where ¥ = 1.4 Por air,
% bt -

6e7e Variation of optimum cold outlet diameter, with inlet
dismeter (Figure 28)

Figure 28 shows the optimum cold outlet dismeter (D/
1
for a given inlet dismeter, Velues of ---- are plotted
d.

i
against == for various inlet vressure ratlos.
D -

6.8. Variation of optimu cold outlet dismeter vith pressure
ratio (Figure 29)

. ot
In figure 29, {D—c) is plotted against 23—31 for the
-5 <

five inlet nozzle components,

6e9. Variestion of ' temmerature drop cfficiency with pressure
ratio for optimum cold outlet diameter, and fixed inlet
diameters (Figure 30)

AT
: F . e
The temperature drop efficiency was defined as = = ’
&

clueptrona,c

Figure 30 indicates the performence which could be obtained
from a vortex tube with fixed inlet nozzle, and with a cold outlet
diameter adjusted to the optimm value.

6.10. Optimum inlet and cold ocutlet diemeters at maxirum
temperature drop (Figure 31)

The optimum inlet nozzle dia 1eter,( } s Was obtained

/4 a; / V4 TC\‘
fraoa figure 24, It is defined as the value of R atj } =
a a N 3

The corresponding value of _]j_c_ » denoted by 1\-1-5-% s Was obtained
g /from the e
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f d d.
from the curves of (59-) against -D—l in figure 28,
st

Figure 31 gives the values of the optimum inlet nozzle
diameter, and cold outlet diameter, which will give the largest
temperature drop at any given pressure ratio,

6.11, Optimun inlet and cold outlet areas at maximmn
temperature drop (Figure 32)

The optimum inlet nozzle and cold outlet diameters
from figure 31 have been replotted in terms of the nozzle inlet
arca, Ai, the cold outlet area, Ac, and the tube area A,

7+ DISCUSSION OF RESULTS

AT
The results show that the temperature drop ratio, R = s
)
is dependent on the hot valve setting, R, the cold outlet diameter
dc, the inlet nozzle diameter, &i, and the inlet pressure ratio,

Pi/Pc' The results have been analysed to determine conditions
for the maximum temperature drop.

7e1e Veariation of temperature drop ratio with hot valve
setting

The veriation of temperature drop ratio with hot valve
setting is shown in figures 12-18 for a typicel inlet nozzle of

== = 61, Ls the hot valve is opened the temperature drop
Pe.tio increases to z maximum and then falls to a finite velue
at the point of no cold flow.

An increase of inlet pressure ratio results in an
increase of the temperature drop ratio and the curves are
extended in the directions of both the 4 Tc/Ti and R axes,

For small fixed velues of R it will be noted that the
temperature drop ratio at first increases repidly with increase
of pressure ratio and then levels off to values which do not
significantly increase with further increase of pressure ratio.
If advantage is to be taken of an increased pressure to produce
larger temperature drops then it will be necessary to increase
R to a higher value,

Comparison of succeeding figures indicates that the
temperature drop characteristics are modified as the cold
outlet diameter increases, Increase of cold outlet diameter
at first results in a general increase of temperature drop.

JA maxiimm  eee
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A maxirmum is then reached and further increase of cold outlet
diameter causes a fall in the temperature drop and the curves
are extended along the R axis,

72+ Variation of maximm temperaturc ratio with cold
outlet diameter

4T
The maxirmm temperature drop ratio from the -;-,-—c- and R

curves, is plotted sgainst the cold outlet diameter in ;‘igm'-es
19=23% for each inlet nozzle, The curves are similar and show
the optimum cold outlet dimmeters which give the greatest
temperature drop ratios for given pressure ratios and inlet
nozzle diameter, For a given inlet nozzle the optimun cold
outlet dismeter is not greatly dependen‘h on the :Lnlet pressure,
Figure 29 shows this variation,

s £

Bor the smellest inlet nozzle of 555 = 266 the

optimmm D—c increases from o356 at a pressure retio of 2 to
385 at a pressure of 7 For the largest inlet nozzle of
d d

-:-D-— = ¢595, the optimum, Ec- » decreceses from ,350 at a pressure

ratio of 2 to (309 &t a2 pressure ratio of 7,

d
In figure 28 the optimum cold outlet dlaneter( = ) is

ks
plotted against the inlet diemeter for various inlet pressure
ratios, Figure 30 shows the variation of temperature drop
efficiency [_",TC(A Ti against pressurc ratio for

isentropic

various inlet diameters,

7e3s Variation of temperature drop ratio with inlet
diameter

A7)
|
The maximum values of‘( T c/ from figures 19-23 have
- 3

been plotted, in figure 24, ageinst inlet diameters., It will
be seen that the optimum inlet Aiameter for maximm temperature
drop decreases as the inlet pressure increases, The corresponding
value of the optimum cold outlet dismeter (d c/‘D)2 is obtained

from figure 28 and the optimum values of inlet diameter and
cold outlet diameter are plotted in figure 31, It is noted
in figure 28 that the optimmm value (d /D) occurs near the
maxitum of the curves of (d /fD),1 agaifst dl/D g

/The maximm ,e
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The maximum temperature ratio obtaineble with the
best cambination of hot valve setting, inlet diameter and cold
outlet diameter is plotted against inlet pressure ratio in
figure 25, The temperature drop ratio, (ﬁ’l‘c/’l‘i) 3 increases

from 409 at == =2, to o167 at == =4, and to 217 at — = 8,
P, Pg Po

The rate of increase of the temperature drop ratio falls off
as the pressure increases,

It can be showvn that the temperature drop ratio nay be
represented by empirical expressionsg=-
> n-1
e
Ty Py

where n = 1415,

and Tc = the cold air temperature under optimum conditions,
and by .
(bt ) R
AT a2 5
ke x
isentropic

/ d a.
The corresponding values of (59') and (533) which give this
e 4 -
maximu temperature drop may be obtained from figure 31 for any
given pressure ratio., A plot of optirmm inlet area and optimum
outlet arca in figure 32 gives the empirical relationss~-

(P“i\ Pg
— ) N —
T ‘_I_,ﬂ o156 + 4176 %

and

(i—") 2 1674

/2

Thus a vortex tube, designed to give the mexirmum
temperature drop, will require smaller inlet nozzles as the
inlet pressure ratio increeses, The optimm cold outlet
diameter is almost independent of inlet pressure ratio,

P8 wea
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9, CONCIUSIONS

1e The tests show that the temperature drop cheracteristics
of a vortex tube are dependent on the inlet mressure ratio, the
inlet nozzle size, cold outlet diameter and hot valve setting.

2, The temperature of the cold air decrecased with increase
of pressure and the lowest temperatures were obtained vhen the
hot valve setting, cold ocutlet diameter and inlet nozzle size
were matched to the inlet pressure ratio,.

3¢ By using the optimum values of these variables it was
possible to obtain temperature drops which were 50 of the
isentropic temperature drop, This efficiency was maintainsble
up to an inlet pressure ratio of 7.5.

Lo The optimum cold outlet size was not greatly dependent
upon the inlet mressure ratio and was given by the expression.-

Optimm cold ocutlet area

wl e o167 »

vortex tube area

The optimum inlet arca decreased as the inlet pressure
ratio increased and was given bye.=-

vortex area inlet pressure ratio
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