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Abstract 

In this paper, a new 1-dimensional model is developed to predict the ejector performance. This model is 
based on the gas dynamics with the principles of mass, momentum and energy conservation. The model is able 
to calculate the ejector entrainment and area ratios for different thermodynamic conditions with high accuracy. 
Due to the frictional losses in different parts of the ejector, isentropic efficiencies are considered for the ejector. 
The results of the validation show that the maximum relative difference, compared with the experimental data, in 
calculating the area and entrainment ratios are 13.27% and 5.8% respectively, when in the one dimensional 
model reported in the literature these values are 22.04 % and 9.78 % respectively. The results also indicate that 
with decreasing the ejector back pressure or increasing the evaporator pressure, area and entrainment ratios of 
the ejector increase. 

  
Keywords: Ejector, Ejector refrigeration cycle, viscosity, Area ratio, Entrainment ratio. 
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�
��� ��� � �� ��� � �, ��? @
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:? �, .��!�,

 >� ���J� � �
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 constant area section  

   .�+��> 1
+:H� �	�:� `,�� %	 >� ���J� � �, ��
��6� �,�- `j=�

K	���  K	��� �, (�"	� ��� >� @*�A�,�L�    p+��
? ��+� >� @*�A

  �+9:6 >� �!�� '
� �	�? s=� (�"	� 8�� ��� .�
, %	�'� ��
�,

   <
+� �+, ���F ��$�� I 
� ��! �5��� �9g�� @A a�	�
&�� �� 1	�

       �+, .�+���� �� ���+;/h� � ��
+�� �
+��6� �A�+�� ���� ��
,

�:� �5��� �
��6� � ��?  7��, �� ���A �� .���  1	�+�$, 1�+!�� 

   �(<+�� ��+�� 1	��+"
,) �
��6� ���9:;    G+9�H� I	��+! ��

��
���	�
���   ��+�� �+3� >� (� � ��? �A��h 1	�� N ��� �

 .� � C>E �A���� 8�  �2012  (���+�:? � 1	������+  �]6[ �

 1�#�2 �3� �� �, �	�6 �����6'�      ��+ � �+, �DE�
+  1
,�+�

8�
  �)F�� t�
0 8�  �h �� 1
�[:? .����� �5���  ��
0� 7�?

   �
+��6� ��+�9:; @
9^� 7��, '
� ���� �^� DE�
  %
���	� >�

� � ��! ���J� �]9-7[; .
9   >� �+� 7�+
J� ��
�, D�;/h� av�

�� � � �, W�� 1	� q	�h     DE�
+  %+
���	� @+A W�� ��	�

  +9v� �� � ����� >�+
� 7��	> (��> �, �	��&:? �$6 ���� �^� N

, ���
� 7>�� I	��! ����! ���0�  @
�� �  8�+� �+�A �   7>�+ 

 ���J� � �\�E
,�
� (�	�6 �+� ��
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        � p+��
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 � �*��78/9 *�� �m�A 8�� �F� 1	��,��, .� � ��! W��'2 �

 K	��� �, M/�0� ��
"
, �	�� �, p��
? 7�), %	 8�� �, ����
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 >� �6��0 8�
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������� 7��� <	�'#�
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���� 1
:? ����� 8���� �, �� �
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 8>�� �6��0 �� �� �	
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��� 8�
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 <	�'#� ��	�� 1	� �� ��
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��6� <�� ����

.���� 8����  
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 �
������� y��!� ��"# �� �
��6�93/39  ���� (�"� 8�� �� 
9
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 .� � ��!  

�� ��?�"� �� ��
&��:? ��"# <	�'#� �, ��
! � (�'
� ���H, ��


 �� ��H, ��
� �� ����> ��	> .�
! �� ��"
, �A��� ����

�� ��� E�, 7�?��"# �� <	�'#� �
��� (�	�6 �,� ����  ��,�	

 �, ��
��6� �,�- `j=� lj  �
A�� �jF  �� � � >�
� 1	��,��,

 ��#�2 �3� �� ��2�', ���#�	 <	�'#� ���6 �,� (��� �
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 >� 1
�[:?  @�!8  7��� ��"# ��=]�? �� �
! �� ��	�

�����&]  <?�� �A��� ���� (�'
� ���� �� ��
� <	�'#�

��  8�
  <�� ���=� ��
��6� ��"# \� <	�'#� �, ����] .�,�	

 �� �� 8�
  ���6 �,� <?����� 1
:? ��,�	 �� <?�� �	
��-

 �� 1	��,��, .���� 8���� �, �
��6� �,�- `j=� lj  <H,

�A��h  �
��6� �,�- `j=� lj  <H, �jF (�'
� ��
��6�

 �A��� ���� �L
�� �� � �
! �� ��#�2 �3� �� ���]
�

�� ��
� <?�� �
��6� .���  

  y��!� ��"# N�A �, ��
��6� <�� ���� D��

{� �	�$� ��

 7��� G9�H� 7�? ��"# �� ��H, ��
������&]  @�! ��9  �����

�� ��?�"� @�! 1	� >� .� � ��!  �� ����> ��� �
!�����&] 

�� ��� 1
	�� 7�?��"# ��  �
0 >� �� 7��$, ���9:; �
��6� ����

�� <	�'#� <�� ���� � ���� (�"�  ��"# <?�� �, ��	> .�,�	

�����&] �	
��- 8�
  � �>

J	� �6��0 1
,�� ��"# M/�0� �

 <�� <	�'#� k;�, ��� 1
:? � ��! ��"
, <�� �3J^� @0��


��- 8�
 �� �	 .�
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��� 8�
  y��!� ��"# ���H, ��
� ��"# <	�'#� �, 1
�[:?

 >� 7�
�; �
��� 8�
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�� �� ��
! �� ��"
, 8>�� 7����

 ��
� <	�'#� 8>�� �6��0 �� 8�
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��  8>�� �6��0 �� DE�
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 @�!10  (�"� �� �
��6� 7'��� I0 ������ �� ��"# `	>
�

��  @�! �, �6
� �, .�?�10 8>�� ���� E�, ��"# �, �
��� 8�
  �

� �
! �� �
��6� �
���  ��
� .����� �
��� 8>�� �6��0 ��

��  ��L	� 8>�� �6��0 �� 7��"# a� ��
�, �
A�� � ���

��  �
!1
:? � ���  �
��6� @0�� �, �	
��- 8�
  <�� k;�,

��  7���� �� �
0 a� ���=� >� �	
��- 8�
  ��"# �L
�� �� .�
!

 �
��� 8>�� �6��0 �� 7��E�, ��"# ���=� �� <�� �3J^�

 �
��6� <H, �� 7�
:; c
! %	 \d  .�,�	 �� <	�'#�

 o�J�� ��#�	 ./�0� 8�
  7��, �
��6� �,�- `j=� lj 

��  �, �>

J	� �6��0 �� ��! .
9H� 8�
  �	�$� �� � ��#�

"# ���=��� (�
��6� ��"# \�) �
������ �� .� �  

��6� 7'��� �
^� �� �;�  `	>
� � ��"# `	>
� @
rJ� �,  �
 ��

 @�!11  �� �;�  D��

{� ���� �, �6
� �, .� � ��! ���� (�"�

  

  

 1=��1- K	��� �, 7��$�"
� 7�),�� 8�� K	��� ��	�=� � 7�), %	 8��  �
������� 7��� �� p��
? �,�L�12 �

�9  �6��  

�A��� ����  <�� ����  
Tg  Tc

*  7�? ����  

�,�L�  

%	 8��  

7�),  

8�� 7�j0  

 %	7�),  

8��  

�m�A  

 7�j08��  

�m�A  
7�? ����  

�,�L�  

%	 8��  

7�),  

8�� 7�j0  

7�), %	  

8��  

�m�A  

8�� 7�j0  

�m�A  

95 3/31  64/10  87/10  10/2  3447/10  77/2  4377/0  4627/0  70/5  3863/0  74/11  

95 0/33  83/9  67/9  62/1  6056/9  28/2  3937/0  3774/0  13/4  3514/0  74/10  

95 6/33  41/9  29/9  32/1  3673/9  45/0  3457/0  3476/0  56/0  3397/0  73/1  

95 2/34  17/9  89/8  02/3  1710/9  01/0  3505/0  3253/0  20/7  3299/0  87/5  

95 3/36  28/8  57/8  43/3  3968/8  41/1  2814/0  2983/0  01/6  2895/0  87/2  

95 1/37  25/8  12/8  63/1  1286/8  47/1  2902/0  2658/0  39/8  2750/0  23/5  

95 8/38  26/7  27/7  14/0  5918/7  57/4  2273/0  2078/0  57/8  2446/0  61/7  

95 6/38  73/7  38/7  51/4  6251/7  35/1  2552/0  2144/0  98/15  2446/0  36/3  

95 0/41  77/6  05/7  00/4  9419/6  53/2  2043/0  1919/0  06/6  2059/0  78/0  

95 1/42  44/6  55/6  65/1  6541/6  32/3  1859/0  1554/0  43/16  1879/0  07/1  

90 5/31  41/9  28/9  39/1  0000/9  35/4  4446/0  4178/0  02/6  3775/0  09/15  

90 8/33  28/8  53/8  94/2  2004/8  96/0  3488/0  3552/0  84/1  3321/0  78/4  

90 7/36  73/7  03/7  03/9  2736/7  9/5  3040/0  2395/0  22/21  2752/0  47/9  

90 5/37  99/6  65/6  86/4  0305/7  57/0  2718/0  2093/0  99/22  2594/0  56/4  

90 9/38  44/6  74/6  66/4  6345/6  02/3  2246/0  2156/0  99/3  2329/0  69/3  

84 0/28  41/9  34/9  73/0  0000/9  35/4  5387/0  5215/0  19/3  4557/0  4/15  

84 5/30  28/8  68/8  71/4  0493/8  78/2  4214/0  4605/0  58/8  3965/0  5/6  

84 3/32  73/7  68/7  62/0  4380/7  77/3  3883/0  3704/0  61/4  3554/0  47/8  

84 6/33  99/6  99/6  00/0  0305/7  57/0  3117/0  3042/0  39/2  3267/0  81/4  

84 5/35  44/6  79/6  35/5  4986/6  9/0  2880/0  2880/0  23/0  2872/0  27/0  

78 4/24  41/9  92/9  41/5  0227/9  11/4  6227/0  6944/0  51/11  5497/0  72/11  

78 9/26  28/8  97/8  23/8  0708/8  52/2  4889/0  5966/0  03/22  4850/0  79/0  

78 1/29  73/7  64/7  17/1  2736/7  9/5  4393/0  4609/0  93/4  4257/0  09/3  

78 5/29  99/6  48/7  03/7  1313/7  02/2  3922/0  4422/0  74/12  4145/0  68/5  

78 5/32  44/6  62/6  78/2  25/6  95/2  3257/0  3525/0  24/8  3419/0  97/4  
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 1=��2-  K	��� �, 7��$�"
� 7�),�� 8�� K	��� ��	�=� � 7�), %	 8�� �
������� 7��� �� p��
? �,�L�8 �

�9  �6�� 

�A��� ����  <�� ����  

   Tc
*          Tg 7�? ����  

�,�L�  

%	 8��  

7�),  

8�� 7�j0  

7�), %	  

8��  

�m�A  

8�� 7�j0  

�m�A  

7�? ����  

�,�L�  

%	 8��  

7�),  

8�� 7�j0  

 %	7�),  

8��  

�m�A  

8�� 7�j0  

�m�A  

95 1/33  83/9  43/10  16/6  7379/9  93/0  4989/0  5482/0  89/9  4440/0  11 

95 2/34  17/9  67/9  45/5  3220/9  65/1  4048/0  4894/0  55/10  4218/0  19/4  

95 5/34  41/9  47/9  63/0  2057/9  17/2  4541/0  4708/0  67/3  4152/0  56/8  

95 7/38  73/7  96/7  95/2  7512/7  27/0  3503/0  3434/0  97/1  3293/0  99/5  

95 3/39  26/7  69/7  92/5  5528/7  03/4  3040/0  3235/0  41/6  3167/0  17/4  

95 5/42  44/6  91/6  33/7  6541/6  32/3  2350/0  2573/0  49/9  2561/0  97/8  

90 0/32  41/9  50/9  91/0  0227/9  11/4  5422/0  5573/0  78/2  4702/0  27/13  

90 0/36  73/7  00/8  49/3  6042/7  62/1  4034/0  4142/0  67/2  3787/0  12/6  

90 5/39  44/6  03/7  17/9  5956/6  41/2  2946/0  3257/0  54/10  3055/0  69/3  

84 9/28  41/9  63/9  28/2  8867/8  56/5  6350/0  6906/0  75/8  5522/0  03/13  

84 4/32  73/7  17/8  67/5  5833/7  89/1  4790/0  4769/0  09/12  4595/0  05/4  

84 0/36  44/6  07/7  78/9  4986/6  9/0  3398/0  4147/0  04/22  3725/0  62/9  

78 7/25  41/9  85/9  60/4  8642/8  8/5  7412/0  8226/0  37/16  6581/0  21/11  

78 2/29  73/7  26/8  89/6  4794/7  24/3  6132/0  6659/0  60/8  5489/0  48/10  
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+ 

� � �,�- `j=� lj  �.�
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�� 8�� �) 
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�+"� �� �
+��6� 7�),�� 7>�  8�� �� � � �	�� �� �� �

 : >� ������; D�
m�# 1	� .��?� ��  

•  �}	� 7���2 ����γ ���� 7��, �R141b � �

{�� �

 .� � ��! ��#�2 �3� �� ��� >� �),�� D�
* �,  

•  �6'�  � ��,�- `j=� lj  <H, �� DE�
  1
,��

  +��6� �+90�� ���
	� �, �	
��- 8�
  1
,��  �+3� �� �


  �
+^� � � � ��! ��#�2     �� 8�
+  �;�+  `+	>
�

 �	�:� `,�� %	 >� ���J� � �, �,�- `j=� lj  <H,

N	�=�  .� � ��! ��>  

•   �
6� @
�� �, �./�0� �
A�� �� �6'� (�	�6 7��,

.
9H�� ��"# �#�  .� � ��! ��#�2 �3� ��  

 ��
���	�
��� G9�H� I	��! �� �
��6� ���#� @
9^� �	�$� ��

 ��
�� 8�
  (�'
� ��
������� 7��� <	�'#� �, �� �?� �� (�"�  

  

  

  

  

 ���9:; �
�$, ��� 1	� �� �,�	 �� <	�'#� �
��6� @0�� �, ��!

 �� ����> 1
�[:? .���� 8���� �, �� �
��6������&]  7�?�����  

 @
�� �, ���� �� ��� 1
	��(�
, 1
	��  ��
��6� ��"# \�

 �� �
��6� ���9:; (�! ��$, k;�, � ��! ��"
, <�� ����

 �	��� �0�] %	 �� �	��� �
#�V <	�'#� ���
� �� �� �
!

 .���� a?��# �� 7�
��6�  

  

6- �>*���  

A  �A���(mm2) 

Cp   �,�- ��"# �� �}	� 7���2(kJ/ kg.K) 

Cv   �,�- aLA�� �}	� 7���2(kJ/ kg.K) 

Eɺ   7B��� p�?�)J/sec (  

E  �j0  

h  �}	� �d�����(J/kg)  

mɺ  ���6 �,�  )kg/sec(  

M  ~�� ��;  

n  �;�  `	>
� �	�:� `,�� (�
�  

P   ��"#(MPa)  

R, r  y�)!(mm)  

Rg   �?>�2 ���$6 �,�-(J/kg.K)  

T   ���(K)  

,V ν   �;� )m/sec (  
  

 ����(/ 6/Q,  

γ                                                �}	� 7�? ���2 ����  

υ                                             ) �}	� aLA3 /m kg(  

η                                                 %
������'	� N	��m  
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ω                                                           <�� ����  

φ                                                        �A��� ����  

 �> R/(� +/C  

cs  �>

J	� %
������'	� I	��!  

cond �����&]  

diff   �>

J	�  

evap �
�������  

exp 8>�� �6��0 �� ��! I����  
g  �
����B  

loss  D�J9�  

m ��#�	 ./�0� 8�
   

m-m ./�0� <H,  

p �� �
��� 8�
  �,�- `j=� lj  <H,  

pA �,�- `j=� lj  <H, �� �
��� 8�
   

R ���� M/�0�  

ems D�),�� y
:L� �b6  

s 8>�� 7���� �� �	
��- 8�
   

sA <�� <H, 7���� �� �	
��- 8�
   

t ��2
92  

vol aLA  

1 8>�� �6��0  
2 �,�- `j=� lj  �:�F  

  
G�)+� 

[1] Dai, Yiping, Jiangfeng Wang, and Lin Gao. "Exergy 
analysis, parametric analysis and optimization for a novel 
combined power and ejector refrigeration cycle." applied 
thermal engineering, vol.  29, no. 10, pp.1983-1990, 
2009. 
[2] Munday, John T., and David F. Bagster. "A new 
ejector theory applied to steam jet 
refrigeration." Industrial & Engineering Chemistry 
Process Design and Development, vol. 16, no. 4, pp. 442-
449, 1977. 
[3] Keenan, Joseph Henry. "An investigation of ejector 
design by analysis and experiment." Journal of Applied 
Mechanics, vol. 17, pp. 299 ,1950. 
 [4] Huang, B. J., J. M. Chang, C. P. Wang, and V. A. 
Petrenko. "A 1-D analysis of ejector 
performance." International journal of refrigeration, 
vol. 22, no. 5, pp. 354-364, 1999. 
[5] Zhu, Yinhai, Wenjian Cai, Changyun Wen, and 
Yanzhong Li. "Shock circle model for ejector 
performance evaluation." Energy Conversion and 
Management, vol. 48, no. 9, pp.  2533-2541, 2007. 
 [6] Soroureddin, A., A. S. Mehr, S. M. S. Mahmoudi, 
and M. Yari. "Thermodynamic analysis of employing 
ejector and organic Rankine cycles for GT-MHR waste 
heat utilization: A comparative study." Energy 
Conversion and Management, vol. 67, pp. 125-137, 2013.  
 [7] Bartosiewicz, Yann, Z. Aidoun, and Y. Mercadier. 
"Numerical assessment of ejector operation for 

refrigeration applications based on CFD." Applied 
Thermal Engineering, vol. 26, no. 5, pp. 604-612, 2006.  
 [8] Bartosiewicz, Yann, Zine Aidoun, Philippe 
Desevaux, and Yves Mercadier. "Numerical and 
experimental investigations on supersonic 
ejectors."International Journal of Heat and Fluid Flow, 
vol. 26, no. 1, pp. 56-70  , 2005. 
 [9] Rusly, E., Lu Aye, W. W. S. Charters, and A. Ooi. 
"CFD analysis of ejector in a combined ejector cooling 
system." International Journal of Refrigeration, vol. 28, 
no. 7, pp. 1092-1101, 2005. 
[10] Linstrom, P. J., & Mallard, W. G. (2010). NIST 
Chemistry WebBook, NIST Standard Reference 
Database Number 69, 2005. URL http://webbook. nist. 
gov. 
 
 
 
 

  


