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.Ý÷��Âúõ ¤¢�õ ø ¤À� �� ÝþÀÖ�



ÂØÈ� ø ü÷�¢¤Àì
ö�±�µÈ� ù¤��Þû �î ��þ�ä ýù¢��÷�¡ ¤��î ¤¢ ö¢�� «�Ê¡ �� Ç÷�þ��ü� ý�û´Þã÷ ý�Þû ý�Â� Ý÷��Âúõ ý�À¡ ¥�.�ÂØÈµõ ,À÷¢�� ßõü÷�¢¤Àì ø ÂØÈ� ñ�Þî ,ö�Èçþ¤¢ü� ��Þ�¥ ø �ûüþ�Þ�û�¤ ��Þ� ý�Â� ü±�±� ýÀúõ Âµî¢ ��þ�ä ý�Þ�û�¤ ¢�µ¨� ¥�ö�µ¨ø¢ ¥� .�ÂØÈµõ �õ�÷ ö�þ�� ßþ� ¢Â�Ç�� ¤¢ ö�Èþ�û×Þî ý�Â� üØÜõ ��÷�õ Âµî¢ ��þ�ä ¤ø�Èõ ¢�µ¨� ¥� .�¤�¢ �¤ö�õ¤� ,ü��Æ� ß�Æ�À�¨ ,üÞ��¡ ßÆ�ÀÞ½õ ,ýÂ¬�÷ ß�Æ� ý�ì� ùÀ�»�� ����¨ ù�ÚÈþ�õ¥� ¤¢ Ý��¡,ÂÔ÷�Æ�� Ý�û�Â�� ,�ÀÖõ ö�ðÀ�È¿� ¢�ªÂê ý�ì� Ý��¡ ö�µ¨ø¢ ß��»Þû ø ßþ£� Ý÷�¡ ø üÔ¹÷ ¢��� ,ý¢����¤�øÀ�õ� .�¤�¢ �¤ ÂØÈ� ´þ�ú÷ ,�¢�� ö�ª¤��î ¤¢ ñ�¨ À�� ßþ� üÏ ¤¢ �î �Ü÷�ÎÜ¨ ÝþÂõ Ý÷�¡ ø ö�þøÂÆ¡ ýÀúõ.À�ª�� Õê�õ ù¤��ÞûüÚ�ûÂê ø üÞÜä Í�½õ ß��� ö¢Âî Ýû�Âê ý�Â� üÜ�ÞØ� ���Ê½� �îÂõ ¤�ÁÚ÷���� ü��±� ¤�ÆêøÂ� ¥� ´þ�ú÷ ¤¢.�¤�¢ �¤ ü÷�¢¤Àì ø ÂØÈ� ñ�Þî

¤�ú�



ùÀ�Ø�Âµ�þÂ� ý¤�Àþ���÷ �� �î ö�¡Â� üÖê� ý�÷��µ¨� ñ�� ñ��¨ ö�ÆØªø ø í¥�÷ ÝÜ�ê ¤�µê¤ ü¨¤Â� �� �õ�÷ö�þ�� ßþ� ¤¢ñ��¨ ¤¢ üÊ¿Èõ á�Ô�¤� �� �î ö�¡Â� ý�÷��µ¨� ×þ ü�¤�¡ ¼Î¨ ¤¢ í¥�÷ ÝÜ�ê ßþ� .Ýþ¥�¢Â�üõ ,´¨� éøÂãõñ��¨ ÝÜ�ê ,�÷��µ¨� ý��þø�¥ ´äÂ¨ Çþ��ê� �� .´¨� ùÀª Û�ØÈ� ß�þ�� ý��þø�¥ ý�û´äÂ¨ ¤¢ ,´¨� ¤ø�Ï�èñ�� ñ��¨ ¥� üþ�û�ÖÜ� (ωc) ü÷�Â½� ý��þø�¥ ´äÂ¨ ×þ ¤¢ ø Àû¢üõ ´¨¢ ¥� �¤ ¢�¡ üµ¡���Øþ ,ùÀª ¤�Àþ���÷�÷��µ¨� ý��þø�¥ ´äÂ¨ �� �û�ÖÜ� ßþ� ´õ�¿® ø ¢�Àã� �î Àû¢üõ ö�È÷ ��Àû�Èõ .À÷�ªüõ Û�ØÈ� �÷��µ¨�Çû�î �ú÷� ý��ú� ø �µê�þ Çþ��ê� �û�ÖÜ� ¢�Àã� �÷��µ¨� ý��þø�¥ ´äÂ¨ Çþ��ê� �� �î ý¤�Ï �� ,¢¤�¢ üÚµÆ�.Ý��îüõ �Æþ�Öõ Ýû �� �¤ �ú÷� üð¤�� ,�µêÂð ÂÑ÷ ¤¢ �¤ Ýúõ ý�ûøÂ�÷ Â�� �ÜÿÆõ ßþ� ý¤�ÿ� Û�Ü½� ý�Â� .À��þüõ�ûù¢�¢ �� �¤ �Î��¤ ßþ� üµ¨¤¢ ,ù¢¤ø� ´¨À� �û�ÖÜ� ý��ú� ý�Â� ý��Î��¤ ,ýÀ��§��Öõ ©ø¤ ¥� ù¢�Ôµ¨� �� Å³¨.Ý��îüõ Õ�Ö½� ,Çþ�õ¥� ¥� ùÀõ� ´¨À� ü�Â¹� ¸þ�µ÷ ø

¸��



´¨Âúê
¸�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ùÀ�Ø��÷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ¤�µÔÚÈ������¨ ý��óø� Ý�û�Ôõ Â� ý¤øÂõ 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõ 1.12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ����¨ ×�õ��þ¢ 2.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ����¨ ¤¢ �Â� ý�Ö� ö�÷�ì 3.14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ç�� ¤�Æ÷�� 4.16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü÷�ÆØªø 5.17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü����÷ ñ��¨ 6.17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ÂþÁ��÷Ýî�Â� ñ��¨ 7.18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Åî�µ¨� -Âþø�÷ ý�ó¢�ãõ 8.111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü½Î¨ ÇÈî 9.1Çª



13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ý¤�Ø�èø¤ ý¤�ÿ� 10.115 . . . . . . . . . . . . . . . . . . . ¤�Èê ö�þ¢�Âð ñ�Þä� ´½� ñ��¨ í¥�÷ ÝÜ�ê ×�õ��þ¢ 11.116 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ����¨ ¤¢ ý¤�Àþ���÷ 12.118 . . . . . . . . . . . . . . . . . . . . . . . . . . . . ¤�Ü�� - üÜþ¤ ý¤�Àþ���÷ 1.12.121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ´��î -¤�Ü�� ý¤�Àþ���÷ 2.12.1Âµ�þÂ� ý¤�Àþ���÷ 225 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Âµ�þÂ� ý¤�Àþ���÷ 1.228 . . . . . . . . ö�¡Â� üÖê� ý�÷��µ¨� ×þ ü�¤�¡ ¼Î¨ ¤¢ ö�ÆØªø í¥�÷ ÝÜ�ê 1.1.229 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ��Ôõ ý¤�ÿ� 2.1.2ö�Ø�Ü�¨ ßèø¤ ¤¢ ö�¡Â� üÖê� ý�÷��µ¨� 337 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Çþ�õ¥� ö�õÀ�� 1.340 . . . . . . . . . . . . . . . . . . . . . . . ü�Â¹� ��Àû�Èõ ø Çþ�õ¥� ��¹÷� ýù�½÷ 2.349 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ý¤�ÿ� Û�Ü½� 1.2.3�õ ñ� ¤¢ ö�¡Â� üÖê� ý�÷��µ¨� 459 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü����÷Â�è ñ��¨ 1.460 . . . . . . . . . . . . . . . . . . . . . . . . . ü����÷Â�è ����¨ ýÀ���Ö±Ï 1.1.461 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ÂþÁ�Ç�� ����¨ 2.1.4´Ôû



62 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ñ� 2.463 . . . . . . . . . ñ� ¤¢ ö�¡Â� üÖê� ý�÷��µ¨� ×þ ý�Â� üû�ÚÈþ�õ¥� ��Àû�Èõ 1.2.467 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ýÂ�ð�¹�µ÷ 2.2.4ýÂ�ð�¹�µ÷ ø ýÀ��âÞ� 572 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . â��Âõ

´Èû



¤�µÔÚÈ��ù¢�� ´�Þû� ���� ö�À�ÞÈ÷�¢ ý�Â� ù¤��Þû ,´¨� ����¨ ×�õ��þ¢ üÜ¬� éÀû �î ����¨ ´îÂ� ø ¤�µê¤ ü¨¤Â�ø À÷�ªüõ ý¤�� ,À��î ÛÞ½� ,¢�ªüõ ñ�Þä� �ú÷� Â� �î �¤ üªÂ� Ç�� À�÷���üÞ÷ �î ö� Û�ó¢ �� ����¨ .´¨�ø �ûýÂ�ðÛØª ,¢�ªüõ ¢¤�ø �ú÷� Â� ÝµÆ�¨ éÂÏ ¥� üþ�ûøÂ�÷ �� ø À÷¤�¢ ¤�Âì üÞµÆ�¨ �� ¤¢ �î ßþ� �� ���� ��Û��Æõ ¤¢ �î À�ª�� ¤�Àþ���÷ �þ ø ¤�Àþ�� ,´¨� ßØÞõ �ûýÂ�ðÛØª ßþ� .À�û¢üõ ö�È÷ ¢�¡ ¥� üÔÜµ¿õ ý�û�ÂÏøÂ�÷ À�� �þ ø¢ �f �Þãõ ����¨ �� ¯��Âõ ý�û¤�Àþ���÷ ¤¢ .À÷Â�ðüõ ¤�Âì �ãó�Îõ ¢¤�õ ����¨ ý¤�Àþ���÷ �� ¯��ÂõáøÂª ý�Â� ý��÷�µ¨� ø ¤��ãõ ö���üõ �ûøÂ�÷ ßþ� üð¤�� ý�Æþ�Öõ �� ,À��îüõ ´��ì¤ Ýû �� �î À÷¤�¢ ¢��øý¤�Àþ���÷ ,¤�Ü�� - üÜþ¤ ý¤�Àþ���÷ À�÷�õ ,¢¤�¢ ¢��ø ����¨ ¤¢ ý¤�Àþ���÷ ÓÜµ¿õ á��÷� .[11]´ê�þ ý¤�Àþ���÷.Âµ�þÂ� ý¤�Àþ���÷ ø ´��î -¤�Ü���÷��µ¨� Ç¡Â� .´¨� ö�ÆØªø ñ��¨ �� §�Þ� ¤¢ ö�¡Â� üÖê� ý�÷��µ¨� ø¢ �þ ×þ �f �Þãõ Âµ�þÂ� ý¤�Àþ���÷ ¤¢��� ý�ûß�ª�õ ¤¢ �î ö� ´Üä �� .¢�ªüõ ÝµÆ�¨ ¤¢ ñ��¨ ¥� üÔÜµ¿õ ý�û�ÂÏ ¢�¹þ� ø ñ��¨ ý¤�Àþ���÷ ¶ä��,À�µÆû ö�¡Â� ý�÷��µ¨� Ûõ�ª �î üþ�ûÝµÆ�¨ ¤¢ ñ��¨ ý¤�Àþ���÷ ,´¨� ö�¡Â� ý�÷��µ¨� �� §�Þ� ¤¢ ñ��¨ ��÷Âµ�þÂ� ý¤�Àþ���÷ ö���ä �� �î �¤ üþ�ûÝµÆ�¨ ¥� �÷�Þ÷ ø¢ �ø¢ ÛÊê ¤¢ .À÷�ªüõ üêÂãõ Âµ�þÂ� ý¤�Àþ���÷ ö���ä ��.Ý��îüõ ö��� ,À÷�ùÀª üêÂãõñ��¨ ×þ ¥� üÊ¿Èõ ø íÀ÷� á�Ô�¤� ¤¢ �î ´¨� ö�¡Â� üÖê� ý�÷��µ¨� ×þ Ûõ�ª �õ Çþ�õ¥� ¢¤�õ ÝµÆ�¨�÷��µ¨� ü�¤�¡ ¼Î¨ ¤¢ ñ��¨ ¥� üµ¡���Øþ ø í¥�÷ ÝÜ�ê Ýî ý��þø�¥ ý�û´äÂ¨ ¤¢ .´¨� �µêÂð ¤�Âì ö�ÆØªøø Àû¢üõ ´¨¢ ¥� �¤ ¢�¡ üµ¡���Øþ ,ùÀª ¤�Àþ���÷ ñ��¨ ÝÜ�ê �÷��µ¨� ý��þø�¥ ´äÂ¨ Çþ��ê� �� .¢�ªüõ Û�ØÈ��f��Î¬� ´ó�� ßþ� ¤¢ ,À÷�ªüõ Û�ØÈ� �÷��µ¨� ñ�� ñ��¨ ¥� üþ�û�ÖÜ� (ωc) ü÷�Â½� ý��þø�¥ ´äÂ¨ ×þ ¤¢.´¨� ùÀª ¤�Àþ���÷ ÝµÆ�¨ ,¢�ªüõ �µÔð¤¢ �¤ �ÜÿÆõ ßþ� ¤¢ Ýúõ ý�ûøÂ�÷ Â�� ,ö�¡Â� üÖê� ý�÷��µ¨� ñ�� ñ��¨ í¥�÷ ÝÜ�ê ×þ ¤�µê¤ ý¤�ÿ� Û�Ü½� ý�Â�ý��ú� ý�Â� ý��Î��¤ ,ýÀ��§��Öõ©ø¤ ¥� ù¢�Ôµ¨� �� Å³¨ .Ý��îüõ �Æþ�Öõ Ýû �� �¤ �ú÷� üð¤�� ,�µêÂð ÂÑ÷.Ý��îüõ Õ�Ö½� ,Çþ�õ¥� ¥� ùÀõ� ´¨À� ü�Â¹� ¸þ�µ÷ ø �ûù¢�¢ �� �¤ �Î��¤ ßþ� üµ¨¤¢ ,ù¢¤ø� ´¨À� �û�ÖÜ�
�÷



Âþ¥ Ûþ�¢ �� ö���üõ üÖê� ý�÷��µ¨� ü�¤�¡ ¼Î¨ ¤¢ ñ��¨ í¥�÷ ÝÜ�ê ¤�µê¤ �ãó�Îõ ý�ûù��Ú÷� ßþÂ�Ýúõ ¥�.¢Âî ù¤�ª�Áè�î Â�Þ¡ �� §�Þ� ¤¢ �î À÷¤�¢ ¢��ø üþ�û×µÜè ,¢ø¤üõ ¤�î �� Áè�î ´¡�¨ ý�Â� �î üþ�ûß�ª�õ ¤¢ (1.¢¤�Áðüõ Â���b� Áè�î Â�Þ¡ Â� �ú÷� Ç¡Â� ´äÂ¨ ø À�µÆûÂð� .¢�ªüõ ù¢�Ôµ¨� Ù÷¤ ý�û×µÜè ¥� üØ�µ¨�� ��½Ô¬ �þ ø �û��¤�� ö¢Âî Ù÷¤ ý�Â� ü��Æ÷ ´ã�¬ ¤¢ (2¢�þ¥ ý��þø�¥ ´äÂ¨ �� ×µÜè Âð� ø Àª Àû��¡ ý¤�� ß�þ�� �� Ù÷¤ ,Àª�� Ýî üÜ�¡ Ù÷¤ ×µÜè ý��þø�¥ ´äÂ¨.Àª Àû��¡ �Â� öøÂ�� �� Ù÷¤ ,À¡Â»�ö�ø ¤ �ú÷� �� �î ý¤�Ø�èø¤ ý�Â� ñ��¨ ¥� ý��þ� �� ,À÷ø ¤üõ ¤�Ø� �ûß�ª�õ ¤���õ ¤¢ �î ö�¡Â� ý�û�Ü�õ (3¤�Âì �Ü�õ Ç¡Â� ´äÂ¨ Â���b� ´½� À÷���üõ ùÀ��î ö�ø ¤ ý�þ� ßþ� ´õ�¿® .À÷¤�¢ ¥��÷ ,¢�ªüõ �µÔð ùÀ��î.¢Â�ð
.[20] ¢¤�¢ üµª�Àú� âþ��¬ ø ý¥�¨ ��Øª ,ý¥�¨�È�ª ´ã�¬ ¤¢ �î üþ�û¢Â��î ß��»Þû �ÜÿÆõ ßþ� (4

ù¢



ñø� ÛÊê
����¨ ý��óø� Ý�û�Ôõ Â� ý¤øÂõ

�õÀÖõ 1.1üÜ¬� éÀû �î ����¨ ´îÂ� ø ¤�µê¤ ü¨¤Â� ßþ�Â���� ,À÷¤�¢ ùÂõ¥ø¤ üðÀ÷¥ ¤¢ ü÷�ø�Âê ý�û¢Â�¤�î 1����¨�î ´¨� ßþ� ¤¢ ��Àõ�� �� ����¨ üÜ¬� �ø�Ô� .´¨� ´�Þû� ���� ö�À�ÞÈ÷�¢ ý�Â� ,´¨� 2����¨ ×�õ��þ¢�î �¤ üªÂ� Ç�� À÷���üÞ÷ ñ��¨ üóø .¢�ªüõ ÂþÁ�´ÈðÂ� ý�ûÛØª Â��ç� ÛÞ½µõ üªÂ� ý�ûÇ�� ´½� Àõ��ý¤�� Â��Â� ¤¢ �¤ ñ��¨ ´õø�Öõ .¢�ªüõ ý¤�� üªÂ� Ç�� ßþ� �� ¾¨�� ¤¢ ø À�î ÛÞ½� ,¢�ªüõ ñ�Þä� ö� Â�ý¤�� üµ¿¨ �� Â�ì ø ÛÆä À�÷�õ À÷¤�¢ ý¢�þ¥ ü÷�ÆØªø �î ü����¨ .À��îüõÉ¿Èõ 3ü÷�ÆØªø �� öÀª.[1]À÷�ªüõ´¨� ßØÞõ ñ��¨ ×þ .´¨� Ýúõ üÜ�¡ ,¢Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õ ñ��¨ �î ü÷�õ¥ §��Öõ ����¨ ý�ãó�Îõ ¤¢ñ��¨ À�÷�õ ÂÚþ¢ ü÷�õ¥ §��Öõ ¤¢ ø À�î ÛÞä Àõ�� À�÷�õ ,¢Â�ðüõ ¤�Âì �ãó�Îõ ¢¤�õ �î ü÷�õ¥ §��Öõ ×þ ¤¢
Fluids 1

Fluid Dynamics 2
Viscosity 31



6ý�÷�ðâþ�õ ø 5�÷�ðÀõ�� ¤�µê¤ �î ¢�ªüõ ÓþÂã� (τ) 4ÇÜû�ø ö�õ¥ ×þ ñ��¨ Âû ý�Â� .¢�ª ý¤�� ,ù¢Âî ¤�µê¤Àõ�� À�÷�õ ¢�ª ñ�Þä� Ç�� ÇÜû�ø ö�õ¥ ¥� ÂµÞî ü÷�õ¥ ¤¢ ñ��¨ �� Âð� ñ�·õ ý�Â� .À�îüõ �À� Ýû ¥� �¤ ñ��¨¥� ¢��õ ý�Â� ÇÜû�ø ö�õ¥ �f �Þãõ .¢�ªüõ ý¤�� âþ�õ À�÷�õ Àª�� τ ¥� ÂµÈ�� Ç�� ñ�Þä� ö�õ¥ Âð� ø À�î üõ ¤�µê¤.À�îüõ Â��ç� ��÷�� 10−10 �� 10−12ñ��¨ ¥� ü����÷ ñ��¨É�¿È� .À÷�ªüõ ýÀ�� Ý�ÆÖ� 8ü����÷Â�è ñ��¨ ø 7ü����÷ ñ��¨ á�÷ ø¢ �� ����¨.[1,2]´¨� ÂþÁ�ö�Øõ� ýÂµõ��¤ ø ©¤�ª ß�� ü÷�ÆØªø ýÂ�ðù¥�À÷� �� ü����÷Â�è����¨ ×�õ��þ¢ 2.1Ý�ÆÖ� ×��î ´þ�ú��� üÞ¹� ý�ûÂÊ�ä �� �¤ ö� �î ´¨� ßþ� ñ��¨ ×þ ´îÂ� Ó�¬�� ý�úû�¤ ¥� üØþ�Æþ�Öõ ¤¢ ö� ýù¥�À÷� ø ´¨� ñ�Øó�õ ý¢�þ¥ ¢�Àã� Ûõ�ª �î ¢�ªüõ ùÀ�õ�÷ 9ñ��¨ ýù¤£ ,ÂÊ�ä ßþ� .À��îüõ,ÝµÆ�¨ ýù¥�À÷� ÂÚ÷��� °��Â� �� l ø a, L �¹�þ� ¤¢ ,(l ≪ a ≪ L) ´¨� ×��î ¤��Æ� ÝµÆ�¨ Ûî ýù¥�À÷� ��.[2]´¨� ñ��¨ ñ�Øó�õ ×þ ýù¥�À÷� ø ñ��¨ ýù¤£ ýù¥�À÷�ýù¤£ Â û � � ýÄ ÷�Â ð� ù� ðÀ þ¢ ¤¢ .¢¤�¢ ¢� �ø ýÂ Ü þø� ø ýÄ ÷�Â ð� ù� ðÀ þ¢ ø¢ ñ� � ¨ ´ îÂ � ü ¨¤Â � ý�Â �.À � � îü õ É ¿ È õ ö� õ¥ ¥� ü ã ��� � �¤� ¬ � � �¤ � ú ÷� ø ù¢�¢ ´ ± Æ ÷ �¤ (x, y, z) �� Ê µ ¿ õ ñ� � ¨ý�ûâ��� Í¨�� ö���üõ ,´¨� ù¢�� (x0, y0, z0) ¤¢ t0 ¤¢ �î ý�ù¤£ t ý�Ñ½ó �� ¯��Âõ (x, y, z) ��Êµ¿õ¤¢ .¢Â î ß� � ã � ,À � � îüõ Ó�¬� � �¤ ñ� �¨ �î z(x0, y0, z0, t0, t) ø y(x0, y0, z0, t0, t), x(x0, y0, z0, t0, t)ñ��¨ ý��Ñ½ó ´äÂ¨ ø üó�Ú�­�ä ¤¢ ,¢�ªüÞ÷ üú��� ñ��¨ ýù¤£ Âû ý�µªÁð üÚ÷�Ú� �� ýÂÜþø� ù�ðÀþ¢´äÂ¨ ø ρ(x, y, z, t) üó�Ú� ö¢Âî É¿Èõ �� �¤ ñ��¨ ´îÂ� âì�ø ¤¢ .À��îüõÉ¿Èõ �Ìê ¥� �ÎÖ÷ Âû ¤¢ �¤×þ ¤¢ �î À��îüõ é�Îãõ ßþ� �� �¤ ¢�¡ ���� ø À��îüõ ö��� t ý�Ñ½ó ¤¢ ø (x, y, z) ý�ÎÖ÷ ¤¢ u(x, y, z, t)

Relaxation Time 4
Solid-Like Behaviour 5

Liqud-Like Behaviour 6
Newtonian Fluid 7

non-Newtonian Fluid 8
Element of Fluid 92



.[3]Àµê�üõ ë�Ô�� �� �Ìê ¥� ü¬�¡ ý�ÎÖ÷ ¤¢ ,ß�ãõ ý�Ñ½ó×þ .Ý��îüõ �±¨�½õ �¤ ñ��¨ ýù¤£ ×þ ��µª ü�ãþ ,´äÂ¨ ü÷�õ¥ ÕµÈõ ýÄ÷�Âð� ©ø¤ ¥� ù¢�Ôµ¨� �� ö��î�´ªÁð ¥� Àã � .Ý þÂ � ðüõ ÂÑ÷ ¤¢ ´¨� u(r1, t) ´äÂ¨ ý�¤�¢ �î M(r1) ö�Øõ ¤¢ t ö�õ¥ ¤¢ �¤ ñ� �¨ ýù¤£
u(r2, t′) ´äÂ¨ ý�¤�¢ ø ´¨� âì�ø t′ = t + δt ö�õ¥ ¤¢ ø r2 = u(r1, t)δt + O(δt2) ö�Øõ ¤¢ ù¤£ ,(δt) ö�õ¥ýù¤£ ö�Øõ ¥� üª�÷ ��Â��ç� Ýû ø ö�õ¥ ¥� üª�÷ ��Â��ç� Ýû ,(δu) ñ��¨ ýù¤£ ßþ� ¤¢ ´äÂ¨ Â��ç� .Àª��üõ:¢¤�¢ Â� ¤¢ �¤ ñ��¨

δu = u(r2, t′) − u(r1, t) =
∂u

∂t
δt +

∂u

∂x
δx +

∂u

∂y
δy +

∂u

∂z
δz. (1)��Æ� �� Âþ¥ �¤�¬ �� (du/dt) ñ��¨ ýù¤£ ��µª ,( lim

δt→0 δx
δt

= ux) ø ( lim
δt→0 δu

δt
= du

dt
) �î ßþ� �� ���� ��: [2]¢�ªüõ

du

dt
=

∂u

∂t
+ ux

∂u

∂x
+ uy

∂u

∂y
+ uz

∂u

∂z
=

∂u

∂t
+ (u.∇)u. (2)

����¨ ¤¢ �Â� ý�Ö� ö�÷�ì 3.1.ÀþÂ�Ú� ÂÑ÷ ¤¢ (1-1) ÛØª Õ��Îõ ,´¨� ùÀª ¤�Ê½õ s ¼Î¨ Í¨�� �î V ù��¿ó¢ Ý¹� ×þ
.[4]�Â� ý�Ö� ö¢¤ø� ´¨À� ý�Â� ý�ù¢�¨ ÛØª :1-1ÛØª�î À�îüõ ö��� �Â� ý�Ö� ö�÷�ì .¢�ª �¤�¡ ö� ¥� �þ ø Û¡�¢ Ý¹� ßþ� ¤¢ ö�õ¥ ¥� �Ñ½ó Âû ¤¢ À÷���üõ ñ��¨3



.s ¼Î¨ ¥� ý¤�±ä ¤�ª ý�ú�õ �� ´¨� ýø�Æõ Ý¹� ¤¢ �Â� ü÷�õ¥ ��Â��ç�
d

dt

∫

V

ρdV = −
∫

s

ρu.nds (3)�î ´¨� ñ��¨ ¼Î¨ ÂÊ�ä Â� ¢�Þä ý�Øþ ¤�¢Â� n̂ ø ü�øÂ¡ �þ ý¢ø¤ø ñ��¨ ´äÂ¨ u ,ñ��¨ üó�Ú� ρ �¹�þ� ¤¢.Àª��üõ öøÂ�� ´Þ¨ �� ö� ´ú�:´ª�¢ Ý�û��¡ ßþ�Â���� ,¢Â� ñ�ÂÚµ÷� Û¡�¢ �¤ ü÷�õ¥ ÕµÈõ ö���üõ Ý¹� ö¢�� ´��� ´Üä ��
d

dt

∫

V

ρdV =

∫

V

∂

∂t
ρdV (4):¢�� Àû��¡ Âþ¥ �¤�¬ �� (4) ý�Î��¤ ,10§ø�ð ý��Ìì ¥� ù¢�Ôµ¨� ��

∫

V

(
∂

∂t
ρ + ∇.ρu)dV = 0 (5):¢�¢ Àû��¡ �¹�µ÷ ,��� �ó¢�ãõ ýÂ�Úó�ÂÚµ÷� ,¢�� ùÀª �µêÂð ÂÑ÷ ¤¢ �Ìê ¥� üû��¿ó¢ Ý¹� �î ßþ� �� ���� ��

∂

∂t
ρ + ∇.(ρu) = 0 (6):´ª�¢ Ý�û��¡ d

dt
O = ∂O

∂t
+ (u.∇)O ø ∇.(ρu) = ρ∇.u + u.∇ρ �Ø�þ� �� ���� ��

dρ

dt
+ ρ∇.(u) = 0 (7).[2,4] Àû¢üõ ö�È÷ �¤ �Â� ý�Ö� ö�÷�ì üÜ�Æ÷�ÂÔþ¢ ÛØª ��� ý�ó¢�ãõ

Ç�� ¤�Æ÷�� 4.1ßþ� ý�ä�Þ¹õ .¢�ªüõ ù¢�¢ Çþ�Þ÷ [σ]�� ø ¢�ªüõ ÓþÂã� ¼Î¨ À��ø ¤¢ øÂ�÷ ö���ä �� Ç�� ×�÷�Øõ ¤¢3×3 ÅþÂ��õ �� ø ´¨� 2 ý�±�Âõ ¥� ý¤�Æ÷�� [σ] .À��îüõ ö��� 11Ç�� ¤�Æ÷�� �� �¤ ¼Î¨ Â� ¢¤�ø ý�ûÇ��
Gauss Theorem 10

Sterss Tensor 114



Â� �¤ øÂ�÷ ´±Æ÷ σij(i = 1,2,3j = 1,2,3) .Àª�� üõ σij ý�Ôó�b õ 9 ý�¤�¢ Ç�� ¤�Æ÷�� .¢�ªüõ �µª�÷,´¨� (i = j) �î ü÷�õ¥ .Àû¢ üõ ö�È÷ ,´¨� ĵ ´ú� ¤¢ ¼Î¨ Â� ¢�Þä ø î ´ú� ¤¢ øÂ�÷ �î üµìø ,¼Î¨ À��ø�ûøÂ�÷ ,´¨� (i 6= j) �î ü÷�õ¥ ø À÷�ªüõ ùÀ�õ�÷ 12ý¢�Þä Ç�� ,Ç�� ý�û�Ôó�bõ ø À�µÆû ¼Î¨ Â� ¢�Þä �ûøÂ�÷×þ Â� ¢¤�ø ý�ûøÂ�÷ ßî�¨ ñ��¨ ¤¢ .À÷�ªüõ ùÀ�õ�÷ 13üªÂ� Ç�� ,Ç�� ý�û�Ôó�b õ ø À�µÆû ¼Î¨ Â� §�Þõß��ã� �¤ 14×���µ¨ø¤À�û ¤�Èê ´¨� üê�î ,�ÎÖ÷ Âû ¤¢ ö� ß��ã� ý�Â� ø ´¨� ¼Î¨ Â� ¢�Þä ,ñ��¨ ¼Î¨ ÂÊ�ä.Ý��î
σxx = σyy = σzz = −p (8),À÷�çóüõ Ýû ýø¤ �î ñ��¨ ý�û�þ� ß�� üî�ØÎ¬� ý�ûøÂ� ÷ ¢��ø ÂÏ�¡ �� ,À�îüõ ´îÂ� ñ��¨ üµìø.À÷�ªüõ Âû�Ò ¼Î¨ ÂÊ�ä ýø¤ üªÂ� ý�ûÇ��üû��¿ó¢ ¼Î¨ (2-1) ÛØª Õ��Îõ .Ý��î ß��ã� �¤ ,n ù��¿ó¢ ¤�¢Â� �� ds ¼Î¨ Â� ¢¤�ø (σn) Ý�û��¡üõ ö��î�.Ý�Æþ�÷üõ ,¢�ª üõ ¢¤�ø ¼Î¨ Â� ñ��¨ éÂÏ ¥� �î �¤ üþ�ûøÂ�÷ ,�µêÂð ÂÑ÷ ¤¢ �¤ ñ��¨ ¥�

.ù��¿ó¢ ý�µ¨�¤ ¤¢ n ��Î¨ Â� ¢�Þä ý�Øþ ¤�¢Â� ø ds ´��Æõ �� ��Î¨ Â� ¢¤�ø Ç�� ý�±¨�½õ :2-1ÛØª.[2]´Æ�÷ n ý¢�Þä ¤�¢Â� �� ý¥��õ �fõø�ó ,À�î üõ Â�� ds Â� �î df ýøÂ�÷
dFx = σxnds dFy = σynds dFz = σznds (9)

Normal Stress 12
Shear Sterss 13

Hydrostatics Pressure 145



¢�Þä ý�ûøÂ�÷ ,x ý�µ¨�¤ ¤¢ .ÝþÂ�ðüõ ÂÑ÷ ¤¢ ,À÷�ªüõ ¢¤�ø �Âû Â� �î �¤ üþ�ûøÂ�÷ ñ¢�ã� ,(σxy) ß��ã� ý�Â�ý�Ôó�b õ ßþ�Â���� .À�ª��üõ (−σxz)nzds ø (−σxy)nyds ,(−σxx)nxds �� ýø�Æõ °��Â� �� z ø y,x ý�µ¨�¤ ¤¢Âþ¥ ý�Î��¤ ß���÷ �ø¢ ö�÷�ì Õ±Ï .´¨� (σxn − σxxnx − σxyny − σxznz)ds �Âû Â� ¢¤�ø ý�ûÇ�� ��Þ� x:´¨� ¤�ÂìÂ�
ds(σxn − σxxnx − σxyny − σxznz) = ρdv

d2x
dt2 (10)�� .¢�� À�û��¡ L3 ø L2 �� °¨��µõ °��Â� �� dv üÞ¹� ÂÊ�ä ø ds ü½Î¨ÂÊ�ä ,Àª�� L �¤ ÝµÆ�¨ �þ�¨ Âð��� ÝµÆ�¨ �þ�¨ �î ü÷�õ¥ .Ý�û¢ Û�õ ÂÔ¬ �� �¤ ö� Ý�÷���üõ ,Ý�µêÂð ÂÑ÷ ¤¢ ù��¿ó¢ �¤ ÝµÆ�¨ �þ�¨ �î ßþ� �� ����:Ýþ¤�¢ ßþ�Â���� .¢�ªüõ ÂÔ¬ ,ùÀª ×��î ²� éÂÏ ¥� ÂµãþÂ¨ �ó¢�ãõ ´¨�¤ éÂÏ ,À�îüõ Û�õ ÂÔ¬

σxn = σxxnx − σxyny − σxznz (11):Ýþ¤ø�üõ ´¨¢ �� ��÷ �¤ (σyn) ø (σyn) ý�Î��¤ ���Èõ ÕþÂÏ �� Û��Âõ ßþ� ¤�ÂØ� ��




σxn

σyn

σzn



 =





σxx σxy σxz

σyx σyy σyz

σzx σzy σzz









nx

ny

nz



 (12)Ý�û��¡ ,Ý��î Ýî [σ] Ç�� ¤�Æ÷� � ¥� �¤ ßÚÞû ý�ûøÂ� ÷ Ýú¨ Âð� .´¨� (σin = σijnj) ��� ý�Î��¤ Õ±Ï:´ª�¢
σij = σ′

ij − pδij (13).[2]Àû¢üõ ö�È÷ �¤ ×���µ¨ø¤À�û ¤�Èê p ø Àª��üõ ñ��¨ ´îÂ� ¥� üª�÷ �î ´¨� 15ö�ÆØªø Ç�� ¤�Æ÷�� σ′
ijü÷�ÆØªø 5.1ÓÜµ¿õ ý�û�þ� �î ´îÂ� ñ�� ¤¢ ñ��¨ ×þ ¤¢ .´¨� üªÂ� Ç�� ñ�Þä� Â��Â� ¤¢ ñ��¨ ×þ ´õø�Öõ ,ü÷�ÆØªøö�È÷ ñ��¨ ü÷�ÆØªø �¤ Ýû ýø¤ ©�çó Â��Â � ¤¢ �û�þ� ´õø�Öõ ¤�ÀÖõ ,À÷�ª üõ ������ Ýû �� ´±Æ÷ ö�

Viscous Sterss Tensor 156



��¤£ ¢�¥� ´îÂ� â÷�õ �î ´¨� ÝÆ� ��¤£ ß�� üó�Øó�õ ý��£�� ýøÂ�÷ ,ü÷�ÆØªø üÜ¬� Ûõ�ä .Àû¢üõý��£�� ø ùÀª Â�¢�þ¥ ö� ý�ûñ�Øó�õ ý�Ü¬�ê ,Ý�û¢ �¤�Â� �¤ üãþ�õ ù�ð Âû �î ´¨� Û�ó¢ ß�Þû �� .¢�ªüõ,´¨� ¢�þ¥ Ýû ¥� �ûñ�Øó�õ ý�Ü¬�ê �û¥�ð ¤¢ �õ� .À��þüõ Çû�î ö� ü÷�ÆØªø �¹�µ÷ ¤¢ ,¢�ªüõ Ýî üó�Øó�õ¢¤�¡Â� ,À�îüõ ´õø�Öõ ñ��¨ ´îÂ� Û��Öõ ¤¢ �î üÜõ�ä .¢¤�À÷ üÈÖ÷ ü÷�ÆØªø ¤¢ üó�Øó�õ ý��£�� ßþ�Â����Â�¢�þ¥ ö� ý�ûñ�Øó�õ ´äÂ¨ ,À��þ Çþ��ê� ¥�ð ý�õ¢ �î üµìø ,°��Â� ßþÀ� .´¨� ÂÚþÀØþ �� ¥�ð ý�ûñ�Øó�õ.[1]¢¢Âðüõ ü÷�ÆØªø Çþ��ê� ¶ä�� ßþ� ø ¢�ªüõ Â�¢�þ¥ ÂÚþÀØþ �� �ûö� ¢¤�¡Â� ö���õ ,ùÀªü����÷ ñ��¨ 6.1Ç÷Âî  Â÷ Âð� .¢Âî Ý�û��¡ ùÀû�Èõ ö� ¤¢ �¤ ö�õ¥ �� �µÆ��ø 16Ç÷Âî ,âþ�õ ×þ Â� ´��� Ç�� ×þ ñ�Þä� ���� üªÂ� Ç�� �ú÷� ¤¢ �î ü����¨ �� âì�ø ¤¢ .´¨� ü����÷ ñ��¨ ,Àª�� �µª�¢ üµ��� ¤�ÀÖõ ,´��� Ç�� ×þ ý�Â�Ç�� ß�� °¨��� ´��� .�û¥�ð °Üè� ø ÛÆä ,�� À�÷�õ ,À�þ�ð üõ ü����÷ ñ��¨ ,¢¤�¢ üÎ¡ ý�Î��¤ Ç÷Âî  Â÷À��ø Â� øÂ�÷ ÂÚ÷��� σij Âð� .[2,5]À�û¢ üõ ö�È÷ (η) �� ø À�þ�ð üõ üØ�õ��þ¢ ü÷�ÆØªø �¤ Ç÷Âî  Â÷ ø üªÂ�:Ýþ¤�¢ ,Àª�� Ç÷Âî  Â÷ ÂÚ÷��� ∂uj

∂xi
ø ¼Î¨

σij = η(
∂uj

∂xi

) (14)Â� Ýî�� ý�Î��¤ ,(14) ý�Î��¤ .Àª��üõ ñ��¨ ´äÂ¨ éÂãõ u ö� ¤¢ �î ´¨� ö¤�Öµõ ¤�Æ÷� � ×þ eij.[2]Àû¢üõ ö�È÷ �¤ ü����÷ ����¨ÂþÁ��÷Ýî�Â� ñ��¨ 7.1:17ÂþÁ��÷Ýî�Â� ñ��¨¯Âª ,��� � ¨ ¤¢ �Â� ý� Ö � ö� ÷� ì Õ ± Ï .(dρ
dt

= 0) À � îüÞ ÷ Â � � ç � ö� õ¥ � � ö� ü ó� Ú� � î ´¨� ü ó� � ¨
Strain 16

Incompressible Fluid 177



.[2]Àû¢üõ ö�È÷ �¤ ñ��¨ ´äÂ¨ u .´¨� (∇.u) = 0 ñ��¨ ×þ ý�Â� ýÂþÁ��÷Ýî�Â�
dρ

dt
+ (∇.u)ρ = 0 =⇒ ∇.u = 0 (15):ñ�ùÀþ� ñ��¨Ýî�� ö� ¤¢ (η = 0) ø (∇.u) = 0¯Âª ø¢ ü�ãþ .´¨� ÂÔ¬ ü÷�ÆØªø ý�¤�¢ �î ÂþÁ�� ÷Ýî�Â � ´¨� üó��¨.[2]´¨�Åî�µ¨� -Âþø�÷ ý�ó¢�ãõ 8.1ßþ� ö¢¤ø� ´¨À� ý�Â� .´¨� (N.S) 18Åî�µ¨� -Âþø�÷ ý�ó¢�ãõ ����¨ ×�÷�Øõ ¤¢ Ýúõ ��¢�ãõ ¥� üØþ:ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ ß���÷ �ø¢ ö�÷�ì �ó¢�ãõ

d

dt
P = [

∫ ∫ ∫

ρudτ ] =

∫ ∫ ∫

ρfvdτ +

∫ ∫

[σ].ndΣ (16)Í¨�� �î , s ý�µÆ� ¼Î¨ ÂÊ�ä dΣ , ù¢�õ ¥� üØ��î ¤�ÀÖõ �� ¯��Âõ üÜ�Æ÷�ÂÔþ¢ Ý¹� dτ ,�Î��¤ ßþ� ¤¢
[σ] .À�ª��üõÇ÷�Âð ýøÂ�÷ À�÷�õ , ¼Î¨ À��ø ¤¢ üÞ¹� ýøÂ�÷ ÂÚ÷��� fv ø ´¨� ùÀª ¤�Ê½õ v Ý¹�.(σij = σ′

ij − pδij) �� ´¨� ýø�Æõ ø À�îüõ Â�� ,n̂ ¼Î¨ Â� ¢�Þä ¤�¢Â� �� dτ ýø¤ �î Àª��üõ Ç�� ¤�Æ÷��Ý¹� Â��ç� �� Ç�� Â��ç� ý�Î��¤ ξ ß��»Þû .Àª��üõ (σ′
ij = 2η(eij − 13δijell + ξ(δijell)) ë�ê ý�Î��¤ ¤¢:Ýþ¤�¢ Óþ¤�ã� ßþ� ßµêÂð ÂÑ÷ ¤¢ �� .¢�ªüõ ùÀ�õ�÷ üÞ¹� ü÷�ÆØªø �î Àû¢üõ ö�È÷ �¤

∇.[σ] = η∇2u + ∇(∇.u)(ξ +
13η) −∇p (17)ø ´¨� ´��� ù¤��Þû (ρdτ) ñ��¨ ¥� üØ��î ¤�ÀÖõ �Â� ,À�î ´îÂ� ñ��¨ ù�ÂÞû �î ü��Êµ¿õ ù�Úµ¨¢ ��¿µ÷� ���� ñ��¨ ×þ ý�Â� ü÷�õ¥ Ûõ�î ÕµÈõ �î ßþ� �� ���� �� .¢Âî ýÂ�ðñ�ÂÚµ÷� ø ¢Â� ñ�ÂÚµ÷� Û¡�¢ �¤ d

dt
ö���üõ:¢�ªüõ ÛþÀ±� Âþ¥ �¤�¬ �� (16) ý�ó¢�ãõ ,Àª�� üõ d

dt
O = ∂O

∂t
+ (u.∇)O �¤�¬

ρ
∂u

∂t
+ ρ(u.∇)u = ρfv + η∇2u + ∇(∇.u)(ξ +

13η) −∇p (18)
Navier-Stokes Equation 188



.¢�ªüõ ÛþÀ±� Åî�µ¨� -Âþø�÷ ý�ó¢�ãõ �� ,Àª�� ¤�ÂìÂ� (∇.u = 0) ýÂþÁ��÷Ýî�Â� ¯Âª �î ü÷�õ¥ �ó¢�ãõ ßþ�:¢�ªüõ ö��� Âþ¥ �¤�¬ �� ø ù¢�� ÂþÁ��÷Ýî�Â� ö�ÆØªø ñ��¨ Â� Ýî�� ý�ó¢�ãõ ,Åî�µ¨� -Âþø�÷ ý�ó¢�ãõ
ρ
∂u

∂t
+ ρ(u.∇)u = ρfv + η∇2u −∇p (19)

(ρfv) �ó¢�ãõ ´¨�¤ ´Þ¨ ñø� ý�ÜÞ� .´¨� ÝµÆ�¨ üµ¿ó �� ¯��Âõ ��Þ� �ó¢�ãõ ²� ´Þ¨ ý�ÜÞ� ø¢´ó�� ¤¢ .´¨� ¤�Èê ¥� üª�÷ ýøÂ�÷ (∇p) ��¨ ý�ÜÞ� ø ö�ÆØªø ýøÂ�÷ (η∇2u)�ø¢ ý�ÜÞ� ,üÞ¹� ýøÂ�÷:¢�ªüõ ÛþÀ±� ÂÜþø� ý�ó¢�ãõ �� �ó¢�ãõ ßþ� ñ�ùÀþ� ñ��¨ ý�Â� .´¨� ∂u
∂t

= 0 �þ��
ρ
∂u

∂t
+ ρ(u.∇)u = ρfv −∇p (20)

.Àþ�üõ ´¨À� ,´¨� éøÂãõ 19¥Àó��þ¤ ¢Àä �� �î ýÀã�ü� ¢Àä ,Åî�µ¨� -Âþø�÷ ý�ó¢�ãõ ö¢Âî Àã�ü� ���¤ Âþ¥ Àã�ü� ý�ûÂµõ�¤�� ,�µêÂð ÂÑ÷ ¤¢ ÝµÆ�¨ ý�Ê¿Èõ ö�õ¥ ø ´äÂ¨ ,ñ�Ï ö���ä �� °��Â� �� �¤ L
V
ø V ,L:Ýþ¤ø�üõ ´¨À�

x′ =
x

L
, p′ =

p

ρV 2 , t′ =
t
L
V

, u′ =
u

V
. (21)

ý�Î��¤ �� Åî�µ¨�-Âþø�÷ ýùÀª Àã�ü� ý�ó¢�ãõ ,(20) ý�ó¢�ãõ ¤¢ Àã�ü� ý�ûÂµõ�¤�� ßþ� ý¤�ÁÚþ�� ��:¢�ªüõ ÛþÀ±� Âþ¥
∂u′

∂t′
+ (u′.∇′)u′ =

1
Re

∇′2u′ −∇′p′ (22)�µÔú÷ ¥Àó��þ¤ ¢Àä ¤¢ ÝµÆ�¨ ýù¥�À÷� ø üó�Ú� ,´äÂ¨ ��Â�� ø ù¢�� ö�ÆØþ �ûÝµÆ�¨ ý�Þû ý�Â� �ó¢�ãõ ßþ�.Àû¢üõ ö�È÷ �¤ ö�ÆØªø ý�ûøÂ�÷ �� üµ¿ó ý�ûøÂ�÷ üð¤�� ´±Æ÷ �î ´¨� ýÀã�ü� ¢Àä ¥Àó��þ¤ ¢Àä .´¨�
Re =

ρ(u.∇)u

η∇2u =
ρV 1

L
V

η 1
L2V

=
ρV L

η
(23)

Reynolds Number 199



°Æ�Â� üÎ¡ Â�è ý�ó¢�ãõ ×þ ,Åî�µ¨� -Âþø�÷ ý�ó¢�ãõ ,´¨� (20 ���¥Àó��þ¤ ¢Àä ) Re ≫ 1 �î ü÷�õ¥üÎ¡ Â�è �î üµ¿ó ý�ÜÞ� ¥� ö��� üõ ,´¨� (21 ß�þ��¥Àó��þ¤ ¢Àä ) Re ≪ 1 �î ü÷�õ¥ ø Àª��üõ ´äÂ¨.¢�ªüõ ÛþÀ±� Åî�µ¨� üÎ¡ ý�ó¢�ãõ �� Åî�µ¨� -Âþø�÷ ý�ó¢�ãõ ßþ�Â���� .¢Âî ÂÑ�êÂ¬ ,´¨��Âª �¤ ñ��¨ ×þ ü÷�ÆØªø ü��Ø¨øÂî�õ ��úÔõ Åî�µ¨� -Âþø� ÷ ý�ó¢�ãõ Û� ¥� ù¢�Ôµ¨� � � Â þ¥ ñ�·õ ¤¢.ÀþÂ�Ú� ÂÑ÷ ¤¢ ,((3-1) ÛØª Õ��Îõ) À÷¤�¢ ¤�Âì Ýû ¥� a ý�Ü¬�ê �� �î ý¥��õ ý�½Ô¬ ø¢ .Ý�û¢üõ

.[2] üªÂ� ö�þÂ� �� ¯��Âõ ýù¢�¨ ý�¨À�û :3-1ÛØªý�½Ô¬ ø À�îüõ ´îÂ� uo ´��� ´äÂ¨ �� üþ��� ý�½Ô¬ .´¨� ùÀª Â� ñ��¨ Í¨�� �½Ô¬ ø¢ ßþ� ß��¤¢ .´¨� (F = σijA) Â��Â� ¢�ªüõ ¢¤�ø üþ��� ý�½Ô¬ Â� �î üªÂ� Ç�� ¥� üª�÷ ýøÂ�÷ .´¨� ´��� ü��þ��Íþ�Âª ø Åî�µ¨� - Âþø�÷ ý�ó¢�ãõ ¥� ù¢�Ôµ¨� �� ö��î� .´¨� üªÂ� Ç�� σij ø ��½Ô¬ ´��Æõ A �¹�þ�
(∂ui

∂t
= 0)�þ�� Íþ�Âª ¤¢ �¤ �ÜÿÆõ ,ù¢¤ø� ´¨À� �¤ ´äÂ¨ Ûþ�êøÂ� ui(y = a) = uo, ui(y = 0) = 0ý¥ÂõÂð� .´¨� ÂÔ¬ (η∇P ) ö� �� ¯��Âõ ý�ÜÞ� ,¢¤�À÷ ¢��ø x ¤�½õ ý�µ¨�¤ ¤¢ ¤�Èê ö�þ¢�Âð ö�� .Ý��îüõ Û�üµ¿ó ý�ÜÞ� ,Ý��î ÂÑ�êÂ¬ ĵ ý�µ¨�¤ ¤¢ ´äÂ¨ ����÷ ��Â��ç� ¥� ,�µêÂð ÂÑ÷ ¤¢ î ý�µ¨�¤ ¤¢ ÍÖê �¤ ´äÂ¨ �õ:Ýþ¤�¢ ßþ�Â���� .¢�ªüõ ÂÔ¬ ��÷ (∇.u).u

∇2ui = 0 =⇒ ∂2ui

∂y2 = 0 =⇒ ui =
u0
a

y (24):�� ¢�� Àû��¡ Â��Â� üþ��� �½Ô¬ Â� ¢¤�ø ýøÂ�÷ ßþ�Â����
F = η

u0
a

A (25)
High Reynolds Number 20
Low Reynolds Number 2110


