
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 9 { 18��� 622.242�������������� ������ ������� ������������������, �������������� ����������������� ����. �. ������ �. �. ��������®àáª®© £¨¤à®ä¨§¨ç¥áª¨© ¨áâ¨âãâ ��� �ªà ¨ë, �¥¢ áâ®¯®«ì�®«ãç¥® 21.08.2003� áá¬ âà¨¢ ¥âáï ªà ¥¢ ï § ¤ ç  ¢§ ¨¬®¤¥©áâ¢¨ï ¯®«ï ¯®¢¥àå®áâëå ¢®« á ¯®¤¢®¤ë¬ âàã¡®¯à®¢®¤®¬ ¯à¨ ¯à®¨§-¢®«ì®¬ § §®à¥ ¬¥¦¤ã ¯®¢¥àå®áâìî ¤  ¨ âàã¡®©. �á¯®«ì§ãîâáï á®®â®è¥¨ï ¥áâ æ¨® à®£® ¢ï§ª®£® ®¡â¥ª ¨ï¨ «¨¥©ëå ¯®¢¥àå®áâëå ¢®« ¬ «®©  ¬¯«¨âã¤ë (¢®« �©à¨). �ë¯®«¥ë ç¨á«¥ë¥ íªá¯¥à¨¬¥âë ¤«ï à áç¥-â  ¯®«¥© ¢®«®¢ëå áª®à®áâ¥©, £®à¨§®â «ìëå ¨ ¢¥àâ¨ª «ìëå á¨«, ¤¥©áâ¢ãîé¨å   âàã¡®¯à®¢®¤ ¯à¨ à §«¨çëå§ ç¥¨ïå ä §ë ¢®«®¢®£® ¢®§¬ãé¥¨ï ¨ ®â®á¨â¥«ì®£® § §®à  ¬¥¦¤ã âàã¡®¯à®¢®¤®¬ ¨ ¯®¢¥àå®áâìî ¤ . �¨-á«¥ë¥ íªá¯¥à¨¬¥âë ¯®ª § «¨ å®à®è¥¥ á®¢¯ ¤¥¨¥ ¢ëç¨á«¥ëå § ç¥¨© £¨¤à®¤¨ ¬¨ç¥áª¨å ª®íää¨æ¨¥â®¢ á¤ ë¬¨ « ¡®à â®àëå íªá¯¥à¨¬¥â®¢ [1] ¯à¨ ¡®«ìè¨å § ç¥¨ïå ç¨á¥« �¥«¥£  -� à¯¥â¥à , K, á®®â¢¥âáâ¢ãî-é¨å à §¢¨â®¬ã âãà¡ã«¥â®¬ã ¯®â®ªã (K>5).�®§£«ï¤ õâìáï ªà õ¢  § ¤ ç  ¢§ õ¬®¤iù ¯®«ï ¯®¢¥àå¥¢¨å å¢¨«ì § ¯i¤¢®¤¨¬ âàã¡®¯à®¢®¤®¬ ¯à¨ ¤®¢i«ì®¬ã § §®ài¬i¦ ¯®¢¥àå¥î ¤  â  âàã¡®î. �¨ª®à¨áâ®¢ãîâìáï á¯i¢¢i¤®è¥ï ¥áâ æi® à®£® ¢'ï§ª®£® ®¡âiª ï â  ¯®¢¥àå¥-¢¨å «ii©¨å å¢¨«ì ¬ «®ù  ¬¯«iâã¤¨ (å¢¨«ì �©ài). �¨ª® ÷ ç¨á¥«ì÷ ¥ªá¯¥à¨¬¥â¨ ¤«ï à®§à åãªã ¯®«i¢ å¢¨«ì®¢¨åè¢¨¤ª®áâ¥©, £®à¨§®â «ì¨å â  ¢¥àâ¨ª «ì¨å á¨«, ïª÷ ¤iîâì   âàã¡®¯à®¢i¤ ¯à¨ ài§¨å § ç¥ïå ä §¨ å¢¨«ì®¢®-£® §¡ãà¥ï â  ¢i¤®á®£® § §®àã ¬i¦ âàã¡®¯à®¢®¤®¬ â  ¯®¢¥àå¥î ¤ . �¨á¥«ì÷ ¥ªá¯¥à¨¬¥â¨ ¯®ª § «¨ £ àã§¡i¦iáâì à®§à å®¢ ¨å § ç¥ì £i¤à®¤¨ ¬iç¨å ª®¥äiæiõâi¢ § à¥§ã«ìâ â ¬¨ « ¡®à â®à¨å ¥ªá¯¥à¨¬¥âi¢ [1] ¯à¨¢¥«¨ª¨å § ç¥ïå ç¨á¥« �¥«¥£  -� à¯¥â¥à , K, é® ¢i¤¯®¢i¤ îâì à®§¢¨¥÷© âãà¡ã«¥â÷© â¥çiù (K>5).The boundary values problem of the interaction between �eld of the surface gravity waves with the underwater pipelineat arbitrary gap between seabed surface and pipeline is considered. The time-dependent viscous ow and linear wavesof small amplitudes approach (Airy waves) are used. The numeral calculations for wave velocities, the drag and liftinghydrodynamic forces, acting on the pipeline at di�erent values of the wave perturbation phases and relative gap betweenpipeline and seabed surface are carried out. The numeral calculations are shown a good coincidence of the calculated hy-drodynamic coe�cients with laboratory tests [1] at Keulegan-Carpenter numbers, K, corresponded to advanced turbulence(K>5).���������¥«ì  áâ®ïé¥© à ¡®âë { á®§¤ ¨¥ £¨¤à®¤¨ -¬¨ç¥áª®© ¬®¤¥«¨ ¢ï§ª®£® ¢®«®¢®£® ®¡â¥ª ¨ï £®-à¨§®â «ì®£® âàã¡®¯à®¢®¤ , à á¯®«®¦¥®£®  ¯à®¨§¢®«ì®¬ à ááâ®ï¨¨ ®â ¯«®áª®© ¯®¢¥àå®áâ¨¬®àáª®£® ¤ . �®¤¥«¨ â ª®£® â¨¯  ¥®¡å®¤¨¬ë¤«ï ¨áá«¥¤®¢ ¨ï £¨¤à®¤¨ ¬¨ç¥áª®£® ¢§ ¨¬®¤¥©-áâ¢¨ï ¯à¨¤®ëå ¢®«®¢ëå â¥ç¥¨© á ¯®¤¢®¤ë¬¨âàã¡®¯à®¢®¤ ¬¨, ª®â®àë¥ è¨à®ª® ¨á¯®«ì§ãîâáï¯à¨ ®á¢®¥¨¨ ¥äâïëå ¨ £ §®¢ëå ¬¥áâ®à®¦¤¥¨©  è¥«ìä¥. �¥á¬®âàï   ¬®£®«¥â¨© ®¯ëâ ¨á-¯®«ì§®¢ ¨ï â ª¨å âà á¯®àâëå á¨áâ¥¬, ¬®£¨¥ á¯¥ªâë ¨å £¨¤à®¤¨ ¬¨ç¥áª®£® ¢§ ¨¬®¤¥©áâ¢¨ïá ¬®àáª®© áà¥¤®© ï¢«ïîâáï ¥¨§ãç¥ë¬¨. �á®-¡¥® íâ® ®â®á¨âáï ª ¬¥«ª®¢®¤ë¬ à ©® ¬ ®â-ªàëâ®£® ¬®àï, £¤¥ ¢®§¤¥©áâ¢¨¥ èâ®à¬®¢ëå ¢®«á®§¤ ¥â ¥ â®«ìª® § ç¨â¥«ìë¥ ¬¥å ¨ç¥áª¨¥  -£àã§ª¨, ® ¬®¦¥â ¯à¨¢®¤¨âì ª à §¬ë¢ã £àãâ  ¯®¤âàã¡®©, ¯à®¢¨á ¨î ¨ ¢¨¡à æ¨ï¬ ãç áâª®¢ âàã-¡®¯à®¢®¤ . � â ª¨å á«ãç ïå ®¡ëç® ¯à®¨áå®¤ïâ ¢ à¨¨ âàã¡®¯à®¢®¤®¢, ª®â®àë¥ á®¯àï¦¥ë á ¥-£ â¨¢ë¬¨ íª®«®£¨ç¥áª¨¬¨ ¯®á«¥¤áâ¢¨ï¬¨ ¨ ¡®«ì-è¨¬¨ ¬ â¥à¨ «ìë¬¨ § âà â ¬¨. �à¨  ¢ à¨ïå
¨«¨ ãâ¥çª å ¨§ âàã¡®¯à®¢®¤  ¥®¡å®¤¨¬® à á¯®-« £ âì ¤ ë¬¨ ¤«ï ¯à®£®§  å à ªâ¥à¨áâ¨ª ¤¨ä-äã§¨¨ ¯à®¤ãªâ  âà á¯®àâ¨à®¢ª¨ ¢ ¢®¤®© áà¥¤¥.�¥è¥¨¥ íâ®© § ¤ ç¨ â ª¦¥ ¥¯®áà¥¤áâ¢¥® á¢ï-§ ® á à áç¥â®¬ ¯®«ï áª®à®áâ¨ ¢®ªàã£ âàã¡®¯à®-¢®¤  á ãç¥â®¬ ¥£® ¢¨åà¥¢®© áâàãªâãàë ¨ ®æ¥ª®©¯®â®ª®¢ âãà¡ã«¥â®© ¤¨ääã§¨¨. � ª¨¬ ®¡à §®¬,á®§¤ ¨¥ £¨¤à®¤¨ ¬¨ç¥áª®© ¬®¤¥«¨ ¢ï§ª®£® ¢®«-®¢®£® ®¡â¥ª ¨ï ªàã£®¢®£® æ¨«¨¤à   ¤ ¯«®áª®©¯®¢¥àå®áâìî, ç¥¬ã ¯®á¢ïé¥   áâ®ïé ï à ¡®â ,¨¬¥¥â áãé¥áâ¢¥®¥ ¯à¨ª« ¤®¥ § ç¥¨¥ ¤«ï á®-§¤ ¨ï ¨ íªá¯«ã â æ¨¨ ¬ £¨áâà «ìëå ¯®¤¢®¤ëåâàã¡®¯à®¢®¤®¢ ¢ è¥«ìä®¢ëå §® å, ¯®¤¢¥à¦¥ëå¨â¥á¨¢®¬ã ¢®§¤¥©áâ¢¨î èâ®à¬®¢ëå ¢®«.�̈ ¤à®¤¨ ¬¨ç¥áª¨¥ § ¤ ç¨, ¯®á¢ïé¥ë¥ ¢ï§-ª¨¬ ¢®«®¢ë¬ â¥ç¥¨ï¬ ¢¡«¨§¨ ¯à¥¯ïâáâ¢¨© à §-«¨ç®© ä®à¬ë, è¨à®ª® ¯à¥¤áâ ¢«¥ë ¢ à §«¨çëå ãçëå ¨§¤ ¨ïå [1-11], ¢ â®¬ ç¨á«¥ ¢ [12-16] à á-á¬®âà¥ë ¢®«®¢ë¥ â¥ç¥¨ï ¢¡«¨§¨ £®à¨§®â «ì-ëå ªàã£®¢ëå æ¨«¨¤à®¢. �  áâ®ïé¥© à ¡®â¥à áá¬®âà¥ë á«¥¤ãîé¨¥  á¯¥ªâë ¯à®¡«¥¬ë ¢ï§-ª®£® ¢®«®¢®£® ®¡â¥ª ¨ï £®à¨§®â «ì®£® âàã¡®-¯à®¢®¤   ¤ ¯«®áª®© ¯®¢¥àå®áâìî ¬®àáª®£® ¤ :1. � §¢¨â¨¥ ¢¨åà¥¢®£® â¥ç¥¨ï ¢¡«¨§¨ âàã¡®-c �. �. �ãè¨à, �. �. �¥¤®à®¢, 2004 9
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�¨á. 1. Cå¥¬  ªà ¥¢®© § ¤ ç¨ ¢®«®¢®£® ®¡â¥ª ¨ïâàã¡®¯à®¢®¤   ¤ ¯«®áª®© ¯®¢¥àå®áâìî ¬®àáª®£®¤ ¯à®¢®¤  ¯à¨ ¯à®¨§¢®«ì®¬ § §®à¥ ¬¥¦¤ã ¨¬ ¨¯®¢¥àå®áâìî ¤ .2. � áç¥â ¤ ¢«¥¨ï   ¯®¢¥àå®áâ¨ âàã¡®¯à®-¢®¤ ,   â ª¦¥ £®à¨§®â «ì®© ¨ ¢¥àâ¨ª «ì®© £¨-¤à®¤¨ ¬¨ç¥áª¨å á¨«.3. �¥à¨ä¨ª æ¨ï à¥§ã«ìâ â®¢ ¬®¤¥«¨à®¢ ¨ï  ®á®¢¥ ¤ ëå ä¨§¨ç¥áª®£® « ¡®à â®à®£® íªá¯¥-à¨¬¥â .1. ������2D-£¨¤à®¤¨ ¬¨ç¥áª ï ¬®¤¥«ì ®¡â¥ª ¨ï £®à¨-§®â «ì®£® âàã¡®¯à®¢®¤  ¢ï§ª¨¬ ¢®«®¢ë¬ â¥ç¥-¨¥¬ à áá¬ âà¨¢ ¥âáï ¯à¨ à §«¨çëå § ç¥¨ïå®â®á¨â¥«ì®£® § §®à  �=D ¬¥¦¤ã âàã¡®© ¨ ¯«®á-ª¨¬ ¤®¬. � ¤ ç  à¥è ¥âáï ¢ ¯à¨¡«¨¦¥¨¨ «¨-¥©®© â¥®à¨¨ ¯®¢¥àå®áâëå ¢®« ¬ «®©  ¬¯«¨-âã¤ë (¢®« �à¨). �®«®¢®¥ ¯®«¥ ¯à¨¨¬ ¥âáï ¥-¢®§¬ãé¥ë¬   ¡®ª®¢ëå £à ¨æ å à áç¥â®© áå¥-¬ë. �  ¯®¢¥àå®áâ¨ § ¤ ë ¢¥àâ¨ª «ìë¥ ¢®«®-¢ë¥ á¬¥é¥¨ï ãà®¢ï;   ¯«®áª®¬ ¤¥ ¨   áâ¥ª åâàã¡ë { ãá«®¢¨¥ ¯à¨«¨¯ ¨ï. � áç¥â ï áå¥¬  à¥-è¥¨ï § ¤ ç¨ ¯à¥¤áâ ¢«¥    p¨á. 1.�áå®¤ë¥ ãà ¢¥¨ï § ¯¨áë¢ îâáï ¢ á«¥¤ãî-é¥¬ ¢¨¤¥:@u@t + u@u@x + v@u@y = � @P�@x + ��@2u@x2 + @2u@y2�;@v@t +u@v@x+v @v@y = � @P�@y +��@2v@x2+ @2v@y2��g;@u@x + @v@y = 0; (1)£¤¥ u; v { £®à¨§®â «ì ï ¨ ¢¥àâ¨ª «ì ï á®áâ -¢«ïîé¨¥ áª®à®áâ¨ â¥ç¥¨ï ¢¤®«ì ®á¥© ox; oy á®®â-¢¥âáâ¢¥® (p¨á. 1); � { ª®íää¨æ¨¥â ¢ï§ª®áâ¨; P{ ¤ ¢«¥¨¥; � { ¯«®â®áâì; g { ãáª®à¥¨¥ á¢®¡®¤-

®£® ¯ ¤¥¨ï.�¥à¥ªà¥áâë¬ ¤¨ää¥à¥æ¨à®¢ ¨¥¬ ¨ ¢ëç¨â -¨¥¬ ¢â®à®£® ãà ¢¥¨ï ¨§ ¯¥à¢®£® íâ  á¨áâ¥¬ ¯à¨¢®¤¨âáï ª á«¥¤ãîé¨¬ ãà ¢¥¨ï¬ ¤«ï ¢¨åàïáª®à®áâ¨ "(x; y; t) = � (@u=@y)+(@v=@x) ¨ äãª-æ¨¨ â®ª   (x; y; t), £¤¥ u = @ =@y; v = �@ =@x:@"@t + @(u")@x + (@v")@y = ��@2"@x2 + @2"@y2�;@2 @2x + @2 @2y = �": (2)�â¨ ãà ¢¥¨ï ¤®«¦ë ã¤®¢«¥â¢®àïâì â ª¨¬£à ¨çë¬ ãá«®¢¨ï¬ [17, 18]:1) u=v =0, ¯à¨ y= �H (¯®¢¥àå®áâì ¤ ) ¨  ¯®¢¥àå®áâ¨ âàã¡®¯à®¢®¤ ,  = 0   ¯®¢¥àå®áâ¨¤  ¨  =  c   ¯®¢¥àå®áâ¨ âàã¡ë;2)   ¡®ª®¢ëå £à ¨æ å: = yZ�H udy;u(x = �0:5L; y; t) = !ach [k(H + y)]sh (kH) �� sin(!t � 0:5kL); (3)£¤¥ �H + LB < y < 0; LB { ¯à¨¤®ë© ¯®-£à ¨çë© á«®©, ¢ ª®â®à®¬ £®à¨§®â «ì ï áª®-à®áâì ¨§¬¥ï¥âáï ®â ¢¥«¨ç¨ë u(x= � 0:5L; y == �H + LB)=!ach (kLB) sin(!t � 0:5kL)=sh (kH)¤® ã«ï ¯à¨ y = � H; ! = 2�=T { ã£«®¢ ï ç -áâ®â ; k = 2�=� { ¢®«®¢®¥ ç¨á«®; a {  ¬¯«¨âã-¤  ¢®«ë, L - £®à¨§®â «ìë© à §¬¥à à áç¥â®©®¡« áâ¨ (p¨á. 1);3)   ¯®¢¥àå®áâ¨ ¬®àï: = � xZ�0:5L vdx;v(x; y = 0; t) = a cos(!t� kx); (4)£¤¥ �0:5L < x < 0:5L;4)   ¯®¢¥àå®áâ¨ âàã¡®¯à®¢®¤  äãªæ¨ï â®ª  c ®¯à¥¤¥«ï¥âáï â ª: ãà ¢¥¨¥ (2) §¤¥áì ¢ëà®-¦¤ ¥âáï ¢ á«¥¤ãîé¥¥ ãà ¢¥¨¥ ¤«ï ®¤®¬¥à®©¤¨ääã§¨¨: @"@t = � @2"@n2 ; (5)£¤¥ n {  ¯à ¢«¥¨¥ ®à¬ «¨ ª ¯®¢¥àå®áâ¨ âàã-¡ë. � ª®¥ç®-à §®áâ®© ä®à¬¥ ãà ¢¥¨¥ (5)¯à¥®¡à §ã¥âáï ¢ á«¥¤ãîé¨© ¢¨¤ [19]: c =  +1 � hu+1 + h2"c; (6)10 �. �. �ãè¨à, �. �. �¥¤®à®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 9 { 18£¤¥  +1; u+1 { äãªæ¨ï â®ª  ¨ áª®à®áâì â¥ç¥¨ï  à ááâ®ï¨¨ è £  à áç¥â®© á¥âª¨ h ®â ¯®¢¥àå®-áâ¨ âàã¡®¯à®¢®¤  á®®â¢¥âáâ¢¥®; "c { ¢¨åàì  ¯®¢¥àå®áâ¨ âàã¡ë. � ª ç¥áâ¢¥  ç «ì®£® ¯à¨-¡«¨¦¥¨ï ¯à¨¨¬ ¥âáï  c=0, § â¥¬ ¬¥â®¤®¬ ¨â¥-à æ¨© ®¯à¥¤¥«ï¥âáï ¢¥«¨ç¨   c, ã¤®¢«¥â¢®àïî-é ï ãà ¢¥¨î (6).� ª ç¥áâ¢¥  ç «ì®£® ãá«®¢¨ï ¯à¨ïâ  ä § ¢®«ë !t = 0, à¥è¥¨¥ ãà ¢¥¨ï (2) ¢ íâ®â  -ç «ìë© ¬®¬¥â ¢à¥¬¥¨ ¯à¥¤áâ ¢«ï¥âáï á«¥¤ãî-é¨¬ à §®áâë¬ ãà ¢¥¨¥¬: 0(x0; y0)=0:25[ (x0+h; y0)+ (x0��h; y0)+ (x0; y0 + h) +  (x0; y0 � h)]: (7)�®à¨§®â «ì ï ¨ ¢¥àâ¨ª «ì ï áª®à®áâ¨ â¥ç¥-¨ï ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ ®¯à¥¤¥«ïîâáïª ªu0(x0; y0+0:5h)=  (x0; y0+h)� (x0 ; y0)h ;v0(x0+0:5h; y0)=  (x0; y0)� (x0+h; y0)h : (8)� ç «ì®¥ § ç¥¨¥ ¢¨åàï ¢ëç¨á«ï¥âáï ¯® á®®â-®è¥¨î"0(x0; y0)=hu(x0; y0�0:5h)�u(x0; y0++0:5h)+v(x0 + 0:5h; y0)� v(x0 � 0:5h; y0)i=h:(9)� ç¥¨¥ ¢¨åàï ¢ ¯®á«¥¤ãîé¨© ¬®¬¥â ¢à¥¬¥¨�t ®¯à¥¤¥«ï¥âáï â ª:"(x0; y0)n+1=(1+2A)�1�"(x0; y0)n�1 +B��hu(x0�0:5h; y0)n"(x0�0:5h; y0)n�u(x0++0:5h; y0)n"(x0+0:5h; y0)n+v(x0; y0�0:5h)n��"(x0; y0�0:5h)n�v(x0; y0+0:5h)n"(x0; y0++0:5h)ni+Ah"(x0+h; y0)n+"(x0�h; y0)n++"(x0; y0+h)n+"(x0; y0�h)n��2"(x0; y0)n�1i�; (10)£¤¥ A=(2��t)=h2, B=(2�t)=h.�®®â¢¥âáâ¢ãîé¥¥ § ç¥¨¥ äãªæ¨¨ â®ª  ¡ã-

¤¥â: (x0; y0)=h (x0+h; y0)+ (x0�h; y0)++ (x0; y0+h)+ (x0; y0�h)+h2"(x0; y0)i=4;(11)®âªã¤  ¯® á®®â®è¥¨î (8) ®¯à¥¤¥«ïîâáï § ç¥-¨ï £®à¨§®â «ì®© ¨ ¢¥àâ¨ª «ì®© áª®à®áâ¨.�«ï ¢ëç¨á«¥¨ï ¤ ¢«¥¨ï P (x; y; t) ¨á¯®«ì§®¢ -ë ãà ¢¥¨ï (1) á â ª¨¬¨ £à ¨çë¬¨ ãá«®¢¨ï-¬¨:1)   ¡®ª®¢ëå £à ¨æ å:P (x = �0:5L; y; t)� = gach [k(H + y)]ch (kH) �� sin(!t � 0:5kL)� gy; (12)2)   á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¯à¨ (�0:5L < x <0:5L): P (x; y = 0; t)� = ga sin(!t � kx): (13)�¨ää¥à¥æ¨àãï ¯¥à¢®¥ ãà ¢¥¨¥ (1) ¯® x,  ¢â®à®¥ ¯® y ¨ § â¥¬ áª« ¤ë¢ ï ¨å,  å®¤¨¬:@2P@x2 + @2P@y2 = ��Q(u; v; x; y; t); (14)£¤¥ ¯à ¢ ï ç áâì ãà ¢¥¨ï (14) ®¯à¥¤¥«ï¥âáï ¤«ïª ¦¤®© â®çª¨ à áç¥â®© áå¥¬ë ¢ à¥§ã«ìâ â¥ ¯à¥¤-¢ à¨â¥«ì®£® ¢ëç¨á«¥¨ï áª®à®áâ¥©.�à¨ à áç¥â å ¯®«ï ¤ ¢«¥¨ï ¢ ª ç¥áâ¢¥ ª®¥ç®-à §®áâ®© ä®à¬ã«ë ¨á¯®«ì§®¢   á«¥¤ãîé ï § -¢¨á¨¬®áâì:4P (x0; y0)=hP (x0+h; y0)+P (x0�h; y0)++P (x0; y0+h)+P (x0; y0�h)i+�h2Q(x0; y0);(15)£¤¥ h2Q(x0; y0)=hu2(x0+h; y0)�2u2(x0; y0)++u2(x0�h; y0)+v2(x0; y0+h)�2v2(x0; y0)++v2(x0; y0�h)i+0:5hu(x0+h; y0+h)��v(x0+h; y0+h)�u(x0�h; y0+h)��v(x0�h; y0+h)+u(x0�h; y0�h)��v(x0�h; y0�h)�u(x0+h; y0�h)��v(x0+h; y0�h)i: (16)�. �. �ãè¨à, �. �. �¥¤®à®¢ 11
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�¨á. 2. � à ªâ¥à ¨§¬¥¥¨ï £®à¨§®â «ì®© Fd ¨¢¥àâ¨ª «ì®© FL £¨¤à®¤¨ ¬¨ç¥áª¨å á¨«,   â ª¦¥¬®¤ã«ï áª®à®áâ¨ â¥ç¥¨ï V   £®à¨§®â «ì®© ®á¨âàã¡®¯à®¢®¤ �¨á«¥®¥ à¥è¥¨¥ ãà ¢¥¨© (2), (14) ¢ë¯®«¥-® ¨â¥à æ¨®ë¬ ¬¥â®¤®¬ �¨¡¬   [19]. � £ á¥â-ª¨ ¯® £®à¨§®â «¨ ¨ ¢¥àâ¨ª «¨ ¡ë« ¯à¨ïâ à ¢-ë¬ 0.1 ¬, ç¨á«® ã§«®¢ { ®â 7381 ¤® 12221 ¤«ï £«ã-¡¨ 6 ¨ 10 ¬ á®®â¢¥âáâ¢¥®, è £ ¯® ¢à¥¬¥¨ ¯à¨-¨¬ «áï à ¢ë¬ 0.02 á. �¨á«® ¨â¥à æ¨© ¯à¨ à áç¥-â å äãªæ¨¨ â®ª  ¨ ¢¨åàï á®áâ ¢«ï«® ®¡ëç® 6000,®áâ ®¢ª  áç¥â  ®áãé¥áâ¢«ï« áì, ¥á«¨ ¯à¨à é¥-¨¥ «¨¨¨ â®ª  áâ ®¢¨«®áì à ¢ë¬ ¨«¨ ¬¥ìè¥10�6 á�1. �à¨ ¢ëç¨á«¥¨¨ ¤ ¢«¥¨ï ç¨á«® ¨â¥-à æ¨© á®áâ ¢«ï«® ®¡ëç® 12000, ®áâ ®¢ª  áç¥-â  ¯à®¢®¤¨« áì ¯à¨ ¯à¨à é¥¨¨ ¤ ¢«¥¨ï ¥ ¡®-«¥¥ 0.1 � . � áç¥â ¯à®¨§¢®¤¨«áï ¤«ï ¤¥áïâ¨ ¯¥-à¨®¤®¢ ¢®«. � ¤ ç  à áá¬ âà¨¢ « áì ¤«ï ãá«®-¢¨© ¢®§¤¥©áâ¢¨ï èâ®à¬®¢ëå ¯®¢¥àå®áâëå ¢®«  âàã¡®¯à®¢®¤ ¢ ¯à¨¡à¥¦®© §®¥. � à ªâ¥àë¥¯ à ¬¥âàë ¯®¢¥àå®áâëå ¢®« ¢ëç¨á«¥ë á«¥¤ã-îé¨¬ ®¡à §®¬. �  £«ã¡¨¥ H =10 ¬ ¯à¨ íªáâà¥-

¬ «ì®© áª®à®áâ¨ ¢¥âà  W =40 ¬/á áà¥¤ïï ¢ëá®-â  ¢®«ë h = 2a = 0:07W 2g�1(gHW�2)0:6, ¯¥à¨®¤T = 18:7W�0:2g�0:4h0:6, ¤«¨  � = T (gH)0:5 ¨  ¬-¯«¨âã¤  ¢¥àâ¨ª «ì®© ¢®«®¢®© áª®à®áâ¨   á¢®-¡®¤®© ¯®¢¥àå®áâ¨ V0 ¡ë«¨ à ¢ë á®®â¢¥âáâ¢¥-® 2.14 ¬, 5.7 á, 56 ¬, 1.18 ¬/á [20]. �¨ ¬¥âà âàã-¡®¯à®¢®¤  ¯à¨ à áç¥â å ¡ë« à ¢¥ 1 ¬, ¢¥«¨ç¨ § §®à  ¨§¬¥ï« áì ®â 0 ¤® 0.8 ¬.� ªá¨¬ «ì®¥ ç¨á«® �¥©®«ì¤á  ¢ ¯à¨¤®®¬¢®«®¢®¬ á«®¥ Re = [�=(�T )]0:5h=sh (kH) [21] ¤«ïà áá¬ âà¨¢ ¥¬ëå ãá«®¢¨© ¡ë«® à ¢® 980.�®«é¨  ¯®£à ¨ç®£® á«®ï ¯® ®æ¥ª¥ �íâç¥«®-à  LBBL = 0:75�(2Re�1)0:5 [22] ¨ ¤«ï à áá¬ âà¨-¢ ¥¬ëå ãá«®¢¨© á®áâ ¢«ï«  0.1 ¬, çâ® á®®â¢¥â-áâ¢®¢ «® à §¬¥àã á¥âª¨. �® ¤ ë¬ ¬®£®ç¨á«¥-ëå íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© íâ  ¢¥«¨ç¨-  ¨¬¥¥â ¯à¨¬¥à® â ª®© ¦¥ ¯®àï¤®ª [23{25].�§¢¥áâ®, çâ® ¯à¨ à¥è¥¨¨   «®£¨çëå £¨-¤à®¤¨ ¬¨ç¥áª¨å § ¤ ç áãé¥áâ¢ãîâ ®¯à¥¤¥«¥ë¥®£à ¨ç¥¨ï   ¯ à ¬¥âàë ç¨á«¥®© áå¥¬ë ¤«ï®¡¥á¯¥ç¥¨ï ãáâ®©ç¨¢®áâ¨ à¥è¥¨ï. � «¨§ íâ®©¯à®¡«¥¬ë ¤«ï ¤ ®© § ¤ ç¨ ¢ë¯®«¥   ®á®¢¥á«¥¤ãîé¥£® ªà¨â¥à¨ï [19]:����Xi;j "i;j �Xi;j � i;j���� < 0:0002����Xi;j � i;j����: (17)Cã¬¬¨à®¢ ¨¥ ®æ¥®ª ¢¨åàï áª®à®áâ¨ ¨ « ¯« á¨-   äãªæ¨¨ â®ª  ¯à®¢®¤¨âáï ¯® ¢á¥¬ ã§« ¬ à á-ç¥â®© á¥âª¨.�¨á«¥ë¥ íªá¯¥à¨¬¥âë ¯®ª § «¨, çâ® ¤®«¦-ë ¢ë¯®«ïâìáï á«¥¤ãîé¨¥ ãá«®¢¨ï: v�t=�h � 1,��t=h2 � 2:8 � 10�3 ¯à¨ �t = 0:02c, h = 0:1¬, � ==1:4 � 10�3¬2=á .2. �����������  p¨á. 3 ¯®ª § ë ¯®á«¥¤®¢ â¥«ìë¥ áâ -¤¨¨ ä®à¬¨à®¢ ¨ï ¢¨åà¥¢®© áâàãªâãàë áª®à®áâ¨¢¡«¨§¨ âàã¡®¯à®¢®¤  ¯à¨ à §«¨çëå ä § å ¢®«-®¢®£® â¥ç¥¨ï. � íâ®¬ á«ãç ¥ âàã¡®¯à®¢®¤  å®-¤¨âáï   ¯®¢¥àå®áâ¨ ¤  ¡¥§ § §®à . �¥§ã«ìâ âë¢ëç¨á«¥¨ï ¤ ¢«¥¨ï   ¯®¢¥àå®áâ¨ âàã¡®¯à®¢®-¤  ¡ë«¨ ¨á¯®«ì§®¢ ë ¤«ï ®¯à¥¤¥«¥¨ï ã¤¥«ìëå£®à¨§®â «ìëå Fd ¨ ¢¥àâ¨ª «ìëå Fl £¨¤à®¤¨- ¬¨ç¥áª¨å á¨« (�/¬). �®®â¢¥âáâ¢ãîé¨¥ £¨¤à®-¤¨ ¬¨ç¥áª¨¥ ª®íää¨æ¨¥âë £®à¨§®â «ì®©Cd ¨¢¥àâ¨ª «ì®© Cl á¨« ¢ëç¨á«ï«¨áì ¯® á®®â®è¥¨-ï¬ [26]: Cd = Fd0:5�DV 2Cl = Fl0:5�DV 2 (18)12 �. �. �ãè¨à, �. �. �¥¤®à®¢
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�¨á. 5. �¥§ã«ìâ âë á®¯®áâ ¢«¥¨ï ¢ëç¨á«¥ëå (�) ¨ íªá¯¥à¨¬¥â «ìëå (�) § ¢¨á¨¬®áâ¥© ª®íää¨æ¨¥â £®à¨§®â «ì®© £¨¤à®¤¨ ¬¨ç¥áª®© á¨«ë ®â ç¨á¥« �¥«¥£  -� à¯¥â¥à  ¯à¨ à §«¨çëå § ç¥¨ïå ®â®á¨-â¥«ì®£® § §®à  �. �æ¥ª¨ ¢¥«¨ç¨ Cd ¯®«ãç¥ë ç¥à¥§ ¨â¥à¢ «ë ¢à¥¬¥¨ 0.5 á ¤«ï 10-â¨ ¯¥à¨®¤®¢�. �. �ãè¨à, �. �. �¥¤®à®¢ 15
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�¨á. 6. �®¯®áâ ¢«¥¨¥ ¢ëç¨á«¥ëå (�) ¨ íªá¯¥à¨¬¥â «ìëå (�) ª®íää¨æ¨¥â®¢ ¯®¤ê¥¬®© á¨«ë CL ®âç¨á¥« �¥«¥£  -� à¯¥â¥à ; � { ¢¥«¨ç¨  § §®à  ¬¥¦¤ã âàã¡®© ¨ ¤®¬. �æ¥ª¨ ¢¥«¨ç¨ CL ¯®«ãç¥ë ç¥à¥§¨â¥à¢ «ë ¢à¥¬¥¨ 0.5 á ¤«ï 10-â¨ ¯¥à¨®¤®¢£¤¥ D { ¤¨ ¬¥âà âàã¡®¯à®¢®¤ ; V { ¬®¤ã«ì áª®-à®áâ¨ â¥ç¥¨ï ¢¡«¨§¨ ¥£® ¯®¢¥àå®áâ¨   à ááâ®-ï¨¨ 0:5D ®â ¤ . �¤®¢à¥¬¥® ¡ë«¨  ©¤¥ë ç¨á«  �¥«¥£  -� à¯¥â¥à  K = V T=D ¨ ®¯à¥¤¥-«¥ë § ¢¨á¨¬®áâ¨ Cd=f1(K) ¨ Cl=f2(K) .� à ªâ¥à ¨§¬¥¥¨ï £®à¨§®â «ì®© ¨ ¢¥àâ¨-16 �. �. �ãè¨à, �. �. �¥¤®à®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 9 { 18ª «ì®© £¨¤à®¤¨ ¬¨ç¥áª®© á¨« ¯®ª §    à¨á. 2.� «®£¨çë¥ à áç¥âë ¢ë¯®«¥ë ¤«ï á«ãç ¥¢,ª®£¤  ¬¥¦¤ã âàã¡®© ¨ ¯®¢¥àå®áâìî ¤  ¨¬¥¥âáï§ §®à. � íâ¨å á«ãç ïå äãªæ¨ï â®ª    ¯®¢¥àå®-áâ¨ âàã¡®¯à®¢®¤  ®¯à¥¤¥«ï« áì ¯® à áá¬®âà¥®©¢ëè¥ áå¥¬¥ (á®®â®è¥¨ï (5), (6)) ¢ à¥§ã«ìâ â¥¨â¥à æ¨©. �à¨¬¥à à §¢¨â¨ï ¢¨åà¥¢®© áâàãªâãàë¤«ï § §®à , à ¢®£® 0.6 ¬, ¯à¥¤áâ ¢«¥   p¨á. 4.� áç¥âë ¯®ª § «¨, çâ® ¢ â ª¨å á«ãç ïå äãªæ¨ïâ®ª    ¯®¢¥àå®áâ¨ âàã¡ë ¥ à ¢  ã«î, çâ® á®-®â¢¥âáâ¢ã¥â ¥ª®â®à®¬ã áà¥¤¥¬ã â¥ç¥¨î ¢ § §®-à¥. �â® â¥ç¥¨¥ ®âç¥â«¨¢® ¢¨¤®   p¨á. 4. �¥-«¨ç¨   c ï¢«ï¥âáï § ª®¯¥à¥¬¥®© ¨ ¬¥ï¥âáï ¢á®®â¢¥âáâ¢¨¨ á ¨§¬¥¥¨¥¬ ä §ë ¢®«ë.�ëç¨á«¥ë¥ § ¢¨á¨¬®áâ¨ £¨¤à®¤¨ ¬¨ç¥áª¨åª®íää¨æ¨¥â®¢ ®â ç¨á¥« �¥«¥£  -� à¯¥â¥à  á®-¯®áâ ¢«¥ë á   «®£¨çë¬¨ § ¢¨á¨¬®áâï¬¨, ¯®«ã-ç¥ë¬¨ ¢ à¥§ã«ìâ â¥ ¢ë¯®«¥¨ï á¥à¨¨ « ¡®à -â®àëå ä¨§¨ç¥áª¨å íªá¯¥à¨¬¥â®¢ ¢ £¨¤à®¤¨ -¬¨ç¥áª®¬ ¡ áá¥©¥ [27]. �¥§ã«ìâ âë á®¯®áâ ¢«¥-¨© ¯à¨¢¥¤¥ë   p¨á. 5 ¨ 6.������1. �®§¤  ï £¨¤à®¤¨ ¬¨ç¥áª ï ¬®¤¥«ì ¢ï§ª®-£® ¢®«®¢®£® ®¡â¥ª ¨ï âàã¡®¯à®¢®¤   ¤ ¯«®áª¨¬¤®¬ ¯®§¢®«ï¥â ç¨á«¥ë¬¨ ¬¥â®¤ ¬¨ ¨áá«¥¤®-¢ âì à §¢¨â¨¥ ¢¨åà¥¢®© áâàãªâãàë â¥ç¥¨© ¢¡«¨-§¨ âàã¡ë ¯à¨ à §«¨çëå ¢¥«¨ç¨ å § §®à  ¬¥¦-¤ã ¥© ¨ ¯®¢¥àå®áâìî ¤ . � áç¥â ¯¥à¥¬¥®£®¤ ¢«¥¨ï   ¯®¢¥àå®áâ¨ âàã¡ë ï¢«ï¥âáï ®á®¢®©¤«ï à áç¥â  £¨¤à®¤¨ ¬¨ç¥áª¨å £®à¨§®â «ìëå ¨¢¥àâ¨ª «ìëå á¨«, ¢®§¤¥©áâ¢ãîé¨å   âàã¡®¯à®-¢®¤.2. �®¯®áâ ¢«¥¨¥ ¯®«ãç¥ëå ç¨á«¥ë¬¨ ¬¥â®-¤ ¬¨ § ¢¨á¨¬®áâ¥© ª®íää¨æ¨¥â®¢ £®à¨§®â «ì-®© ¨ ¢¥àâ¨ª «ì®© £¨¤à®¤¨ ¬¨ç¥áª¨å á¨« ®âç¨á¥« �¥«¥£  -� à¯¥â¥à  á ¤ ë¬¨   «®£¨ç-ëå ä¨§¨ç¥áª¨å íªá¯¥à¨¬¥â®¢ ¢ ¢®«®¢®¬ ¡ áá¥©-¥ ¯®ª § «® å®à®è¥¥ á®®â¢¥âáâ¢¨¥ íâ¨å å à ªâ¥-à¨áâ¨ª. �à¨ íâ®¬ ®£à ¨ç¥ë© ¤¨ ¯ §® ç¨á¥«�¥«¥£  -� à¯¥â¥à  (K>5) ¯à¨ ç¨á«¥ëå à á-ç¥â å ®¡êïáï¥âáï â¥¬, çâ® ¯à¨ ¬¥ìè¨å ¢¥«¨-ç¨ å K ¯® ¤ ë¬ « ¡®à â®àëå íªá¯¥à¨¬¥â®¢®¡â¥ª ¨¥ âàã¡®¯à®¢®¤  ï¢«ï¥âáï ¯®â¥æ¨ «ìë¬[27]. �®¤¥«ì ï § ¤ ç  â ª®£® â¨¯  à áá¬®âà¥ ¢ [28-30].3. �®§¤  ï ¢¨åà¥à §à¥è îé ï ¬®¤¥«ì ®¡â¥-ª ¨ï âàã¡®¯à®¢®¤  ¢®«®¢ë¬ â¥ç¥¨¥¬ ¬®¦¥â¡ëâì ¨á¯®«ì§®¢   ¤«ï à áç¥â®¢ âãà¡ã«¥âëå  -¯àï¦¥¨© ¢¡«¨§¨ ¯®¢¥àå®áâ¨ ¤  ¨, á«¥¤®¢ â¥«ì-®, ¤«ï ®¯à¥¤¥«¥¨ï å à ªâ¥à¨áâ¨ª à §¬ë¢  £àã-â  [31, 32]. �â  ¬®¤¥«ì ¬®¦¥â ¡ëâì â ª¦¥ ¨á-

¯®«ì§®¢   ¤«ï ®æ¥®ª ¢¥àâ¨ª «ìëå âãà¡ã«¥â-ëå ¯®â®ª®¢ ¤¨ääã§¨¨ ¨¬¯ã«ìá  ¨ à áâ¢®à¥®£®¢¥é¥áâ¢ , çâ® ¥®¡å®¤¨¬® ¤«ï ¯à®£®§  ¤¨ääã§¨¨âà á¯®àâ¨àã¥¬®£® ¢¥é¥áâ¢  ¯à¨ ¢®§¨ª®¢¥¨¨ ¢ à¨© ¨«¨ ãâ¥ç¥ª ¨§ âàã¡®¯à®¢®¤ .� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ £à â  CRDF,¯à®¥ªâ UP2-2424-SE-02.1. Tanaka N., Sato T., Nakazono M. Three-DimensionalTurbulent Calculation around Projection Using k-eModel // Proc. of 7th Int. Symposium of Flow Mod-eling and Turbulence Measurements. Taiwan.{ 1998.{Vol. 1.{ P. 459-466.2. Hwang R.R., Sue Y.C. Numerical simulation of non-linear interaction of water waves with submerged ob-stacles // Proc. of 7th Int. Symposium of Flow Mod-eling and Turbulence Measurements. Taiwan.{ 1998.{Vol.1.{ P. 545-554.3. Ochiai M., Eudo S., Wada A. Flow Characteristicsnear the submerged breakwater in the wave inducedcurrent // Proc. of 7th Int. Symposium of Flow Mod-eling and Turbulence Measurements. Taiwan.{ 1998.{Vol. 1.{ P. 529-536.4. Iwata K., Kawasaki K., Tanaka H.Wave Breaking andPost-breaking Deformation and Breaker Zero LengthDue to Submerged // Proc. of Coastal EngineeringJSCE.{ 1997.{ Vol. 1.{ P. 71-75.5. Kawasaki K., Iwata K. Numerical Analysis of Two-dimensional Plane Wave Deformation Due to Sub-merged Structure // Proc. of Coastal EngineeringJSCE.{ 1997.{ Vol. 1.{ P. 81-85.6. Davis R.W., Moore E.F. A numerical study of vortexshedding from rectangles // Fluid Mech.{ 1982.{ Vol.116.{ P. 475-506.7. Grue J. Non-linear water waves at a submerged obsta-cle or bottom topography // Fluid Mech.{ 1992.{ Vol.244.{ P. 455-476.8. Harlow F.H., Welch J.E. Numerical calculation oftime-dependent viscous in compressible ow of u-id with free surface // Phys. Fluid.{ 1965.{ Vol. 8.{P. 2182-2189.9. Ohyama T., Nadaoka K. Transformation of a non-linear wave train passing over a submerged shelf with-out breaking // Coastal Eng.{ 1994.{ Vol. 24.{ P. 1-22.10. Rey Y., Belzons M., Guazzelli E. Propagation of sur-face gravity waves over a rectangular submerged bar //Fluid Mech.{ 1992.{ Vol. 253.{ P. 453-479.11. Ting F. C. K., Kim Y. K. Vortex generation in wa-ter waves propagating over a submerged obstacle //Coastal Eng.{ 1994.{ Vol. 24.{ P. 23-49.12. Niyata H., Lee Y-G. Vortex motions about a horizon-tal cylinder in waves // Ocean Eng.{ 1990.{ Vol. 17.{P. 279-305.13. Williamson C. H. H. Sinusoidal ow relative to circu-lar cylinder // Fluid Mech.{ 1985.{ Vol. 155.{ P. 141-174.14. Stansby P.K., Slaouti A. On non-linear wave inter-action with cylindrical bodies: a vortex sheet ap-proach // Appl. Ocean Res.{ 1984.{ Vol. 6.{ P. 108-115.15. Baba N., Niyata H. Higher-order accurate di�erencesolusion of vortex generation from a circular cylinderinan oscillatory ow // Comput. Rhys.{ 1987.{ Vol. 69.{P. 362-396.16. Chaplin J.R. Non-linear forces on a horizontal cylin-der beneath waves // Fluid Mech.{ 1984.{ Vol. 147.{P. 449-464.�. �. �ãè¨à, �. �. �¥¤®à®¢ 17
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