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Experimental Investigation of Fluid Flow Behavior in a Centrifugal Compressor under 
Surge Conditions Utilizing Hot Wire Anemometer 
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Abstract 
In the present research work, flow behavior in a centrifugal compressor has been experimentally investigated at various operating 
conditions from far to near surge and different compressor rotational speeds. Having introduced the experimental set-ups, results of 
velocity fluctuations at compressor inlet, as a surge precursor, have been presented. Hot-wire anemometry of high frequency 
response was used to measure these fluctuations at three compressor rotational speeds of 9000, 10000 and 13000 rpm and three 
operating conditions of maximum flow coefficient, near design point and surge conditions. Experimental results showed that 
reduction from maximum flow coefficient towards the surge point can increase fluctuations of instantaneous velocity signals at 
aforementioned rotational speeds by the factor of 2.6, 1.9 and 1.57, respectively. In addition, increase of compressor rotational speed 
increases fluctuation of instantaneous velocity signals at surge condition by an average factor of 1.17. Finally, analysis of frequency 
spectrums of velocity fluctuations, showed a dominant frequency of surge at about 30 percent of the blade passing frequency. 
Keywords: Centrifugal Compressor, Surge, Frequency Spectrum, Hot-wire Anemometer, Compressor Performance. 
 

1 - ���;� 
�G��6	?@�D 	>�A ���� A�	� B�D �G�	I���D �I��� B���D  ��

��/�a �B 81
E����� ���Q�� Q��G �� � .��
�G�W  �� �G��6	?@� b��
�9���� ��:� b�� �ID ����� �� S�@.� �-��D  � 	
@� ��	; �I� ��

S�I c�
��� ��4  ����
7�� �� ��7�I� ���� �� ��	N ���J
6�  �� .��	�>
6	?@� b�� W�� d��G�� ����D  �� D	�S�I  ,B� �I ��4  ����B� ���

� D��:� b�� �I ����9�� ��7�I ]19:� f�K�� �)� .[�H�9 �B�= �� D 
�G��6	?@�D 	>�A I h��7 ��]�� �I A�	� B��	
4  ��
 � 	
-I �

	;�,� � ���W 7���I��� B� b���W �G 	��D ��	<D .6�  

��:�� D�6 �� �� ��6	?@� 5� ������ �	�1@2  �	�1@2 D�G
�3Jh ����:� �� C6��1 �� ���:� F	6 �  �� �3Jh ����:� .��	>

��	; �I�  �� ,��	; P�� ��2 ,��6� 	V� �� � ���� P� ���B D�G
�� P� 5� ���9� �I �B��J�� �� 	1?@�� ��>�1>  A�� F	6 ����:� .�G�

��	; �I� �� ��6	?@� D������ �= �� iE4� �� 0� D�G  .���@�
D�������� 5� F	6  �@
��6  ��6 d� 	I �� 6� 	V� �@��	� ���

�� ����� .���)>  �I ��) ��	; �I� �� �����6�� ��K�� Y�6 F	6 D
��� 0
��6 (,��	; 2	6 	3�� D	��.  ��4  ��� ����B� �I .��	>

�� O��A � A�� F	6 H�7 ���6	?@� �I�� ]2[ .  

                                                
1 Choke 



 

 

 
 

B�
�

�I�
� 

I	K
�

� 
	;

 ��

 �

�
,� 

 ���
5 

	>
 ��

6	
?@

�
�A 

A�
	�

 B�
 ... 

96  

D�������� �I� �� ��6	?@� D�G  ��	;  ���9� b�<�� �� �0� D�G
�� d��4� A�� �� 	<�= ��� ��G  D�	I �� D	�)��� ,�	�; H���/ �����

 .�7�I �
7�� ��	@G �I ��6	?@� ��6	?@� �`	� D�� ��I OG�� � ����B�
�� F	6 ����� \Th �� ���� 	I �� ����)> D�G��I ����� ��>  D�G

,�N����  ������� H�7�.��� �I 	K�� � ���@� \�@2� ��6	?@� J7 D�G
�	@G cS�@.� �� ��	>� �� ��/�	6 ����� � ���	E� H�	V� �I ��7�I 

]3[ .D�������� W��^ �G�� h��7 �)� ,� \	
�� � ���G �I �G  ��]��
 d��� .6� �����h	I ��S�I �@G� B� �G��6	?@� W@�� �	����

��  �� 7�� ,��I ,����>l�� i�E4�  � B�_� ����	  �� ,��	; D�G
(�� �.6�� �� 0-� ���> �F	6 (	
�> G�I ��	
�� D�  	�hm� ��]��

P� �� �I F	6 ��� �� ��@7  .���  
�12 P� �6�	I ����B �� �I	K� ��.
� H�9�9:� 0_�  F	6 ���

� ����� �I H�.��Z� �D��:� D�G��6	?@  �� b�� W�� B� D	
@�
 ���� �� b�<�� W�� � �
 	�)� H��/ A�	� B� A�	> D�G��6	?@�

0G �� �6�	I 6� �� ,��^  .�7�I  
G���I���7�� � ���>� ]4[ P� ,��� �ZI�� �I	K� �6�	I 5� ��  ���

0G  A�	� B� A�	> ��6	?@� 5� �� �� ������ \�
6� � F	6 ,��B
 	I A�	@
� �.��Z� W�� �� �I	K� �6�	I.����@� �6�	I 5^��

�B���� �̀	� 6�S�I �U�9� �� ������ ��4  � 2	6 D	�> A�� � �G  ��
	�)� H��/ �-�� ��>�)> O���B� [��
� . ,� D�G  �� �� ��� ,�4� �G

5^�� ���9� ���@�  ,� C6�� �6�	I ���� ��6	?@�  ����� �� 	G ��G
�I ������ \�
6� � F	6 0G H��/ �� P� ,��B 0G .��G� ,� W��^  �G
W���� 0K= ,��� o����� P� � ��6	?@� 6�  �6�	I �� F	6 ����� ���

�� 0K= �^	G �� ��
 ���� � ��	�W��  ��7�I 	
�^�� ��6	?@� 6�
P� \�@
=� .��I �G��h 	
4�I F	6 ���  

,����@G � \����	> ]5�I �� �������� ���� [  F	6 \	
�� ��]��
�I .����@� �Q��� A�	� B� A�	> D�G��6	?@� ��  �K�6���
2� ��]��

O���B� ���7 �Q��� \��  ��= �� A�� � F	6 5��A� C��	7 �� ���G
P� �� F	6 ��� � ��6	?@� ��4  ��� H���6�� ��]�� W��I .����� f�K

�I ��`	� ������ 2	6 A�� :/ -; ���G���.� ,���2  [��
� �K�6
������ ��4  D�G	3�= C6�� �D	]� \��D  �;�	h �� 	9
��

 \�� ,��� Y6��� pI�Z� B� ���= �-�� [��
� .���	� �V �� ��6	?@�
���� �I ��7 �Q��� �I �I	K� D�G � ��6	?@� �� F	6 ����� \	
�� ��]�

.7�� ��  
������ ]6[ P� B�_�  �� A�	� B� A�	> ��6	?@� 5� �� F	6 ���

�I �B���� B� ���J
6� �I �I	K� H��/  ���� 5���
6� D�G��4  a�B�� D	�>
�6�	I [��
� .��@� �6�	I ���6	?@� �
6�� D�� 	I ������ �  �� D�G

��6	?@�B� ���J
6� �� ��� ,�4� �̀	� �B��J�� �I  �I ����9� �� ���
�� �̀	� ,��I �B��J�� P� �� 	�hm� �I 	K�� �����  �� F	6 ����� ���

.��	> ��6	?@�  
,����@G � ���A�� ]7[ �I D������ 	
����� 	V� A��1  	I �� �A
�	>

P�  \�� 5� �� F	6 ���10  �.N�� ���@� 5� B� 	
>�AI 	I�	I
� A�	� B� A�	> ��6	?@��	��� �.��Z� W�� �� .����� ��	N �6�	I ���

 ��7 ��G�4� ���6	?@� W�� �� ,��	; �I	K� � �1�1:� �I��B�� W@<
 F	6 ����� L���	  OG�� Y�6 �I 	
����� ,�A�� O��A � ��

                                                
1 B 

�� �B���� .��	> D	�> �	-I 	I ��
�� ���9� W�� �� �I	K� D�G  B� D	�>
,��	; �K�6 .6� ���I R�� 01�  D�G  

�I ����� ����I �I	K� H�.��Z� ��� ��4� ��  h��7 ��]��
 f�K�� A�	� B� A�	> D�G��6	?@� �� F	6 C��	7 �� ,��	; ��
 �

W�� B� .6� �
 	>  �
 	�)� H��/ �I	K� �.��Z� W���� 	<�= ���9� ��
 b�� W�� B� ��6	?@��� �G�34���B� 	
�I 5� �� ��4� ��  .�7�I  

	<�= ���9� ��; C��	7 � 5� �;�	h � D���� �� ,��	
 5��A� �� ��� D�	�1@2 81
E� C��	7 �� A�	� B� A�	> ��6	?@�

�	-I �I F	6  �I��B�� R�� 0�6 [�6 ,��	; 0
��6 B� D	�>  ����	>
 .6� �I ��� h��7 (	
�> 	I ��T2 ��7 f�K�� H�9�9:� [��
�

�� �F	6 C��	7 �� A�	� B� A�	> ��6	?@� 5� �� ,��	; ��
 �  �����
� ��) F	6 \	
�� ����B �� ���G���G�� �.6�� �� D�G��� b�<�

�� A�� W�J�q� ����� �7�I .���� ��@7 �I ��J� ( H�A�-K� ���
I� ��
�B���� H���� ��	@G �I �G�34���B�  � 	.� ��6	?@� �I	K� D	�>

��7  � 81
E� D�G��� �� ��6	?@� �rE4� D�G ��:�� ����� �� .���
f�2 d�1:� A�� ���� �.ZN �B���� D�G �� �Q��� ��7 D	�>  �� .���7

\��3�6 �A�� ,����  B� F	E
�� �2	6 H���6�� �I o�I	� D�G
 �I H���6�� 8�U �����	  d�1:� ��	@G �I �R�� 0�6 D�G	3�=

�I �F	6 5��A� �� ��� C��	7 �� ,��	; ��
 � h��7 ��]��  ��U
 �6�	I drJ� ����	> .��� 

  

2 - -���E F.0���6�C�GH 
 d�71 > ��6	?@� s�� �� B� D	��r� �� �� �� A�	� B� A�	

� ��34���B�W�7���I��� � 5�������	� 0��	� D�G  � 012 ��34��� 	�)�
�� ,�4� �� 6� ��7 �
h�6 � �=�	U ,�	�� .�/  .�G�  

 �s�� �� W�� �� ��;�� ��6	?@� �t��7�I��� 5� �I o�I	�
	���� u��I �	7 h�6 -3�� - A
��7�  ��19� d��6� �� �� ���I

] ���� �	I��� W�3�68 .[d�7  2  �I �� ���)� �t��7�I��� B� ���@�
�� �Q��� H����� � ��6	?@� 	1?@�� B� D	���r� ��	@G  .���@� ��6	?@�

 d��7 �9�U 5� A�	� B� A�	> ��6	?@� 5� �O���B� :�6  �`	�
 � 	1?@�� �1/�6 �������; �`	�  2 �� ; .�7�I \��1  H�rE4� B� �h	I

�� �Q��� �� ���)� ��6	?@� .���@�  5� C6�� ��6	?@� W��
�	
���x���
� ,��	; B�  �6 �����  �	= �I L�@�B �	7 h�6

�� �������  B� ���J
6� �I ��6	?@� �I ���	
��� ����� ,��� \�9
�� .��7
�� H��/ 0�9
�� s��1��� (��  .�	�)�  

 
 IB��1- �3�*4�1 F�JKH�  

�rE4�  �=�� ���9�  
��.I� mm 300×280×280 

���.� �	� D�G 	1?@�� )� �������;(  - 6 (6) 

	ZN �̀	�  ��6	?@� mm 76 
	ZN OEI 	>�9�� �̀	� ��6	?@� mm 59 

  
�I��� �
6�� �����6 W�� �� ���]�� W��I ����� �� � ��7 y)= W

� z�E�� �I@-W�I��� J7 D�� 	I ����� -  �W�I��� @6 B� ��6	?@�

                                                
2 Splitter 



 

 

 

�
.K

7�
 �

�A-
I �

 �
�1

6 
,�

:6
� ��

���
= 

	�
�� 

�D
�9

� �
<�

 

97 

����B  0G�	  ���	
��� ����� ��:� �I �t��7�I��� �2�@K� \�r��   ����
 .6� 

,��B� f�K�� -; �	
�> �� �G  �	���� D�G��� B� �2��
� D
\	
��) 	������ ��3
6� 5� B� ���6	?@�  -; (��� �����	  �����

I ����� Oh	^ ��� \	
�� �
 	> �	-  ���� 	������ ��3
6� .6� ��7
D���� ���J
6�  ,���5/7 \{� �	7 h�6 H���1�� �� �; �� �7�I

 �� 	-7 D���� |	I L���	  ����B� �������400 6���� �� A�	G ]9[ .  
���� �I ��6	?@� �;�	h � D���� D��K� �I o�I	� D�G ���>  D�

�1h�� ����; D	IB ,�A�� �� ��7 x�E
�� ,�  ��]�� W��I .�7�I 0� �G
���� B�  ���G W�7�� ,� �1h�� }Z6 �� �S�  L�; �I  �	-I ���7 D���

���� �=�	U .6� ��7 �
 	>  A�� � ��6	?@� �;�	h � D���� D�G
������
6� B� ���� � ��4  D�G	3�= D	�>��	N d:� ESMEPTC 

10 -1997 ]10B� D���2 ��	; �I� 0�]�� .6� ��7 ���J
6� [ 
����	� b�� B� ��7 �
h�6 s��1��	� 	�7 �� B� ���J
6� �I ��6	?@�  � D�

�� f�K�� F��� 5�h ��]�� �I .�	�> 2	6 �� ��6	?@� J7 D��� -

5�h 0
��6 5� B� �S�I D�G  ���J
6� W_�� �
�I d��6 D���
�� 5�h .��7  H��/ ��G � x� C6�� 	3�� �1��6 �� A�� W_�� D���
�� .�	�)�  

 B� ��G ��� 6� H��/ W��I �G�34���B� �����6 W�� ��� (��
���G� �� �2�@K� ���� �D���� \B�� D  	�7 B� ���2 �I L?6 .��7

���G� �I D���� D��K� � s��1��	� �� dh�� ��6	?@� D���� D  .��7
 �I � ��7 �;�	h D��K� ���� ��6	?@� B� ���2 W@< ��G A�� ����� ��

�1��	� 	�7 B� ���2��/ p�	U B� �f�� s� �Jh �� ��1E� ~�; �I W�  .��7  
 ���)� s�� �� h�6 � �=�	U ��:� B� 	
4�I H��QA;

a;	��� ]11��7 �Q��� [  .6�  
�I �B���� ��]��  :� ��6	?@� �� ,��	; D�G	
����� D	�>

�B���� H���� B� O���B�  �-�� �I ����� �� �� ��7 ���J
6� �J1
E� D	�>
�� ���7� �7�I .� �B���� ��]��  B� D���2 ,��	; ��	; �I� D	�>

 D���� D�	K� D��
I� �� �	3@G \B�� 5� B� ������6 W�� �� ��6	?@�
 d�7 �� �� ���)� \B�� .6� ��7 �
 	> �	-I3 ��7 ���� ,�4� 

 �A�� ������
6� D����	I5167 -3 :2003 ]12[ ��7 �
h�6 � �=�	U 
 .6� �B���� 	I ��T2 \B�� W��  �J��� �,��	; ��	; �I� D	�>

	I A�� �� ��6	?@� �I D���� ,��	; ,�	� h�����  f�2 .���� ��-2
�B���� �� �.ZN ������
6� D���� 	I \B�� C6�� ��	; �I� D	�> 

]12 B� 	
@� [2�� % .�7�I  
 ��6�:� 	�B �ZI�� C6�� ��6	?@� B� D���2 ��	; �I�

�� :��	>  

)1(  �� = ��2�� × ∆�°��  

 \B�� ��1E� Y�	< |�  �ZI�� ��99/0  A�� \B�� ��>�1> 	ZN�
8/50 �1�� �� 	
�  .�7�I  

�B���� D�	I  D��� [�6��� 5� B� 	1?@�� ������ 2	6 D	�>
 �
�� \�� ,�@�� �
�� �	7 h�6470  .6� ��7 �
 	> �	-I

�B���� �� �.ZN f�2 2	6 �� 	1?@�� ������ 2	6 D	�>  	
@� D�G
 B�100.000  \��.� �9�N� 	I ���1± �� �9�N� 	I ��� ] �7�I13.[ 

�B���� �	-I �I ��4  D	�>  �
 	�)� H��/ �1�Q�B�> D�G	
����� B� D	�>
�B���� D�	I .6� 2	6 D�G	3�= B� ,��	; 2	6 D	�> 0�6 [�6

 ��7 ���J
6� R��  �V � ���6��7 �I ���N �G	3�= W�� .6�
L���	 ����:� �� ���G  	�B50 �� A�	G�1�� R�� 0�6 	3�= .��7�I

 d�7 �� ���J
6� ����4  ��7 ���� O��@� .6� 
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 L	2- �E 7.0�. B �A��	3(�36  

  
 L	3- ��.��. I��� �3�*4�1 ��-*� ��*� �(/ 7*�2 

  
 	ZN �I �	]����� 	3�= 0�65  B� 	
@� \�U � ,�	���2 �1�� -

,� �I 0�6 �� A�� 	3�= W�� ���� �� .6� 	
��� (�; �G  B� ���h
�� TU O��� �I s�B�< �S�  L�; .��7�I 

  

  
 L	4- 9./ :�� R.*�  

  
  

2- ��� 
��1 SB�-8 T"( B  

3 -1- �"��� �3�*4�1 �JKH�  

��:�� OEI W�� �� �rE4� D�G  ��� JG �� �� ��6	?@� D
��r=� 81
E�  ��7 �Q��� ���7  ��3
6� B� ���6	?@� ��� 	���� D�	I .���

��7 ���J
6� ��;�� 	������   .6�  

�	-I W@< ,��	; ��	; �I�  �� ��4  � ,��	; \B�� B� D	�>
 �I A�� �;�	h � D���� D��K� �1�Q�B�> D�G	
����� B� ���J
6�

����	> F�	E
6� �B���� ����� �.N�� .��� ������
6� p�U) ��4  D	�> 
]10 d�7 �� ([5 ��7 ���� O��@�  .6�  

��:�� 2	6 �� ��6	?@� �	�1@2 D�G  D�G9000  ��18000 
 d�7 �� �9�N� 	I ���6 ��7 �Q��� �
6��� Y�	9� D�	I .��� ���� D  D�G

 ��I	K��@-6 B�  ��7 ���J
6� �6 �;�� D�G .6�  
  

  
 L	5- ��.��. ���� N�?U3� NQ*� B ��H5 7*�2  

  
 

 
 L	6- ��"�� V��K� 7�C�B/ �/ �3�*4�1 /*��Q 7�C  

  
�B���� [��
� �.ZN f�2 ��6�:� D	�> ] ������
6� p�U ��710 [

 d�7 �� �� �
 	�)� H��/7 ) �rE4� ��:�� ����@� ,���2 �Iφ  -
ψ ( 2	6 �� ��6	?@�16000  �.ZN f�2 ��	@G �I �9�N� 	I ���

���� �B���� D�G D	�>  ��7 ���� ,�4� ��7 ��I Y�	< �.ZN f�2 .6� 
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)� = 2∆��/������ (] ������
6� p�U10�	-I � [  (�� B� D	�>
H�.I	� b�@K� ��)K�1) �ZI�� B� ���J
6� �I �26� ����	> ��6�:� (  

  

  
 L	7- �"�� NQ*� �/ �3�*4�1 �JKH� �16000  *( �B/

�/./ N�?WU X�Q �.*�C �( �;�U/ �C  

)2(  
���� = 

�� ������ �����
�  � ������ ���!�

�  " ������� �#$%&'
�
 

,��B� B� d/�= �I	K� [��
� D	�)���	��  �� 6� ���� ,�4� �G
������
6� p�U ���I Y�	< D�	I ������
6� y�	:�� ]10 � [�	-I  B� D	�>

H�.I	� C6�
� ��)K� (��2 B� 	
@� �17/0�� % .�7�I  
,�@G  d�7 �� �� ���>6 �� ���� A��  Oh	^ ��� ����B� �I ���7

 O��A � ��6	?@� ��4  ��� A�� � ��	; �I� ���4�I ,�A�� �	1?@��
�� .��I�� ���d ��W �A � �I �� 6� ,� 	���O ��� Oh	^ ���	1?@ 

��,�A �� 	I ��7 f�K�� ���D 6�\�  d��2�b�<�� W�� � �
 �� O��A � 
�A ��O ��4  ��� ��6	?@� � Y�6 ��� ��7. 0G  ��� 	G �� W��^

 ��6	?@� B� D���2 ��	; �I� OG�� W@< ���6	?@� I�V Oh	^
 L?6 � O��A � ��6	?@� ��4  ��� �(s��1��	� D�G	�7 W
�I)

�� OG��  .�I����� ,���� I�V �I Oh	^ � ��6	?@� OG�� I� �
��	;� ��,�A f�K�� ���  6 f	; �=�� 	I ��7�\� O��A � ��
 �  � ��

 �K�
����  ��� ��4 ����6	?@� D O��A � �� ��I�.  OG�� W���
 Y�6 ��6	?@� ��	; �I� ,�A�� 	
4�I���������� ,�7 �	7�C 

�	�1@2D �I � ��7 ��6	?@� �� b�N� Y�6 ,� \������� D  F	6 � ��
�� ��6	?@� ��4  ��� ,�A�� OG�� �K�
� ��	>.  C��	7 �c���@2

 OEI ��) ��4  ��� �
6��� OG�� �I ��6	?@� 5� �� F	6 ��������
�� W�.� �rE4� ��:�� �� (��4  Y�7 ���  .��	>  

  

3 -2- �3�*4�1 7/B�B �/ NQ*� F����3�  

 ��6	?@� D���� �� \��6 2	6 H�	���� ��:� OEI W�� ��
�	> ���� F	6 5��A� �� ��� 81
E� D�	�1@2 C��	7 �� A�	� B� A

�B���� D�	I .6� �
 	> ��	N �6�	I  D���� �� 2	6 H�	���� D	�>
��B�� 5� B� ��6	?@�  �1/�  �� D�27 �1��  	1?@�� D���� ���G� D	
�

                                                
1 RSS; Root Sum Square 
2 RMS; Root Mean Square 

6� ��7 ���J
6�  d�7)5���� .( D���	I  �� �G3  �4h	^ 2	6
9000 �10000  �13000  .6� �
 	�)� H��/ �9�N� 	I ���  

2	6 B� 5� 	G ��  �� 2	6 H���6�� ����)� �4h	^ D�G3 
 �Z9� �,��	; Y�	< ,�A�� W�	
4�I o�9� d��7 D�	�1@2 �Z9�

	G �� � F	6 ��= � �=�	U ��= 5��A�  H�� �I 5�6  ����V
��7 �V R�� 0�6 	3�= C6�� .���  �� �6�	I ���� D�	�1@2 o�9�

3  ��� d�7 �� ���)�6  \��; �2 ��7 ���� O��@�  �I� 	���� .���
 s�� �� �;�	h � D���� s��1��	� D�G	�7 C6�� ,��	; ��	;
 � 	.� 	������ B� ���J
6� �I A�� ��6	?@� �4h	^ 2	6 0�]�� �

�
 	> H��/ ��7.���  
  

 IB��2- I��G�� /�.�����. Y.*"�. �.0�� �Z"[ NQ*� 7�C 7. 

N=9000 rpm 
 = 0.58φ   = 0.38φ   = 0.1φ  

 = 0.62σ  = 0.48σ  = 1.61σ 

N=10000 rpm 
 = 0.57φ   = 0.33φ   = 0.05φ  

 = 0.99σ  = 0.53σ  = 1.88σ 

N=13000 rpm 
 = 0.55φ   = 0.36φ   = 0.1φ  

 = 1.4 σ  = 1.1σ  = 2.2σ 

  
d�7  D�G8  ���10  �� � ��6	?@� D���� �� 2	6 H���6��

D�	�1@2 o�9� 2	6 D�	I Y��	� �I �� F	6 5��A� �� ���  D�G
 �4h	^9000 �10000  �13000 �� �Q��� �9�N� 	I ��� .����@� 

\��3�6 H���6�� ,�A�� �I��B�� �	-I W@< 2	6 D�G  B� D	�>
������
6� y�	:�� ���.�3 )σ) �ZI�� H��/ �I (3�� H��/ (  .�	�)�  

)3(  ( = �∑ �*� + *,��-�.� /  

�	-I �I  D	�>) �ZI�� B�3\��3�6 ������
6� y�	:�� ,�A�� �(  D�G
 �� ,��	; Y��	< B� 5�	G �I o�I	� 2	63  �4h	^ 2	6

 \��; �� � ��6�:� ���)�2 .6� ��7 �Q���  

d�7 pI�Z�  D�G8  ���10  \��; A�� �2	G �� �  B� 5�
2	6  ��= B� ,��	; Y�	< ,�A�� OG�� ���6	?@� �4h	^ D�G

	; Y�	< ���4�I H���6�� ,�A�� OG�� ��=�	U �Z9� 5��A� �� ,��
�]:� 2	6  ������
6� y�	:�� ,�A�� OG�� 	3�� 	��.� �I �� �) D�

\��3�6 .���� ��	@G �I �� (2	6 D�G  \��; pI�Z�2 ���,�A  H���6��
6�\��3 �GD �]:� 2	6 ��D  ��= B� ,��	; Y�	< ���9� OG�� �I

Z9� 5��A� �� ,��	; Y�	< ���4�I �=�	U �2	6 �� �GD ������ 
9000 �10000  �13000 N� 	I �����9 �	� �I�Y 3/1 �86/1  �27/1 
 	I�	IOG�� �� ��I��.  
  

                                                
3
 Standard Deviation 
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(8��)  

  
)x(  

  
(F)  

 L	8- /B�B �/ NQ*� F����3�7 �3�*4�1  �/NQ*� 9000  *( �B/

�;�U/ (V[.) 
 = 0.58φ (R) 
= 0.38 φ (+) 
 = 0.1φ  

 

  
(8��)  

  
)x(  

  
(F)  

 L	9- /B�B �/ NQ*� F����3�7 �3�*4�1  �/NQ*�10000  *( �B/

�;�U/ (V[.) 
 = 0.57φ (R) 
= 0.33 φ (+) 
 = 0.05φ  
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(F)  

 L	10 - /B�B �/ NQ*� F����3�7  �3�*4�1  �/NQ*�13000  �B/

�;�U/ *( (V[.) 
 = 0.55φ (R) 
= 0.36 φ (+) 
 = 0.1φ 

  
W��^ D��
 � [
�� B� 5��A� �=�	U �Z9� �I ,�7  ��6	?@�

��  .�7�I	7 �� ��6	?@� ��=�	U �Z9� �� ��	N ������ D�	�1@2 C��
 ��h ��= W�	
-I �� ��6	?@� B� D���2 ,��	; D�3�� � �
 	>

�� �I ��6	?@� B� D���2 2	6 H���6�� ,�A�� ,�A�� �)� .�7�I  d���
 C��	7 �� D	�>��	N �� ��h ���9� W�	
@� ��6	?@� ������ D�	�1@2

�� ���� .�7�I   
 F	6 ��=�� �I ���� � ,��	; Y�	< ,�A�� 	
4�I OG�� W���

2	6 B� 5� 	G ��  H���6�� ,�A�� �]=T� dI�N ����B� ��4h	^ D�G
���� \���� �I �� 2	6 . \��; pI�Z�2� ��,�A 6 H���6���\��3 �GD 

�]:� 2	6 �D�  OG�� �I	< ���9��Y 	;�,�  B��=�	U �Z9�  ��
P� C��	7 F	6 ��� 2	6 �� �GD ������ 9000 �10000  �13000 
N� 	I �����9 �	� �I�Y 35/3 �54/3  �2  	I�	IO��A � �� ���I�.  c���@2

 ���6��7 -; D���.� ,���2 �I 2	6 H���6�� ,�A�� ����B� B�
P� �� ��� �G��6	?@� �� F	6 ��� ��7 ]3.[ P� C��	7 ��  F	6 ���
�I  ,��B �)> �I ,��	; ��
 � ���6	?@� ,��� ,��	; D�������� d���

 ,��� 2	6 H���6�� ,�A�� O��A � ,� �K�
� � ��7 ,�6�� ��^�
 .6� ��6	?@�  

0G d�7 pI�Z� W��^  D�G8  ���10 \��; � 2 ,�A�� ����B� �
\��3�6 H���6�� ,�A�� ����B� ���6	?@� �4h	^ 2	6  2	6 D�G

�]:� ���� \���� �I ,��	; Y��	< B� 5� 	G �� �� D� . \��; pI�Z�
2� ��,�A 6 H���6���\��3 �GD �]:� 2	6 ��� D F	6 C��	7  �I

�B���� ����� 2	6�  ��6	?@�B� 9000 �I 10000 � �I ����� �� 
13000 N� 	I �����9� � �I C6�
� ��U �I�,�A 17/1 	I�	I �A ��O 

�� I��� .P� H�7 ���6	?@� �4h	^ 2	6 ,�A�� ����B� �)�  ���
�� O��A � A�� �� F	6 ����� �G�. 

 
3 -3-  NQ*� F����3� ����1*5 L��"6  

\��3�6 �����	  8�U  ��6	?@� D���� �� ��7 �V 2	6 D�G
 �I o�I	� ,��	; Y�	< �6 �� ,��	; Y�	< ,�A�� W�	
4�I o�9�

)φ= 0.55 �=�	U ��= 5��A� �Z9� �()φ= 0.36 F	6 ��= � (
)φ= 0.1 �4h	^ 2	6 �� (13000  d�7 �� �9�N� 	I ���11 

 d�7 �� �9 � ��:� .6� ��7 ���� O��@�11  L���	  y	.� ��

�� `	� D���2 L���	  D����	I ��7�I� �G1 �I ,�@G .6� ��7 �.I  ���>
 d�7 �� ��11 -�� ��G�4� x � 8��  B� ��� ,��	; C��	7 �� ��7

) F	6φ= 0.55  �φ= 0.36�V Y��_ L���	  �-�� �(   �� ��7
\��3�6 2	6 D�GD���2 L���	  � �`	� �� �G .�7�I   

���= �� P� C��	7 �� �� ) F	6 ���φ= 0.1 d�7 pI�Z� (11 - �F
�`	� D���2 L���	  	I ��T2 ����= �� A�� D	3�� Y��_ L���	  ��G 

33�̀	� D���2 L���	  % �� ��G�4� �G �� ��	>  L���	  aN�� ��
P� �� ��6	?@� �� F	6 ����� ��� .�7�I  

 �� 6� 	�z ,���7�1N  ����= �� ��7 ��G�4� �����	 66 %
�̀	� D���2 L���	   aN�� �� �Gx����  F	6 L���	  �I o�I	� \~��

�� �� �� D��
 � W��^ �)� .�7�I D���� ,���2 �I ,���2  �� F	6 �����
W�� � ���@� �91� �.��Z� ���� A�	� B� A�	> ��6	?@�  ���>

�K�
� P� �� ��@� D	�>  ���� A�	� B� A�	> ��6	?@� �� F	6 ���
\��3�6 �����	  ��
 � ��G�4� �I �,��B� D�G  B� D���2 ,��	; 2	6

�� ���6��7 dI�N ��6	?@�  ��T2 F	6 C��	7 �� ��6� W��	I .�7�I
�	  	I�̀	� D���2 L��  ���= �� A�� D	3�� Y��_ L���	  ��G30 %

�̀	� D���2 L���	  ����� �I � �G  �I o�I	� �� �]=T� dI�N D�
d�7 �� ��6	?@� �� F	6 ����� D	�> �� ��G�4� ��7�I  .��	>  
 

3 - ����� 7*�2 
 ����9� W�� �� C��	7 �� A�	� B� A�	> ��6	?@� 5� �� ,��	; ��
 �

 D�	�1@2 81
E��	-I �I F	6 5��A� �� ��� ,��	; B� D	�>  0�6 [�6
�̀	� 8��� 6�S�I �� 2	6 H���6�� . 	> ��	N �.��Z� ���� R��  �G

 .�����	> �V D�	�1@2 �Z9� �6 A�� � �4h	^ 2	6 �6 ��
0-� �I 	<�= ���9� B� d/�= [��
� W�	� a@; dI�N d�z H��/  D��I
�� :�7�I  

 – ,��	; Y�	< OG�� ���9� B� I�4��� 	<�Y 	;�,�  ��
�	7�C F	6\��3�6 H���6�� ,�A�� ����B� �  2	6 D�G

�]:� O���B� [��
� .���� \���� �I �� D�  ���� ,�4� �G
��,�A 6 H���6���\��3 �GD �]:� 2	6 �D  ��

2	6 �GD ������ 9000 �10000  �13000  	I ���
N���9 �	� �I�Y 6/2 �9/1  �57/1 �A � 	I�	I�O �� �I��� .

 ,�A�� O��A � d��� �I 	�� W����������D 	;�,� ��6	?@� 
	
4�I ,�6�� �K�
��� �  H�rE4�	;�,� ��6	?@�  �I

 ,��B �)>�� P�  �I 2	6 H���6�� ,�A�� ����B� .�G�
P� ���6��7 -; D���.� ,���2  �G��6	?@� �� F	6 ���

��  .�7�I 

 – �I [
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 BPF; Blade Passing Frequency 

2
 Signature 



 

 

�
.K

7�
 �

�A-
I �

 �
�1

6 
,�

:6
� ��

���
= 

	�
�� 

�D
�9

� �
<�

 

103 

  
 – �]:� 2	6 H���6�� �����	  8�U d�1:�  ,�4� D�

��  L���	  �-�� �F	6 B� ��� D�	�1@2 C��	7 �� �� �G�
 D���2 L���	  ������	  8�U �� ��7 ��G�4� Y��_

�`	� ,� \�= .6�G P� C��	7 �� ��  �F	6 ��� L���	 
 ����= �� A�� D	3�� Y��_30D���2 L���	  % �̀	�  �G

�� ��G�4� ���G� ,�4� �� ��7 D  �� F	6 ����� �����
�� ,��B� ���� ��6	?@� .�7�I 

 

4 - �C/��� 
\B�� ��>�1> aZ9� }Z6 )m2(  A 

�I D������ 	
����� �A
�	> �.I B 

�̀	� D���2 L���	  )Hz( BPF 

) ,��	; ��	; �I�kgs-1( ��  
 C�:� ��4 )Pa( Pa 

) ,��6 ��4 Pa( �° 
��6	?@� D���� D��G D��� )K( T1 

 �Z�:� 2	6 	1?@�� ���) F�	h ��ms-1( ���� 

,��	; C6�
� 2	6 )ms-1( *,
�]:� 2	6 D� ,��	; )ms-1( Vi 

 ����3- :-^Q 
���3^ ) \��6kgm-3(  � 

,��	; Y�	< 0 

��I Y�	< �
 y�	:��������
6�  

  

σ 

5- _�.*�  
[1] Farokhi S., Aircraft Propulsion, John Wiley & Sons Inc., 
2008. 
[2] Greitzer E. M., The Stability of pumping systems, Journal of  
Fluids Engineering, , Vol. 103, No. 2, pp. 193-242, 1981. 
[3] Pampreen R. C., Compressor Surge and Stall, Concepts ETI, 
Inc., Norwich, Vermont, 1993. 
[4] Hagino N., Kashiwabara Y., Experimental study of surge and 
rotating stall occurring in small centrifugal compressor, 
Proceedings of the 45th AIAA/ASME/SAE/ASEE Joint 
Propulsion Conference & Exhibit, Colorado, USA, 2009. 
[5] Gravdahl J. T., Willem F., De Jager B., Egeland O., 
Modeling for surge control of centrifugal compressors: 
Comparison with experiment, Proceedings of the 39th IEEE 
Conference on Decision and Control, Sydney, Australia, 2000. 
[6] Tamaki H., Experimental study on surge inception in a 
centrifugal compressor, International Journal of Fluid Machinery 
and Systems, Vol. 2, No. 4, pp. 409-417, 2009. 
[7] Mizuki S., Asaga Y., Ono Y., Tsujita H., Investigation of 
surge behavior in a micro centrifugal compressor, Journal of 
Thermal Science, Vol. 15, No. 2, pp. 97-102, 2006. 
[8] BorgWarner Turbo Systems, Performance Turbocharger 
Catalog, 2012 Edition. 
[9] LS Industrial Systems, SV-iG5A User Manual 0.4-22kw 
[220V/400V]. 
[10] American Society of Mechanical Engineering, Performance 
Test Code on Compressors and Exhausters/ASME PTC 10-
1997. 
[11] Solki E., Numerical Analysis of Impeller Tip Leakage Flow 
Effects on Centrifugal Compressors Performance, Enhancement 
Methods and Experimental Investigation of Overall 
Performance, PhD Thesis, Department of Mechanical 
Engineering, Iran University of Science and Technology, 
Tehran, 2014. (In Persian) 
[12] BS EN ISO 5167-3:2003, Measurement of Fluid Flow by 
Means of Pressure Differential Devices Inserted in Circular 
Cross-Section Conduits Running Full- Part 3: Nozzles and 
Venturi Nozzles. 
[13] Testo Product Brochure Testo 470, RPM measuring 
instrument: testo 470- For non-contact and mechanical 
measurement. 

  
(8��)  

  
)x(  

  
(F)  

 L	11- �3�*4�1 7/B�B �/ NQ*� F����3� ����1*5 V�`  �/

NQ*� 13000 �;�U/ *( �B/ (V[.) 
 = 0.55φ (R) 
= 0.36 φ (+) 
 = 

0.1φ 


