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Numerical Study of Inlet Pressure Effects on the Performance of Vortex Tube Machine 
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Abstract 
Vortex tube or Ranque–Hilsch vortex tube is a mechanical device with a simple geometry and without any intricacy in its 
components, which can produce two colder and hotter streams from compressible inlet air. In this investigation, computational fluid 
dynamics (CFD) technique is used to study of key design parameter influence, i.e. inlet pressure on the performance of vortex tubes 
and energy separation phenomenon. The novelty of the present paper is the special focus on the Mach number inside vortex chamber 
and its changes due to the inlet pressure effect which has not been investigated in other papers yet. The governing equations have 
been solved by FLUENT code in 3D compressible and turbulent model using standard k-ε turbulence model. In this study on the 
basis of obtained results by the CFD study, different inlet pressures of vortex tube are studied. Finally in order to attain the more 
temperature separation in the vortex tube system, some suggestions and results is presented. This article believes that every vortex 
tube has an optimum pressure which is commercially optimized in heating and cooling processes. This optimum pressure was found 
to be 4.8 bar in the present research. The present obtained software results indicate that for cooling purpose, the cold mass fraction of 
about 0.3 will be recommended for higher cold temperature difference and for heating purposes in throughput of the cold mass ratio 
of about 0.8 is used. The obtained CFD results are validated by available experimental results. Also the inlet pressure increment 
reveals the increase of entropy generation and irregularity in the system.  
Keywords: Vortex Tube, Inlet Pressure, Energy Pressure, Mach Number. 
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2 Temperature Separation 
3 Computational Fluid Dynamics (CFD) 
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3 Block-Structured mesh 
4 Turbulence 
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2 Cold mass fraction 

25

30

35

40

45

50

55

0 0.05 0.1 0.15 0.2
T

ot
a

l  
Te

m
p

er
at

u
re

   
D

iff
er

en
ce

  (
K

)

Average  Unit  Cell  Volume  (mm 3 )

Temperature difference at 
cold exit

370

380

390

400

410

420

430

440

0 0.05 0.1 0.15 0.2

S
w

irl
  V

el
oc

ity
   

(m
/s

)

Average  Unit  Cell  Volume  (mm3 )

Swirl Generation

245

250

255

260

265

270

275

280

285

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

C
ol

d
  

E
xi

t  
T

em
p

er
at

u
re

  
(K

)

Cold Gas Fraction 

Skye et al [20] Experiments

k-Epsilon

k-Omega

SST

300

310

320

330

340

350

360

370

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

H
o

t  
E

xi
t  

T
em

pe
ra

tu
re

  
(K

)

Cold Gas Fraction 

Skye et al [20] Experiment
k-epsilon
k-omega
SST



 

 

��
��

 �
�/

  	
�R[

� �
;��

h�
4 

��
.


-�
 �

	�
9P

Q 
	6

 
�6

��	
2 

��
��

�
4 ... 

82 

 �� �	- �A�	D �� ��	A ��� 3�@�� �� 8��@ � �6 ��3/0 8���A �

 �A�	D �� ����� �	-°c 44 �� 8��@ � �;6 �6 �hK� b�� =� �6��

 b�� �� ��� 0��H� 8:�� �6 ��	- �A�	D �� ��	A ��� 8��@ �

.-� ��	P: ��J��  

  

  
 D	9-  +,� ��0,Q �+ ���F X�+ �. ����+ L�6��  

  
 >�C �� �� G	2 �A�	D ��J�� ��10  �-� ��C ���� 8��P�

 ��	A ��� ��2/0 
P� ��	- �A�	D �� �� ����� 8���A b�	

�� ��:�/� G	2 �A�	D �A�	D �� ��	A ��� 8��@ � �6 .��C

 4��;Z 	�- 0� �6 G	2 �A�	D ��J�� �� ����� 8���A ��	-

�� 8��@ � ��	A ��� �� �� 4��o �6 �6��81/0  ��	- �A�	D ��

 �� G	2 �A�	D �� ��� 8���A70 �� 8��@ � �A�� �6 �A�� �6 .�6��

�� 4�:����P� `�� � 4�;6 �- `�� b�6 ����E >6�E ~6�h� ��C �r�

�� ��:�/� ��A�� �6	5���C  ���J �� �hD 3�@�� 	s���J �����h6

10 .�C�6 �� �Z��  	I�J >�9L� 4�;6 �- `�� -���� ����h��P:

 4��-� 4�;6 �� `�� =� 	
16 ]20[  =� >Z�J ^��
� � �:� �� }��A

� ^��
� �6 �	- �A�	D �� ��Z�cD 3�.-� 	
���@� �6	5  

  

  

 D	10-  T,7 ��0,Q �+ ���F X�+ �. ����+ L�6��  

  

4-4 -  +,��- /0� /+0�0 ��12 ,36 ���,. �'8'

�.6+,7 6/   

 =� ��/  �=�6 L� ��.
-� �	�9PQ �4���� ��/  	R� �-�	6 ��U�� �6

47/3   ��24/7  `��;� ��/  �� �	� 	�t ���6 .-� ��C �;��h� ��6

�=� �	�9PQ 4��-� `�� �:�./�� ]20 [ 	6�	6 8/4 �� ��6 b�� =� .�C�6

 .-� ��C �-�	6 ���K� b�� 4N�6 � b���� 4��� ��/  ��T ��

>�C 4�: 11  �12  G	2 � �	- 4�: �A�	D �� 4g	�� 8���A 3�@��

 ��	A ��� 4�=� �6 8B6 b�� �� ��C �r��� ^��
� .�:� �� 3�/� ��

3/0�� �	- �A�	D ��.�C�6  

  
 D	11-  P�*Z� /��B /�@��12 /6N6 �. +,� ��0,Q /��+  

  

  
 D	12- P�*Z� /��B /�@��12 /6N6 �. T,7 ��0,Q /��+  

  

 >�C ~6�h�11  �	- �A�	D 4��� ��
6� �4���� ��/  8��@ � �6

�� 8:�� �9�E MN�K� ^��
� �6 f-��
� � ��U
�� ~6�h� b�� �� �6��

�� ����= b�� ��6 �� ��� .�C�6 4 �=�8/4  ��71/5  ��/  8��@ � �6 ��6

�� 8��@ � ��6�� 8:�� ����� 4�A �6 �	- �A�	D 4��� �4���� .�6��

 ��/  =� ���71/5  4��� 8:�� �6 	5�� ��/  8��@ � �;6 �6 ��6

 O-�� ��C ����� 8���	- 3�@�� 8��@ � �5�
� �� � �	- �A�	D

�6��	2 ���� �4 �� .��	2 >�C ~6�h�12 � ���� 4��� M�	��S� �9�

�� �/��@ � M��Z �6 4���� ��/  8��@ � 4�=� �6 G	2 �A�	D�C�6. 

 �=�6 �� ��T	:13/5  ��7 �� ��:�/� �����-�� ��6 ����h��P: .��C

 ��C 	�t�6��	2 ���� �4  8���	- 4�	6 �
;�Z 4�:�	6��� 	s�� ��

�� ���H
-��A�	D �� ��� ��
 � 	o�D b�P: �6 .8���	2 �� ��C 

.G	2 �A�	D �� �� -� �����D	6 4	
/�6 �P:� =� �	-  

 >�C ��11 �� �UJp� 4��/  �=�6 �� �� ��C47/3  ��71/5 

 4��� ��/  �6 m�6	� ��	- �A�	D �� ��C ��:�/� 4��� b�	
P�

8/4  4��-� �6	5� `�� �6 m�6	� ��/ ) ��6 ]20[ �� 	6�	6 �� �C�6

250.24 K ��� Y�:��B6 	2� `�J .-�  ����6 ���K� b�� =� 	� b����

 >E��J �� �� ��/  ���66 �� .Y�:� 8��@ � ��6 ��/  8��@ � �� Y����

�� 	�N�6 ���@: a	Z G@9
�� =� 8��@ � 3�@�� b�� -� b�P� � �C�6

 �� 4���� ��/  	2� ���P� 4�	6 .�C��� � 	Z �6 3�	K� 4��c
E� d�L�

50  4��� ��/  �6 ��� �Z��8/4 -� ��6 4�� ]20[  � Y�:� 8��@ �

 ���J �624/7 �� �UJp� �Y���-	6 ��6 �1�� �� ��C2/4  b��9�

.����� 4��c
E� ��A�� b�� � Y���� �� 8���	- 3�@�� 8��@ �  

 >�C13  ��/  �6 `�� 4�	6 ���� 	-��	- �� >� 4��� |�=�� ��L�

 4���8/4 �� ��6 .�C�6���/�6  ����@� �� �>� 4��� 4�	6 	���K�

 �������6��	2 ���� �4 �� �UJp� `�PQ� 9Q �6 ������ �� � ��	2

 4@�	� �
�: �� .-� �A��� 8��@ � �6 >� 4��� �(@S� G�Q m	C

10

15

20

25

30

35

40

45

50

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

C
ol

d 
Te

m
pe

ra
tu

re
 D

iff
e

re
nc

e
 (

K
)

Cold Mass Fraction

Skye et al. [20] Experiments

Present CFD Analysis

Skye et al. [20] CFD Analysis

0

10

20

30

40

50

60

70

80

90

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9H
ot

 T
e

m
pe

ra
tu

re
 D

iff
er

en
ce

 (
K

)

Cold Mass Fraction

Skye et al. [20] Experiments

Present CFD Analysis

Skye et al. [20] CFD Analysis

245

247

249

251

253

255

257

259

261

3.4 3.9 4.4 4.9 5.4 5.9 6.4 6.9 7.4

C
o

ld
 E

xi
t 

T
e

m
p

e
ra

tu
re

 (K
)

Inlet Pressure(bar)

Cold Exit Temperature

Skye's Experiments

308

309

310

311

312

313

314

315

3.4 3.9 4.4 4.9 5.4 5.9 6.4 6.9 7.4

H
o

t E
x
it 

T
e

m
p

e
ra

tu
re

 (K
)

Inlet Pressure(bar)

Hot Exit Temperature

Skye's Experiments



 

 

	H
;A

 �
PZ

�� 
� 

���
�

�� 
6��

��
� 

83 

�� 	� b���� ������ �6 ��� ��� ���� =� `��- 3��	A �	J �6 � �C�6

 �� b��<P: .Y���� �� ��� �5�	� 8:�� ��	- P- �6 G	2 �A�	D

 8��@ � >�C b�� ������ a	o �6 � �Q�;C 1A �� ����6��	2 ���� �4 

�� ����.��C  

  

  
 D	13-  ,��5,� �+ DB /��+ [�N85�.6+,7 �'8' 6/  

  

 4�	6 >� 4��� ��
����6��	2 ���� �4  �	- ��	A ��� ��3/0 

 3�/� �6 	6�	6 G	2 =�2 �A�	D 4��� 	s���J ���:�5/311  � b��9�

 	6�	6 �	- =�2 4��� >E��J24/250 �� b��9� 4��� M�	��S� .�C�6

�� 3�/� >� �6 0��@� �J��� �� >� 4��� 3����	2 8:�� �:�

�� G	2 �A�	D .�C�6   

  >D�� �� ��/  M�	��S��6��	2 ���� �4 �6 �� V�� ��Q M�	��S� �

�� 3���� >D�� �� V�� ��Q �-�	6 b��	6��6 .���� `���� �� �����

�C�6 	R�� 3��	A Y1  �6 0P�C) >�14 .( M�	��S� ��L� >�C b�� ��

8D	T �UHL� >D�� �� V�� ��Q1  ��h��P: .-� ��C ���� 8��P�

�� ��:�/� >�C =� �� M��Z �6 `=�� 4���� �� 3��	A ���C

�	 M�Z2  ���J) N�6 V�� �6 ���9/0�� (  �� `��- �	J �6 .�C�6

 8��@ � V�� ��Q �8D	T �UHL� >D�� �6 3� ���� � `=�� `�o

�� M�Z�	  3��	A � �6��3 �� >D�� �� `��- �	J ����� �6 .��C

 �6 3��-� =� q� V�� ��Q ��UHL�6����/ �� 8:�� ���D ���K�  �6��

 ������ 3��	A � �	�� M�Z b�� � ��C6	.��� \�C 3��� V�4  ��

�� 8D	T �UHL� >D�� � �6 ��	P: �� �C�6 =� Y
��- �� ���:

�� ��/  �9PA.�C�6  

 

  
	 D14 - LQ,> �Y"!� �+ \�� +�- [�N85 �8*��B  

  

 �5�� �� V�� ��Q �� �� �9L� 	2�6���/�  �� @�	E {�� �6) -�

 	U� �� N�6 V�� �6 �
�: 0� M��Z �6 (-� ��C ���� 8��P� ��
���

                                                 
1 Vortex chamber 
2 Subsonic 
3 Supersonic 
4 Shock 

 �6 `=�� 4���� �� �� �
�: b�� @�	� �9Z�  � Y�	�.6S  �Y�:� 8��P�

�� 3�/� ��C �-�	6 ^��
�� �:� �9Z�  �4���� ��/  8��@ � �6 �S 

�� �9Z�  `=�� =� ��/ 	� �
�: � �6�� �� 8��@ � ^���� �6 �6 � �	�2

�� �	J 4�;6 `=�� �A�	D P- >�C �� M�	��S� b�� .���15 

.-� ��C ���� 3�/�  

  

  
 D	 15-   ,36 ,. JN�� /+0�0 �5 ��12,� �*M@ �B,� ��#�2 96,��]5

/+0�0 ��12 L�6�26  

  

C >�16  �UHL� �� �Q�;C 4�
-�� �� �� V�� ��Q M�	��S� ��L�

 �-���� >�C =� ����h��P: .�:� �� 3�/� 8D	T �� �T	:

 � �6�� �� 8��@ � V�� ��Q ���K� �Y��C ��� @�	� =� �Q�;C 4�
-��

 ���K� ��UHL� @�	� =� 3�C ��� �6 �� -� b�� Y: 3� >���r 

�K� ��E�;
� � ��� �� ���� 8��@ � @�� V�� �=���� � 4��L� Q	- ��

 .��C �� ���=  

  
  D	15-   N6 ����^7 �-�&	 ;Q J8K �+ \�� +�- 96,��]5

LQ,> �Y"!�  

  

 3�P�� 4�	6 	��� m�hD ���C ��-�L� Q	- 3���� ~�	o =�

 �	- ��	A 	�� �� `��- =� ���:3/0  �� 4�;6 �- M�c
B� ��

 >�C17 =� ���: 3�P�� .-� ��C ���� 3�/�  �A�	D =� �� `��-

 4�1
�� P- �6 �/D	T �	J 0� �6 ���C �� ��9B� �	- ����

�6��	2 �4 �� 4�	/�� ����� `�o �� `��- 4�: 3�P��=� �/B6 .����

�6��	2 ���� �4  4�: 3�P�� � ���� �� �	J �	- �A�	D P- �6

 G	2 4�1
�� �� `��- 	.���6��	2 ���� �4  ����@� �� � ���� �� �	J

�� P- �6 �� ��D �	J� ���� 	��S� �� ��D 	��� 1A ���� 4�1


 �	J 8:�� �6 	��� b�� �o �� �� ���� �� =�j� �	- �A�	D

 =� q� @�� `��- 4�: 3�P�� =� 	.�� �
P�E .��
�: ��	P: �/D	T

 ���� �6 �����6��	2 ���� �4  �/D	T �	J 0� �6 �h�L� ��J�� ��

� �� 3��	A G	2 �A�	D P- �6 Y: 	6 �� ��C �� ��:�/� .��6�

 =� >�E 4� �9Z�  �� �	- �A�	D � G	2 �A�	D �� 3��	A b�6 8��

5.4

5.6

5.8

6

6.2

6.4

6.6

3 4 5 6 7 8

D
is

ta
n

c
e

 (
m

m
)

Inlet Pressure (bar)

The Length of Maximum 
Mach Number Center

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 0.5 1 1.5 2 2.5 3 3.5

M
a

c
h

 N
u

m
b

e
r

Radia Distance (mm)



 

 

��
��

 �
�/

  	
�R[

� �
;��

h�
4 

��
.


-�
 �

	�
9P

Q 
	6

 
�6

��	
2 

��
��

�
4 ... 

84 

3
.1

2
E

+
0

2
3
.0

9
E

+
0

2
3
.0

6
E

+
0

2
3
.0

3
E

+
0

2
3
.0

0
E

+
0

2
2
.9

7
E

+
0

2
2
.9

4
E

+
0

2
2
.9

1
E

+
0

2
2
.8

8
E

+
0

2
2
.8

5
E

+
0

2
2
.8

2
E

+
0

2
2
.8

0
E

+
0

2
2
.7

7
E

+
0

2
2
.7

4
E

+
0

2
2
.7

1
E

+
0

2
2
.6

8
E

+
0

2
2
.6

5
E

+
0

2
2
.6

2
E

+
0

2
2
.5

9
E

+
0

2
2
.5

6
E

+
0

2
2
.5

3
E

+
0

2
2
.5

0
E

+
0

2

 b�� =� >�E 4g	�� 8���A ��PQ b��	6��6 .�
 � �� ��H�� G	2 �A�	D

 .��C �� ��5�� �hK� u�I� �6 ���� -� �6 	��� m�hD �6 �A�� �6

A�	D �� b���� ��	A 4�: ��� �� �� ��C �� ��:�/� ��	- �

 M��Z ���� G	2 4�1
�� ����@� �� �	- 4�1
�� �6 3��	A /2	6

�� .�	�)�  

  

  
 

 

 

 

 

 D	17-  �+ J��� /6,. ,�M� _8(Q�.6+,7 �'8' 6/  `MI ,.  /��+

DB 

  

4-5 -  /6,. ������+8�,5 T0+ E8��a ���,. �'8'

�.6+,7 6/   

 `�K
�� 3���� �0��������	� G�� 3���E =� ���=p� 3��6 ~�o

2��	  .����� ��A� ��� G�5�� 3��6 G	2 |��� 0� �6 �	- |��� 0� =�

�6��	2 ���� �4 �� 4���� ��� �E�  �� `��- b�� -� b�P� � �C�6

 �I�� �� 0��������	� G�� 3���E �9�-� b�� ��� �� ����6 8K� b:t

�� .-� 3� �E�� �� ���  

���� 4�	6�� 4���� 4��: �6� ���� b�� @�imɺ�� �	- �A�	D �

cmɺ �� G	2 �A�	D �hmɺ��:Y���� G	A 4�K6 3���E ~�o � Y�	�2  

)8(  hci mmm ɺɺɺ +=  
 `�K
�� 3�T2��	 �P� ]��D �� ���� Y
��- �6 ��� � q� ��C

� `�� 3���E�� �
C�� 	�= M��Z �6 Y
��- 4�	6 0��������	:��C  

)9(  hhccihc hmhmhmm ɺɺɺɺ +=+ )(  

���� =�2 ��
6� =� �� ��: 3�T ����;� q� �Y�
 	2 	U� �� `�9  �6

���� 	�= M��Z.���  

 ��Ti ،Tc � Th  � �	- �A�	D �4���� 4��: 4��� f��	� �6

�� G	2 �A�	DC�6 _�	;� ~�o .��α ) �h6�� ��11 �� 4��).��A � (

 ����;�12 :Y����  

)11(  

in

c

m

m
ɺ

ɺ
=α  

 )12(  hci TTT )1( αα −+=  

�� ��-�L� 	�= �h6�� =� ����	  �o �� ���	
�� M�	��S�:��	2  

)13(  

)()( ihhicc

iihhcc

ssmssm

smsmsmS

−+−=
−+=∆
ɺɺ

ɺɺɺɺ

  

���� =�2 3���Q �6 ��: �	  �6���� �� 	�= O6��� `�:Y  

hhccihc TmTmTmm ɺɺɺɺ +=+ )(  

)14(  )ln()ln(
i

c

i

c
pic P

P
R

T

T
css −=−  

)15(  )ln()ln(
i

h

i

h
pih P

P
R

T

T
css −=−  

 ��O6���  �� Pi ،Pc � Ph  �4���� 4��: ��/  f��	� �6

�� G	2 �A�	D � �	- �A�	D �h6�� .��C�6 )13 (�� �� �6 3���

.��P� �����=�6 	�= >�C  

)16(  








−−

+







−=∆=∆

)ln()ln()1(

)ln()ln(

i

h

i

h
p

i

c

i

c
p

i

P

P
R

T

T
c

P

P
R

T

T
c

m

S
s

α

α
ɺ

ɺ

  
�A�	D 4��: �� Y���� �� 4�:�6��	2 ���� �4  ��9B� O�L� �6

�� q� ���C = Pa Pc = Ph � �h6�� �)13(  	�= M��Z �6 ��

�� �����=�6.Y���  

)17(  





















−









=∆
−

− k

k

i

a

i

h

i

c
p P

P
R

T

T

T

T
c

s
1

1 )(ln)()(ln αα
  

Cp  �k 	���K�  	6�	6 f��	� �6 �
6�R004/1  �4/1  �6 .�����

�A�	D 4�:��� _9
B� 4�:���K� 4�=� �6 N�6 	���K� 4��).��A 4�:

 4�:��/  � G	2 � �	- 	���K� �4����∆s  ����P� ~�o >�C18 

�� -�6�� ���� >�C =� ����h��P: .��� 4�:��/  4�=� �6 ��C

 	���K� ���P� �_9
B� 4���∆s  -�6 	HZ =� 	
2�@6 � �s�

��  4�	6 0��������	� G�� 3���E �� -� �
�� b�� 	.���6 b�� � ����

�6��	2 ���� �4 �P� �K� � -� ���Z.��C  

  >�C18 �� @�� 4	.�� Y1� �
�� 	.���6 4�=� �6 �� �C�6

�6 3�@�� 3� fE�;
� � ���	
�� ����� �4���� ��/  8��@ � �� �PU�

�� 8��@ � @�� Y
��-.�6�� 

 
 D	18-  P�*Z� /�@��12 /6N6 �. ��	 +���6 ��0,*�F bV*Q6

 �. /+0�0�.6+,7 �'8' 6/ 

 

5- ���*�   /,�7  
���H
-� �6 �;��h� b�� ��  ��@ � G	� =�Fluent  ���L� Y5J (�� �

�6 `�� 4=�-  �� 4g	�� 8���A ������6��	2 ���� �4 �C �
D��	�. 

 � �-�	6 ���K� b�� a�: 	
����� 	R� �;��h� >J .��6 4���� ��/ 

�-�	6 .�C ����� �:� ���
Q� �:�./���=� ^��
� �6 ~6�h� �6 4��Q �:

:�� 1A ���16 4���� ��/  b
 �� 4�	6 �	- �A�	D 4��� 8

 (8���	- 3�@�� 8��@ �) 8��@ �) G	2 �A�	D 4��� 8��@ � @�� �

0.09

0.11

0.13

0.15

3.4 3.9 4.4 4.9 5.4 5.9 6.4 6.9 7.4

∆
s
 (

k
j/

(k
g
.K

))

Inlet Pressure (bar)

Entropy Difference



 

 

	H
;A

 �
PZ

�� 
� 

���
�

�� 
6��

��
� 

85 

 (8���	2 3�@�� 4��� ��/  �� -� b�� =� ���J �5�
� .�C G�5��

 � 8���	- 3�@�� 8��@ � f�- Y: f-��� � 8���	2 8:�� Y:

���@: �: �� 4�	6 .��C�6��	2 ���� �4  ��/  ����K� b�� �� ��C �-�	6

4���  f-���8/4 �� ��Z�� ��6�� Y: V�� ��Q �-�	6 .��	2 

�6	I ]�� ����� z�E� 	6 4���[� 8D	T �UHL� b�� �� ���C 4�

 ��.
-� =� 8B6�6��	2 ���� �4 �� ��5�� WQ�6 ����� b�� z�E� .�C�6

 � � �1�	�)��� /2=�6�� Y
��- �� ���:�� �� ��C �6 3���

 � b�� ���:���:��:�� �� �: .��� 8 �
�: �4���� ��/  8��@ � �6

�� �9Z�  `=�� =� ��/ 	� �	J 4�;6 `=�� �A�	D P- �6 � �	�2

�� .���4��9� �	- 3��	A ��	A ��� `	
�� �� 	
����� b�	�

�� G	2 � �	- �A�	D 4�1���	A 4��� .�C�6 ��/  8��@ � 4�=� �6

�6 3�@�� 3� fE�;
� � ���	
�� ����� �4����� �PU� @�� Y
��- �

�� 8��@ � .�6����� =� ���H
-� �/���	- �Z�K� 4�	6 ��	A 4�:

 ���J �	-3/0  � �C �:��D �	- �A�	D �� 4	�N�6 8���A WQ�6

�� ��Z�� �/���	2 �Z�K� 4�	6 ���J �	- ��	A ��� =� ��	2

8/0 .��	2 ���H
-�  

  

6 - HcV- X�,�2  
k   �(�/
j� �/��A 4g	��  m2/s2 

�� YrpQ���� 
ε   

 �(�/
j� 8B� V	�m2/s3 

ρ   ����.Tkg/m3 

σ   �8��N/m2 

µ   ��������� A@�kg/( m.s) 
µt  ��C�/
j� A@�kg/( m.s)  
τ  ��C	6 8��N/m2  

τij  �H��� 4�: 8�� ������  

  

7-   [�6,� 
[1] Pourmahmoud N., Hassanzadeh A., Motaby O., and 

Bramo A., Computational Fluid Dynamics Analysis of 
Helical Nozzles Effect on the Energy Separation in a 
Vortex Tube, Therm. Sci., Vol. 16, No. 1, pp. 151-166, 
2012. 

[2] Ranque G. J., Experiences Sur la Détente Giratoire Avec 
Simultanes d’un Echappement d’air Chaud et d’un 
Enchappement d’air Froid, J. Phys. Radium, Vol. 4, pp. 
112–114, 1933. 

[3] Hilsch R., Die Expansion Von Gasen im Zentrifugalfeld 
als Kälteproze, Z. Naturforschung, Vol. 1, pp. 208–214, 
1946. 

[4] Takahama H., Studies on Vortex Tube, Bull, JSME, Vol. 
8, pp. 433–440, 1965. 

[5] Marshall J., Effect of operating conditions, physical size 
and fluid characteristics on the gas separation 
performance of a Linderstrom-Lang vortex tube, Int. J. 
Heat Mass Transfer, Vol. 20, pp. 227–231, 1977. 

[6] Ahlborn B., Keller J.U., Staudt R., Treitz G., and Rebhan 
E., Limits of Temperature Separation in a Vortex Tube" J. 
Phys. D: Appl. Phys., Vol. 27, pp. 480–488, 1994. 

[7] Saidi M. H., and Valipour M. S., Experimental modeling 
of vortex tube refrigerator, Appl. Therm. Eng., vol. 23, 
pp. 1971–1980, 2003. 

[8] Singh P.K., Tathgir R.G., Gangacharyulu D., and Grewal 
G.S., An experimental performance evaluation of vortex 
tube, IE (I) Journal. MC, Vol. 84, pp. 149–153, 2004. 

[9] Aydin O., and Baki M., An Experimental Study on the 

Design Parameters of a Counterflow Vortex Tube, 
ENERGY, Vol. 31, pp. 2763–2772, 2006. 

[10]  Eiamsa-ard, S., Experimental investigation of energy 
separation in a counter-flow Ranque-Hilsch vortex tube 
with multiple inlet snail entries, Int. Comm. Heat and 
Mass Trans., Vol. 37, pp. 637–643, 2010. 

[11] Dincer,K., Baskaya S., and Uysal Z., Experimental 
investigation of the effects of length to diameter ratio and 
nozzle number on the performance of counter flow 
Ranque-Hilsch vortex tube, Int. J. Heat mass trans., Vol. 
44, pp. 367–373, 2008. 

[12] Polat K., and Kirmaci V., Determining of gas type in 
counter flow vortex tube using pairwise fisher score 
attribute reduction method, Int. J. Refrigeration, Vol. 34, 
pp. 1372–1386, 2011. 

[13] Chang K., Li Q., Zhou G., and Li Q., Experimental 
investigation of vortex tube refrigerator with a divergent 
hot tube, Int. J. Refrigeration, Vol. 34, pp. 322–327, 2011. 

[14] Behera U., Paul P.J., Kasthurirengen S., Karunanithi R., 
Ram S. N., Dinesh K., and Jacob S., CFD analysis and 
experimental investigations towards optimizing the 
parameters of Ranque– Hilsch vortex tube, Int. J. Heat 
Mass Trans., Vol. 48, pp. 1961–1973, 2005. 

]15[ - ��P�D������ ��PL���� ���; ���16 4g	�� 8���A �-�	6 � 0�	
����� 4=�-

 ���6��	2 ���� �4 �3�	1� �0����� �-��1� ��N�- q��	H�� b�P:�H: �

3�	1� ��./��� /1����� �1388. 

[16] Shamsoddini R., and HosseinNezhad A., Numerical 
analysis of the effects of nozzles number on the flow and 
power of cooling of a vortex tube, Int. J. Refrigeration, 
Vol. 33, pp. 774-782, 2010. 

[17] Pourmahmoud N., and Bramo A.R., The Effect of L/D 
Ratio on The Temperature Separation in The Counter 
Flow Vortex Tube. IJRRAS, Vol. 6, pp. 60–68, 2011. 

[18] Ameri M., and Behnia B., The study of Key Design 
Parameters Effects on The Vortex Tube Performance, J. 
Therm. Sci., Vol.4, pp. 370−376, 2009. 

[19] Zhidkov M. A., Komarova G. A., Gusev A. P., and 
Iskhakov R. M., Interrelation between the Separation and 
Thermodynamic Characteristics of Three-Flow Vortex 
Tubes, Chemical Petroleum Eng., Vol. 37, pp. 271-277, 
2001. 

[20] Skye H.M., Nellis G.F., and Klein, S.A., Comparison of 
CFD Analysis to Empirical Data in a Commercial Vortex 
Tube, Int. J. Refrig., Vol. 29, pp. 71–80, 2006. 

 
 


