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Abstract: A vortex tube is a device that can separate small particles from a compressed gas or separate a
compressed gas into hot and cold flows. We experimentally analyzed the energy-separation characteristics of a
vortex tube with a diameter of 10 mm. We measured the energy-separation characteristics of the vortex tube
for different inlet air pressures, orifice diameters, and tube lengths. The orifice diameter and inlet pressure are
important for the vortex tube design and operation. The tube length has a small effect on the
energy-separation performance. Maximum energy separation occurs for a vortex tube with Dc = 0.7 D and L
=16 D.
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Table 1 Design parameters of the vortex tube

Parameter Symbol [unit] Dimension
Tube Diameter D [mm] 10
Orifice diameter Dc [mm] 0'3%6%4]()),7%5]),

Tube length L [mm] 12D, 14D, 16D
Nozzle depth width [mm] 1.5
Nozzle width depth [mm] 1.4
Inlet l Hot exit I
T
—

Cold exit

Generator

(a) Vortex tube

T,

depth

(b) Vortex generator and tube

Fig. 2 Schematic diagram of the vortex tube
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Fig. 5 Temperature ratio and heat transfer rate

according to the inlet pressure variation
(Dc=0.7D, L=16D)

{307k 5
g5 IV %
73U 7F 0.79]
Tk Ay

s Fig. 6(c)et 2l 2y~
s 12 % AF9 dAd
7velA =W, eEu]~

= = Z]
[} o -1
A ASFERIE 0752l 71

i

5 A7 521

-8-Dc/D=0.3 —4-Dc/D=0.4 -A-Dc/D=0.5 —+Dc/D=0.6 -8 Dc/D=0.7

4 500

= 400

2 =
=

i 300 £
g @
=3 i
® 2
5 200 3
(=% bl
E a
v

= 100

0

0.0 0.2 0.4 0.6 0.8 1.0
Cold mass flow ratio [-]

(a) Hot exit

-O-Dc/D=0.3 —0-Dc/D=0.4 -A-Dc/D=0.5 -X-Dc/D=0.6 -O-Dc/D=0.7

0.5 500
= L 400
o =
2 T
c 300 £
© 7]
o 200 §
3 &
]
b= 100

0
0.0 0.2 0.4 0.6 0.8 1.0
Cold mass flow ratio [-]
(b) Cold exit

i Dc/D=0.3(hot) —4=Dc/D=0.4(hot) —#—Dc/D=0.5(hot) —+—Dc/D=0.6(hot) —@- Dc/D=0.7(hot)
-0 Dc/D=0.3(cold) =0~ Dc/D=0.4{cold) =& Dc/D=0.5(cold) =%~ Dc/D=0.6(cold) =O- Dc/D=0.7(cold)
0.2

Heat transfer rate [kW]

0.0 0.2 0.4 0.6 0.8 1.0
Cold mass flow ratio [-]

(c) Heat Transfer rate
Fig. 6 Temperature ratio and heat transfer rate

according to the orifice diameter variation
(L = 16D, Pj;=400kPa)

A H@dAS Hola ).
3.3 F24o|1) HAEd wE olHX] 22| =3}
BH 2 FHO ol {H AAY T uE A



522 N
& L=120 -e-L=14D ——L=16D
4 500
—_ 400
2 -
S
= 300 £
© w
E 200 §
g a
= 100
B O
0.0 0.2 0.4 0.6 0.8 1.0
Cold mass flow ratio [-]
(a) Hot exit
-0-1-12D -0-1=14D -%-L=16D
0.5 500
—_ 400
2 =
=1
o 300 £
g o
2 5
© w
P 200 §
g a
= 100
0
0.0 0.2 0.4 0.6 0.8 1.0
Cold mass flow ratio [-]
(b) Cold exit
-&-L=12D(hot) ~-L=14D(hot) —+—L=16D(hot)
-0-L=12D(cold) ~0-L=14D(cold) -x-L=16D(cold)
0.2

0.1

0.0 2 F

Heat transfer rate [kW]

-0.2

0.0 0.2 0.4 0.6

Cold mass flow ratio [-]

0.8 1.0

(c) Heat Transfer rate

Fig. 7 Temperature ratio and heat transfer rate
according to the tube length variation
(Dc=0.6D, Piy=400kPa)

s W o shuelnh Figo 72 P A4
of FEAA 0.6W -5 1 FHAo] W3}
nE A Agdds HoFa g =8s R
B Aole] W= AL ﬂ% 7o &=yl
2o vv g@dE AL Y Fig

IR
-@-Hot exit =O-Cold exit
4
3
2 2
I
e
s 1
a3
o
g o
£
: C‘\0\0——0
-1
-2
0 100 200 300 400 500
Inlet pressure [kPa]
(a) Temperature ratio
-@-Hot exit =0-Cold exit
0.2
2 o1
@
Jd
8 00
w
c
4
T 01
= =
0.2
0 100 200 300 400 500

Inlet pressure [kPa]
(b) Heat transfer rate

Fig. 8 Maximum temperature ratio and heat transfer
rate according to the inlet pressure variation
(Dc=0.7D, L=16D)

()l A FH 7,4_0]7} Ao A2 dAGFo] nn

A Frkstas out o Aolsk vvsiet A
£xow B el FaH Frole] W9l
N Fuzolst dux e

) v 8},

s



gex Roo ouA #e S4o o

-@-Hot exit -0O-Cold exit
a4
3
22
g
3]
5 1
I
3 o
£
2
-1 0\0‘0———0'——0
-2
2 3 4 5 6 7 8
Orifice diameter ratio, Dc/D [-]
(a) Temperature ratio
-@-Hot exit =0~ Cold exit
0.2
_.i 0.1
[
©
S 0.0
v
{ =
g
T 01
= =
-0.2
2 3 4 5 6 7 8

Orifice diameter ratio, Dc/D [-]
(b) Heat transfer rate

Fig. 9 Maximum temperature ratio and heat transfer
rate according to the orifice diameter ratio
variation (L = 16D, Pi,=400kPa)

yeldl 23 oltl. Fig. 9a)olA Sglds H7o]
SHETE IR S5 2RME AHHoR
S7FAI, A2 275 SRME A2
7} 0.4 o]olw 1 WS mmsirt. epAI Rk
Fig. 9b)e] s 183 dXdEdES 12 4
AL BFAA Qa2 A Aol AAFH FTtst
I Yt Eol3 He u2E3y ALFHo)A I
o] W3ks Yeds FEs gEAR 1 T
7F 718 dA g Flolth

Fig. 102 22 % AXF9] Hy 2 Ha 2%
He} dAGES Frdo] Wsle] sty EA s}
gt agloltt. 2xv] ¥ dXEE BT FH 4

=
=
olell tiate] mm g d5el Ate]E HolFa 9]
o, FHZZ} 16D
°F 2P FdE SAEE

o

& 4Py a7 923
-@-Hot exit -0O-Cold exit
a
3 {
E , ——9—*°
s
o
S 1
2
)
2 o
£
2
A —————0
-2
10 12 14 16 18
Tube length ratio, L/D [-]
(a) Temperature ratio
-@- Hor exit -O-Cold exit
0.2
2 o1
]
g
3 0.0
w)
[
g
E
&
S .01
I
-0.2
10 12 14 16 18

Tube length ratio, L/D [-]
(b) Heat transfer rate
Fig. 10 Maximum temperature ratio and heat transfer

rate according to the tube length variation
(Dc=0.6D, Pi;=400kPa)

4. 2 B

A7 10mme] €~ FHE A4 2L A28k
oul, oux] Ee5A AL FYsih 2
2 FHel s wbgy)e] A Mol ggk o
UA BS540 43S ddder £48e] o

eI e AR 48§ ANTh
() e FHo FF5e 379 42 1)
T WF T spuolm Figste o]

AagE Sxng dAadEe] Frls E
o] Al ddEES FadHl et dFAe
= S7heklt

2) &Y~ AFL BEH2x FH AT A
wjzol oJaFS u|xi= AACIolw, ¢ wyA
Aol E4E E7 5o dEEN} 2=H 9



524 o|F4 - 2

277 Fkekac. s, B ATl SR
Mol A R ol emush @
vg gepe vl

St
z
=
8
8
1o
s
)
[»
S
oo
il
e X

2 QATE dquA e Eeel oux 9T
wAlgle] AFHAR FAAYCH oo A=
Ay,

(2

i)
ol

=

(1) Hilsch, R., 1947, "The Use of the Expansion of
Gases in a Centrifugal Field as Cooling Process,"
The Review of Scientific Instruments, Vol 18, No.
2, pp. 108~113.

(2) Ahlborn, B. and Gordon, J., 2000, "The Vortex
Tube as a Classic Thermodynamic Refrigeration
Cycle," Journal of Applied Physics, Vol. 88, No.
6, pp. 3645~3653.

(3) Lewins, J. and Bejan, A., 1999, "Vortex Tube
Optimization Theory," Energy, 24, pp. 931~943.
(4) Piralishvili, S. and Fuzeeva, A., 2006, "Similarity
of the Energy-Separation Process in Vortex Ranque
Tube," Journal of Engineering Physics and

Thermodynamics, Vol. 79, No. 1, pp. 27~32.
(5) Saidi, M. and Allaf Yazdi, M., 1999, "Energy

Model of a Vortex Tube System with Experimental
Results," Energy, 24, pp. 625~632.

(6) Ahlborn, B. and Groves, S., 1997, "Secondary
Flow in a Vortex Tube," Fluid Dynamics
Research, 21, pp. 73~86.

(7) Dincer, K., Baskaya, S., Uysal, B. and Ucgul, L,
2009, "Experimental Investigation of the Performance
of a Ranque-Hilsch Vortex Tube with regard to a
Plug Located as the Hot Gas," International
Journal of Refrigeration, 32, pp. 87~94.

(8) Peng, W., Hoffmann, A., Dries, H., Regelink,
M. and Stein, L., 2005, "Experimental Study of
the Vortex End in Centrifugal Separator: The
Nature of the Vortex End," Chemical Engineering
Science, 60, pp. 6919~6928.

(9) Aydin, O. and Baki, M., 2006, "An Experimental
Study on the Design Paramenters of a Counterflow
Vortex Tube," Energy, 31, pp. 2763~2772.

(10) Li, X., Yan, H., Meng, J. and Li, Z., 2007,
"Visualization of Longitudinal Vortex Flow in an
Enhanced Heat Transfer Tube," Experimental
Thermal and Fluid Science, 31, pp. 601~608.

(11) Aljuwayhel, N.F., Nellis, G.F. and Klein, S.A.,
2005, "Parametric and internal study of the
vortex tube using a CFD model," [International
Journal of Refrigeration, 28, pp. 442~450.

(12) Oh, D.-J., 2003, "An Experimental Study on
the Characteristics of a Low Pressure Vortex
Tube," Doctoral Dissertation, Chungnam National

University, Daejeon, Korea.



