
ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 13 { 19��� 532.516:518:517.9�������� ���������� �'����ø ���öø � �ö�������������� � ��������������� �������������ö���ö�. �. ���������÷¢¥áìª¨© ¤¥à¦ ¢¨© £ã¬ ÷â à¨© ã÷¢¥àá¨â¥â�âà¨¬ ® 14.06.2000 � �¥à¥£«ïãâ® 14.09.2001�®§£«ïãâ® ç¨á¥«ì¥ ¢¨§ ç¥ï ¤¢®¢¨¬ià®£® ¥ãáâ «¥®£® àãåã ài¤¨¨, é® ç áâª®¢® § ¯®¢îõ £®à¨§®â «ì¨©áâ æi® à® ®¡¥àâ®¢¨© æ¨«i¤à. �¨ª®à¨áâ®¢ãõâìáï ¬¥â®¤ "¬ àª¥ài¢ i ª®¬ià®ª" ã ¯®«ïài© á¨áâ¥¬i ª®®à¤¨ â. � ¢¥-¤¥® à¥§ã«ìâ â¨ ç¨á¥«ì¨å à®§à åãªi¢ à¥¦¨¬ã ¯à¨áâi®£® è àã â  æ¨àªã«ïæi©®£® à¥¦¨¬ã â¥çiù, é® ¢¨¨ª îâì¯à¨ è¢¨¤ª®¬ã â  ¯®¢i«ì®¬ã ®¡¥àâ i æ¨«i¤à . � «i§ãîâìáï ®á®¡«¨¢®áâi § ¤ ¢ ï ¯®ç âª®¢¨å ã¬®¢ § ¤ çi¢¨§ ç¥ï æ¨å à¥¦¨¬i¢.� áá¬®âà¥® ç¨á«¥®¥ ®¯à¥¤¥«¥¨¥ ¤¢ã¬¥à®£® ¥ãáâ ®¢¨¢è¥£®áï ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨, ç áâ¨ç® § ¯®«ïîé¥©£®à¨§®â «ìë© áâ æ¨® à® ¢à é îé¨©áï æ¨«¨¤à. �á¯®«ì§ã¥âáï ¬¥â®¤ \¬ àª¥à®¢ ¨ ïç¥¥ª" ¢ ¯®«ïà®© á¨áâ¥¬¥ª®®à¤¨ â. �à¨¢¥¤¥ë à¥§ã«ìâ âë ç¨á«¥ëå à áç¥â®¢ à¥¦¨¬  ¯à¨áâ¥®£® á«®ï ¨ æ¨àªã«ïæ¨®®£® à¥¦¨¬  â¥-ç¥¨ï, ¢®§¨ª îé¨å ¯à¨ ¡ëáâà®¬ ¨ ¬¥¤«¥®¬ ¢à é¥¨¨ æ¨«¨¤à . �¡áã¦¤ îâáï ®á®¡¥®áâ¨ § ¤ ¨ï  ç «ìëåãá«®¢¨© § ¤ ç¨ ®¯à¥¤¥«¥¨ï íâ¨å à¥¦¨¬®¢.The numerical simulation of time-dependent, two-dimensional ow of viscon uid, which partially �lls stationary rotating, horizontal cylinder, is considered. The Marker-and-Cell method in polar coordinates is used. The results of numer-ical simulation of the wall layer ow and circulating ow, which take place when cylinder rotates fast and slowly, arerepresented. The characteristic properties of seting the initial conditions of the problem on calculation these ows arediscussed.������ ¤ ç  ¢¨§ ç¥ï àãåã ài¤¨¨, ïª  ç áâª®¢® § -¯®¢îõ £®à¨§®â «ì¨© æ¨«i¤à, é® ®¡¥àâ õâìáï ¢ª®«® ¢« á®ù ®ái, ¢¨ª«¨ª õ áâ «¨© ¯à¨ª« ¤¨©iâ¥à¥á. �áâ «¥  â¥çiï ¯à¨ áâ æi® à®¬ã ®¡¥à-â i æ¨«i¤à  å à ªâ¥à¨§ãõâìáï ¤¢®¬  à¥¦¨¬ -¬¨ àãåã. �¥àè¨© à¥¦¨¬ ã ¢¨£«ï¤i ¬ «®àãå«¨¢®-£® ¯à¨áâi®£® ª¢ §iªi«ìæ¥¢®£® è àã ¢¨¨ª õ ¯à¨è¢¨¤ª®¬ã ®¡¥àâ i æ¨«i¤à . �àã£¨© å à ªâ¥-à¨§ãõâìáï áª« ¤¨¬ æ¨àªã«ïæi©¨¬ àãå®¬ i§ § ç-¨¬¨ ¢i¤®á¨¬¨ è¢¨¤ª®áâï¬¨ â  ¤¥ä®à¬ æiï¬¨¢i«ì®ù ¯®¢¥àåi © ¢¨¨ª õ ¯à¨ â¨å®åi¤®¬ã ®¡¥à-â i.� [1] ç¨á¥«ì®   ¯i¤áâ ¢i â¥®àiù ¯®£à ¨ç-®£® è àã § ¥ªá¯¥à¨¬¥â «ì®î ¯¥à¥¢iàª®î à®-§¢'ï§ã¢ « áì § ¤ ç  ¢¨§ ç¥ï ¯®«®¦¥ï ¢i«ì-®ù ¯®¢¥àåi â®ª®£® ¯à¨áâi®£® è àã ài¤¨¨ ¯à¨¯¥àè®¬ã à¥¦¨¬i àãåã. �¨á¥«ìi ¯i¤å®¤¨ ¤® ¢¨§ -ç¥ï â¥çiù ã ¢¨£«ï¤i ¯à¨áâi®£® è àã, é® ¡ §ã-îâìáï   ài§¨å ¬¥â®¤ å, ¯à¥¤áâ ¢«¥® ¢ [2-5].� á«i¤®ª áª« ¤®áâi â¥çiù ¬®¤¥«î¢ ï ¤àã£®£®à¥¦¨¬ã àãåã iáâ®â® ãáª« ¤¥® ¯®ài¢ï® § ®¯¨-á®¬ ¯¥àè®£®. �¥§ã«ìâ â¨ ¥ªá¯¥à¨¬¥â «ì¨å â ç áâª®¢® â¥®à¥â¨ç¨å ¤®á«i¤¦¥ì æ¨àªã«ïæi©®£®à¥¦¨¬ã àãåã  ¢¥¤¥® ¢ [6-8]. �¯à®¡¨ ç¨á¥«ì®-£® ¢¨§ ç¥ï ®ªà¥¬¨å ¯ à ¬¥âài¢ æ¨àªã«ïæi©®ùâ¥çiù §à®¡«¥® ¢ [9-11].� à ªâ¥à®î ®á®¡«¨¢iáâî § ¤ çi, é® à®§£«ï-

¤ õâìáï, õ áª« ¤  £¥®¬¥âàiï, ¢¥«¨ª  ¤¥ä®à¬ æiï¢i«ì®ù £à ¨æi â  àãå®¬iáâì â¢¥à¤®ù áâiª¨. �¤- ª ¬®¤¥«î¢ ï â ª®ù â¥çiù §  ¤®¯®¬®£®î ¢i¤®¬¨åá¯à®é¥¨å ç¨á¥«ì¨å ¬¥â®¤i¢ [1-5, 9-11] ¥ § ¡¥§-¯¥çãõ ¤®áâ âì®ù â®ç®áâi. � â®© ¦¥ ç á ¤®á¨âìè¨à®ª®£® à®§¯®¢áî¤¦¥ï  ¡ã¢ ®¤¨ §  ©¥ä¥ª-â¨¢iè¨å  «£®à¨â¬i¢ ¤«ï à®§¢'ï§ã¢ ï ¥áâ æi®- à¨å § ¤ ç â¥çiù § áª« ¤®î ä®à¬®î ¢i«ì®ù ¯®-¢¥àåi { ¬¥â®¤ "¬ àª¥ài¢ i ª®¬ià®ª"  ¡® Marker-and-Cell (MAC) method [12]. �á®¡«¨¢iáâî ¬¥â®-¤ã õ ¢¨ª®à¨áâ ï ¬iè ®£® ¥©«¥à®¢ -« £à ¦¥¢ ¯i¤å®¤ã. �¡« áâì, é® ¢¨¢ç õâìáï, à®§¡¨¢ õâì-áï ¥àãå®¬®î à®§¥á¥®î ¥©«¥à®¢®î áiâª®î  ª®¬iàª¨. �¤®ç á® ¤«ï ¢¨§ ç¥ï ¯®«®¦¥ï¢i«ì®ù ¯®¢¥àåi â  ¢i§ã «i§ æiù â¥çiù ¢¨ª®à¨áâ®-¢ãõâìáï « £à ¦¥¢  áiâª  ç áâ¨®ª-¬ àª¥ài¢, é®¯¥à¥®áïâìáï ¯®«¥¬ è¢¨¤ª®áâ¥©. � áâ®á®¢ãõâì-áï ¯®¢  á¨áâ¥¬  ài¢ïì � ¢'õ-�â®ªá  ¤«ï  ©-¯à®áâiè¨å äi§¨ç¨å §¬i¨å áª« ¤®¢¨å è¢¨¤ª®áâiâ  â¨áªã. �i§¨æ¥¢  áå¥¬  ¤«ï ài¢ïì ªi«ìª®áâiàãåã ¡ §ãõâìáï   ài§¨æïå ¢¯¥à¥¤ ¯® ç áã â  æ¥-âà «ì¨å ài§¨æïå ¯® ¯à®áâ®à®¢¨å §¬i¨å. � ª®¦®¬ã ªà®æi ¯® ç áã iâ¥à æi©¨¬¨ ¬¥â®¤ ¬¨ à®-§¢'ï§ãõâìáï ài§¥æ¥¢¥ ài¢ïï �ã áá®  ¤«ï â¨á-ªã, é® § ¤®¢i«ìïõ ã¬®¢i ¥áâ¨á«¨¢®áâi.�®§à®¡«¥ã á¯®ç âªã ¤«ï ¯àï¬®ªãâ®ù ¤¥ª àâ®-¢®ù á¨áâ¥¬¨ ª®®à¤¨ â ¬¥â®¤¨ªã §£®¤®¬ ¡ã«® à®§-¯®¢áî¤¦¥® i   æ¨«i¤à¨çã á¨áâ¥¬ã ¤«ï ¢¨¯ ¤ªã®áì®¢®ù á¨¬¥âàiù [13, 14]. � [15] ¤«ï ç¨á¥«ì®£® à®-c�. �. � ã¬¥ª®, 2001 13



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 13 { 19§¢'ï§ ï ¤¢®¢¨¬ià®ù ¥áâ æi® à®ù § ¤ çi, é®à®§£«ï¤ õâìáï, ¢¨ª®à¨áâ®¢ãõâìáï ¬¥â®¤ "¬ àª¥ài¢i ª®¬ià®ª", ïª¨© § áâ®á®¢ ® ¢ ¯®«ïà¨å ª®®à¤¨- â å, é®  ©¡«¨¦ç¥ ¢i¤¯®¢i¤ îâì £¥®¬¥âàiù â¥çiùâ  £à ¨æì.1. ���������� �����ö�¡« áâì ªàã£®¢®£® ¯®¯¥à¥ç®£® ¯¥à¥ài§ã æ¨«i-¤à , é® ¢¨¢ç õâìáï, ¯®ªà¨¢ õâìáï ¯®«ïà®î áiâ-ª®î ª®¬ià®ª ã ¢¨£«ï¤i ªi«ìæ¥¢®£® á¥ªâ®à  i§ áâ®à®- ¬¨ �r i �� â  æ¥âà®¬ (i; j), ¤¥ i â  j { i¤¥ªá¨à ¤i «ì®ù â  ªãâ®¢®ù ª®®à¤¨ â (à¨á.1). � ¤i «ì-  U â  â £¥æi «ì  V ª®¬¯®¥â¨ è¢¨¤ª®áâi¢¨§ ç îâìáï   £à ¨æïå ª®¬iàª¨,   â¨áª p { ãæ¥âài.
�¨á. 1. �®§à åãª®¢  á÷âª �®¤i ªiæ¥¢®-ài§¥æ¥¢   ¯à®ªá¨¬ æiï ài¢ïì� ¢'õ-�â®ªá  ¢ ª®á¥à¢ â¨¢i© ä®à¬i ã ¡¥§à®§¬ià-®¬ã ¢¨£«ï¤i ¬®¦¥ ¡ãâ¨ § ¯¨á   â ª¨¬ ç¨®¬:Un+1i+ 12 ;j � Uni+ 12 ;j�t = (rU2)i+1;j � (rU2)i;jri+ 12�r �� (UV )i+ 12 ;j+ 12 � (UV )i+ 12 ;j�12ri+ 12�' ++�V 2r �i+ 12 ;j � sin'jFr � Pi+1;j � Pi;j�r +

+ 1Re (" (rU )i+ 32 ;j � (rU )i+ 12 ;jri+1 �� (rU )i+ 12 ;j � (rU )i� 12 ;jri # (�r2)�1++Ui+ 12 ;j+1 � 2Ui+ 12 ;j + Ui+ 12 ;j�1r2i+ 12�'2 ��2�Vi+ 12 ;j+ 12 � Vi+ 12 ;j� 12�ri+ 12 2�' 9=; ; (1)V n+1i;j+12 � V ni;j+ 12�t == � (rUV )i+ 12 ;j+ 12 � (rUV )i� 12 ;j+ 12ri�r ��V 2i;j+1 � V 2i;jri�' ��UVr �i;j+12 ��cos'j+ 12Fr � Pi;j+1 � Pi;jri�' ++ 1Re (" (rV )i+1;j+12 � (rV )i;j+12ri+ 12 �� (rV )i;j+12 � (rV )i�1;j+12ri�12 # (�r2)�1++Vi;j+ 32 � 2Vi;j+12 + Vi;j�12r2i�'2 ++2 (Ui;j+1 � Ui;j)r2i�' � ; (2)¤¥ Re=!R2=� { ç¨á«® �¥©®«ì¤á ; Fr=!2R=g {ç¨á«® �àã¤ ; R { à ¤iãá æ¨«i¤à ; ! { ªãâ®¢ è¢¨¤ªiáâì æ¨«i¤à ; � { ªi¥¬ â¨ç¨© ª®¥äiæiõâ¢'ï§ª®áâi; g { £à ¢iâ æi©¥ ¯à¨áª®à¥ï; �t { ªà®ª¯® ç áã; n; n+ 1 { ®¬¥à ç á®¢®£® æ¨ª«ã (¤«ï ¯à®-áâ®â¨ i¤¥ªá n ¢ ¯à ¢¨å ç áâ¨ å ài¢ïì ®¯ã-é¥®). �ª å à ªâ¥ài ¯ à ¬¥âà¨ ¯à¨©¬ îâìáï:¤®¢¦¨  R, è¢¨¤ªiáâì { !R, â¨áª { �!2R2, ç á{1=!.�iæ¥¢®-ài§¥æ¥¢¨©   «®£ ài¢ïï �ã áá® ¤«ï â¨áªã ¯à¨ ã¬®¢i á®«¥®÷¤ «ì®áâi ¯®«ï è¢¨¤-ª®áâ¥© ¢ ª®¬iàæi ¢ ¬®¬¥â ç áã n + 1 (Dn+1i;j = 0)¯à¨©¬ õ ¢¨£«ï¤"ri+ 12 (Pi+1;j � Pi;j) � ri� 12 (Pi;j � Pi�1;j)ri�r2 +14 �. �. � ã¬¥ª®



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 13 { 19+Pi;j+1 � 2Pi;j + Pi;j�1r2i�'2 �n+1 = �Rni;j; (3)¤¥ Rni;j = Qni;j � Dni:j�t �� 1Re "ri+ 12 (Di+1;j �Di;j)� ri�12 (Di;j �Di�1;j)ri�r2 ++Di;j+1 � 2Di;j ++Di;j�1r2i�'2 �n ; (4)Qni;j = (�rU2�i+1;j � 2 �rU2�i;j + �rU2�i�1;jri�r2 ++(UV )i+ 12 ;j+ 12 � (UV )i+ 12 ;j� 12ri�r�' �� (UV )i� 12 ;j+ 12 + (UV )i� 12 ;j�12ri�r�' ++�rU2�i+1;j � 2 �rU2�i;j + �rU2�i�1;jri�r2 ++(UV )i+ 12 ;j+ 12 � (UV )i+ 12 ;j� 12ri�r�' �� (UV )i� 12 ;j+ 12 + (UV )i� 12 ;j�12ri�r�' ++ri+ 12 h(UV )i+ 12 ;j+ 12 � (UV )i+ 12 ;j�12 ir2i�r�' ��ri� 12 h(UV )i� 12 ;j+12 + (UV )i� 12 ;j�12 ir2i�r�' ++V 2i;j+1 � 2V 2i;j + V 2i;j�1r2i�'2 � V 2i+ 12 ;j � V 2i� 12 ;jr�i r ++ (UV )i;j+12 � (UV )i;j�12r2i�' )n ; (5)Dni;j = " (rU)i+ 12 ;j � (rU )i� 12 ;jri�r + Vi;j+ 12 � Vi;j� 12ri�' #n :(6)D-¤¨¢¥à£¥æiï è¢¨¤ª®áâi.

2. �������I ������iâª  ¤®¯®¢îõâìáï ªi«ìæ¥¢¨¬è à®¬ äiªâ¨¢¨åª®¬ià®ª, é® à®§â è®¢ i §  ¬¥¦¥î à®§à åãª®¢®ù®¡« áâi (à¨á. 2). � ã¬®¢¨ ¯à¨«¨¯ ï   â¢¥à¤i©áâiæi à ¤iãá  R�Uik+ 12 = 0; Vik+12 = !R = 1� ¢¨-à §¨ ¤«ï áª« ¤®¢¨å è¢¨¤ª®áâi â  â¨áªã ¢ äiªâ¨¢i©ª®¬iàæi ¬ îâì ¢¨£«ï¤:Vik+1;j+12 = 2� Vik;j+12 ; (7)Uik+ 32 ;j = Uik�12 ;j (r��r)(1+�r) ; (8)Pik+1;j = Pik;j +�r + 2Uik� 12 ;jRe�r (1��r)h1� (�r=2)2i :(9)
�¨á. 2. � à ä÷ªâ¨¢¨å ª®¬÷à®ª�®¬¯®¥â¨ è¢¨¤ª®áâi ¢ ¯®¢¥àå¥¢¨å ª®¬iàª å,é® ¬¥¦ãîâì § ¢i«ì®î £à ¨æ¥î, § å®¤ïâì ¥ªá-âà ¯®«ïæiõî § ¢¨ª®à¨áâ ï¬ è¢¨¤ª®áâ¥© ¢ áãái¤-iå § ¯®¢¥¨å ª®¬iàª å. �¥«¨ç¨  â¨áªã ¢ æ¥âài¯®¢¥àå¥¢®ù ª®¬iàª¨ § å®¤¨âìáï iâ¥à¯®«ïæiõî § â¨áª®¬ ¢ ®¤i© § áãái¤iå ¯®¢¨å ª®¬iàª å â  ã-«ì®¢¨¬ § ç¥ï¬ â¨áªã   ¢i«ìi© ¯®¢¥àåi § ä®à¬ã« ¬¨Pi;j = Pi+1;j �1� �r(ri +�r � rs)� (10)�. �. � ã¬¥ª® 15



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 13 { 19 ¡® Pi;j = Pi;j+1 �1� �'('j +�'� 's)� ; (7)¤¥ rs i 's { ª®®à¤¨ â¨ â®ç®ª ¯¥à¥â¨ã ¢i«ì®ù £à -¨æi § à ¤i «ì¨¬¨  ¡® ¤ã£®¢¨¬¨ ¢i¤ài§ª ¬¨, é®á¯®«ãç îâì æ¥âà¨ ª®¬ià®ª (à¨á. 3).
�¨á. 3. öâ¥à¯®«ïæ÷ï â¨áªã ¢ ¯®¢¥àå¥¢÷© ª®¬÷àæ÷3. ��������I ������¨ª®à¨áâ®¢ã¢ «¨áì ¤¢  ¢ ài â¨ ¯®ç âª®¢¨åã¬®¢.� ¯¥àè®¬ã ¢¨¯ ¤ªã ¢ ¯®ç âª®¢¨© ¬®¬¥â ç áã¢¢ ¦ «®áì, é® !0 = 1,   ài¤¨  ®¡¥àâ õâìáï à -§®¬ § æ¨«i¤à®¬ ïª â¢¥à¤¥ âi«® i § ©¬ õ ¢ ¯¥à¥ài§iªi«ìæ¥¢ã ®¡« áâì § ¢i«ì®î ¯®¢¥àå¥î à ¤iãá  R0(à¨á. 4). �®¤i ¯®ç âª®¢i ã¬®¢¨ ¤«ï ¢i«ì®ù ¯®¢¥àåirs i § ç¥ì ¯®«i¢ è¢¨¤ª®áâ¥© â  â¨áªã ¤«ï ®¡« áâi,é® § ©ïâ  ài¤¨®î, ã ¡¥§à®§¬iài© ä®à¬i ¬ îâì¢¨£«ï¤:rs = R0R ; Ui;j � 0; Vi;j = ri; Pi;j = r2i � r2s2 :� ¤àã£®¬ã ¢¨¯ ¤ªã ¢¢ ¦ «®áì, é® !0 = 0,   ài¤¨-  ¯¥à¥¡ã¢ õ ¢ áâ i á¯®ª®î i § ©¬ õ ¢ ¯¥à¥ài§i á¥£-¬¥âã ®¡« áâì i§ áâài«ª®î H â  £®à¨§®â «ì®î

¢i«ì®î ¯®¢¥àå¥î ¢ ¨¦i© ç áâ¨i ¯®à®¦¨¨(à¨á. 5). �®¤i   «®£içi ¯®ç âª®¢i ã¬®¢¨ ¬ îâì¢¨£«ï¤: rs = H � RR sin'j ; Ui;j � 0;Vi;j � 0; Pi;j = H �RR � ri sin'jFr :
�¨á. 4. �¥áª÷ç¥® è¢¨¤ª¥ ®¡¥àâ ï

�¨á. 5. �â  á¯®ª®î4. �����I���I� �����������������������¡ç¨á«î¢ «ì¨© ¯à®æ¥á áª« ¤ ¢áï § ªà®ªi¢ ¯®ç áã â  æ¨ª«i¢. �®§à åãª®¢¨© æ¨ª« ¤«ï ®¤®£®ç á®¢®£® è àã ¬iáâ¨¢ â ªi ¥â ¯¨:1. �®§à åã®ª ¤«ï ¯®«ï â¨áªã § ¢¨à §÷¢ (3) { (6)â  (9) { (7).16 �. �. � ã¬¥ª®



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 13 { 19  ¡�¨á. 6. �®§à åã®ª à¥¦¨¬ã ¯à¨áâ÷®£® è àã ¯à¨ Re = 133 000, Fr = 4.24 â  � =0.5:a { â¥ç÷ï ¤«ï t = 0; 10.1; 20.2; 30.3; ¡ { ¥¯îà¨ Vr; U â  p ¤«ï t = 30.3
�¨á. 7. �®§à åã®ª æ¨àªã«ïæ÷©®£® à¥¦¨¬ã â¥ç÷ù § áâ ã ¥áª÷ç¥® è¢¨¤ª®£® ®¡¥àâ ïRe = 133 000, Fr = 4.24 â  � = 0:5 ¤«ï t = 0; 10:1; 20:2 â  30.32. �®§à åã®ª ¯®«ï è¢¨¤ª®áâ¥© § ¢¨à §÷¢ (1),(2), (7) â  (8).3. �®§à åã®ª ®¢¨å ª®®à¤¨ â ¬ àª¥ài¢ ¯iá«ï¯¥à¥¬ié¥ï â  ®¢®£® ¯®«®¦¥ï ¢i«ì®ù ¯®¢¥àå-i.4. �â®ç¥ï ¯®«i¢ è¢¨¤ª®áâ¥© â  â¨áªã ¯®¡«¨-§ã £à ¨æi.5. �¥à¥åi¤ ¤® ®¢®£® ç á®¢®£® è àã â  ®¢®£®à®§à åãª®¢®£® æ¨ª«ã.�¤¥à¦ ï áâi©ª®£® ç¨á¥«ì®£® à®§¢'ï§ªã § -¡¥§¯¥çã¢ «®áì â®ç¨¬ ¢¨§ ç¥ï¬ ¯®«ï â¨áªã,¯à¨ ¤®áï£¥i  ¯¥à¥¤ § ¤ ®£® ªà¨â¥àiî §¡i¦-®áâi. �à¨ à¥ «i§ æiù ¬¥â®¤ã ¡i«ìè  ç áâ¨  ¬ -è¨®£® ç áã ¢¨âà ç « áì   æ¥© à®§à åã®ª.�i¢ïï �ã á®  ¤«ï â¨áªã à®§¢'ï§ã¢ «®áì ¬¥â®-¤®¬ � ãá -�¥©¤¥«ï § ¯®á«i¤®¢®î ¢¥àå¥î à¥« ª-á æiõî. �¯â¨¬ «ì¥ § ç¥ï ¯ à ¬¥âà  à¥« ª-á æiù ¢¨§ ç «®áì ¥ªá¯¥à¨¬¥â «ì®.�âi©ªiáâì à®§à åãªã § ¡¥§¯¥çã¢ « áì ¢¨¡®à®¬

ªà®ªã ¯® ç áã § ã¬®¢¨ ®¡¬¥¦¥ï ¬ ªá¨¬ «ì®£®¯¥à¥¬ié¥ï ¬ àª¥à  ¢i¤¯®¢i¤¨¬ à®§¬ià ¬ ª®¬ià-ª¨.5. ����� �����I����� �����«ï ¢¨§ ç¥ï à¥¦¨¬ã â¥çiù ã ¢¨£«ï¤i ¯à¨áâi-®£® è àã ¢¨ª®à¨áâ®¢ãõâìáï ¯¥àè¨© ¢ ài â ¯®-ç âª®¢¨å ã¬®¢ (!0 = 1). �  à¨á. 6 ¯®ª § -® ¯®á«i¤®¢i ª àâ¨¨ â ª®£® à¥¦¨¬ã ¯à¨ áâã-¯¥i § ¯®¢¥ï æ¨«i¤à  �=0.5 ¤«ï ç®â¨àì®å ¬®-¬¥âi¢ ç áã,   â ª®¦ ¥¯îà¨ ¢i¤¯®¢i¤® ¢i¤®á®ùâ £¥æi «ì®ù Vr = V � 1 i  ¡á®«îâ®ù à ¤i «ì-®ù U è¢¨¤ª®áâi â  â¨áªã p ¤«ï ®áâ ì®ù ª àâ¨-¨ (¯à¨ á¯i¢¯ ¤ i ®à¤¨ â¨ ¥¯îà¨ §  ¯àï¬®¬®¡¥àâ ï ùù § ç¥ï ¤®¤ âõ, ¯à¨ ¥á¯i¢¯ ¤ -i { ¢i¤'õ¬¥). �¥«¨ç¨  ¬ ªá¨¬ «ì®ù ®à¤¨ â¨¥¯îà¨ Vr áª« ¤ «  0.0403, ¥¯îà¨ U { 0. 0196 â ¥¯îà¨ p { 0.373.�. �. � ã¬¥ª® 17



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 13 { 19 ¡�¨á. 8. �®§à åã®ª æ¨àªã«ïæ÷©®£® à¥¦¨¬ã â¥ç÷ù § áâ ã á¯®ª®î ¯à¨ Fr = 3:06 â  � = 0:3 ¤«ï t = 0; 0:57; 1:13:  { Re=225 000; ¡ { Re = 1125�¥¢¥«¨ª  ¤¥ä®à¬ æiï ¢i«ì®ù ¯®¢¥àåi â  ¥§ çiè¢¨¤ª®áâi ¢i¤®á®£® àãåã ®¡ã¬®¢¨«¨ ¤®á¨âì å®à®-èã §¡i¦iáâì iâ¥à æi©®£® ®¡ç¨á«î¢ «ì®£® ¯à®-æ¥áã. �¤ ª ¯à¨ §¬¥è¥i è¢¨¤ª®áâi ®¡¥àâ -ï ¤® ¢¥«¨ç¨¨ ¨¦ì®ù £à ¨ç®ù, ¯à¨ ïªi© ¢i¤¡ã-¢ õâìáï ¯¥à¥åi¤ à¥¦¨¬ã ¯à¨áâi®£® è àã ¢ æ¨à-ªã«ïæi©¨© à¥¦¨¬ ¯i¤ ç á á¯®¢i«ì¥ï æ¨«i¤à [16], §¡i¦iáâì ài§ª® §¨¦ã¢ « áì.6. ��������I���� ������ª« ¤¨© å à ªâ¥à æ¨àªã«ïæi©®ù â¥çiù ®¡ã¬®-¢«î¢ ¢ ¥®¡åi¤iáâì ¯i¤¢¨é¥®ù â®ç®áâi ¢¨§ -ç¥ï ª®¬¯®¥âi¢ è¢¨¤ª®áâi â  â¨áªã   ¢i«ìi©£à ¨æi ¤«ï § ¡¥§¯¥ç¥ï áâi©ª®áâi à®§à åãª®¢®ùáå¥¬¨ [17] .�«ï ¬®¤¥«î¢ ï â ª®£® à¥¦¨¬ã â ª®¦ ¬®¦¥ ¡ã-â¨ ¢¨ª®à¨áâ ¨© ¯¥àè¨© ¢ ài â ¯®ç âª®¢¨å ã¬®¢(!0 = 1), ¢¢ ¦ îç¨ ®¡¥àâ ï æ¨«i¤à  ¯®¢i«ì-¨¬ ¯®ài¢ï® § è¢¨¤ª¨¬ ¢i¤®á¨¬ àãå®¬ ài¤¨¨.�  à¨á. 7 ¯®ª § ® ª àâ¨¨ à®§¢¨âªã à¥¦¨¬ã ¯à¨æ¨å ã¬®¢ å ¤«ï ¯ à ¬¥âài¢ â¥çiù, é® ¢i¤¯®¢i¤ îâìà¨á. 6. �¤ ª â ªi ¯®ç âª®¢i ã¬®¢¨ § ¡¥§¯¥çãîâìáâi©ªiáâì à®§¢'ï§ªã âi«ìª¨ ¯à¨ iáã¢ i ¢¨åi¤®-£® à¥¦¨¬ã ¯à¨áâi®£® è àã ¯à¨ è¢¨¤ª®áâi ®¡¥à-â ï ¥ ¬¥è¥ ¨¦ì®ù £à ¨ç®ù. �ài¬ â®£®, ¥-§¢ ¦ îç¨   ¢i¤®áã ¯à®áâ®âã, æi ã¬®¢¨ ¢®áïâìá¯¥æ¨äiçi á¯®â¢®à¥ï ¯®«®¦¥ï ¢i«ì®ù ¯®¢¥àå-i.�«ï ¡i«ìè â®ç®£® ¢¨§ ç¥ï à¥¦¨¬ã ¢¨-ª®à¨áâ®¢ã¢ áï ¤àã£¨© ¢ ài â ¯®ç âª®¢¨å ã¬®¢(!0=0). �  à¨á. 8 ¯®ª § ®, ¤«ï ¯®ài¢ïï, ª à-

â¨¨ à®§¢¨âªã æ¨àªã«ïæi©®£® à¥¦¨¬ã § ¢¨ª®à¨-áâ ï¬ â ª¨å ã¬®¢ ¯à¨ ¢¥«¨ª¨å â  ¬ «¨å ç¨á« å�¥©®«ì¤á  ¢i¤¯®¢i¤®.�¨ª®à¨áâ ï ¤àã£®£® ¢ ài â  ¯®ç âª®¢¨åã¬®¢, ¯®ài¢ï® § ¯¥àè¨¬, ¯i¤¢¨éãõ â®çiáâì¢¨§ ç¥ï ¯®«®¦¥ï ¢i«ì®ù ¯®¢¥àåi. �®§-è¨àîõâìáï, â ª®¦, è¢¨¤ªiá¨© ¤i ¯ §® à®-§¢'ï§ªã, ®áªi«ìª¨ §¡i¦iáâì ®¡ç¨á«î¢ «ì®£® ¯à®-æ¥áã iáâ®â® §¨¦ãõâìáï «¨è¥ ¯à¨ §¡i«ìè¥iè¢¨¤ª®áâi ®¡¥àâ ï ¤® ¢¥«¨ç¨¨ ¢¥àåì®ù £à -¨ç®ù, ¯à¨ ïªi© ¢i¤¡ã¢ õâìáï ¯¥à¥åi¤ æ¨àªã«ïæi©-®£® à¥¦¨¬ã ¢ à¥¦¨¬ ¯à¨áâi®£® è àã ¯i¤ ç á¯à¨áª®à¥ï æ¨«i¤à  [16].7. �I�������I �����������«ï ç¨á¥«ì®£® ¢¨§ ç¥ï ¤¢®¢¨¬ià®£® ¥-ãáâ «¥®£® àãåã ài¤¨¨, é® ç áâª®¢® § ¯®¢îõ £®-à¨§®â «ì¨© ®¡¥àâ®¢¨© æ¨«i¤à, ¬®¦¥ ¡ãâ¨ ¢¨-ª®à¨áâ ¨© ¬¥â®¤ "¬ àª¥ài¢ i ª®¬ià®ª" ¢ ¯®«ïà-¨å ª®®à¤¨ â å, ïªi  ©¡«¨¦ç¥ ¢i¤¯®¢i¤ îâì £¥®-¬¥âàiù â¥çiù â  £à ¨æì. � à ªâ¥à®î ®á®¡«¨¢®-áâî § ¤ çi, é® à®§£«ï¤ õâìáï, õ áª« ¤  £¥®¬¥-âàiï, ¢¥«¨ª  ¤¥ä®à¬ æiï ¢i«ì®ù ¯®¢¥àåi â  àã-å®¬iáâì â¢¥à¤®ù áâiª¨. �à¨ è¢¨¤ª®¬ã ®¡¥àâ iæ¨«i¤à  ¢¨¨ª õ à¥¦¨¬ â¥çiù ã ¢¨£«ï¤i ¬ «®àãå-«¨¢®£® ª¢ §iªi«ìæ¥¢®£® ¯à¨áâi®£® è àã,   ¯à¨¯®¢i«ì®¬ã ®¡¥àâ i - æ¨àªã«ïæi©¨© à¥¦¨¬ i§§ ç¨¬ ¢i¤®á¨¬ àãå®¬ â  ¤¥ä®à¬ æiõî ¢i«ì®ù¯®¢¥àåi. �«ï ¢¨§ ç¥ï ¯¥àè®£® à¥¦¨¬ã ¢¨ª®-à¨áâ®¢ãîâìáï ¯®ç âª®¢i ã¬®¢¨, é® ¢i¤¯®¢i¤ îâì18 �. �. � ã¬¥ª®
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