
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 19 { 25��� 696.129�������� ���������� � ������� �������� �������������� �������. �. ������®áã¤ àáâ¢¥ë© �����, �¨¥¢�®«ãç¥® 20.09.99 � �¥à¥á¬®âà¥® 11.11.99�¥®à¨ï £¨¤à®¤¨ ¬¨ç¥áª®© ¥ãáâ®©ç¨¢®áâ¨ ¯®§¢®«¨«  à¥è¨âì ¥ª®â®àë¥ ¢®¯à®áë ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨ « -¬¨ àëå â¥ç¥¨©. �¥á¬®âàï   à §¢¨â¨¥ íâ®© â¥®à¨¨ á ¯à¨¢«¥ç¥¨¥¬ ®¢ëå ¨¤¥© ¨ ¬¥â®¤®¢ àï¤ § ¤ ç ®áâ ¥âáï¥ à¥è¥ë¬. � ¨¬ ®â®á¨âáï ¨ â¥ç¥¨¥ ¢ âàã¡¥ ªàã£«®£® á¥ç¥¨ï. �¢â®à à áá¬®âà¥« í¥à£¨î ¨ ¤¨áá¨¯ æ¨î¢ ªàã£«®© âàã¡¥ ¨ ¯à¨è¥« ª ¢ë¢®¤ã, çâ® ¨å ®â®è¥¨¥ ®ª §ë¢ ¥â ¡®«ìè®¥ ¢«¨ï¨¥   ¯¥à¥å®¤ ª âãà¡ã«¥â®áâ¨.�  íâ®© ®á®¢¥ ®ª § «®áì ¢®§¬®¦ë¬ ¢ëç¨á«¨âì ªà¨â¨ç¥áª®¥ ç¨á«® �¥©®«ì¤á  ¤«ï ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨ ¢ªàã£«®© âàã¡¥. �«ï ¤àã£¨å â¥ç¥¨© ªà¨â¨ç¥áª®¥ § ç¥¨¥ ã¯®¬ïãâ®£® ®â®è¥¨ï ï¢«ï¥âáï â®«ìª® ¯¥à¢ë¬ è £®¬ª ¢®§¨ª®¢¥¨î ¢®§¬ãé¥¨©.�¥®à÷ï £÷¤à®¤¨ ¬÷ç®ù ¥áâ÷©ª®áâ÷ ¤®§¢®«¨«  ¢¨à÷è¨â¨ ¤¥ïª÷ ¯¨â ï ¯¥à¥å®¤ã ¤® âãà¡ã«¥â®áâ÷ « ¬÷ à¨å â¥ç÷©.�¥ §¢ ¦ îç¨   à®§¢¨â®ª æ÷õù â¥®à÷ù § § «ãç¥ï¬ ®¢¨å ÷¤¥© â  ¬¥â®¤÷¢, ¤¥ïª÷ § ¤ ç÷ § «¨è îâìáï ¥ ¢¨à÷è¥¨¬¨.�® ¨å  «¥¦¨âì ÷ â¥ç÷ï ¢ âàã¡÷ ªàã£«®£® ¯¥à¥â¨ã. �¢â®à à®§£«ïã¢ ¥¥à£÷î â  ¤¨á¨¯ æ÷î ¢ ªàã£«÷© âàã¡÷ ÷ ¤÷©è®¢¢¨á®¢ªã, é® ùå ¢÷¤®è¥ï ÷áâ®â® ¢¯«¨¢ õ   ¯¥à¥å÷¤ ¤® âãà¡ã«¥â®áâ÷. �  æ÷© ®á®¢÷ áâ «® ¬®¦«¨¢¨¬ ¢¨ç¨á«¨â¨ªà¨â¨ç¥ ç¨á«® �¥©®«ì¤á  ¤«ï ¯¥à¥å®¤ã ¤® âãà¡ã«¥â®áâ÷ ¢ ªàã£«÷© âàã¡÷. �«ï ÷è¨å â¥ç÷© ªà¨â¨ç¥ § ç¥ï§£ ¤ ®£® ¢÷¤®è¥ï õ «¨è¥ ¯¥àè¨¬ ªà®ª®¬ ¤® ¢¨¨ª¥ï §¡ãà¥ì.The theory of hydrodynamical instability has allowed to solve some questions of the transition to the turbulence of laminarows. Despite of this theory development with the attraction of new ideas and methods a number of tasks remains notsolved. The opw in a round section pipe concerns also to them. Author has considered the energy and the dissipation ina round pipe and has come to conclusion that their relation renders the large inuence on the transition to the turbulence.On this basis it has appeared possible to calculate Reinolds' critical number for the transition to the turbulence in a roundpipe. For other ows the critical value of the mentioned relation is only the �rst step to disturbance occurrences.��������� £¨¤à®¤¨ ¬¨ª¥ ã¤¥«ï¥âáï ¡®«ìè®¥ ¢¨¬ ¨¥¯¥à¥å®¤ã « ¬¨ à®£® â¥ç¥¨ï ¦¨¤ª®áâ¨ ¢ âãà¡ã-«¥â®¥, ¯®áª®«ìªã íâ® ¢ë§ë¢ ¥â ¨§¬¥¥¨ï å -à ªâ¥à  £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥¨ï ¨ â¥¯«®-¬ áá®®¡¬¥ . �§¬¥¥¨¥ à¥¦¨¬  â¥ç¥¨ï á¢ï§ë-¢ îâ á ¢®§¨ª®¢¥¨¥¬ ¥ãáâ®©ç¨¢®áâ¨ â¥ç¥¨©� ã§¥©«ï, �ãíââ  ¨ ¤àã£¨å [1{3].�¥â®¤®¬ ¬ «ëå ª®«¥¡ ¨© «¨¥©®© â¥®à¨¨£¨¤à®¤¨ ¬¨ç¥áª®© ¥ãáâ®©ç¨¢®áâ¨ ã¤®¢«¥â¢®à¨-â¥«ì® à¥è¥  ¯®â¥àï ãáâ®©ç¨¢®áâ¨ ¯à¨ ®¡â¥ª -¨¨ ¯« áâ¨ë ¯ à ««¥«ìë¬ ¯®â®ª®¬ (�à ¤â«ì,�à ©¤¥ [4], �ªà¥¬áâ¥¤ ¨ �ã¡ ãíà, �¥ì, �¨ì[1]).�à¨â¨ç¥áª®¥ ç¨á«® �¥©®«ì¤á  ¯®â¥à¨ ãáâ®©ç¨-¢®áâ¨ ¯® áª®à®áâ¨  ¡¥£ îé¥£® ¯®â®ª  ¨ â®«é¨¥¯®£à ¨ç®£® á«®ï   ¯«®áª®© ¯« áâ¨¥ ¯® à áç¥-â ¬ à §ëå  ¢â®à®¢ [1{3, 5] Reª = 1150...1900.�â®  ¯à ¢«¥¨¥ ¨áá«¥¤®¢ ¨©, ¡« £®¤ àï ¥£®§ ç¨¬®áâ¨ ¤«ï  ¢¨ æ¨¨ ¨ ¤àã£¨å ®¡« áâ¥©, ¯®«ã-ç¨«® à §¢¨â¨¥ ¨ ¨¬¥¥â è¨à®ª®¥ ®á¢¥é¥¨¥ [1{10].�«ï ¯«®áª®£® â¥ç¥¨ï �ã §¥©«ï ¬¥â®¤®¬ ¬ -«ëå ª®«¥¡ ¨© ®¯à¥¤¥«¥® ªà¨â¨ç¥áª®¥ ç¨á«®�¥©®«ì¤á  ¯® ¬ ªá¨¬ «ì®© áª®à®áâ¨ ¨ ¯®«ã-è¨à¨¥ ª  « , ¯® à áç¥â ¬ à §ëå  ¢â®à®¢Reª = 5314...6000 [1-3, 10]. �â® ç¨á«® ¯à¨¬¥à-® ¢ 5 à § ¡®«ìè¥ íªá¯¥à¨¬¥â «ì®£® Reª = 1050

[11]. �  ¥á®®â¢¥âáâ¢¨¥ à¥§ã«ìâ â®¢ «¨¥©®© â¥-®à¨¨ ¨ íªá¯¥à¨¬¥â®¢ ãª § ® ¢ [8], £¤¥  ¢â®àëááë« îâáï   ®¯ëâë � ©â  ¨ �í¢¨á . �®¤®¡®¥ã¯®¬¨ ¨¥ ¥áâì â ª¦¥ ¢ [5], £¤¥ ¤àã£¨¬ ¬¥â®¤®¬¯®«ãç¥® Reª = 1077 (¢ ¯¥à¥áç¥â¥   â¥ ¦¥ ¯ à -¬¥âàë). �«ï â¥ç¥¨ï � ã§¥©«ï ¬¥¦¤ã ¤¢ã¬ï æ¨-«¨¤à ¬¨ ®â¬¥ç îâ à §«¨ç¨¥ à¥§ã«ìâ â®¢ â¥®à¨¨¨ íªá¯¥à¨¬¥â  [10], ¯®« £ ï, çâ®  ¡«î¤ ¥¬ë© ¢¥áâ¥áâ¢¥ëå ãá«®¢¨ïå ¯à¥¤¥« ãáâ®©ç¨¢®áâ¨ ¬ «®§ ¢¨á¨â ®â ®â®è¥¨ï à ¤¨ãá®¢ ª®«ìæ¥¢®£® § §®-à  ¨  å®¤¨âáï ¢ ¯à¥¤¥« å Reª = U¬ å(b � a)=2�= 1000...1500 (¯® �¦®§¥äã).�â®á¨â¥«ì® ¯«®áª®£® â¥ç¥¨ï �ãíââ  ¨ â¥ç¥-¨ï �ã §¥©«ï ¢ æ¨«¨¤à¨ç¥áª®© âàã¡¥ à áç¥âë ¯®-ª § «¨ ¨å ãáâ®©ç¨¢®áâì ¯® ®â®è¥¨î ª ¬ «ë¬ª®«¥¡ ¨ï¬ ¯à¨ «î¡ëå § ç¥¨ïå ç¨á«  �¥©®«ì¤-á  [1, 2, 10].�®áª®«ìªã íªá¯¥à¨¬¥âë ¯®ª §ë¢ îâ ¢®§¨ª®-¢¥¨¥ âãà¡ã«¥â®áâ¨ ¢ æ¨«¨¤à¨ç¥áª¨å âàã¡ å¯à¨ Re �= 2300, ¯à®¤®«¦ îâáï ¯®¨áª¨ â¥®à¥â¨ç¥-áª¨å à¥è¥¨©, ®¡êáïîé¨å ¯¥à¥å®¤ ª âãà¡ã«¥â-®áâ¨ ¢ âàã¡ å.�®¢ë¥  ¯à ¢«¥¨ï â¥®à¨¨ ¯¥à¥å®¤  ª âãà¡ã-«¥â®áâ¨, ¯®«ãç¨¢è¨¥ à §¢¨â¨¥ ¢ á¥¬¨¤¥áïâë¥£®¤ë, â ª¨¥ ª ª ¥«¨¥© ï â¥®à¨ï ãáâ®©ç¨¢®áâ¨,â¥®à¨ï ¡¨äãàª æ¨©, â¥®à¨ï áâà ®£®  ââà ªâ®-à  ¨ ¤àã£¨¥ ¥ ¯à¨¢¥«¨ ª ª®ªà¥âë¬ à¥§ã«ìâ â ¬[7{10, 12, 13]. �ç¥ë¥ ¯à¨å®¤ïâ ª ¢ë¢®¤ã [10], çâ®c �. �. �ãª è, 1999 19



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 19 { 25®¡ëçë¥   «¨â¨ç¥áª¨¥ ¬¥â®¤ë ¥«¨¥©®© â¥®-à¨¨ ãáâ®©ç¨¢®áâ¨ ¨ â¥®à¨¨ ¡¨äãàª æ¨© ¥¯à¨¬¥-¨¬ë ¤«ï à¥è¥¨ï ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨ ¢á¤¢¨£®¢ëå â¥ç¥¨ïå,   ç¨á«¥ë¥ ¬¥â®¤ë ¥¤®áâ -â®ç® íää¥ªâ¨¢ë (�¦®§¥ä).�à¨¬¥¨¢ á¯¥ªâà «ìë© ¬¥â®¤ � «¥àª¨  ¥«¨-¥©®© â¥®à¨¨ ãáâ®©ç¨¢®áâ¨ ¢ á®ç¥â ¨¨ á ç¨-á«¥ë¬ á¯®á®¡®¬ à áç¥â  ¥«¨¥©ëå ç«¥®¢,�à§ £ ¨ �¥««á [14]  è«¨, çâ® âà¥å¬¥àë¥ ¢®§-¬ãé¥¨ï ¡®«ìè®©  ¬¯«¨âã¤ë ¯à¨¢®¤ïâ ª âãà¡ã-«¥â®áâ¨ â¥ç¥¨¥ �ãíââ  ¯à¨ Re = 1000.�¤¥áì á«¥¤®¢ «® ®¦¨¤ âì, ª ª ¢ ®¯ëâ å �¥©«®-à  [2, 15] ¤«ï â¥ç¥¨ï �ãíââ  ¬¥¦¤ã ª®æ¥âà¨-ç¥áª¨¬¨ æ¨«¨¤à ¬¨, ª®£¤  ¢¥è¨© æ¨«¨¤à ¢à -é ¥âáï á ®ªàã¦®© áª®à®áâìî Uo,   ¢ãâà¥¨© {¥¯®¤¢¨¦¥ (¯à¨ íªáâà ¯®«ïæ¨¨ ¤® S=R = 0:01),Reª = UoS=� =1750{1990. � [5] ¤«ï íâ®£® á«ãç ï¯®«ãç¥® Reª =1720.�àã£®© à¥§ã«ìâ â [14]: âà¥å¬¥àë¥ ¢®§¬ãé¥¨ï¢ ¯«®áª®¬ â¥ç¥¨¨ �ã §¥©«ï ¯à¨¢®¤ïâ ª âãà¡ã-«¥â®áâ¨ ¯à¨ Re = UmaxB=� = 1000, çâ® ¡«¨§ª®ª 1050 [11].� à ¡®â å 80 { 90-ëå £®¤®¢ § ¬¥âë â¥¤¥æ¨¨ª à áè¨à¥¨î ªàã£  ®¡ê¥ªâ®¢, ¨áá«¥¤ã¥¬ëå   ¯¥-à¥å®¤ ª âãà¡ã«¥â®áâ¨, ¨ ª á¨áâ¥¬ â¨§ æ¨¨ ¬¥-â®¤®¢ â¥®à¨¨ á æ¥«ìî ¢ë¢®¤  ¥¥ ¨§ ¯®«ãí¬¯¨à¨ç¥-áª®£® á®áâ®ï¨ï [10, 16{18].�¬¥áâ® ¢á¯®¬¨âì ¥ª®â®àë¥ ®æ¥ª¨ â¥®à¨¨£¨¤à®¤¨ ¬¨ç¥áª®© ãáâ®©ç¨¢®áâ¨. �¢â®àë [3]¯à¨§ îâ, çâ® å®âï «¨¥© ï â¥®à¨ï ¯®§¢®«ï-¥â ¯®«ãç¨âì á®¡áâ¢¥ë¥ § ç¥¨ï ¨ á®¡áâ¢¥ë¥äãªæ¨¨, ¡«¨§ª¨¥ ª íªá¯¥à¨¬¥â «ìë¬, ®, ¢ æ¥-«®¬, ¯¥à¥å®¤ ª âãà¡ã«¥â®áâ¨ ®áâ ¥âáï ¥ ¯®ï-âë¬.�ëáª §ë¢ ¥âáï ¯à¥¤¯®«®¦¥¨¥ [10] ® ¢®§¬®¦®-áâ¨ ª ç¥áâ¢¥®£® ®¡êïá¥¨ï ¯¥à¥å®¤  ª âãà¡ã-«¥â®áâ¨ á ¯®¬®éìî ¬®¤¥«¥©, £®à §¤® ¡®«¥¥ ¯à®-áâëå, ç¥¬ ¯®«ë¥ ãà ¢¥¨ï £¨¤à®¤¨ ¬¨ª¨ (�ã-¨ì¨ ¨ �®«« ¡).1. ���������� �������®  áâ®ïé¥£® ¢à¥¬¥¨ ¥  è«®áì ®¡êïá¥¨ï,¯®ç¥¬ã ¨¬¥® ªà¨â¥à¨©, ¢ª«îç îé¨© âà¨ ¯ -à ¬¥âà  { áà¥¤îî áª®à®áâì ¦¨¤ª®áâ¨, ¤¨ ¬¥âàâàã¡ë ¨ ª¨¥¬ â¨ç¥áªãî ¢ï§ª®áâì, ¯à¥¤®¯à¥¤¥«ï-¥â à¥¦¨¬ â¥ç¥¨ï ¦¨¤ª®áâ¨.�à¨ïâ®¥ â¥¯¥àì ®¯à¥¤¥«¥¨¥ ªà¨â¥à¨ï �¥©-®«ì¤á  ª ª ®â®è¥¨¥ á¨« ¨¥àæ¨¨ ª á¨« ¬ ¢ï§-ª®áâ¨ ¥¤®áâ â®ç® ª®ªà¥â®, çâ®¡ë   «¨§¨-à®¢ âì íâ¨ á¨«ë. �à¥¡ã¥âáï ¡®«¥¥ ®¯à¥¤¥«¥ ïä®à¬ã«¨à®¢ª  ä¨§¨ç¥áª®£® á¬ëá«  ªà¨â¥à¨ï �¥©-®«ì¤á .�®¯ëâª   ©â¨ â ªãî ä®à¬ã«¨à®¢ªã ¯à¥¤¯à¨-

¨¬ ¥âáï §¤¥áì ¯®áà¥¤áâ¢®¬   «¨§  â¥ç¥¨ï ¢ æ¨-«¨¤à¨ç¥áª®© âàã¡¥, ¯®á«ã¦¨¢è¥£® ¢ 1883 £®¤ã ®â-ªàëâ¨î ªà¨â¥à¨ï �¥©®«ì¤á .�®à¬ «ìë¬ ¯à®¤®«¦¥¨¥¬ ¡ã¤¥â ®¯à¥¤¥«¥¨¥à áç¥âë¬ ¯ãâ¥¬ ªà¨â¨ç¥áª®© ¢¥«¨ç¨ë ç¨á« �¥©®«ì¤á , ª®â®àãî ¥ ã¤ «®áì ¯®«ãç¨âì ¨§¢¥áâ-ë¬¨ ¬¥â®¤ ¬¨ â¥®à¨¨ £¨¤à®¤¨ ¬¨ç¥áª®© ¥-ãáâ®©ç¨¢®áâ¨.2. ���������� ����� ������������������� [5, 19, 20] ãáâ ®¢«¥®, çâ® ªà¨â¥à¨© �¥©-®«ì¤á  ¬®¦® à ááç¨â âì ª ª ®â®è¥¨¥ áà¥¤-¥© ª¨¥â¨ç¥áª®© í¥à£¨¨ ª áà¥¤¥¬ã ª á â¥«ì-®¬ã  ¯àï¦¥¨î. �à¨â¨ç¥áª ï ¢¥«¨ç¨  íâ®£®®â®è¥¨ï ®¤¨ ª®¢  ¤«ï ¬®£¨å ¢¨¤®¢ â¥ç¥¨ï.�â® ¯®§¢®«¨«® à ááç¥âë¬ ¯ãâ¥¬ ®¯à¥¤¥«¨âì ªà¨-â¨ç¥áª¨¥ ç¨á«  �¥©®«ì¤á  ¤«ï ¯«®áª®£® â¥ç¥¨ï�ã §¥©«ï, ¤«ï ¯«®áª®£® ¨ ¬¥¦¤ã ª®æ¥âà¨ç¥áª¨-¬¨ æ¨«¨¤à ¬¨ â¥ç¥¨ï �ãíââ , ¯à¨ ¢ëã¦¤¥-®¬ ®¡â¥ª ¨¨ ¯«®áª®© ¯« áâ¨ë ¯ à ««¥«ìë¬¯®â®ª®¬, ¨á¯®«ì§ãï § ç¥¨¥ ªà¨â¨ç¥áª®£® ç¨á« �¥©®«ì¤á  ¤«ï ªàã£«®© âàã¡ë, ãáâ ®¢«¥®¥ íªá-¯¥à¨¬¥â «ì®.� [21{25] ãáâ ®¢«¥®, çâ® ªà¨â¥à¨© �¥©®«ì¤á ¬®¦¥â ¡ëâì ¯®«ãç¥ ¨§ ®â®è¥¨ï í¥à£¨¨ ¤¢¨¦¥-¨ï ¦¨¤ª®áâ¨ ª ¤¨áá¨¯ æ¨¨ í¥à£¨¨.� ¤ ®© à ¡®â¥ ¯®á«¥¤®¢ â¥«ì® ¨§«®¦¥® à á-ç¥â®¥ ®¯à¥¤¥«¥¨¥ ªà¨â¨ç¥áª®£® ç¨á«  �¥©®«ì¤-á  ¤«ï æ¨«¨¤à¨ç¥áª®© âàã¡ë.�à®ä¨«ì áª®à®áâ¥© ¤«ï « ¬¨ à®£® â¥ç¥¨ï ¢æ¨«¨¤à¨ç¥áª®© âàã¡¥ ¯à¥¤áâ ¢«¥ ª¢ ¤à â¨ç®©¯ à ¡®«®© U = 2Uá�1� r2r20� : (1)�¥à£¨î â¥ç¥¨ï, ¯à®â¥ª îé¥£® ç¥à¥§ ¯®¯¥-à¥ç®¥ á¥ç¥¨¥ âàã¡ë ¢ ¥¤¨¨æã ¢à¥¬¥¨, ¯à¥¤-áâ ¢¨¬ ¢ ¢¨¤¥ E = r0Z0 2�rdr�U32 : (2)�â¥£à¨àãï ¢ëà ¦¥¨¥ (2) ¨ ¤¥«ï   à áå®¤¦¨¤ª®áâ¨ ¢ ¥¤¨¨æã ¢à¥¬¥¨, ¯®«ãç ¥¬ ã¤¥«ìãîí¥à£¨î ¦¨¤ª®áâ¨, ¯à®â¥ª îé¥© ¢ ¥¤¨¨æã ¢à¥-¬¥¨ ç¥à¥§ ¯®¯¥à¥ç®¥ á¥ç¥¨¥ âàã¡ë:Eã = ��U2á =2: (3)�«ï ®¤®¬¥à®£® â¥ç¥¨ï ¤¨áá¨¯ æ¨ï ¬¥å ¨ç¥-áª®© í¥à£¨¨ ¢ â¥¯«®âã ¤«ï ¥¤¨¨æë ®¡ê¥¬ , ®â¥-á¥ ï ª ¥¤¨¨æ¥ ¢à¥¬¥¨, à ¢ :20 �. �. �ãª è



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 19 { 25�1 = ��dUdr �2 : (4)�á¯®«ì§ãï ¯à®¨§¢®¤ãî ¯à®ä¨«ï áª®à®áâ¥© (1),¯®«ãç ¥¬ à á¯à¥¤¥«¥¨¥ ¤¨áá¨¯ æ¨¨ ¯® à ¤¨ãáãâàã¡ë: �1 = 16�U2á r2=r40: (5)�â¥£à¨àãï ¢ëà ¦¥¥ (5) ¯® à ¤¨ãáã âàã¡ë,  -å®¤¨¬ ¤¨áá¨¯ æ¨î ¢ âàã¡¥ ¥¤¨¨ç®© ¤«¨ë ¢ ¥¤¨-¨æã ¢à¥¬¥¨: �á = 8��U2á : (6)�â®è¥¨¥ ¢ëà ¦¥¨ï (6) ª à áå®¤ã ¢ ¥¤¨¨æã¢à¥¬¥¨ ¤ ¥â ã¤¥«ìãî ¤¨áá¨¯ æ¨î, à ¢ãî ¯®â¥-à¥ ¤ ¢«¥¨ï ¢ âàã¡¥ ¥¤¨¨ç®© ¤«¨ë:�ã = 8�Uár20 = ��1�: (7)� âàã¡¥ ¤«¨®î d0 ã¤¥«ì ï ¤¨áá¨¯ æ¨ï ¡ã¤¥â:�ãd = 32�Uád0 = �Pd: (8)�â®è¥¨¥ ¢ëà ¦¥¨ï (3) ª (8) à áªàë¢ ¥âí¥à£¥â¨ç¥áª¨© á¬ëá« ªà¨â¥à¨ï �¥©®«ì¤á :�ã�ãd = ��U2c =232�Uc=d0 = Ucd032� = Re32 ; (9)â.¥. ªà¨â¥à¨© �¥©®«ì¤á  ¬®¦¥â ¡ëâì ¢ëç¨-á«¥ ª ª ®â®è¥¨¥ ã¤¥«ì®© ª¨¥â¨ç¥áª®© í¥à-£¨¨ ª ã¤¥«ì®© ¬®é®áâ¨ ¤¨áá¨¯ æ¨¨ á ¯®áâ®ï-ë¬ ¬®¦¨â¥«¥¬, à ¢ë¬ 32.3. ���������� � �������������������������à ¢¥¨¥ (8), ®¯à¥¤¥«ïîé¥¥ £¨¤à ¢«¨ç¥áª®¥á®¯à®â¨¢«¥¨¥ ¤«ï « ¬¨ à®£® â¥ç¥¨ï, ¯à¨¢®-¤¨âáï ª ¯à¨¬¥¨¬®© ¤«ï «î¡®£® ¢¨¤  â¥ç¥¨ï ä®à-¬ã«¥ � àá¨ ¯ãâ¥¬ § ¬¥ë � = �� ¨ ã¬®¦¥¨ïç¨á«¨â¥«ï ¨ § ¬¥ â¥«ï   2Uc:�ãd = 32��Uc � 2Ucd0 � 2Uc = 64�U2cUcd0� � 2 = ��U2c2 = �Pd:(10)�¤¥áì: 64U0d0� = 64Re = �«:

�§ ãà ¢¥¨ï (10) á«¥¤ã¥â� = �ãd�U2c =2 ; (11)â.¥. ª®íää¨æ¨¥â á®¯à®â¨¢«¥¨ï � ¥áâì ¤¨áá¨¯¨-àãîé ï ¤®«ï à ááç¨â ®© ¯® áà¥¤¥© áª®à®áâ¨ã¤¥«ì®© í¥à£¨¨ ¢ âàã¡¥, ¤«¨  ª®â®à®© à ¢  d0,�á«¨ ãà ¢¥¨¥ (11) à §¤¥«¨âì   �0, â® ¯®«ã-ç¨¬ ¯à¨¢¥¤¥ë© ª®íää¨æ¨¥â á®¯à®â¨¢«¥¨ï:�ãd�0�U20 =2 = ��0 = �; (12)¯®ª §ë¢ îé¨©, ª ª ï ¤®«ï í¥à£¨¨ ¦¨¤ª®áâ¨,¯à®â¥ª îé¥© ç¥à¥§ ¯®¯¥à¥ç®¥ á¥ç¥¨¥ âàã¡ë ¢¥¤¨¨æã ¢à¥¬¥¨, ¤¨áá¨¯¨àã¥â §  â® ¦¥ ¢à¥¬ï ¢âàã¡¥ ¤«¨®© d0.�à¨¢¥¤¥ë© ª®íää¨æ¨¥â á®¯à®â¨¢«¥¨ï (12)ï¢«ï¥âáï ªà¨â¥à¨¥¬ ¯®¤®¡¨ï. �«ï « ¬¨ à®£® â¥-ç¥¨ï ® à ¢¥ � = 32Re : (13)�«ï ¯à¨¢¥¤¥®£® ª®íää¨æ¨¥â  á®¯à®â¨¢«¥¨ï¢ âãà¡ã«¥â®¬ â¥ç¥¨¨ ¯à¥¤«®¦¥  [23] á«¥¤ãî-é ï § ¢¨á¨¬®áâì: �â = �0 � 1: (14)�«¥¤®¢ â¥«ì®, ¨§ (12) ¨ (14) ¢¨¤®, çâ® ª®íää¨-æ¨¥â á®¯à®â¨¢«¥¨ï � àá¨ ¯à¥¤áâ ¢«ï¥â ¯à®¨§-¢¥¤¥¨¥ ª®íää¨æ¨¥â  �®à¨®«¨á    ¨§¡ëâ®ª  ¤¥¤¨¨æ¥© ª®íää¨æ¨¥â  �ãáá¨¥áª :�â = �0(�0 � 1): (15)4. ������� � ���������������ãà¡ã«¥â®áâì  ç¨ ¥âáï á ¯¥à¥¬¥é îé¥£®-áï â¥ç¥¨ï, ¢ ª®â®à®¬ ç áâì « ¬¨ à®£® â¥ç¥¨ï§ ¬¥ï¥âáï âãà¡ã«¥âë¬¨ ¢®§¬ãé¥¨ï¬¨, ¯¥à¥-¬¥¦ îé¨¬¨áï á « ¬¨ àë¬ â¥ç¥¨¥¬ [26]. �ãà-¡ã«¥âë¥ ¢®§¬ãé¥¨ï, ¯¥à¥¬¥é ïáì ¯® âàã¡¥ á®áà¥¤¥© áª®à®áâìî, ¯®áâ¥¯¥® ã¢¥«¨ç¨¢ îâáï ¢à §¬¥à å, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® à §¢¨â¨¨ âãà¡ã-«¥â®áâ¨. �â®â ¯à®æ¥áá ¨¤¥â ¡¥§ ¯à¨¢«¥ç¥¨ïí¥à£¨¨ ¨§ ¢¥, §  áç¥â ¯à¥®¡à §®¢ ¨ï ª¨¥â¨-ç¥áª®© í¥à£¨¨ « ¬¨ à®£® â¥ç¥¨ï ¢ í¥à£¨î¯ã«ìá æ¨©, ª®â®à ï §¤¥áì ¦¥ à áå®¤ã¥âáï   ã¢¥-«¨ç¥¨¥ £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥¨ï ¢ âãà¡ã-«¥â®¬ ¢®§¬ãé¥¨¨. � ¯¥à¥¬¥¦ îé¥¬áï â¥ç¥-¨¨ ¢ á¨«ã ¥à §àë¢®áâ¨ á®åà ï¥âáï ®¤  ¨ â �. �. �ãª è 21



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 19 { 25¦¥ áà¥¤ïï áª®à®áâì ¤«ï ®¡®¨å ¢¨¤®¢ â¥ç¥¨ï, ¯®-íâ®¬ã à §¨æ  ª¨¥â¨ç¥áª®© í¥à£¨¨ ¯à®ï¢«ï¥â-áï ¢ à §«¨ç¨¨ ª®íää¨æ¨¥â  �®à¨®«¨á . �«ï « -¬¨ à®£® â¥ç¥¨ï �« = 2,   ¤«ï âãà¡ã«¥â®£®,ª ª ¯®ª § «¨ à áç¥âë, ¯à¨ Re = 2310 �â = 1:17(â ¡«. 1). �â®è¥¨¥ �«=�â = 1:71 á®¢¯ ¤ -¥â á ¢¥«¨ç¨®© ®â®è¥¨ï �â=�«. �â® ¯®§¢®«ï-¥â ãâ¢¥à¦¤ âì, çâ® âãà¡ã«¥â®áâì ¬®¦¥â  áâã-¯¨âì â®«ìª® â®£¤ , ª®£¤  ®â®è¥¨¥ í¥à£¨© « ¬¨- à®£® ¨ âãà¡ã«¥â®£® â¥ç¥¨ï ®¡à â® ¯à®¯®à-æ¨® «ì® ®â®è¥¨î ¨å ¤¨áá¨¯ æ¨©, çâ® á®£« -áã¥âáï á ¯à¨æ¨¯®¬  ¨¬¥ìè¥£® ¤¥©áâ¢¨ï ¢ ä®à-¬¥ � ¬¨«ìâ® {�áâà®£à ¤áª®£® ¨ á § ª®®¬ á®åà -¥¨ï í¥à£¨¨ ¨ § ¯¨è¥âáï â ª:�«�U2á«2�â�U2áâ2 = �â�U2áâ2�«�U2á«2 : (16)� á¨«ã à ¢¥áâ¢  áà¥¤¨å áª®à®áâ¥© ¨ ¯«®â®-áâ¨ ¤¨ ¬¨ç¥áª¨¥ ¤ ¢«¥¨ï ®¡®¨å ¢¨¤®¢ â¥ç¥¨ï®¤¨ ª®¢ë, ¯®â®¬ã ¢§ ¨¬® á®ªà é îâáï:�«�« = �â�â: (17)5. ����������� ����� �����������à ¢¥¨¥ (17) ï¢«ï¥âáï ¨áå®¤ë¬ ¤«ï ®¯à¥¤¥«¥-¨ï ªà¨â¨ç¥áª®£® ç¨á«  �¥©®«ì¤á . �¥®¡å®¤¨¬®â®«ìª® ®¯à¥¤¥«¨âì ¢å®¤ïé¨¥ ¢ ¥£® ¢¥«¨ç¨ë ç¥-à¥§ ªà¨â¥à¨© �¥©®«ì¤á .�®¦¨â¥«¨ «¥¢®© ç áâ¨ (17) ®¯à¥¤¥«¥ë ®¤®-§ ç® â¥®à¥â¨ç¥áª¨ ¨ ¯®¤â¢¥à¦¤¥ë íªá¯¥à¨¬¥-â «ì®, â.¥. �« = 2; �« = 64=Re. �®¦¨â¥«¨¯à ¢®© ç áâ¨ (17) ¬¥¥¥ ®¤®§ çë. �®áª®«ìªã�â § ¢¨á¨â â®«ìª® ®â ç¨á«  �¥©®«ì¤á  ¢ à¥¦¨-¬¥ £« ¤ª¨å âàã¡, ã¦® ¢ë¡à âì ä®à¬ã«ã �â ¤«ïíâ®£® à¥¦¨¬ . �à¥¤«®¦¥® ¬®£® ä®à¬ã«, à¥§ã«ì-â âë à áç¥â  ¯® ª®â®àë¬ à §«¨ç îâáï ¤® 10% ¨¡®«¥¥.�à®  «¨§¨à®¢ ¢ àï¤ ä®à¬ã« �â ¢ £« ¤ª¨å âàã-¡ å,  ¢â®à ¯à¨è¥« ª ¢ë¢®¤ã, çâ® ¯®«ì§®¢ âìáï á«¥-¤ã¥â ä®à¬ã«®© �à ¤â«ï{� à¬  , ¯®áª®«ìªã ® ®¯à¥¤¥«¥  â¥®à¥â¨ç¥áª¨ ¨ ¯®¤â¢¥à¦¤¥  íªá¯¥-à¨¬¥â «ìë¬¨ ¤ ë¬¨, ¯®§¢®«¨¢è¨¬¨ ¥¡®«ì-èãî ª®àà¥ªâ¨à®¢ªã ¥¥ ª®áâ â:1p� = 2 lg(Rep�) � 0:8: (18)�¥¤®áâ â®ª íâ®© ä®à¬ã«ë { ¥ï¢ë© ¢¨¤ äãª-æ¨¨ �, ¯à¨¢®¤ïé¨© ª ¯®¢â®àë¬ ¯¥à¥à áç¥â ¬.�§¢¥áâ® ¥áª®«ìª® ä®à¬ã«, ¯®¤®¡ëå (18), ®á ï¢ë¬ ¢¨¤®¬ § ¢¨á¨¬®áâ¨ � ®â Re. � ¨¡®«ìè¥¥

¯à¨¬¥¥¨¥ ¯®«ãç¨«¨ ä®à¬ã«ë �« §¨ãá , �®«ì-¡àãª  ¨ �® ª®¢ .�®åà ¨¢ áâàãªâãàã ä®à¬ã«ë �®«ì¡àãª  ¨ ¯à®-  «¨§¨à®¢ ¢ ¥¥ ª®áâ âë á ¯®¬®éìî ���,  ¢-â®à ¯®«ãç¨« «ãçè¥¥ ¯à¨¡«¨¦¥¨¥ ª à¥§ã«ìâ â ¬�à ¤â«ï{� à¬  , ®âª«®¥¨ï ®â ª®â®àëå ¢ ¤¨ -¯ §®¥ Re = 2000 : : :1 � 107 ¥ ¯à¥¢ëè îâ 2.3%.�â = 1(1:8 lgRe� 1:46)2 : (19)�®à¬ã«  (19) ¯à¨¬¥¨¬  ¯à¨   «¨§¥ ¢®§¨ª-®¢¥¨ï âãà¡ã«¥â®áâ¨ ¡« £®¤ àï ¨¤¥â¨ç®áâ¨á (18) ¢ ¤¨ ¯ §®¥ Re = 2000 : : :2500.�â®á¨â¥«ì® �â ¬ «® á¢¥¤¥¨© ¨ ¥â ®¤®§ ç-®áâ¨. �¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ª®íää¨æ¨¥â �®-à¨®«¨á  âãà¡ã«¥â®£® â¥ç¥¨ï ª ª äãªæ¨î ª®-íää¨æ¨¥â  á®¯à®â¨¢«¥¨ï �â.�®   «®£¨¨ á ¯à¥¤áâ ¢«¥¨¥¬ áª®à®áâ¨ âãà-¡ã«¥â®£® â¥ç¥¨ï ¢ ¢¨¤¥ áã¬¬ë ®áà¥¤¥ëå¨ ¯ã«ìá æ¨®ëå á®áâ ¢«ïîé¨å  ¢â®à ¯à¥¤« £ -¥â ª®íää¨æ¨¥â �®à¨®«¨á  âãà¡ã«¥â®£® â¥ç¥-¨ï ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ áã¬¬ë ª®íää¨æ¨¥â®¢ �®-à¨®«¨á  ®áà¥¤¥®£® â¥ç¥¨ï ¨ ¯ã«ìá æ¨©:�â = �0 + ��¯: (20)�®íää¨æ¨¥â �®à¨®«¨á  ®áà¥¤¥ëå áª®à®-áâ¥© ¬®¦® ¯®«ãç¨âì ¨â¥£à¨à®¢ ¨¥¬ ¯à®ä¨«ï®áà¥¤¥ëå áª®à®áâ¥© �ã¥à  [27]:UUmax = � ãr0�p� : (21)�à®¨â¥£à¨à®¢ ¢ (21), ¢ ç «¥ ¯®«ãç¨¬ ®â®á¨-â¥«ìãî ¢¥«¨ç¨ã áà¥¤¥© áª®à®áâ¨ Uc=Umax:UcUmax = Z 10 2�rdrU�r20Umax = 21 +p� � 22 +p�: (22)�®íää¨æ¨¥â �®à¨®«¨á  ®áà¥¤¥ëå áª®à®-áâ¥© ¡ã¤¥â�0 = 1Z0 2�rdrU3=U3max�r20U3c =U3max = 2� 11 + 3p� � 12 + 3p��� 21 +p� � 22 +p��3 :(23)�à¨¨¬ ï ¢® ¢¨¬ ¨¥ [27, 28], ¢¢¥¤¥¬ ¯®ïâ¨¥ª®íää¨æ¨¥â  �®à¨®«¨á  ¯ã«ìá æ¨©:��¯ = 3 �U 02iU2c = �U 02x + �U 02' + �U 02rU2c : (24)22 �. �. �ãª è



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 19 { 25� ¢¨á¨¬®áâì �� ®â ç¨á«  �¥©®«ì¤á Re �« �«�« �â �0 �â �â�â2000 0.0320 0.0640 0.0498 1.128 1.178 0.05872100 0.0305 0.0610 0.0490 1.126 1.175 0.05762200 0.0291 0.0582 0.0482 1.125 1.173 0.05652300 0.0278 0.0557 0.0474 1.123 1.170 0.05552310 0.0277 0.0554 0.0474 1.123 1.170 0.05552400 0.0267 0.0533 0.0468 1.121 1.168 0.05472500 0.0256 0.0512 0.0461 1.120 1.166 0.0538� ¯à¥¤áâ ¢«ï¥â ®â®è¥¨¥ ¯ã«ìá æ¨®®©í¥à£¨¨ âà¥å, áà¥¤¥¢§¢¥è¥ëå ¯® á¥ç¥¨îâàã¡ë ª®¬¯®¥â áà¥¤¥ª¢ ¤à â¨çëå ¯ã«ìá æ¨©�U 02x; �U 02'; �U 02r ª í¥à£¨¨ áà¥¤¥© áª®à®áâ¨.�®áª®«ìªã ¯à ªâ¨ç¥áª¨ ¢áï ¤¨áá¨¯ æ¨ï ¢ âãà¡ã-«¥â®¬ â¥ç¥¨¨ ¦¨¤ª®áâ¨ ¯à®¨áå®¤¨â ¯ãâ¥¬ ª®-¢¥ªâ¨¢®£® ¯¥à¥®á  í¥à£¨¨ ®áà¥¤¥®£® â¥ç¥-¨ï ¢ ¢¨åà¥¢ë¥ áâàãªâãàë, ª®â®àë¥ ¤¨áá¨¯¨àã-îâ ¢ â¥¯«®âã, ¬®¦® ¯à¥¤¯®«®¦¨âì, çâ® ª®íää¨-æ¨¥â �®à¨®«¨á  âãà¡ã«¥âëå ¯ã«ìá æ¨© à ¢¥ª®íää¨æ¨¥âã £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥¨ï �â.�â® áâ ®¢¨âáï ®ç¥¢¨¤ë¬ ¨§ á«¥¤ãîé¨å á®®¡à -¦¥¨©. � §¨æ  ã¤¥«ì®© ª¨¥â¨ç¥áª®© í¥à£¨¨¯à¨ ¯¥à¥å®¤¥ ª âãà¡ã«¥â®áâ¨4Eã¯ = (�« � �â)�U2c =2:à áå®¤ã¥âáï   ã¢¥«¨ç¥¨¥ ¤¨áá¨¯ æ¨¨   ¥ª®â®-à®© ¤«¨¥ âàã¡ë l=do. �®«ï íâ®© í¥à£¨¨, ¯à¨å®-¤ïé ïáï   ¤«¨ã do, à ¢  à §¨æ¥ ¤¨áá¨¯ æ¨¨  íâ®© ¤«¨¥, ¢ëà ¦¥®© ç¥à¥§ ¯®â¥àî ¤ ¢«¥¨ï:4Eã¯l=do = (�« � �â)l=do �U2c2 = (�â � �«)�U2c2 :�âªã¤  l=do = (�« � �â)=(�â � �«) [25], £¤¥ l=do,¯®-¢¨¤¨¬®¬ã, ®¯à¥¤¥«ï¥â  ç «ìãî ¤«¨ã âãà¡ã-«¥â®£® ¢®§¬ãé¥¨ï.�á«¥¤áâ¢¨¥ ã¯«®é¥¨ï ¯à®ä¨«ï áª®à®áâ¥© ¯à¨¯¥à¥å®¤¥ ª âãà¡ã«¥â®áâ¨ ã¬¥ìè ¥âáï dU=dr, § ¨áª«îç¥¨¥¬ ¢ï§ª®£® ¯®¤á«®ï, ¯à¨ ®¤®¢à¥¬¥®¬ã¢¥«¨ç¥¨¨ á®¯à®â¨¢«¥¨ï. �®íâ®¬ã ¤¥©áâ¢¨¥ ¬®-«¥ªã«ïà®© ¢ï§ª®áâ¨, ¢ ®á®¢®¬, § ¬¥ï¥âáï ¤¥©-áâ¢¨¥¬ âãà¡ã«¥â®© ¢ï§ª®áâ¨, § ¢¨áïé¥© ®â ¨-â¥á¨¢®áâ¨ ¨ ¬ áèâ ¡  ¯ã«ìá æ¨©. � áâì í¥à-£¨¨ íâ¨å ¯ã«ìá æ¨© § ¬¥ï¥â ¯à¥¦îî ¢ï§ªãî¤¨áá¨¯ æ¨î: 4Eã� = �«�U2c =2:�¡é ï í¥à£¨ï ¯ã«ìá æ¨©, ®ç¥¢¨¤®, à ¢  áã¬-¬¥ ¤¢ãå íâ¨å á®áâ ¢«ïîé¨å:�ã¯� = 4Eã¯l=do +4Eã� = ��¯ �U2c2 = �â �U2c2 :

�âªã¤  ��¯ = �â:�â® ¯®¤â¢¥à¦¤ ¥âáï à áç¥â ¬¨  ¢â®à  ¯® à¥-§ã«ìâ â ¬ ¨§¬¥à¥¨© ¯ã«ìá æ¨®ëå áª®à®áâ¥©� ãä¥à  ¨ ¯® ¨å ®¡à ¡®âª¥ �¨æ¥ [27]:��¯ = �â(� � 1:5%): (25)�®íää¨æ¨¥â �®à¨®«¨á  âãà¡ã«¥â®£® â¥ç¥-¨ï ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥¨¥¬ (20) ¡ã¤¥â ¯à¥¤-áâ ¢«¥ áã¬¬®© (23) ¨ (25):�â = 2� 11 + 3p�â � 12 + 3p�â�� 21 +p�â � 22 +p�â�3 + �â: (26)�áå®¤ï ¨§ (17), ¯®«ãç¥® ãà ¢¥¨¥ ¤«ï ®¯à¥¤¥-«¥¨ï ªà¨â¨ç¥áª®£® ç¨á«  �¥©®«ì¤á :�«�« = 266642� 11 + 3p�â � 12 + 3p�â�� 21 +p�â � 22 +p�â�3 + �â37775�â:(27)� ¤ ¢ ï Re ®â 2000 ¤® 2500 ç¥à¥§ ª ¦¤ë¥ 100¥¤¨¨æ, ¢ëç¨á«ï¥¬ ®â¤¥«ì® «¥¢ãî ¨ ¯à ¢ãî ç -áâ¨ (27). �¥§ã«ìâ âë ¢ëç¨á«¥¨© ¯à¨¢¥¤¥ë ¢ â -¡«¨æ¥ ¨ ¯®ª § ë   à¨á. 1.�®çª  ¯¥à¥á¥ç¥¨ï ªà¨¢ëå « ¬¨ à®£® ¨ âãà-¡ã«¥â®£® �� ¤ ¥â ªà¨â¨ç¥áª®¥ ç¨á«® �¥©®«ì¤á 2310�4:5 %. � â ¡«. 1 ¯à¨¢¥¤¥  áâà®ª , ¯®¤â¢¥à-¦¤ îé ï, çâ® ¯à¨ Reª = 2310 �«�« = �â�â.�â®¡ë «ãçè¥ ¯®ïâì ãá«®¢¨ï ¯¥à¥å®¤  ª âãà¡ã-«¥â®áâ¨,  ©¤¥¬ á®¢¬¥áâ®¥ à¥è¥¨¥ ãà ¢¥¨ï¯¥à¥å®¤  (17) ¨ ®â®á¨â¥«ì®© ¤«¨ë âãà¡ã«¥â-®£® ¢®§¬ãé¥¨ï:�«�« = �â�â;ldo = �« � �â�â � �« : 9=; (28)�. �. �ãª è 23
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�¨á. 1. � ¢¨á¨¬®áâì �� ®â ç¨á«  �¥©®«ì¤á :1 { « ¬¨ à®¥ â¥ç¥¨¥;2 { âãà¡ã«¥â®¥ â¥ç¥¨¥�¬®¦¨¬ (17)   -1 ¨ ¯à¨¡ ¢¨¬ ª ®¡¥¨¬ ¥£® áâ®-à® ¬ ¯à®¨§¢¥¤¥¨¥ �«�â:�«�â � �«�« = �«�â � �â�â:�âªã¤  �«(�â � �«) = �â(�« � �â);¯®íâ®¬ã �« = �â�« � �â�â � �«¨«¨, ãç¨âë¢ ï (28),�« = �â ldo : (29)�¬®¦ ï ®¡¥ áâ®à®ë (29)   �U2c =2, ¯®«ãç¨¬�« �U2c2 = �â �U2c l2do : (30)�® ¥áâì, ¤«ï ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨ ¥®¡å®¤¨-¬®, çâ®¡ë ã¤¥«ì ï ª¨¥â¨ç¥áª ï í¥à£¨ï « ¬¨- à®£® â¥ç¥¨ï ¦¨¤ª®áâ¨ ¡ë«  ¤®áâ â®ç  ¤«ïã¤¥«ì®© ¤¨áá¨¯ æ¨¨   ¤«¨¥ âãà¡ã«¥â®£® ¢®§-¬ãé¥¨ï. �á«¨ í¥à£¨ï ¡®«ìè¥ ¤¨áá¨¯ æ¨¨, âãà-¡ã«¥â®áâì ¡ã¤¥â à §¢¨¢ âìáï, ¥á«¨ ¦¥ ¤¨áá¨¯ -æ¨ï ¡®«ìè¥, âãà¡ã«¥â®áâì ¡ã¤¥â § âãå âì.�à ¢¥¨¥ (17) ¤¥©áâ¢¨â¥«ì® ¢¡«¨§¨ ªà¨â¨ç¥-áª®£® ç¨á«  �¥©®«ì¤á , (29) ¨ (30) â ª¦¥ ¤¥©-áâ¢¨â¥«ìë ¢ íâ®© §®¥. � áç¥âë ¯® (29) ¯®ª -§ «¨, çâ® ¤«ï Re = 2200 ¯à ¢ ï ç áâì (29) à ¢-  2:09 > 2:0, § ç¨â, âãà¡ã«¥â®áâì ¡ã¤¥â § -âãå âì,   ¯à¨ Re = 2400 �âl=do = 1:95 < 2:0,¯®íâ®¬ã âãà¡ã«¥â®áâì ¡ã¤¥â à §¢¨¢ âìáï, å®âï¨ ¥ ®ç¥ì ¨â¥á¨¢®. �â® ¯®¤â¢¥à¦¤ ¥âáï ®¯ë-â ¬¨ �¨¤£à¥  [26] ¨ �®ââ  [2].
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