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Abstract 
Complex behavior of two phase flow in a vertical cylinder and its dependence on the flow rate of liquid mixture and flow 

pattern related to injection condition is investigated experimentally. Performance of similar conduit, called Air Lift Pump in 

many industrial applications, despite its simplicity of construction is highly dependent on operational conditions. As an 

instance for constant gas injection, Improvement in performance is observed, as much as 32 percent, in this study. The 

influence of gas injection flow rate, submergence ration, pipe diameter and the number of injection air inlet on the behavior 

of two-phase flow pattern in the air lift pump is investigated and empirical results are presented. The results indicate a 

significant impact on the behavior of each of parameters on air lift pump’s performance. The reduce of air injection inlet 

diameter of 8 to 5 mm, give an improvement of 75% to 89% in operational performance, depending on the submergence 

ration. Also increase the number of air injection holes from one to three, decreased the flow discharge to close to 40%. Thus 

reducing the number of air injection inlet holes improves the overall performance of the pump in the similar air flow 

injection rate. The results indicate an increase in air lift pump efficiency, in terms of the geometrical focus of the injected gas 

and create the faster conditions to achieve to slough flow pattern.   
Keywords: Air lift Pump, Eefficiency improvement, Two phase flow. 
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� �3�� ����	�"���$� ��" � �'� ��� ���� ��$) 
��n� 
'( 


���b�*��� ��$) � ,�< ��$) �R�& ��$) �� A&�� ��! ��$) .��"


<� �6 p�Ud 1% ± � ��" �� ,	�* �0���� A&�� ��! �-/S  ��	(

 %� 	
�����% 
<� �61  ��" o��� ���>� P��0������ ,	�* .��"   

 8�>
�� H��D �6 L���0� 0� PD�S ,�! ���� ����� �6 �(�� �6

0�  �D�: q0��	� �)	T 0� � 
&� ��" 
�I ,���	6 ���� ,�'!�#
&�

��(�� ,�V: ������ 	Q� �� =�>?� C�� �� ���j
&� ���� A6��� ,�	6 

 �0���� ,�'!�#
&�  ��" JG.� ,�V: 	6 ��
�� ���>� ��-� R��
� ��

 	���>� C�� �6 A��	� �-�>
�� 5�� R��
� 
�UV< J�. �/�
� �� � ,	�*

.�"�6 ��  

�� =��5� ��34� ����  ��� �6 �
6�I ��$) �� ��! ��" �  `�

��  
�	S b�6 
-& �6 ���	6b�6 ���� =�	T 0� ��! �6 ��	-!�� � ��� 

 0� ��! ��(�	: �� ��" ��/�� ]�" =�	T 0� ��34� ���� ,b�6 
-�<

�� ��( `�� ��" �6 ��-�  54� �6 `� � ��" ��34� 	j�-��  54�)

2( 	6��.��	*  

                                                           
1 global valve 

 E-� 8'� H��D�g: 0� �	6��!,����" |	�٢ ���	6b�6 ����٣ 

�� �T�F m�T 
��� �� �"�6���	6b�6 ���� m�T P� �6 ,��  .
&� ��

 	d�S �U��V�	���>�  p3
4��T�F ,�� 0�30  �� �D��90  ��D��

 ,�	6 .��
)	* ��	< �&�	6 ����L���0� J�/��  �� ��!  �,����" |	� 	!

H�"  � �" ���� 	��K� ��!  ��	(H�"  	���
� �(�	: `�  ��	(

�" ,	�* �0����  � �6 .
&� � 	V< L!�� 	�I��  �5�� �&�	6 
'(

� ��! =��5� ����E-� ������ L��5)� ��  0�	V< �� ��! ���� ,���� ,

p3
4� 8 	
-�3��  �5 	
-�3��  ���j
&�
&� ��" ��Q�� �6 C��+-! .

  ��� �& �`� �(�	: �6� 	6 ��! ,���� ���U� L��5)� 	�I�� �&�	6

  ��� �& 	! �6 ��! ���� �� �
$* ���U� ��34� ���� ,�� 	6 p3
4�

�� ���� ��	*.  %� 0� 5��  ��	( 8�9� ��!�$� � ,���	6 	��g� 
'(

 m�
�/�� C�6���CCD ,���	6	��g� 
.	& �6800 fps    �3D�) �� ��

5/0 .
&� ��" ���j
&� ����� ��	< ���	6b�6 ���� ,	
�   

 P�" =6�V� 0�*  ��	( �6� ,	�* �0���� ��Q�� �62  	
��3) 0�

� 0� ���" ,��� 1-( `�  �5�� L/�& ,�	6 � o��� G���  54� %

 �6 C��+-! � J���� ��T �6 �� ,�?� �6 �
&� ��" ���j
&� ��j" �

 ��" 	��� `�  �5�� �&�	6  ���� ��" 
�I ,�'-3�) 0� ���j
&�

.
&�  

 �� �3S	� C���� ��Q�� �6  ��	( ,�#�� }�4$� R��
�

 ��!�#$���0�! ���� 
�I� �6 0�* p3
4� 	���>� =��5� �6 2�6	� ,

 E-�8�9� 
�I � ��!�$� �6 �	6��! ��34� ,�	/� �� ��" ���"� ,�!

8�9� m��"� L��-� H��D �6 �! ���� C�� .
&� ��" J�/�� ,�!

 
�I ,�! ��. �� ,�>3S �� �6��S  ��	( ,�#�� �0�6 �� ����	(

 P�" ���"3 ,�! ���� C�	
$�6 �3S	� C�� ��  .
&� ��" �W��� �

1��� �-/S  ��	( H�" �6 2�6	�  �� �� E-� 0� ��" o��:

 ��-� H��D �6 ��� |�  ��B �� cG&� ����?� �� ����	( ,�!�#��

 ,�! 8�9� �6 2�6	� �6	/� H��!�$� � 
)	* ��	< �6��0�� ����

 A&�� ��" �W��� 0�)��  ��	( �	�3-. 2�>� �6���( �6 0�)��  ��	(

�#�� �$>�,  ��	( 5�	6�� � 
��!  �&�	6 ���� ��W�� �* ��	<.
)	 

�>� �� 
&� 	�e �6 J0b��j3
4� 	� �T�F ,�'
��� 0�,�� 0� �40  ��

80 ��D�� L���0� 0� �.�-/� C�� ,�	6 �! �
)	* ��	< ���j
&� ����

 P�" �
&�4 P<��S �/�
� 	! ��" q��5* R��
� 0�  ���-T� ,�	6 .3 

 ���>� =�>?� C�� �� ��" ��U�� ���� � �
)	* ��	< L���0� ���� ��6

���� A&�
��� ��" 
�I ,�!.�"�6  

  
 L��1- �M,N O6�� �4 '-,� 9�3'
G�� 7 2'&0,3 1��9�7  

                                                           
2 Submergence Ratio 
3 riser tube 
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 L��2-  ��0,<'M �0�� 7 P0+

�( �3�KQ*���2  

  

L���0� 0� ,�U6 �3S	� �� �! ������ 	6 ��!  ��	( H�" 	�I��

�	6��! E-� |	� �� ��T�F ,�� �p3
4� ,�! �6  ��	( H�" H�	��K�

��! ,�>��5� 
)	* ��	< �&�	6 ����
&� � .	���>� �  ��!  ��	( H�"

 ��	6�	6  `� ��	(  ��	( H�" �(�	:,�	6  	V< �6 ��! =��5� ����

5 �� 	
� �
��& ,����"�0���� p3
4� ,�!��" ,	�*.���  

 	I� �&�	6 ��Q�� �6 ��� C�� ����� �� =��5� ,�#�� �#��#B 	�I��

 ������ L��5)� 	6 �>��5� ,��! 	V<0� ���j
&� �6 �	6��! E-�  	V< ��

 ,���� ,��! ���� �0���� �6 =��5�8  � 	
-�3��5  ��" ���j
&� 	
-�3��

.
&�  �6 �	/� %� 0� 0�* =��5� ,�! ,���� ���U� C��+-!3  �	/�

 ��34� 1���  ��	( H�" 	6 ��� C�� 	�I�� � 
&� ��" ���� L��5)�

 .
&� �
)	* ��	< L���0� ���� 
6�I �>��5� 0�* H�" �� ��"  

  

4 -  �R0�0���*���2 S*3�KQ� T"& 7 

4-1 - �0,3 ��*'� P��'-0 �#
= ���'&  U
/Q(

,KV0  9�3W��	� 1�� 
 ����
� �&�	6 �3S	� C���� ,�#�� }�4$� ��!�#$���0� R

 ��	(  ��!�$� H��D �6�j��  �  � ��-� ����	6�#�� �$>� A&�� 

 ��	( 
&� ��" J�/�� �/���� L��5)� �6 �'$���0� 0� ,	& C�� �� .

�	6��! E-� ��34� ,�	/� �6 ��" =��5� 0�* ���>�  �3D� ,�! 8�9�

 ��	( � ,�#�� P��"6��S�1 ��B �cG&� �2 �>3S �,3  X��" ��!�$�

8�9� C�� 	���g� 0� ,� ���-� �� ����	( ,�! P�" ��3  ����  �$�

��" �
& .  

    P�" �� �� ��T  �-!4 ���-�  ���. �6  �� �
&� ��" ����  �$�

 C�6) 8� �3�: ,��!  ��	( H�"0  ��2  �(�>�<� 	6 	
�� ,�#��

 ��!�$� �6��S  ��	(��"� C�� �L���0� ���� H�5�'/� �� �� ��

  ��	( ����   �	� E-�1��� ��34� � �-�  �$� �� L��5)� �6 .�!�

 C�6) ��!  ��	( H�"2 � �4 `��S �(�>�<� 	6 	
��  {�	" ��3�� ,�!

P�" �6 ��34� �6 {�	" � ��" 
���! b�6 
-& �6 1��� ���	� ,	�*

�� E-� ��34� ���� 0� ��34� ,��
6� �� ��!�$� P6�<  ��	( 8�9� .���

 �6 �>��5� ,��!  ��	( H�" L��5)� �6 � ���6 cG&� 8�9� �1���

!�#�� C�6 ��" ��!�$� 8�9� �����cG&� � cG&� ,� -  ��B  �6

                                                           
1 Bubbly Flow 
2 Churn Flow 
3 Annular Flow 

��  �$� ���&�� H�"  ��!  ��	( H�" �� 	
$�6 L��5)� �6 .�!�

 C�6)13  ��17  �� .�	� ���� m�?�  ��B �6  ��	( � (�>�<� 	6 	
��

,�>3S  ��	( �	�b�6 ,��!  ��	( H�" �� 
��'� ) 0�* =��5� �6 	�b�6

 0�18  ��!�$� �(�>�<� 	6 	
����"�S �
��� �� ,�#�� 0� {�� C�� ��v

 �������� ����6 	#�� ,�!�#�� �6 
��� L���0� A��	" ��  ��	(
&� .

  ��B  ��	( �6 	��K� ���!  ��	( H�" �� %B�� mG
:� 	! �6 �	�0

 ��!�$�����" �6 ,�>3S �  ��B �cG&� �3D� 8�9� �& C��+-! .

 C�	
$�66 ��$)�	
$, � `��	� b�6 
-& �6 �� `�� ����� C��	6��6

 �� t�g: �6 �6��S  ��	( �6 
���
���  ,�!�T�F ,��8� �

.����� ,	
$�6 �	6���  	6��6 �6 �(�� �6 R��
� �j�� � ����� �&�	6

 ��-� P�3?� �6 �(��  ��6 � �!�#$���0� H��!�$� �	�3-. E-�

�	6��!  �6 ���?� A>) �6��S  ��	( 8�9� ��]�� �T�F,�� b�6 ,�!


&�.  �/�
� �� �&� �� 	Q� �6 ���'6 �	�3-. ��S�� ��S�� �� �E-�

 0� m�?� �6 %��5�  ��	( ,�#�� �6 cG&�  ��	( ,�#��.
&�  ��B  

 ��!�$�  ��	( H�g4$� ��-� 	���>� �&�	6 ��Q�� �6

���� ��" 1��� ��34� 	���>� C�	
$�6 �6 2�6	� ,�! ��
���,�! 

 p3
4��T�F ,�� ,�� 	6 � ,��� 1-( ��'�$��  ��	( ,�!�#�� �$>�

 A&�� ��"
��!�5�	6�� ]19[  P�" ��5   �$�
&� ��" ���� .

 �-!�� ��!�$� �� ��T  ���" 0� o	4
�� ��-� H�.GT� H��!�$�

 �6	/� �6 =�V����� �S A&�� ���" �W��� 0�)��  ��	( ,�!�#�� 8�9�

 H	6�� � 
��!]19 [.�"�6 ��  

   

4-2 -  0,3 ��*'� P�� '-0 �X�= ���'&��� )*�+( 9  

 ������ 	6 ��!  ��	( H�" 	�I�� �&�	6 
'(�	6��! E-� �� �


��� �T�F,�� H�	��K� �p3
4� ,�!  ��	( H�" ��" ��34� 1���

P6�>� �� ��!  ��	( H�", �>��5�  .
)	* ��	< �&�	6 ����

,�!����-� P�" ��" �W��� 6  �7   ���!�  �$� ��	(  ��	( H�"

 `� P6�>� �� ��!  ��	( H�",�	6 �� ��
�!  ������34�  	V< �65 

�� 	
� �
��& �T�F,�� ,�!45  � �D��70 �D�� �0������" ,	�*-

�
& �-! .�� ��!�$� �� ��T H�" ���!  ��	( H�" L��5)� ���"

 ��!� �� L��5)� ���$�6 �V>� %� �� �� `�  ��	( �x& L��5)� �6

 H�" ���>� �6 `� ��	(  ��	( H�" �U6 �6 �V>� C�� 0� ��!  ��	(


6�I� ��� P�  .���  

    �QSG� ��!�#$���0� R��
� 5�� �  ��	( ��!�$� 0� ���j
&� �6

��  �6 %��5�) ��! �-/S  ��	( H�" 8� 	���>� ,�	6 �� ��"

 ��	jD4 |	� ���-� �� �(�>�<� 	6 	
��,�!  �6� ���>� k�! �,����"

�-� b�6  ,�	�� �	�0 �������" ,�`��S A&�� ��" m�-.�  ���! ,�!


��� �)�� `�  �	6b�6 ,�	6 P�" �4.  

    �6 {�	" ���� �� cG&� `��S �
"� ���!  ��	( H�" L��5)� �6

�� ,	�* P�" m�V6 	
�B�� ,��! ���� C���B P��" �� ���10  ��

15  �� 
&� 	
-�
��&
&� ��" 1�0�� ���� m�T �� � P�")3 (`  .

 ���� m�S ��"�6 �� 1<�� ���� ,b�6 
-�< �� `��S C�	
*�56

 �6 cG&� `��S �
"� .
&� ���� C���� 
-�< �� `��S C�	
�B��

 ���� 0� �6��S k�! ����I ��B ,�	6 ���� �� 
�	S b�6 �	T �6 �����

�-� o��: � �!���� H�� ,�	6 ��! �	�0 ���" ���� C���� 
-�< �

�� �
"���� `��S 1�0�� .��"  ��	�� ����I ��B 0� �� ���6��  �!

��  .��"  
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    � �����  �&�� m��&���3�� �� �� %� C�6 =��5� �V>� �� ��! ��$)

6 C��� �6 �� 
&� cG&� ,	�* P�" �� ��! �#
"���� 	T�:��$)  �)��

 
'(0� �"��  0� ,�	�� 	6 ��3F  b�6 �	T �6 � �&	6 `�  �
&

 �x& .��� 
�	S �J��� � �/���� L��5)� �6 �� ��!  ��	( H�"7 

�� L��5)�  �>�<� 	6 	
��  ��	( � �6�� ��34��� {�	" 1���  .��"

 �-! �� 
&� C�� �cG&� �6 �6��S 0�  ��	( 8�9� m�>
�� P��� ��T

 0�*  ��	( ���� L��5)�`��S ��6��  � ��" 	
���5� 	#���� �6 �!

��  |� ���:	6P�" �6 	/�� �!���:	6 0� ,���U� C��	6��6 .�!� ,	�*

������ cG&� ,�!  .��"    ,�	6�T�F 
���,�� 70  ��D�� ��

 P�"7  �� ��" �� �QSG� ��34� ���>�6 `�� �'(�� P6�< H��D

 ��! �-/S  ��	( H�" ,�	6 ��5�������>� � 12  �>�<� 	6 	
��

 .�6�� �� L��5)� �A��	" C�� ��  ��	( H�" �� ��B�� L��5)� 	!

�� ]�& ���!  .�6�� L��5)� 
.	& �6 `�  ��	( H�" ��" 	�e  ���"


&�  �� �� A��	" C�� �� H�"��34� �� ���� L��5)� ��� 0�* ���>�

 �>��5� 0�10  ��14 �>�<� 	6 	
��  ��	( ��" ��!�$� ,�#�� ����6 �

 �� ��	( 8�9� cG&�– ��GU6 .
&�  ��B  � ����-� C�� �6 �(�� �6

�T�F 	#�� ,�'
��� ,�	6 �6�$� R��
��,�� ���$�6 `�  ��	( H�" 

��" ��34� � ���#�!��	* �� ��!�$� cG&�  ��	( ,�#�� ��-

 .
&�  ��B  

     

  

  

    

  

  

  

  

  

  

p��           `        o      �    �     �  

  

  

  

  

 L��3- �3,KV09 �*'� � ���> �& YZ�0 (4 �YZ�0 (\  �YZ�0 �& �&�6< (] ��&�6< (^V0 ��� ��3�Q� 9�3�  ����> (� 7,A�< (9  
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 L��4 -  P�� L&�A� �4 0,3 ��*'� P�� �04,�� ]2 ��*'�

�M,N 90'& 9�735 0,3 �V,V 'F_) %5 ��
� ('��  

  

  

 L��5-  9,KV0 �4 b�& �4��& �47�"� �0 �3�KQ*���2 S*��� c*�,(

] +('&0� 7 O*,3 ��*'� e*?�19 [  

  

   
 L��6 –  ��*'� P�� L&�A� �4 0,3 ��*'� P�� �04,��0'&9  O6��

�M,N 9�745 0,3 �V,V 'F_) %5 ��
�('��  

  

  
  

 L��7 - '� P�� �04,��*�� '� P�� L&�A� �4 0,3*��  ]2

0'&9  O6���M,N 9�770 0,3 �V,V 'F_) %5 ��
�('��  
  

 �-! �� �� ��T P�" ����-�4 �6   �7 ��  ��!�$� ���" ���-� ,�	6

�T�F ,�'
��� �,�� �� ��!  ��	( H�" L��5)� �6 `�  ��	( H�"

 �6  ��&� ���>� ���$�6�� L��5)��x& ��6��  H�" L��5)� �6

`�  ��	( H�" ���!  ��	( �(�	: �� �<�6 
6�I .���� C�� R��
�

���� �6 �6�: =6�V� =�>?� 0� L46,�! C�3��� ]20[ .����  

    L��5)� 	
$�6 8Q�� ,�!�#��  �" �
��" ]�& ��!  ��	( H�"

  ��	( 
-& �6  ��	( ,�#�� � ��" cG&� 8�9� �� ��! ,�! ����

 ��B �� L�� �������� ����6 ,�#�� �6 .���  

     ��	( ��S��cG&�– 
&� �-'� ��S��  ��B. �� �� ���>� ��S�� C

 `���" ��34� ��  ��!  ��	( H�" 0� %B�� ����?� %� ��U�16 

 ��20 ���� �� �<�6 
6�I ���	>� �>�<� 	6 	
��C��� X L��5)� 	
$�6 

  ��	( H�" �� L!�� ����� a.�6 ��!  ��	(�(�	: �� ���" ��

m�S C��  0�  ��	( 8�9�cG&�–  �6  ��B ,�#�� �� 	��K� ,�>3S
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