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Abstract 
     In this paper the pressure and positive/negative inclination of transport line effect on initiation and development of 
hydrodynamic slug instability is studied. In practical case pressure and inclination of the line have a major effect on initiation 
and development of slug as well as the flow rate of the line. Better understanding of these parameters will help the designers 
to select a proper size of the line. The base of this methodology is on numerical solution of hyperbolic two fluid model 
equations by means of a class of high resolution shock capturing methods. The results obtained for slug flow modeling in 
horizontal duct were compared with two sets of experimental results. The good agreement of the present modeling results 
with the experimental results of own and other investigators and also grid independency study show the model is capable of 
slug tracking and slug capturing and the numerical method which is used here can predict with high enough accuracy. It was 
shown that in low pressures the growth rate of the wave is faster than high pressure condition and higher pressure has 
damping effect on Kelvin Helmholtz instability. Other parameters such as the position of slug initiation and inclination effect 
were investigated.  
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8 Slug Body Holdup 
9 Slug Frequency 
10 Slug Length 
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12 Advection Upstream Splitting Method 
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Ê»� Ä�uÔ»�Ã�Y|¿Y� ÉY�Y� Ä]� {Â��� Ä°^�� ÉZÅ�����Á� �f»
�����[YÂm��f»�ZÅ�Ê»�d¬]Z�»�ÊÅZ´�ËZ»�M�lËZf¿� Z]��Á�|ÀÀ¯

�¶v»�ZÌ¿Zi|¿�cÁZ¨e�½Y|Àq�±Ô�Y�¶Ì°�e�[Zzf¿Y�¾ËY�]ZÀ]�{�Y
�Ã�Y|¿Y�Ä]�Ä°^������d�Y�Ã{Â]�d��{��f»���

��
����������±Ô�Y�Ä �Âe�Á��Á����

�¶°���{���c�Â��Ä]Ã�YÂu����¶°���{�Á��ÄÌ^��ÄnÌf¿��

½Z»�� �{� ½M� |��� Á�±Ô�Y� �Á���É{|��É�Z��ÉZÅ��ÊËY|f]Y
��ËZ¼¿d�Y� Ã|�� Ã{Y{� �±Ô�Y� Ä �Âe� Á� �Á���½Z»�� �{,��Ä�

µZ¿Z¯��{�¦¸fz»�ÄÌuZ¿�d�Y��Ìz�e�¶]Z«���ÄÌuZ¿��{�,��t��
�Ã|Ë|a�¾ËY�Ä¯� �{Â��Ê»�Ã|Ì�¯�¾ÌËZa�d¼��Ä]�Ê¼¯��f�»
d�Y�ÄÌ·ÁY�cZ�v·��{�É{Á�Á��{��Z�§�ÊË�m��ËY�§Y�¶Ì·{�Ä]��

¹Á{�ÄÌuZ¿��{,�Ê»�{ZnËY��f�»�¶�§��{�ÃZeÂ¯�kYÂ»Y�É{Y| e��

Ê»�¶°��¹Â��ÄÌuZ¿��{�|À¸]�kÂ»�®Ë�dËZÆ¿��{�Á�{Â�{�Ì³����{
�¶°���¬»�®Ë�Á�±Ô�Y�d¯�u�Ê¿Z»��ÄrzË�Ze�¾Ì]�ÉY�Ä�ËZ

��m�»��Y�Äf§�³�]�ÊÅZ´�ËZ»�M�lËZf¿�É��������Ã|��Ã{Y{�½Z�¿
d�Y����
��

��
�¶°�������Ä���Y�ÊËZ¼¿�{�¦¸fz»�ÄÌuZ¿��±Ô�Y��Á���½Z»�

��{�Ã|��ÄWY�Y�ÄË��¿�ª^���Á�����
� �

��
�¶°�����±Ô�Y�|����Á���ÄÌ·ÁY�½Z»��É{|��lËZf¿� �

(Vg = 14 m/s, Vl = 1 m/s)� �
� �

�¶°���{���Á�±Ô�Y�d¯�u�Ê¿Z»��ÄrzË�Ze�¾Ì]�ÉY�Ä�ËZ¬»
��m�»��Y�Äf§�³�]�ÊÅZ´�ËZ»�M�lËZf¿�É���®Ë������Ã{Y{�½Z�¿

d�Y�Ã|����¶°���{�ÉZÅ���Á�����ÄÌuZ¿��¬§����{�Ä¯�±Ô�Y��Y
|��Ã{Y{�tÌ�Âe��d¼�«�¾ËY�µÁY,�|���«YÁ�|Ì¯Ze�{�Â»Ã�d�Y�� �

 
�¶°����¾Ì]�Ä�ËZ¬»���m�»�Ê]�ne�Á�É{|��lËZf¿�����

�¶�YÂ§�Z]�Ê¿Z»��Ê]ZË��Y�Á�±Ô�Y�d¯�u�����É�Y|ËZaZ¿��Y�ÄÌ¿Zi
±Ô�Y�Ê°Ì»ZÀË{Á�|ÌÅ,�`q�d¼����d¼��Á�É{|��lËZf¿

�d�Y�����Ê]�ne�lËZf¿(Vgs = 2.2 m/s, Vls = 0.69 m/s)� �
��
��

 
¶°������m�»�Ê]�ne�Á�É{|��lËZf¿�¾Ì]�Ä�ËZ¬»�����

ZË��Y�Á�±Ô�Y�d¯�u�¶�YÂ§�Z]�Ê¿Z»��Ê]�����É�Y|ËZaZ¿��Y�ÄÌ¿Zi
±Ô�Y�Ê°Ì»ZÀË{Á�|ÌÅ,�`q�d¼����d¼��Á�É{|��lËZf¿

�d�Y����Ê]�ne�lËZf¿(Vgs = 6 m/s, Vls = 0.02 m/s)� �
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d�Y�ÊÅZ´�ËZ»�M�cY�ÌÆne�dË{Á|v»�¶Ì·{�Ä]��»Y�¾ËY�Ä¯��
�Ê·YÂe�Ê¿Z»��É{|��lËZf¿�ÉZÅ�cÔa��{�Ã|��Ã|ÅZ�»�cY�ÌÌ¤e�Á

Æ¿M�Ä�ËZ¬»�Á�°��Z]�Z�ÉZÅ��Ê¨Ì¯�[Ây�Ê¿YÂz¼Å��´¿ZÌ]�Ê]�ne
d�Y��lËZf¿���¶°���{����Ê¿Z»��cY�ÌÌ¤e�d����Ä]��Z�§�Á�YÂÅ

�ÄÌuZ¿��Ä]��Â]�»�Á�É{|��c�Â���d�Y�Ã|��Ã{Y{��ËZ¼¿����
{Â��Ê»�kY�zf�Y�¶Ë}�{�YÂ»�lËZf¿�¾ËY�ª^�����

�¶°�� �{� �Z�§� �Ë{Z¬»����_Zq�Ê¿Z�°Ë�Ê¿Z»��¶�YÂ§� �{
d�Y� Ã|�� �ZÌ]� lËZf¿½Z»�� �{� Ä¯� d�¿M� �´¿�ÉZÅ���Á��� ÄÌ·ÁY

Ê»�c�Â��É|À¯�Ä]��Z�§�d§ZË�Z]��±Ô�Y{�Ì³� 

����ÂÀÅ�½M��~³��Ì�»�Á�|À¯�Ê»�d¯�u�[M�t���ÉÓZ]�YÂÅ
d�Y��Z]�,�| ]�Ê¼¯,�Ê»��ËY�§Y�d����Ä]��Z�§�d§ZË�Z]���Z/e�|/]ZË

�YÂÅ��~³��Ì�»�Á�{Â��Ê»�Ã{��¶a��ËZ»���Âe�µZ¿Z¯��Ì�»�Ä°ÀËY
Ê»�Äf�]{Â����/yY�������d/�{�¾ÌËZ/a�Á�d/�{�ÓZ/]�¾Ì/]��Z/�§�¥Ôf

�Ê/»��Y�«�{Ây��ÌiZe�dve�Y��±Ô�Y�d¯�u�d����±Ô�Y�|/Å{��
��ËZ»�d����±Ô�Y������|/]ZË�Ê/»��ËY�/§Y�ÊÅZeÂ¯�½Z»��c|»��{

|ËZ¼¿�|Ì·Âe�Y��É{ZË��ÉY�Ä]���ÉÁ�Ì¿�|¿YÂe�Ê»�Ä¯������Y��Â/¿�¾/ËY
[Zf��ÃÂv¿�Á�±Ô�YÊ»�½M�É�Ì³�\^��Á�|�Z]�Z¿��y�|¿YÂe��

\Ì�M����µZ/¿Z¯�d/�{�¾ÌËZa�cY�ÌÆne�Ä]�Ê¿M�ZË�ÊnË�|e�½|¿Z��
{Â���¶°��µÔy��{�±Ô/�Y�Ã|Ë|a�É�Ì³,������Z/]�Y|/f]Y��ËZ/»�kÂ/»

��Ê/»�Y|/Ìa��Z¼e�µZ¿Z¯�¦¬��|/À¯�������½YÂ/À��d/ve�d/Ì «Â»�¾/ËY
Ê»�Ã|Ì»Z¿�±Ô�Y�Ê¿Z°»�dÌ «Â»�{Â/�������d/Ì «Â»�¾/ËY��{��Z/�§

��d/�Y�µZ/¿Z¯�µÂ���{��Y|¬»�¾Ë�f¼¯�������Z/�§�¾Ë�/f¼¯�¾/ËY����{
�Z¬¿��´Ë{�Z]�Ä�ËZ¬»�����Ê/»�É�f/�Ì]�®/¼¯�kÂ»�½|��|À¸]�Ä]�

|ËZ¼¿���iY�¾ËY,�e�Ä]Z�»�Êf·ZuP����cY�/iY�Z/]�Ä/¸]Z¬»��{�Ê·Â¿�]�cY�Ìi
d�Y�Ä]}Zm���

|]ZË�Ê»��ËY�§Y��ËZ»�d����±Ô�Y��Á����Y�| ],��¾ËY��{
�Ä��YÁ� Ä]� Ä¯� |À¯� Ê»� Ä]�ne� Y�� Ê Ë���[Zf��±Ô�Y�d·Zu

»�ÉZÅÁ�Ì¿�Á�ZÅ�Z�§�¾Ì]�¥ÔfyYÂ»�d�{�¾ÌËZa�Á�d�{�ÓZ]�ºfÀ
d�Y�YÂÅ�� 

¶°�����eP�É�Y|ËZaZ¿� ÉÁ�� �]� Y�� µZ¿Z¯� ÄËÁY�� cY�Ìi
Ê»��ËZ¼¿�Ê°Ì»ZÀË{Á�|ÌÅ|Å{���ÉY�]�Ä¯�{�¯�Ã|ÅZ�»�½YÂe�Ê»
�µZ¿Z¯�\Ì��d^j»�ÉZËYÁ���ÓZ]�d¼��Ä]�\Ì��,�¶°��Á��Â«Á��

�Ê¬§Y�d·Zu��Y��ËZ»�Ê¼nu���¯�Á�¶¼fv»��f�Ì]�±Ô�Y�É�Ì³
d�Y��f�Ì]���Á��\Ì��Ê¨À»�ÉZËY���¾ÌËZa�d¼��Ä]�\Ì����\^�

¶°���ÌyZe�Á�½ZË�m��f�Ì]�É�Y|ËZa�Ê»�±Ô�Y�É�Ì³{Â����

��

��
�¦·Y���

��
�[� 

�¶°�������±Ô�Y�Ê°Ì»ZÀË{Á�|ÌÅ�É�Y|ËZaZ¿�Ê¿Z»��Ê]ZË��Y
¶»Z¯�Ä �Âe�Ze��Á���Ä�v·��Y�µZ¿Z¯�®Ë��{,��¦·Y���Z�§,�[

�k�YÂÅ�d������ËZ»�d�����
(Vg = 18 m/s, Vl = 0.2 m/s , ág = 0.22). 

��
��

 
�¶°������eP��{�½ZË�m�É�Y|ËZaZ¿��]�Ê¨À»�Á�d^j»�\Ì���Ìi

(Vg = 19 m/sec, Vl =0.6 m/s , time=0.5 s). 
���
�¶°���{��ÉZÅ����Á���Á{��{�±Ô�Y��]��Z�§�cY�ÌiZe��

|��Ä ·Z�»�cÁZ¨f»�d������Â�À»�¾ËY�Ä],���Y|¬»��ZÆq��
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�Z�§��¦¸fz»��,�,����Á��|��Ê���]��Z]���
��

��
�¶°�����eP�½Z»���{�½ZË�m�É�Y|ËZaZ¿��]��Z�§��Ìi���iÄÌ¿Z� �

(Vg = 19 m/sec, Vl =0.6 m/s, time=0.5 s). 
 

��
�¶°�����eP��{�±Ô�Y�Äf§ZË�Ä �Âe�É�Y|ËZaZ¿��]��Z�§��Ìi

(Vg = 19 m/sec, Vl =1.45 m/s , time=0.5 s).� �
��

f�Y�¶]Z«��Ë��cZ°¿�Ä¯d�Y�µZ�v����
� |�Z]�¾ÌËZa�µZ¿Z¯��Z�§��³Y,���f�Ì]�Á��f Ë���kÂ»�|��

d�Y�ÓZ]� �Z�§�d·Zu� �Y� ��´Ë{�c�Z^�� Ä],���eÓZ]� �Z�§
� ¾ËÂ¸¯� É�Y|ËZaZ¿� �]� Ã|ÀÀ¯� �Y|ËZa� ZË� ÊËY�Ì»� cY�iY±�

Æ¼¸ÅÂ{�Y{��f·�� 

� �{�Y{�ºÌ¬f�»� Ä�]Y��µZ¿Z¯� �{� �Z�§� Z]�±Ô�Y�d���
�|uYÁ�d���� �eÓZ]�ÉZÅ�Z�§� �{�ÊÀ Ë��f�Ì]�±Ô�Y

d�Y��� 

� �±Ô�Y�|uYÁ�Ä¸«��{��ËZ»�µÂ����±Ô�Y��Z¼e�µÂ�
µZ¿Z¯�ÊËÓZ]�Ã�YÂË{�Z]����f�Ì]��e�¾ÌËZa�ÉZÅ�Z�§�ÉY�]

d�Y�ÓZ]�ÉZÅ�Z�§�d·Zu��Y� ��¶°����e�¾ËYP�Y��cY�Ìi
|Å{�Ê»�½Z�¿�� 

 
��É�Ì³�ÄnÌf¿�Á�É|À]��¼m 

�����É�Z�·|»�ÉY�]�É�Z§�Á{�Ê·ZÌ��Á{�µ|»��Y�Ä·Z¬»�¾ËY��{�
�Ê¬§Y� � µZ¿Z¯� �{� ±Ô�Y� Ê°Ì»ZÀË{Á�|ÌÅ� É�Y|ËZaZ¿� ¶Ì¸ve� Á

|��Ã{Z¨f�Y� ��µ|»Ê·ZÌ��Á{��É{|���Á��Z]AUSMDV��¶u
|Ë{�³���Ã{Â]�ÄÀË�Å�º¯�Á�½Z�M�Ä·Z¬»�¾ËY��{�Ã|��Ã{�]��Z°]��Á�

�Á��cÔ°�»�Á�ÉZÅ�{�Y|¿� Y��Ê¸^«�É{|�����ÉY�]�É{|��lËZf¿
{� Z]� �±Ô�Y�Ê°Ì»ZÀË{Á�|ÌÅ�É�Y|ËZaZ¿�É�Z�·|»�lËZf¿�É��� Á

�lËZf¿� Ä¯� |�� Ã|ÅZ�»� Á� |Ë{�³� Ä�ËZ¬»�ÊÅZ´�ËZ»�M� Á�Ê]�ne

{�Y{�Ê]Ây�Ê¿YÂz¼Å�ÊÅZ´�ËZ»�M�lËZf¿�Z]�É{|�����Y��Ë��lËZf¿�Á
|»M�d�|]�É�Z�·|»����

�¦·Y±�É{|��ÃZ³|Ë{��Y�� 

�±Ô�Y�½ZË�m�Ã|ÌrÌa�ºË���Á�¦¸fz»�d�e�¶WZ�»�®Ë�Ì§
|��ÊÀÌ]��Ìa�ÓZ]�d«{�Z]� 

� �½Z»�CPU���Z^�Zv»�d�Z��¾Ë|Àq��Y�Ã|��¥���Êe
���Z]�±Ô�Y�É�Z�·|»�ÉY�]�¾Ì¬¬v»��Y�É{Y| e���Âe

�Á��ÉZÅ�d�Y�Ã|����Y�³�Ê¼Ë|«���Ä¬Ì«{�|Àq�Ä]
d�Y�Äf§ZË��ÅZ¯�� 

� �cÓ{Z »�ºÌ¬f�»�¶u��Y���Zu��Z¯� �{�½ZË�m�½Y|Ì»
�|À¿Z»�Ê¼Ë|«�ÉZÅ�Z¯��{�Ä°Ì·Zu��{�Ã|»M�d�|]�º¯Zu

µÂ¸��|uYÁ���]YÁ�� �Y�±Ô�Y�É�Ì³{�� Á�¾Ë|]�Ê]�ne
{Â��Ê»�Ã{Z¨f�Y��Â�À»�� 

[��±Ô�Y�ºË���ÉY�]�Ê°Ë�Ì§�ÃZ³|Ë{��Y��� 

� �d����±Ô�Y�d�{�¾ÌËZa�Á�d�{�ÓZ]��Z�§�¥ÔfyY
e�dve�Y��±Ô�YP��Z�§�¥ÔfyY�¾ËY�Á�|Å{�Ê»��Y�«��Ìi

d�Y�±Ô�Y�d¯�u�Ê¸�Y�¶»Z��� 

� Ê»�c�Â��É|À¯�Ä]�ÄÌ·ÁY�cZ�v·� �{� �Z�§�d§ZË�Z]��

Z»���~³�Z]�Ê·Á�{�Ì³�É�f Ë���[Zf��Z]�kÂ»�|���Á�½
�{Â��Ê»�¹Zn¿Y�µZ¿Z¯��Ì�»�½|��Äf�]��v»�Ä]��� 

� ��{� �Y|¬»� ¾Ë�f¼¯� ±Ô�Y� Ê¿Z°»� dÌ «Â»� �{� �Z�§
� {�Y{� Y�� µZ¿Z¯� µÂ�� ��d�Y� ¾°¼»� �Y|¬»� ¾ËY� Êfu

��Z�§��Y��f¼¯Âm�{Â��,��½|��|À¸]�Ä]�®¼¯�\^��Ä¯
{Â��Ê»�[M�kÂ»��ffuY��� 

� ±Ô�Y��Á����Y�| ],�Y��ËZ»�d����Á�|]ZË�Ê»��ËY�§
Ê»�[Zf��±Ô�Y[Zf��¾ËY� Ä¯� {�Ì³�¶Ì·{� Ä]� É�Ì³

�ÉZÅÁ�Ì¿� Á� d�{� ¾ÌËZa� Á� d�{� ÓZ]� �Z�§� ¥ÔfyY
d�Y�YÂÅ�Ä¸Ì�Â]�ºfÀ¼»�� 

� �d^j»�\Ì��ÉZËYÁ��ÉY�]��ÓZ]�d¼��Ä]�\Ì���,���ºË�
Ê»�É�f�Ì]��Â«Á�µZ¼fuY�±Ô�Y�Ê¼nu���¯�Á�|]ZË
d�Y��f�Ì]�Ê¬§Y�d·Zu��Y�[M� �Ë{Z¬»�Äq��³Y�Ê¨À»��

� µZ¿Z¯�\Ì�� �¾ÌËZa�d¼�� Ä]�\Ì�� ��É�Y|ËZa� \^�
{Â��Ê»�±Ô�Y��Â«Á�Ê¿Z»���ÌyZe�Á��f�Ì]�� 

� ¾ÌËZa� �Z�§� �ËY���dve,�� |��� ÄÀ»Y{��Y� �f�Ì]� kÂ»
d�Y� ÓZ]� �Z�§� d·Zu� ��ÉY�Y{� ÓZ]� ÉZÅ�Z�§� ¾ËY�]ZÀ]

e��ÅZ¯� Á�É�Y|ËZa��ËY�§Y�dÌ�ZyP�É�Y|ËZaZ¿�cY�Ìi
Æ¼¸Å�¾ËÂ¸¯Âd�Y��f·�� 

� Y��� dveÓZ]� �Z�§� �Ë,���Y|¬»� ÉY�Y{� ±Ô�Y� d���
d�Y�¾ÌËZa�ÉZÅ�Z�§�d^�¿�Ä]�É�f�Ì]�� 
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� �ÊËÓZ]� Ã�YÂË{� Z]� ±Ô�Y� Ä¸«� �{� �ËZ»� �Z¼e� µÂ�
�ÓZ]�ÉZÅ�Z�§� �Y� �f�Ì]�¾ÌËZa��Z�§��ËY����{�±Ô�Y

d�Y��� 

��
ZÅ{Z¼¿� �

K������Z³��Z§��Â¿��´¿ZÌ]�,�Ë|¿Y�g����ËZ»�ZË�l���
ȡ������\�u��]�,Ê·Z´qkg/m3 

P������\�u�]�,�Z�§pa 

    V��\�u��]�d���m/sec��
Į�����Ê¼nu���¯��
Q�����Ä¸¼m�»�cÓ{Z »��{�Ä¼�qÂºfÀ»��

PK,0��������Z�§Âm�\�u��]�,pa��
K,0ȡ�����Z�§��{�Ê·Z´qÂm�\�u��]�,kg/m3 

į��������É{|��d]Zi��
c �����\�u��]�,É�Z§Á{��Â¸z»�cÂ��d���m/sec 

ck����d������Z§�cÂ�k��\�u��]�,m/sec 

P ���É�Z�§�Ê¿�Á�| ]�Ê]�\Ë����
V ���f����Ê¿�Á�\Ë��Ê�\�u��]�,m/sec��
F ���d�{�¾ÌËZa�ZË�d�{ÓZ]�É{|���Z���
FC�����ÊËZn]Zm��Z���Ë�eZ»��
FP�����É�Z�§��Z���Ë�eZ»��
fk�����Z°��Y�\Ë���ÉZÅ�Âf¯Z§��

Ak���]��Â]�»���¬»�t���\�u��]�,�Z§�®Ë�Äm2��
Dh,k������Z§�Ê°Ì·Á�|ÌÅ���«k��
�������dm�·�\Ë����
��

��mY�»��
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