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1. Flow Pattern 
2. Holdup 
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5. Dispersion of Oil in Water and Water 
6. Oil in Water Emulsion 
7. Water in Oil Emulsion 
8. Dispersion of Water in Oil and Oil in Water 
9. Three Layer  
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1. Flow Regime 
2. Interfacial Tension 
3. Stratified Flow 
4. Stratified Flow with Mixing at the Interface F
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�Ä//nÌf¿��{�Á��Â//¸z»�d��//���f//�Ì]��ËY�//§Y

�Ê´f¨�MÁ{��Å�ZË�ZÅ�Z§��Y�Ê°Ë
Ê»��f�Ì]��Ì¿{Â�����,�ËY�/��¾ËY��{

Ä]��Â��½Z»�¼Å��]���«
�Ã|À¯Y�a�Ä]�ºÅ��Z§�®Ë�,

Flow Regim 
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4. High Frequency Impedance Probe 
5.Needle Probe 
6. Capacitance Probe 
7. Wire Mesh Sensor 
8. Ultrasound probe 
9. Artificial Neural Network 
10. Multilayer Perceptron 
11. Void Fraction 
12. Radial Based Function 
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2. Probabilistic Neural Network 
3. Learning Vector Quantization 
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������{�½M�[�/��ª/Ë����Y�,Ä°^/��Ê/mÁ�y��]�½M��ÌiZe�½Y�Ì»�Ä]�Äf�]
½�Á��Ë{Z¬»¦Ì ��ZÅÉÂ«�ZË��e��Ê/»��/e�{Â/�������/Å��{��b/��\/���,
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����ÉZ/ÀÆa��f»Y�Z/a�®/Ë�Á���Â»M�Ä�Â¼n»�ÉZÅ

Ê»�¶¼�|À¯���ÄËÓ��ZÆq�ÉY�Y{�Ä°^��¾ËY
�Ê/¨z»��,���/¼m�Ä/ËÓ,��Á�/ËÓÈ��Ê/mÁ�y�

�Ê^���Ä°^��®Ë�Ê¸¯��ZfyZ�PNN�Y���¶°���{����
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1. Probability Density Function 
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���Ä/ËÓ�Á{�,É{Á�Á��f»Y�Za�Ä��Z]
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������Ê·Z¼fuY�Ê^���Ä°^�
��Ê·Z/¼fuY�Ê^���Ä°^��PNN��
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pÌÅ�É{Á�Á�ÄËÓÄ^�Zv»�Ä¿Â³Ã{Y{�ÉÁ���]�ÉY���Ê/¼¿�¹Z/n¿Y�Z/Å��Á�|/Å{
É{Á�Á�ZÆÀe��½Á�{�Ä/]�¹Zy�c�Â��Ä]�Y��ZÅ�ÉZÆ^/������Ä/ËÓ��{�{Â/mÂ»

Ê»��Ë�Âe�Â´·Y|À¯������/Å�ÉY�Y�Ä/]�Â´·Y�ÄËÓ��{�Ä/¿Â¼¿��,É�Ì³{Z/Ë���®/Ë
\���{�Y{�{ÂmÁ����Å��{��\��Â´·Y�ÄËÓ��{�{ÂmÂ»�Xij���Ã�Y|/¿Y�®Ë�,

����Ã|/��Ä/WY�Y�Ê/��Â»M�Ä¿Â¼¿�Á�É{Á�Á�ÉZÅ�Y{�]�¾Ì]�,Ê�|Ì¸«Y�Ä¸�Z§
���Âe�\/�����������d/Ì·Z §��]Z/e�®/Ë�ª/Ë����Y��b/��Á�Ä^/�Zv»�Â/´·Y
Ê�ÁZ³��Ê»���Y{�a��Ë��c�Â��Ä]{Â����
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�½M��{�Ä¯x��ÉZÅ�Ì¤f»��Y{�]��Á�Ê§{Z/�exj, j4Y�¾Ì/»����Y{�/]�É�Ì³{Z/Ë�

d�Y��ÊmÁ�y�,�¼m�ÄËÓ�Ê»Z¼e��Y�Ã|»M�ÉZÅ\����ÉZ/Å���Ê/¨z»{�Ç�
{Y{Ç�Ê»��¼m�Y��Ä�Â]�»|¿����b�,���Y�¶�Zu�lËZf¿\���ÉZÅ���¼m
�Pi(x)�±��]�Á�Ä^�Zv»�,�Ä]�ZÆ¿M�¾Ë�e\�������Ä/ËÓ��{��/«YÁ�Ê/mÁ�y

�ÊmÁ�y�ºÌ¼�e���Ä]�½|Ì���ÉY�]Ç{���Ìa�,Ã|��Ä^�Zv»�Ây�|/¿��Á
¾ËY�µZ¼fuY��½M�Ä]�ª¸ f»�,Ä¿Â¼¿�¾ËY�Ä¯Ã{��|�Z],�Ê»�Ä^�Zv»��{Â/���

�ÉÂ´·Y�,ÄËÓ�¾ËYx�������ËZ/]�ºÌ¼/�e�ÉZ/�y�Z/]�ª]Z/�»�Y�������Z/�Y��/]
�¹Z¼e�ÊmÁ�yÉZÆ^���Äf�{��¼m�ÄËÓÊ»�É|À]|À¯���

��
���� �    , 1 1, 2,...,   iC x arg max p x m 

��
C(x)��ÉÂ´·Y�Ã|��{�ÁM�]��Ô¯��´¿ZËZ¼¿x��Ám���Ô/¯�¶¯�{Y| e��Z/Å

Ä¿Â¼¿��{d�Y�Ê��Â»M�ÉZÅ���
ºÆ»�¾ÌÌ e�ÉY�]�Ä¯�É�f»Y�Za�¾Ë�ePNN�d�Y��ZÌ¿�{�Â»�ÄÀÌÆ],��d]Zi
������ı���Ì¤f»d�Y�Ê§{Z�e�ÉZÅ��������/]YÂe�¶°/���Y|/¬»�¾/ËY�½Âq

Ê»�¾ÌÌ e�Y��Ê�ÁZ³|À¯,���d/�Y�º/Æ»��ZÌ�]�½M�[Zzf¿Y�������/��®/Ë
½Á�{�dË�»�ÉY�Y{�Á�{�Y{�¥Z��Ê¸°��,±��]����/��®Ë�Á�d�Y�Ê]ZË
ºÅ�,|��|ÅYÂy��Ìe�Ê¸°��Ä]��nÀ»�®qÂ¯��Ä/¿Â¼¿�¾Ì/]�Ê¿Z�Âa��ÉZ/Å

��ÅZ¯�Y���ÁZn»Ê»�|Å{�Ê¼¿�Á��ºÌ/¼ e�dÌ¸]Z«�|¿YÂe�Ê]Â/¸�»���Äf/�Y{
|�Z],�Y�Ë��Ä¿Â¼¿�¬§�µÂÆn»�ÉZÅ�Ê»�|À¿YÂe�ÄÌuZ¿��{ÉY�ºÌ¼ e��ËZ|À]�

�d�Y�Ã{�¯��Â�v»�Ê�ÁZ³��]Ze�Ä¯�������
 

1. Gaussian 
2. Bayes 
3. Spread Constant  

����Ã{Y{�É�ÁM{�³ZÅ��
d����,ªÌ¬ve�¾ËY��{��[M�É�ÅZ/��ÉZÅ�usw����d/¨¿�Á�uso���d^/�¿�,

�ÉÁ�¿Y�³�o �ì wȝ���Ê·Z´q�Á�ño �ñ w���¾Ì/]���¯�Á�[M�Ä]�d¨¿��Êv�/�
�ZÆ¿M�owı���Á�Ì¿����«�D��Ä·Â·�É�]��½Y�Ì»�Á�ZÅ�İ�����É{Á�Á��f»Y�Za��
�Ä]�Â�À»���Â»M��É�Ì³{ZË��Ä°^��ZÅÄ]�|��Äf§�³��Z¯����{Y|/ e�����

��Y�Ã{Y{����ËZ//»�½Z//Ë�m�ÉÂ//´·Y�Ä//�¬¿����{�{Â//mÂ»�¦//¸fz»��ËZ//»
f//�Â¿½Z´��Ê//¼¸��Á�//·Y�e����,�Y�Z//»Â¯�Á�½Y�Z//°¼Å����,��{Á�Ë�//´�Á�

·YÌ�¿Z///¼���Ë�,¦///�Â�����,�kY��Á�½Y�Z///°¼Å�����,�d///�·Y�����,� �
Z°·M//ËZ�����,�ÁÂ·//Ë®�Á�//¸n¿MÊ�����,�Á��Á�½Y�Z//°¼Å�����ÁÁ�Z//³,�Á�

½Y�Z°¼Å�������Á»Â³�^¸bf�YÌ�Â�������|��É�ÁM{�³��¾ËY�Ä]�ÄmÂe�Z]�
½Y�´�ÅÁ�a�Êy�]�Ä¯�ÊÆ]Z�»�½ZË�m�ÉZÅÂ´·Y�¹Z¿�Z]�Y����ÊeÁZ/¨f»�ÉZÅ

���Y�³�¯{Ã�Y|¿,���½M��/�Âe�Ã|��ÄWY�Y�cZvÌ�Âe�Ä]�ÄmÂe�Z]�ZnÀËY��{
½Y�´�ÅÁ�a���]�Á�½ZË�m�ÉZÅÂ´·Y��Y�®Ë��Å�ÉY�]��¹Z/¿��Z/�Y��É�Y~/³

c�Â�Á�·Y�e���Âe�Äf§�³�����{�,��Â¼n»��ÉÂ´·Y�¹Z¿�Z]�½ZË�m��ÉZ/Å�
ST,ST & MI,Do/w &w ,Do/w& Dw/o,AN,w/o ,o/w,Dw/o &o�
Á�PL��|ËZ]�Ä¯�ÊËZÅÂ´·Y�½YÂÀ��Ä]ZÆ¿M�{�Â»��{��ÌaÊÀÌ]��,{Â/��¹Zn¿Y�

�[Zzf¿Y�|��Ä��½ZË�m�ÉÂ´·Y�Ä¯�tÌ�Âe�¾ËY�Z]ÄËÓ�ÉY�3L���ÉÂ´·Y�Á
ÊmÂ»�½ZË�m��ÄËÓÉY,�Ä]\Ìe�e,���{�Z¼����Ä/ËÓ�½Z/Ë�m�ÉÂ´·Y��Z/]�ÉY

�­�f�»�t����{��ÔfyY�ST & MI��ÄËÓ�½ZË�m�ÉÂ´·Y�Á�ÉY�ST��
|��Äf§�³���¿��{��Ä/·Â·�cZÌW�m�Á�cÓZÌ��Ê°Ë�Ì§��YÂy���Ä/¯�ÊËZ/Å

�Z//Æ¿M�ª//Ë����Y�½Z//Ë�m�ÉZ//ÅÂ´·Y�|//��¶Ì°//�e,���//^À»�ÃY�//¼Å�Ä//]
��Y�³�Á|m��{�ZÆ¿M�Ã|ÀÀ¯�µ����k�{�d�Y�Ã|�����

��Y{�]�®Ë��É| ],���Ë{Z¬»�¶»Z�d�������Á�d/¨¿�Á�[M�É�ÅZ/��ÉZ/Å
�Á�,ZÆ¿M�Ê·Z´q�Á�ÉÁ�¿Y�³�d^�¿�Ì¿���Ä/·Â·�É�/]��½Y�Ì»�Á���«�Z/Å���Ä/]

�É{Á�Á��Y{�///]�½YÂ///À����É{Á�Á��É|/// ]�®///e��Y{�///]�®///Ë�Á�,� �
���ÊmÁ�y��Ä]�Ä¯�É{Y|�Y�¶»Z��¶]Z«��Â�À»��Ä°^/��ÉY�]�½{Â]�­�{

yY�½ZË�m�ÉÂ´·Y��Å�Ä]��Z�fÄf§ZË,�|��¾ÌÌ e�¥|Å��Y{�]�½YÂÀ��Ä]��
��Z/�fyY�{Y|�Y��Ã|/��Ã{Y{�������µÁ|/m��{�,½Z/Ë�m�ÉÂ/´·Y��/Å�Ä/]����� �

Ã|��k�{�|¿Y���
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Ä·Â·�� É�]���Ä·Â·(m) 

®Ì¸Ë�¯Y�����
�
®Ì¸Ë�¯Y�����
�
¶Ìf�Y�����
�
¶Ìf�Y�����
�
®Ì¸Ë�¯Y�����
�
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Ä��Ä°^���ZfyZ��ÄËÓFFBP��Ìa��Â�À»�Ä]�ÊÀÌ]
�ËZ»�Ê¬§Y�½ZË�m�ÉZÅÂ´·Y���ËZ»���

����Ê^/���Ä°^/��®/Ë�ÊuY����Â�À»�Ä]�Ä¯�ÊËZÅFFBP�
����Z/^f�Y�¾Ì/Ì e�,��Â/»M�Äf�{�Ä��Ä]���|/ÌËZe�,��Á

����Ä/]���Â/»M�Ä�Â¼n»�¶»Z¯�cZ�Ô�Y
�´Ë{,����Ê/mÁ�y�º/Å�Á�É{Á�Á�ºÅ�,Ä°^�

��Z�Y��]���Â»M�Ä¸u�»��{�Á�{�Y{��ZÌfyY��{�Y����Â»M�Äf�{�[Â¸�»
Ê»�ºÌ�Àe�Y��{Ây�ÉZÅ�f»Y�|À¯�������Z/¿�Z/]���Â/»M���
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