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ÂØÈ� ø ü÷�¢¤Àì
.Ý�îüõ ÂØÈ� À÷¢Âî ý¤�þ Û�Ê½� �Àõ ñ�Ï ¤¢ �Âõ �î ü÷�µ¨ø¢ üõ�Þ� ¥�

¤�ú�



ùÀ�Ø�ñ��¨ ¤¢ Ç÷�Þî ø Ç»��¤�õ Â�� ¤¢ ùÀª À�ó�� ý�û��±� ý�ãó�Îõ �� üû�ÚÈþ�õ¥� �¤�¬ �� �õ�÷ ö�þ�� ßþ� ¤¢ñ��¨ ö��ø ¤ ü÷�¨�÷ öÀª�� ¥� üª�÷ ý�û��±� ý�µ¨¢ ø¢ �� �¤ �ãó�Îõ ¢¤�õ ý�û��±� .Ýþ¥�¢Â�üõ ö�ÆØªøü÷�¨�÷ öÀª�� ´ó�� ¤¢ .Ý��îüõ ýÀ�� Ý�ÆÖ� ö�ÆØªø ñ��¨ ö�ÞÆþ¤ Ç»��¤�õ ¥� üª�÷ ý�û��±� ø ö�ÆØªøÇþ�õ¥� ¢¤�õ ý�ûü÷�ÆØªø üõ�Þ� ¤¢ �î À÷�ªüõ ùÀû�Èõ �û��±� ý�Úó� ¤¢ üÜî ´ó�� ¤�ú� ñ��¨ ö��ø ¤¸�� �� ñ��¨ ö�ÞÆþ¤ Ç»��¤�õ .À�ª��üõ ù¥�À÷�×� ùÀª À�ó�� ý�û��±� �û´ó�� ßþ� üõ�Þ� ¤¢ .À÷�ªüõ À�ó������ �û´ó�� üõ�Þ� ¤¢ ùÀª À�ó�� ý�û��±� ¢�ª üõ Û�ØÈ� ��±� ö� ´ó�� ¤�ú� ¤¢ �î ¢�ªüõ Ý�ÆÖ� ´ó��ý�þ�÷�� Ç»��¤�õ ¥� üª�÷ ý�û��±� ´ó�� ¤¢ .À�ª��üõ ù¥�À÷�×� ñ��¨ ö�ÞÆþ¤ ý�þ�÷�� Ç÷�Þî ´ó��ñ�Øª� ù¢�¨ üóÀõ ý�þ�¤� �� �î À��îüõ ´��ã±� �õÂê ý�û�»��¤�õ ý�Úó� ¥� ùÀª À�ó�� ý�û��±� ñ��¨ ö�ÞÆþ¤.Ýþ¢Âî À�ó�� �¤ �û��±� ßþ� Í¨�� ùÀª ¢�¹þ�

¸��



´¨Âúê
¸�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ùÀ�Ø��÷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõ�û��±� ¢¤�õ ¤¢ ùÀª ��¹÷� ý�û¤�î Â� ý¤øÂõ 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõ 1.12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü÷�ÆØªø 2.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ö�ÆØªø ñ��¨ 3.14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ý��»��¤�õ ´îÂ� 4.15 . . . . . . . . . . . . . . . . . . . . . . . . . . . �û��±� ¢¤�õ ¤¢ ùÀª ��¹÷� ý�û¤�î 5.15 . . . . . . . . . . . . ¼Î¨ �� ñ��¨ ö�ÞÆþ¤ ¢¤�¡Â� Â�� ¤¢ ùÀª ¢�¹þ� ý�û��±� 1.5.110 . . . . . . . . . . . . . . . . . ñ��¨ ö��ø ¤ ü÷�¨�÷ öÀª �� ¥� üª�÷ ý�û��±� 2.5.1ñ��¨ ö��ø ¤ ü÷�¨�÷ ´îÂ� ¥� üª�÷ ý�û ��±� 2

Çª



12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõ 1.213 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üû�ÚÈþ�õ¥� ö�õÀ�� 2.216 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . öÀª �� á��÷� 1.2.221 . . . . . . . . . . . . . 8900 cS ü÷�ÆØªø �� ßèø¤ ¤¢ ùÀª ¢�¹þ� ý�û��±� 2.2.227 . . . . . . . . . . . . . 6150 cS ü÷�ÆØªø �� ßèø¤ ¤¢ ùÀª ¢�¹þ� ý�û��±� 3.2.238 . . . . . . . . . . . . . 3450 cS ü÷�ÆØªø �� ßèø¤ ¤¢ ùÀª ¢�¹þ� ý�û��±� 4.2.247 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �û��±� Û�ØÈ� ö�Øõ ¤�¢�Þ÷ 3.248 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ýÀ��âÞ� 4.2Àõ�� ¼Î¨ �� ö�ÆØªø ñ��¨ ö�ÞÆþ¤ ¢¤�¡Â� ¥� üª�÷ ý�û��±� 350 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõ 1.351 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üû�ÚÈþ�õ¥� ý�þø¤ 2.352 �ûö� ¥� üª�÷ ý�û��±� ø Àõ�� ¼Î¨ �� ñ��¨ ý�µª¤ ¢¤�¡Â� Â�� ¤¢ ùÀª ¢�¹þ� ý�û´ó�� 3.352 . . . . . . . . . . . . . . . . . . . . . . . . . . ñ��¨ ö�ÞÆþ¤ ý¤�½õ ý�µÆþ� ö�þÂ� 4.353 . . . . . . . . . . . . . . . . . . . . . . . . . . . ñ��¨ ö�ÞÆþ¤ ü÷�¨�÷ öÀª�� ´ó�� 5.354 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ñ��¨ ö�ÞÆþ¤ Ç»��¤�õ ´ó�� 6.356 . . . . . . . . . . . . . . . . . . . . . . . . . ñ��¨ ö�ÞÆþ¤ ý�þ�÷�� Ç»��¤�õ ´ó�� 7.358 . . . . . . . . . . . . . . �ûö� ý¥�¨��±ªø ÝÑ�õ ý�û��±� ý�ûÇ»��¤�õ á�÷ 1.7.361 . . . . . . . . . . . . . . . . . . . . . . . . . . ñ��¨ ö�ÞÆþ¤ ý�þ�÷�� Ç÷�Þî ´ó�� 8.3
´Ôû



65 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ýÀ��âÞ� 9.3ýÀ��âÞ� 469 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . â��Âõ

´Èû



�õÀÖõý�ûùÀþÀ� .Àµê�üõ ë�Ô�� �õ ý�Þû ý�Â� ñ�Þãõ �¤�¬ �� �î ´¨� ü��Àû�Èõ ¥� ¼Î¨ ýø¤ ñ��¨ ßµ¿þ¤��±ª ,ý¤�ÿ� �¤�¬ �� ý¤��Æ� ý�ûùøÂð Í¨�� ,Àµê�üõ ë�Ô�� ¼Î¨ ýø¤ Â� ñ��¨ öÀª �µ¿þ¤ ��Ú�û �î ü±ó��Â� ñ��¨ öÀª �µ¿þ¤ ��Ú�û �î ü±÷�� ý�ûùÀþÀ� ¥� üØþ .´¨� �µêÂð ¤�Âì �ãó�Îõ ¢¤�õ üû�ÚÈþ�õ¥� ø ý¥�¨.´¨� ��±� À�ó�� ,Àû¢üõ  ¤ ¼Î¨ ýø¤�±þÂÖ� ø üÈþ�¤� ø üµª�Àú� ,üþ�Áè ¢��õ ,¤�Ü� ø �È�ª âþ��¬ ö�»Þû ,âþ��¬ ¤¢ ùÀª À�ó�� ý�û��±�¢��ø üµª�Àú� ø üþ�Áè âþ��¬ ¤¢ .´¨� ���� ¢¤�õ ,À÷¤�¢ ¤�î ø Â¨ ����¨ �� üä�÷ �� �î üãþ��¬ üõ�Þ�âþ��¬ ßþ� Û�ó¢ ß�Þû �� .¢�ªüõ �ûö� ÂµãþÂ¨ ¢�Æê ø ¢��õ ÂµÞî ý¤�ðÀ÷�õ ¶ä�� ýÀ�ó�� ¢��õ ¤¢ ��û ý�û��±��û��±� ¢��ø ¤�Ü�ø �È�ª âþ��¬ ¤¢ .À�µÆû ¢�¡ À�ó�� Í¡ ¤¢ ��±� ¢�¹þ� �Àä ý�Â� üþ�û¤�Øû�¤ ñ�±÷¢ ��ý�ûýÀ��°�îÂ� �� �û��±� ¢��ø .¢�ª �ûö� ¢�¨ Çû�î �¹�µ÷ ¤¢ ø �û�÷�¡¤�î ��ãþ�® Çþ��ê� ¶ä�� À÷���üõ¢��ø .Àþ�Þ÷üõ ×Þî �÷�¡¤�î ¢�¨ Çþ��ê� �� ø ùÀª ¤�Ü� ø �È�ª âþ��¬ ¤¢ ü����� Ûþ�¨ø À�ó�� ¶ä�� «�¡¤¢ ý��µÆû ý�û�ó��¥ ý¥�¨ ùÂ�¡£ ��Ú�û �þ [20]�û×ª�õ ö�¿õ ö¢Âî Â� ��Ú�û üØª�õ âþ��¬ ¤¢ ��±�.À�î ¢�¹þ� ýÀ� ��ØÈõ À÷���üõ [21]ý��È�ª ö¥�¿õ��Â��ç� öøÀ� Àþ�� Ý��îüõ ù¢�Ôµ¨� �î üó��¨ ¤�î üµ��¤ ý�Â� ,ö�ÆØªø ����¨ ¤¢ �û��±� ý�ãó�Îõ ý�Â�ö�Ø�Ü�¨ ßèø¤ ¥� �õ Û�ó¢ ßþÀ� ;Àª�� �µª�¢ �¤ ü÷�ÆØªø ¥� üã�¨ø ýù¥�� ,ü½Î¨ ÇÈî ø üó�Ú� ýùÀÞäù¢�Ôµ¨� ßèø¤ �øÂ¡ ý�Â� 2ýøÂþ�¢ ø 1üÎ¡ (�÷¥ø ¤)é�Øª á�÷ ø¢ ¥� �õ Çþ�õ¥� ��¹÷� ý�Â� .Ý��îüõ ù¢�Ôµ¨�üõ ¢�¹þ� é�Øª ¥� �øÂ¡ ��Ú�û �¤ ù¤�ª ¥� ü��ãõ ý�ûÛØª ¢�¡ «�¡ ÛØª Û�ó¢ �� �ûé�Øª ßþ� .Ý��îüõ×þ �¤�Ê� ýøÂþ�¢ ý�÷¥ø¤ ¥� ùÀª �¤�¡ ñ��¨ ø ñ��¨ ö��ø ¤ ×þ �¤�Ê� é�Øª ¥� ùÀª �¤�¡ ñ��¨ .À��îø ¢�ªüõ �� ¢�¡ ýø¤ �� ¢�¡ «�¡ ÛØª ´Üä �� ¢øÂê ��Ú�û ñ��¨ ý�½Ô¬ .Àþ�üõ ß�þ�� ñ��¨ ö�ÞÆþ¤��¢ �� ¢�¡ ý�û�� ß�� �¤ ��û ý¤�ÀÖõ À�÷���üõ �û ×µÈó�� ßþ� ü¬�¡ Íþ�Âª ¤¢ �î À�îüõ ×µÈó�� ¢�¹þ�,ùÀª À�ó�� ý��÷��µ¨� ýù¤�ª ,Ý��î ù¢�Ôµ¨� ý�ùÂþ�¢ ý�÷¥ø¤ ¥� Âð� ñ�� .À��î ÝÑ�õ ý�û��±� ¢�¹þ� ø À÷¥�À÷�
slit 1

circular 2�÷



ßþ� ø À�îüõ Â��ç� ©¤�ª  Â÷ ø á�Ô�¤� ��Â��ç� �� º��¤�õ Å÷�îÂê ,À�îüõ º��¤�õ ¢�¹þ� ¼Î¨ �� öÀ�¨¤ ��Ú�û�õ ¤�î �î ¢�ªüõ ¼Î¨ ß�þ�� ñ��¨ ¤¢ ÝÑ�õ Â�è ø ÝÑ�õ ý�û��±� ¢�¹þ� ¶ä�� «�¡ Íþ�Âª ¤¢ ��Â��ç�.´¨� �û��±� ßþ� ¤�µê¤ ý�ãó�ÎõÅ³¨ ,Ý��îüõ üêÂãõ �¤ �õ�÷ö�þ�� ¤¢ ù¢�Ôµ¨� ¢¤�õ ý��óø� Ý�û�Ôõ ø Óþ¤�ã� �Àµ�� �õ�÷ö�þ�� ßþ� ñø� ÛÊê ¤¢ý�û¤�î �ø¢ ÛÊê ¤¢ .Ý��îüõ ¤øÂõ �¤ �û��±� ýø¤ Â� ùÀª ��¹÷� üÜ±ì ý�û¤�î ¥� ý¢�Àã� �¬�¡ �¤�¬ ��üêÂãõ �� �Àµ�� .Ý��îüõ üêÂãõ �¤ ñ��¨ ö��ø ¤ öÀª�� ¥� üª�÷ ý�û��±� ýø¤ Â� ùÀª ��¹÷� üû�ÚÈþ�õ¥�Ýþ�ù¢�¢ ��¹÷� ñ��¨ ö��ø ¤ öÀª�� ¥� üª�÷ ý�û��±� ýø¤ Â� �î �¤ üþ�û¤�î Å³¨ �µ¡�¢Â� üû�ÚÈþ�õ¥� ö�õÀ��ö�ÞÆþ¤ Ç»��¤�õ ¥� üª�÷ ý�û��±� ýø¤ Â� ùÀª ��¹÷� üû�ÚÈþ�õ¥� ý�û¤�î ��¨ ÛÊê ¤¢ .Ý��îüõ ö���Å³¨ ,Ý��îüõ üêÂãõ �¤ ¢�¡ üû�ÚÈþ�õ¥� ö�õÀ�� �Àµ�� ��÷ ÛÊê ßþ� ¤¢ .Ý�û¢üõ ¤�Âì ü¨¤Â� ¢¤�õ �¤ ñ��¨Âû ¥� üª�÷ ý�û��±� ø ù¢Âî üêÂãõ �¤ À÷�ªüõ ¢�¹þ� ¼Î¨ �� ñ��¨ ö�ÞÆþ¤ ¢¤�¡Â� Â�� ¤¢ �î �¤ üþ�û´ó��Ç»��¤�õ ´ó�� ¤¢ ÝÑ�õ ý�û��±� ´îÂ� Â�Æõ ý�Â� ý�ù¢�¨ ñÀõ ÛÊê ßþ� ¤¢ .Ý��îüõ ü¨¤Â� �¤ ´ó��ùÀª ��¹÷� ý�û¤�î üÜî ýÀ�� âÞ� �� ´¨� �õ�÷ ö�þ�� ßþ� Â¡� ÛÊê �î �¤�ú� ÛÊê ¤¢ .Àª Àû��¡ �þ�¤� �þ�÷��.Ýþ¥�¢Â�üõ ¢�¢ ��¹÷� ö���üõ ùÀ�þ� ¤¢ �î üþ�û¤�î ��÷ ø �û��±� ýø¤ Â�

ù¢



ñø� ÛÊê
¢¤�õ ¤¢ ùÀª ��¹÷� ý�û¤�î Â� ý¤øÂõ�û��±�

�õÀÖõ 1.1
2ñ��¨ �þ 1Àõ�� ´ó�� ø¢ ¥� üØþ ¤¢ ,Ýþ¤�¢ ¤�î ø Â¨ �ûö� �� ¢�¡ ýùÂõ¥ø¤ üðÀ÷¥ ¤¢ �î ý¢��õ ÂµÈ��ü�¤�¡ ýøÂ�÷ üµìø �î ý��÷�ð �� ;¢¤�¢ �¤ ¢�¡ �� «�Ê¿õ ÛØª Àõ�� ¥� �Ø� ×þ .À÷�ªüõ ýÀ���µ¨¢,¢¤�¢ ¤�Âì ö� ¤¢ 3 ý¢�ä ´ó�� ¤¢ �î ¢�¡ üÜ±ì ÛØª �� ,Ýþ¤�¢üõ Â� ö� ýø¤ ¥� �¤ Àõ�� �Ø� ö� Â� ùÀª ñ�Þä�.℄1[À��îüõ �À�� ö�þÂ� øÂ�÷ ñ�Þä� �� ø À÷¤�À÷ ü¬�Ê¿õ ÛØª º�û ����¨ ,Û��Öõ ¤¢ .¢¢Âðüõ ¥��

Solid 1
Fluid 2
Rest 3

1



ü÷�ÆØªø 2.1
¤¢ Â��ç� ßþ� ,Ý��î ¢�¹þ� ñ��¨ ¥� ����÷ ×þ ¤¢ üØ��î Â��ç� Âð� ,Ýþ¤�¢ üþ��ª� �ûö� �� �î ü����¨ ÂµÈ�� ¤¢��÷ �� ñ��¨ ¤¢ üµ�Þî ÓþÂã� �� �ó�Æõ ßþ� ÂµÈ�� ¼�®�� ý�Â� .¢�ªüõ ñ�Þä� ����÷ ö�Þû ¤¢ üØ��î ýù¢øÀ½õÂ� ù¢¤�ø Ç�� ,ù��� �þ ´Ô÷ ,�� ,��û ö�� üÞúõ ����¨ �¬�Ê¿õ ����¨ ÂµÈ�� ¤¢ .Ýþ¥�¢Â�üõ ü÷�ÆØªø�ó¢�ãõ ßþ� °¨��� °þÂ® ø ü����÷ ����¨ �¤ ����¨ ßþ� �õ .¢¤�¢ üÎ¡ ý��Î��¤ ñ��¨ ÛØª Â��ç�  Â÷ �� ñ��¨.Ý�õ�÷üõ ü÷�ÆØªø �¤´ú� ¤¢ U �½Ô¬ ¥� ¤ø¢ ý�Ü¬�ê ¤¢ �î üµäÂ¨ �� ´¿� ý��½Ô¬ ¢�Àµõ� ¤¢ ý¥��õ ö�þÂ� �î À��î­Âê.¢¤�¢ ¤�Âì (x, y) ßþ��¤�î ù�Úµ¨¢ ¤¢ (U(y),0) ö�þÂ� ´äÂ¨ ø �½Ô¬ Â� ¢�Þä �¤�¬ �� y ¤�¢Â� ,¢¤�¢ ¤�Âì x.´¨� ý¥��õ ü¨�Þ� ö�þÂ� �¤�¬ �� (U(y),0) ö�þÂ� ö�À�õ.¢�ªüõ ¢¤�ø ´¨� ö�þÂ� ö� �È�õ �î üî�ØÎ¬� ýøÂ�÷ �½Ô¬ ßþ� �� ,ü¨�Þ� ö�þÂ� ßþ� ö¢�� �¤�¢ ý�Â�:¢�ªüõ ù¢�¢ Âþ¥ �¤�¬ �� �½Ô¬ ¼Î¨ À��ø Â� í�ØÎ¬� ýøÂ�÷

σf = η
dU

dy.℄2[´¨� 4×�õ��þ¢ ü÷�ÆØªø ´��� η ö� ¤¢ ø À�þ�ð üõ ß���÷ ü÷�ÆØªø í�ØÎ¬� ö�÷�ì ö� �� �îü÷�ÆØªø À��ø .¢¤�¢ üÚµÆ� ñ��¨ üØ�õ��þ¢�õÂ� ��Â��ç� ø ù¢�õ üþ��Þ�ª ¤�µ¡�¨ �� ü÷�ÆØªø ¤�ÀÖõ�� �õ�¢� ¤¢ .´¨� 5P ¥��� ,ü¨�ð ù�Úµ¨¢ ¤¢ ö� À��ø ø (��÷�� ñ�Ø¨��) Pa.s �þ Kg.m.s−1Â��Â� SI ¤¢ ×�õ��þ¢ù�Úµ¨¢ ¤¢ ö� À��ø ø m2s−1 �� Â��Â� SI ¤¢ ö� À��ø �î Ýþ�ªüõ ��ª� ��÷ ν ,ñ��¨6 üØ���Þ��¨ ü÷�ÆØªø.´¨� 7S Åî�µ¨��þ cm2s−1 ü¨�ð
Dynamic viscosity 4

Poise 5
Kinematic viscosity 6

Stokes 7
2



ö�ÆØªø ñ��¨ 3.1
üÜ�Æ÷�ÂÔþ¢ ��¢�ãõ �� Ý��î ý¤�Áð�� üÚµÆþ�� ��¢�ãõ ¤¢ �¤ ü����÷ ñ��¨ ý�Â� ùÀ�û¢ Û�ØÈ� ��¢�ãõ Âð�Âþø�÷ ý�ó¢�ãõ .℄2[´¨� éøÂãõ Åî�µ¨�-Âþø�÷ ý�ó¢�ãõ �� 9 Åî�µ¨� ø 8 Âþø�÷ ¤�¿µê� �� �î Ý�¨¤üõ ý�ù¤��:´¨� Âþ¥ �¤�¬ �� Åî�µ¨�

d~u

dt
+ ~u · ▽~u = −

1
ρ
▽ P + ν ▽2 ~u +

1
ρ

~F

:üÚµ¨��� ý�ó¢�ãõ ø �ó¢�ãõ ßþ� .´¨� ����¨ Û¡�¢ ¤¢ ß���÷ ö�÷�ì ñ¢�ãõ �ó¢�ãõ ßþ�
▽ · ~u = 0ü����÷ ñ��¨ ¤¢ ��¤£ Â� ¢¤�ø üØþ��ê ß�÷��ì �î À÷�ªüõ ¢�ÀÞÜì ý�ù¤�� Û�Æ÷�ÂÔþ¢ ý�ó¢�ãõ ´Ô� ×þ ö���ä ��¥� üª�÷ ²� ´Þ¨ ¥� �ø¢ ý�ÜÞ� ,��µª ¥� üª�÷ ý�ÜÞ� ²� ´Þ¨ ¥� ñø� ý�ÜÞ� ö� ¤¢ �î À��îüõ �ð ¥�� �¤¥� üª�÷ ý�ÜÞ� �ø¢ ý�ÜÞ� ,¤�Èê ö�þ¢�Âð ¥� üª�÷ ý�ÜÞ� ´¨�¤ ´Þ¨ ¥� �ó¢�ãõ ñø� ý�ÜÞ� ,üµêÂÞû ��µªü÷�ÆØªø ÂÚ÷��� ν = η

ρ �¹�þ� ¤¢ .´¨� ñ��¨ ��¤£ Â� ¢¤�ø ü�¤�¡ ý�ûøÂ�÷ ¥� üª�÷ Â¡� ý�ÜÞ� ø ü÷�ÆØªø.´¨� ñ��¨ üØ���Þ��¨.¢�ªüõ ñ��¨ ö¢¤�¡ Â¨ ¶ä�� ñ��¨ Â� ù¢¤�ø íÂ½õ ýøÂ�÷ ,ÝþÂ±� ß�� ¥� ñ��¨ ¤¢ �¤ üî�ØÎ¬� ý�ûøÂ�÷ Âð�Ç¡Â� ý�ª�Þ� �� ü�Àõ ø ù¢Âî �¤�¡ ö� ¥� �¤ ¢�¡ Õª�ì ý�� ö¢¥ Ýû ¥� Å� ö���üõ �î ´¨� ÂÏ�¡ ß�Þû ��À�îüõ ´õø�Öõ ¢�ªüõ üª�÷ ñ��¨ ´îÂ� ¥� �î ��Â��ç� ßþ� Û��Öõ ¤¢ ü÷�ÆØªø .Ýþ�ª ñ�çÈõ ö�¹�ê ¤¢ ý��.À÷�¨¤üõ ö�Ø¨ ´ó�� �� �¤ ñ��¨ ø
U ö� ¤¢ �î ¢¤�¢ Re = UD

ν
10 ¥Àó��þ¤ ¢Àä ¤�ÀÖõ �� ý¢�þ¥ üÚµÆ� �î ´¨� ý�ù¢�¨ ý��Â¹� ��� ñ�·õ

C. L. M. H. Navier 8
Sir G. G. Stokes 9

Reynolds Number 103



.[3]�õÂê ý�»��¤�õ :1-1ÛØªö�ÆØªø Â�è ö�þÂ� Àª�� Re > 1 Âð� .´¨� ý�� ×���Þ��¨ ü÷�ÆØªø ν ø ö�¹�ê ÂÎì D ,Õª�ì üä�÷ ´äÂ¨ÂÚ÷��� Àª�� Re < 1 Âð� üóø ¢Âî ÂÑ÷ éÂ¬ üµ¿ó ��Þ� Â��Â� ¤¢ ö�ÆØªø ý�ûøÂ�÷ ¥� ö� ¤¢ ö���üõ ø ´¨�.¢Âî ÂÑ÷ éÂ¬ üµ¿ó ý�ÜÞ� ¥� ö���üõ ö� ¤¢ �î ´¨� ü�ãõ ßþÀ� ø ´¨� ö�þÂ� ö¢�� ö�ÆØªøý��»��¤�õ ´îÂ� 4.1
ö� ¥� À»��üõ ý�îÂõ ý�ÎÖ÷ ¤ø¢ ��Âû ø ùÀª áøÂª ý�îÂõ ý�ÎÖ÷ ×þ ¥� �î ´¨� üÞ¡ 11�»��¤�õüµó�� ü¨À�Þª¤� ý�û�»��¤�õ .À÷�ªüõ Ý�ÆÖ� üÔÜµ¿õ á��÷� �� �û�»��¤�õ .℄3[((1-1)ÛØª) ¢�ªüõ Â�¤ø¢:À�îüõ ´�ã±� Âþ¥ â��� ¥� �î À�µÆû �û�»��¤�õ ¥�

r = a + bθ
1
nü¨À�Þª¤� ý�û�»��¤�õ ¥� ü¬�¡ ´ó�� .À�µÆû �ó¢�ãõ ý�û´��� b ø a ø ü±Îì ý�þø�¥ θ ,á�ãª r ö� ¤¢ �î.℄4[¢�ªüõ ´ê�þ ¤�êø �� ´ã�±Ï ¤¢ �î ¢¤�¢ ��÷ �õÂê ý�û�»��¤�õ Àµê�üõ ë�Ô�� n = 2 ý�Â� �î

Spiral 114



�û��±� ¢¤�õ ¤¢ ùÀª ��¹÷� ý�û¤�î 5.1
¥� ��±� À� ó� � .Àª� � ù¢� µ ê� ��¢ � � ñ� �¨ Û¡�¢ ¤¢ ¥�ð ý¤�ÀÖõ ö� ¤¢ �î À� þ�ðüõ üÞµÆ�¨ �� ��±�ýø¤ Â� �±ì �î üþ�û¤�î ¥� ý¢�Àã��� �õ�¢� ¤¢ .Àû¢üõ  ¤ ��ãê¢ �� ùÂõ¥ø ¤ üðÀ÷¥ ¤¢ �î ´¨� ü��� �Â¹�.Ýþ¥�¢Â�üõ ùÀª ��¹÷� �û��±�¼Î¨ �� ñ��¨ ö�ÞÆþ¤ ¢¤�¡Â� Â�� ¤¢ ùÀª ¢�¹þ� ý�û��±� 1.5.1ßþ� ¤¢ .´¨� ùÀª ��¹÷� ¼Î¨ ýø¤ Â� ö¢�µê� ��Ú�û ñ��¨ ö�ÞÆþ¤ ×�õ��þ¢ ýø¤ ý¢�þ¥ ý�û¤�î �µªÁð ¤¢�ãó�Îõ ¢¤�õ �±ì �î À�îüõ üÔÜµ¿õ ý�û ´ó�� ¢�¹þ� �� áøÂª ¼Î¨ ýø¤ Â� ö¢�µê� ¥� Å� ñ��¨ ö�ÞÆþ¤ ´ó��.À�î ��±� ¢�¹þ� ø �µ¡�À÷� ��¢ �� �¤ ��û À÷���üõ ñ��¨ �û´ó�� ßþ� ¥� ü¡Â� ¤¢ .[5− 13]À÷��µêÂð ¤�Âì×þ ¢ø¤ø Â�� ¤¢ �� ¤¢ ùÀª ¢�¹þ� ý�û��±� £�Ô÷ ÕÞä ýø¤ �¤ üþ�û¤�î 13�Âª� ø 12 ��Üdî 1997 ñ�¨ ¤¢ß�Ú÷��õ ´äÂ¨ �� D üÜ¡�¢ ÂÎì �� ý��÷¥ø ¤ ¥� �� .℄5[À÷¢�¢ ��¹÷� �� ö�¿õ Û¡�¢ �� �� ý��÷��µ¨� ý�µª¤.((2-1)ÛØª)¢�ªüõ ¢¤�ø �÷¥ø ¤ ¥� h ý�Ü¬�ê ¤¢ ü�� ö�¿õ Û¡�¢ �� θ ý�þø�¥ �� v0¥� ñ��¨ ý�µª¤ ´äÂ¨ �î üõ�Ú�û .(θ = 0)¢�ªüõ ¢¤�ø ö�¿õ ¼Î¨ Â� ¢�Þä �¤�¬ �� �� �Àµ�� ¤¢��û ¥� üþ�û�þ� ø À�î �±Üè 14 üÚ��þ�õ ý�ûøÂ�÷ Â� À÷���üõ ñ��¨ ý�µª¤ ,Àª�� ÂµÈ�� vc ý�÷�µ¨� ´äÂ¨�Ø��Ø� ý�ûÀ�þ�Âê ß�� ñ¢�ã� ´Üä �� ø À÷�ªüõ ö�¿õ Û¡�¢ ñ��¨ ö�þÂ� �� ��û ý�û�þ� .¢�ª ñ��¨ Û¡�¢ý�ûøÂ�÷ ÂÏ�¡ �� �û��±� £�Ô÷ ÕÞä ßþÂµÈ�� ¤¢ .¢�ªüõ Âµð¤�� �û��±� ýù¥�À÷� 16üÚµ¿�õ� Ýû �� ø 15öÀª�� �û��±� ø À�îüõ �±Üè �û��±� Â� ùÀª ¢¤�ø ü÷�ÆØªø ýøÂ�÷ �� ,¢�ªüõ ¢¤�ø �û��±� �� �î 17ý¤ø��ª

Christophe Clanet 12
Juan C. Lasheras 13

Capillary forces 14
Break up 15

Coalescence Processes 16
Buoyancy 17
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,h/D = 7 ,D = 2/159mm ,v0 = 2/4m/s) �� ¥� ü ÷� ¿ õ � � ùÀ ª Û ¡�¢ �� ´ � :2-1Û Ø ª.[5](θ = 0�µ±ó� .¢À÷���üõ á�ìø �� ñ��¨ ¼Î¨ ¥� H ÕÞä ¤¢ �±þÂÖ� �û��±� ´ÈðÂ� ßþ� .À��îüõ ´îÂ� ñ��¨ ¼Î¨ ´Þ¨´� üÎ¡ ý�÷�Ø� üÚµÆþ�� ¥� ù¢�Ôµ¨� �� .À��îüõ £�Ô÷ ýÂµÈ�� ý�ûÕÞä �� �î À÷¤�¢ ¢��ø ýÂ��þ¤ ý�û��±�:Ýþ¤�¢ Uj(z) ù¤�ª Í¨�µõ ´äÂ¨ ý�Â� ,(z = H) ÕÞä ¤¢ ñ��¨ ´� ø �÷¥ø ¤ ¥� ü�øÂ¡ ñ��¨
¯Uj(z) = v0 D

Dj(z)

ùÀª Ç¿� α = 12/5◦ ý�þø�¥ Ý�÷ ¤¢ H ÕÞä ¤¢ ñ��¨ ´� �î Ýþ¤�¢ üû�ÚÈþ�õ¥� ¸þ�µ÷ ßµêÂð ÂÑ÷ ¤¢ ���� ñ��¨ ´� £�Ô÷ ´äÂ¨ ö� ¤¢ �î ´êÂð ÂÑ÷ ¤¢ ö�þÂ� £�Ô÷ ÕÞä ö���ä �� �¤ H £�Ô÷ ÕÞä ö���üõ Å� .´¨�:Å� .[14](Uj(H) = UT ) ´¨� Â��Â� UT �û ��±� üþ�ú÷ ´äÂ¨
H

D
=

12 tan α

v0
UT

ý�û¤�î §�¨� Â� .À�¨¤üõ H £�Ô÷ ÕÞä ßþÂµÈ�� �� �î ´¨�û��±� UT ý�±¨�½õ ùÀ÷�õ üì�� ÛØÈõ �ú���� üÔ�î �¤�¬ �� �î Àþ�üõ ´¨À� UT ≈ 22/5cms−1 Çþ�õ¥� ßþ� ý�Â� ��±� ×� ×þ ´äÂ¨ [11] üÜ±ì¢�¹þ� ý��ª�¡ ý�û��±� ´äÂ¨ ö¢Âî �À�� ý�Â� .¢¤�¢ ü÷��¡Ýû ü�Â¹� �¤�¬ �� ùÀõ� ´¨À� ý�û´äÂ¨6



ýù¢�� ¤¢ ��û ´±Æ÷ αG ö� ¤¢ �î Ý��îüõ ù¢�Ôµ¨� UT = UTbubble

√1− αG ñ�õÂê ¥� Çþ�õ¥� ßþ� ¤¢ ùÀª´¨À� H
D ≃ 10/25v0 �î Àû¢üõ ö�È÷ ��±¨�½õ UT = 0/22ms−1ßµêÂð ÂÑ÷ ¤¢ �� .[15]´¨�û��±�¢��ø H ß��ã� ¤¢ �î ý¢�þ¥ ý�û��¡ ø ´ê� ´Üä �� .[14]´¨� ×þ¢�÷ üÜ±ì ý�û¤�î ¸þ�µ÷ �� ¤��Æ� �î Àþ�üõ¤¢ ø Deq = 2 tan αZeq �î Ýþ¤�¢ Â��ç� ßþ� �� .(2-1)ÛØª Ý��îüõ ù¢�Ôµ¨� â�Âõ ö���ä �� z = Zeq ¥� ,¢¤�¢:�¹�µ÷

H

D
=
1+ tanα2 tan α

v0
UT

ù¢�Ôµ¨� �� ñ�� .´ª�÷ w
D = v0

UT
�¤�¬ �� ö���üõ �¤ Zeq ¥�ù¢�Ôµ¨� �� ,w ,�û��±� ýù¢�� ­Âä ßþÂµÈ��:Ýþ¤�¢ ñ��¨ ö�¿õ Û¡�¢ �� θ ý�þø�¥ �� ùÀª ¢¤�ø ýù¤�ª ý�Â� Û±ì ��¢�ãõ ¥�

H

D
=

(1+ tanα) cos θ + tanα sin θ2 tan α

cos(θ − α)

cosα

v0
UT

ý�Â� üóø ¢¤�¢ ü÷��¡Ýû À¬¤¢15 ý�Î¡ �� üû�ÚÈþ�õ¥� ¸þ�µ÷ � � �ó¢�ãõ ßþ� θ > 30◦ ý�û ù¢�¢ ý�Â�.¢ø ¤üõ ß�� ¥� ü÷��¡Ýû ßþ� 0 < θ < 30◦ö�ÆØªø ñ��¨ ö�ÞÆþ¤ öÀª ¢¤�ø ¥� üª�÷ ý�û��±� ýø¤ ý¤�î 20¥Âð�
 ø 19�Öî ,18�e�÷¤�ó 2004 ñ�¨ ¤¢ù¢�Ôµ¨� η = 970P ü÷�ÆØªø �� ö�Ø�Ü�¨ ßèø¤ ¥� ¤�î ßþ� ¤¢ .℄6[À÷¢�¢ ���¤� �¤ ñ��¨ ö�Þû ¥� ü÷�¿õ Û¡�¢´äÂ¨ ¥� ´äÂ¨ ßþ� Âð� ,¢�ªüõ ¢¤�ø ñ��¨ ö�Þû ¥� ü÷�¿õ Û¡�¢ �� v ´äÂ¨ �� ö�ÆØªø ñ��¨ ö�ÞÆþ¤ .ÀªüÜ±ì ý�û¤�î ¤¢ .¢Â�üõ ñ��¨ ö�¿õ Û¡�¢ �� ¢�¡ �� �¤ üþ��û ý�þ� ñ��¨ ö�ÞÆþ¤ ßþ� Àª�� ÂµÈ�� vc ü÷�Â½�ñ��¨ ü÷�ÆØªø η0 ø ñ��¨ ü÷�ÆØªø η ö� ¤¢ �î Àþ� üõ ´¨¢ �� vc ∝ ln( η
η0 ) �¤�¬ �� ü÷�Â½� ´äÂ¨.16− 17´¨��û Í�½õ ñ��¨ âì��õ ÂµÈ�� �î ´¨� Í�½õ

Elise Lorenceau 18
David Quere 19
Jens Eggers 207



( 1/5mm ÂÎì ø η = 970mPas ü÷�ÆØªø �� ö�Ø�Ü�¨ ßèø¤ �¹�þ� ¤¢ ) ö�ÆØªø ñ��¨ ¥� üµ� :3-1ÛØª
(b − e .´¨� ü÷�Â½� ´äÂ¨ ¥� ÂµÞî ´� ¯�Ö¨ ´äÂ¨ �î üµó�� (a .¢�ªüõ ñ��¨ ö�Þû ¥� ü÷�¿õ Û¡�¢´³õøÂ� ÛØª ø ùÀ�¨¤ �µÆþ� ´ó�� �� ñ��¨ ´� �î üµó�� (f .ñ��¨ ´� ý�Â� ü÷�Â½� ´äÂ¨ ¥� Â���� ´äÂ¨.[6]´¨� �µêÂð ¢�¡ ��Â��Â� 1000 �±þÂÖ� ü÷�ÆØªø �� 1/5mm ÂÎì �� üó��¨ ´� ,¢�ªüõ ùÀþ¢ (3-1)ÛØª ¤¢ �î ¤�Ïö�Þûö�¿õ ¼Î¨ ¥� ö�ÞÆþ¤ ¯�Ö¨ á�Ô�¤� Â��ç� �� ý¢øÂê ñ��¨ ´äÂ¨ .¢�ªüõ Å�� ö�Þû ¥� üó��¨ ö�¿õ ¢¤�ø ���µÆþ� �¤�¬ �� ùÀª ùÀþ¢ ÛØª ø ´¨� vc ´äÂ¨ ¥� ÂµÞî ¯�Ö¨ ´äÂ¨ (3-1-a) ÛØª ¤¢ .¢�ªüõ Ý�Ñ���� ù�ÂÞû ø ùÀª ö�¿õ Û¡�¢ ñ��¨ ö�ÞÆþ¤ ø �µÆØª ¼Î¨ ,¢�ª ÂµÈ�� ü÷�Â½� ´äÂ¨ ¥� ¯�Ö¨ ´äÂ¨ Âð� .´¨�ö�ÞÆþ¤ �î üõ�Ú�û .(3-1-f) ÛØª �� (3-1-b) ÛØª À�îüõ ñ��¨ ö�¿õ Û¡�¢ �¤ üþ��û ý�þ� ¢�¡üþ�û��±� �� ��û ý�þ� ø ¢Â�ðüõ ¢�¡ �� ´³õøÂ� �� ��±ª üÜØª À¨¤üõ ¢�¡ £�Ô÷ ÕÞä ßþÂ¡� �� ñ��¨.¢�ªüõ ñ��¨ Û¡�¢ ø �µÆØªÇ÷�Þî Â�� ¤¢ ùÀª ¢�¹þ� ý�û��±� ýù¤��¤¢ �¤ ý¤�î 24ß� ø 23�±þ¤ ,22Âó�õ ,21ü±�±� 2008 ñ�¨ ¤¢� � ö� Ø � Ü � ¨ ß èø¤ ¥� ¤� î ß þ� ¤¢ .[18]À ÷¢Â î Â È µ � õ À õ� � ¼Î¨ � � ¢¤� ¡Â � �� Ú � û � � ñ� � ¨ ö� Þ Æ þ¤ÝÑ�õ ý�û��±� �î Àª ùÀû�Èõ ø Àª ù¢�Ôµ¨� ν = 100,300,1000,5000cm2s−1 ÓÜµ¿õ ý�ûü÷�ÆØªø©¤�ª  Â÷ ø d = 1/5,1/6mm ñ��¨ �øÂ¡ ý�÷¥ø¤ ÂÎì ý�Â� ν = 300cm2s−1 ü÷�ÆØªø ý�Â� ü»��¤�õüÈ÷�Âð Ýþ� ¤ ¥� ü¬�¡ ýù¢øÀ½õ ¤¢ .¢�ªüõ ùÀþ¢ H = 32− 50mm ø Q = 0/047− 0/137cm3s−1

M. Habibi 21
P. C. F. Moller 22

N. M. Ribe 23
D. Bonn 24
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üÞþÀÖ� ´îÂ� Å÷�îÂê ø á�ãª fp ø rp ø ñ��¨ ö�ÞÆþ¤ �»��¤�õ Å÷�îÂê ø á�ãª fc ø rc (a :4-1ÛØª
rc/rp = 3�¹�þ� ¤¢ .À�µÆû ¢�ªüõ ¢�¹þ� ñ��¨ ö�ÞÆþ¤ �»��¤�õ �îÂõ ´îÂ� ¥� �î ùÂþ�¢ ×þ ýø¤ �»��¤�õý��»��¤�õ ñ�Øª� ù¢�µê� ��¢ �� ý�û��±� ø ¢¥�À÷�üõ ��¢ �� �¤ ��û ý�û��±� ñ��¨ ö�ÞÆþ¤ (b .fc/fp = 4ø.[18]´¨� 1cm ¢øÀ� ¤¢ ñ��¨ ýù¢�� ÂÎì .À÷¤ø�üõ ÀþÀ� �¤ üþ�±þ¥¥� �øÂ¡ ��Ú�û �û��±� ßþ� �î À�îüõ ��±� À�ó�� ø ù¢�µê� ��¢ �� ñ��¨ ý�û�µª¤ ß�� ��û �î ¢�ªüõ ùÀû�Èõ.((4-1-b)ÛØª) À��îüõ ´îÂ� ¼Î¨ ýø¤ Â� �¡�ª ¸�� ý�ûº��¤�õ �¤�¬ �� ñ��¨ ýù¢�� Âþ¥ýÀõ�Æ� �� À�îüõ ¢�¹þ� ¢�¡ ´îÂ� ¥� �î ý�ùÂþ�¢ ñ�� º��¤�õ �îÂõ ñ��¨ ö�ÞÆþ¤ º��¤�õ ¥� ´ó�� ßþ� ¤¢º��¤�õ ýø¤ ÀþÀ� ý�ûº��¤�õ ÂÏ�¡ ß�Þû �� .À�îüõ üÞþÀÖ� ´îÂ� ¢�¡ Ç»��¤�õ Å÷�îÂê À¬¤¢ 25 ¢øÀ�Û�ØÈ� �û��±� ßþ� .À�µê�üõ ��¢ �� ��û ý�û��±� Ç»��¤�õ ø¢ ß�� ý�Ü¬�ê ¤¢ ø À÷�ªüÞ÷ ¢�¹þ� üÜ±ì.((4-1-a)ÛØª) À÷�ªüõ ¢�¹þ� Ç»��¤�õ ýù¤ø¢ ¤�ú� ¤¢ ��±� ¸�� ßþ� .À�û¢ üõ �¤ ÝÑ�õ ý�¡�ª ¸��.À��þüõ Â��ç� ��÷ á�Ô�¤� ��Â��ç� �� �û��±� ýù¥�À÷� .À��þüõ Çþ��ê� ©¤�ª  Â÷ Çþ��ê� �� �û��±� ýù¥�À÷�.¢¤�¢ üÚµÆ� ¯�Ö¨ á�Ô�¤� ø ©¤�ª  Â÷ �� �û��±� Ç»��¤�õ ý�û�¡�ª Ç¡Â�´äÂ¨ �î Ýþ¤�¢ ¼Î¨ ýø¤ ñ��¨ ÝÜ�ê á�Ô�¤� ö¢�� ´��� ø Ý¹� ý�Ö� ­Âê �� ´îÂ� ßþ� ý¥�¨ ñÀõ ý�Â�Å÷�îÂê � � ��±� Àó�õ �î üþ�¹÷� ¥� .À�îüõ ýøÂ� � r ∼ t0/5 � þ dr

dt ∼ 1
r ¥� ¼Î¨ ýø¤ �û��±� ´îÂ�ßþ� .´¨� �þø�¥ θ ø ´��� ¤�ÀÖõ ×þ a ,á�ãª r ö� ¤¢ �î r = ±aθ0/5 Ýþ¤�¢ ,À�îüõ ´îÂ� üµ��� üÈ¡Â�­Âê ´îÂ� ßþ� ö¢Âî ñÀõ ý�Â� .À�îüõ ´�ã±� �õÂê ý�ûÇ»��¤�õ ´îÂ� ý�Úó� ¥� �û��±� ´îÂ� ý�Úó�á�ãª ø Å÷�îÂ ê ø À¡Â�üõ rp á�ãª � � ý�ùÂ þ�¢ ñ�� fp Àõ�Æ � � � ö�ÞÆþ¤ Ç»� �¤� õ �îÂõ �î Ý� � îüõý�Î��¤ ¥� �û��±� ´îÂ� Â�Æõ ßþ�Â���� .(4-1-a)ÛØª Àª��üõ fc, rc °��Â� �� ùÂþ�¢ ßþ� ñ�� �ûÇ»��¤�õ
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:À�îüõ ´��ã±� Âþ¥
x(t) = rp cos(2πfpt) + rc cos(2πfct)

y(t) = rp sin(2πfpt) − rc sin(2πfct)

¢�Àã� ý�±¨�½õ ýù�½÷ ¤�î ßþ� ¤¢ �ûö� .´¨� fc

fp
≈ rc

rp
≈ 4Çþ�õ¥� ßþ� ý�Â� �î ù¢�¢ ö�È÷ ��Àû�Èõ.À÷�ù¢Âî �±¨�½õ ��÷ �¤ üä�÷ Çþ�õ¥� ×þ ý�Â� ùÀª ¢�¹þ� ý�û��±� ý�û�¡�ªñ��¨ ö��ø ¤ ü÷�¨�÷ öÀª �� ¥� üª�÷ ý�û��±� 2.5.1

ùÀª ��¹÷� ¼Î¨ ýø¤ Â� ö¢�µê� ��Ú�û ñ��¨ ö��ø ¤ ü÷�¨�÷ öÀª�� ×�õ��þ¢ ýø¤ �µªÁð ¤¢ ý¢�þ¥ ý�û¤�î�µÆþ� ü÷�þÂ� ÛØª �� �Àµ�� ¼Î¨ ýø¤ Â� ö¢�µê� ø Âê ��Ú�û ö�ÆØªø ñ��¨ ö��ø ¤ ´ó�� ßþ� ¤¢ .[23− 26]´¨��� ¢�¡ ýø¤ ø À�îüõ öÀª�� �� áøÂª �÷�µ¨� á�Ô�¤� �� öÀ�¨¤ ø á�Ô�¤� Çþ��ê� �� Å³¨ Àþ�üõ øÂê ¼Î¨ ýø¤Û¡�¢ �¤ ��û À÷���üõ ñ��¨ ý�û�� ´ó�� ßþ� ¤¢ .À�îüõ Â��ç� ��÷ öÀª Ý¡ ×�õ��þ¢ á�Ô�¤� Çþ��ê� �� .¢�ªüõ.À�î ��±� ¢�¹þ� ø �µ¡�À÷� ��¢ �� ¢�¡öÀ ª� � Â �� ¤¢ ùÀ ª ¢� ¹ þ� ý� û�� ± � ýù¤� �¤¢ �¤ ý¤� î 26ß �� õ-À � Æ � ø 25ü � � ó� � 2008 ñ� ¨ ¤¢ü ó�Ú� ø η = 100P ü÷�ÆØªø � � ö�Ø � Ü � ¨ ßèø¤ ¥� ¤� î ß þ� ¤¢ .[19]À ÷¢Â î � þ�¤� ñ� � ¨ ö� �ø ¤ ü ÷� ¨� ÷�� ÷ �ûö� ýù¢�Ôµ¨� ¢¤�õ é�Øª .À÷¢Âî ù¢�Ôµ¨� γ = 21dynecm−1 ü½Î¨ÇÈî ø ρ = 0/93grcm−3ùÀõ� (5-1-a) ÛØª ¤¢ �î ¤�Ïö�Þû üû�ÚÈþ�õ¥� ö�õÀ�� ¤¢ .¢�� 0/2× 2/2cm2¢�ã�� �� üÎ¡ é�Øª�� ßþ� ¤¢ .Àµê�üõ ���Èõ ö�Ø�Ü�¨ ßèø¤ ¥� ü÷�¿õ Û¡�¢ H á�Ô�¤� üÏ �� S é�Øª ¥� ö�Ø�Ü�¨ ßèø¤ ´¨�.¢�ªüõ ùÀ÷�¢Âð¥�� C üþ��� ö�¿õ �� A ü¨À�Þª¤� º�� ¥� ù¢�Ôµ¨� �� ßèø¤
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