Stok esian Dynamics K! $N 9b @: EY 2= $H 9b B. 2= Impro v emen t of Stok esian Dynamics on Accuracy and Sp eed !{ ;T PT 7r 8c ( 5~ Bg ?M 4D ) Kengo Ic hiki GSHE, Ky oto Univ ersit y , Ky oto 606-8501, Japan The aim of this w ork is to presen t an e�cien t computational metho d of h ydro dynamic in teraction among spherical particles in lo w-Reynolds-n um b er o ws. 1 %$ %s %H %m K\ 8& 5f $O !" %l %$ %N %k %: ?t $, #0 $N 6K 8B $N G4 @- N. BN Cf $N B? N3 ;R $N N. BN NO 3X E* Aj 8_ :n MQ $N ?t CM 7W ;; <j K! $N OC $G $" $k !# 0l ;~ Be $r C[ $$ $? Stok esian Dynamics K! 1) $O !" 3+ H/ $5 $l $F #1 #0 G/ 0J >e $r 7P 2a $7 !" 7W ;; 5! G= NO $N 8~ >e $H !" J* M} $N M} 2r $N ?J Jb $K H< $$ !" Bg $- $/ Fs $D $N Ld Bj ( 8B 3& ) $, 82 :_ 2= $7 $F $- $? !# 0l $D $O 7W ;; @: EY $N 7O E} E* $J 8~ >e $N <j B3 $- $, 3N N) $5 $l $F $$ $J $$ $3 $H !# <B :] E8 3+ $N #1 <! $^ $G $H $C $? FTS HG $, DL >o ;H $o $l $k !# $b $& 0l $D $O $= $N 7W ;; NL $N B? $5 ( N3 ;R ?t N $K BP $7 $F O ( N 3 )) $N $? $a !" 7W ;; 2D G= $J N3 ;R ?t $, ?t I4 8D $K 8B $i $l $k $3 $H !# K\ 8& 5f $G $O !" 0J 2< $N #3 $D $N <j CJ $r 5r $j =j $K $3 $l $i $N Ld Bj $r 2r 7h $9 $k !# #3 $D $H $O !" B? =E 6K E8 3+ !" C‘ <! K! !" $= $7 $F 9b B. B? =E 6K E8 3+ $G $" $k !# 2 @: EY $N 3H D% =P H/ E@ $O Stok es 6a ;w $G $" $k !# $3 $N ;~ 9d BN I= LL $, :n $k G$ 0U $N B. EY >l u $O u ( x ) = � 1 8 � � N X � =1 Z S � dS ( y ) J ( x � y ) � f ( y ) (1) $H $+ $1 $k !# $3 $3 $G J ij ( r ) = ( � ij + r i r j =r 2 ) =r $O Os- een %F %s %= %k $G $" $k !# N3 ;R I= LL $G $N NO L) EY f $r N3 ;R Cf ?4 $G E8 3+ $9 $k $H !" u ( x ) = N X � =1 p X m =0 J ( m ) ( x � y � ) � F ( m ) � (2) $H $J $k !# $3 $3 $G !" J ( m ) ( r ) := 1 8 � � 1 m ! [( � r ) m J ] ( r ) (3) F ( m ) � := � Z S � dS ( y )( y � y � ) m � f ( y ) (4) F $O NO $N %b !< %a %s %H $G $" $k !# $$ $^ 9M $( $F $$ $k B? N3 ;R Ld Bj $O !" N3 ;R I= LL $G $N 6- 3& CM Ld Bj $G $" $k !# 6- 3& >r 7o $r 2] $9 J} K! $O $$ $/ $D $+ $" $k $, !" $3 $3 $G $O B. EY $N %b !< %a %s %H U $r F3 F~ $9 $k !# U ( n ) � := 1 4 � a 2 Z S � dS ( y )( y � x � ) n u ( y ) (5) (2) <0 $K (5) <0 $N I= LL @Q J, $r :n MQ $5 $; $F !" 0l HL 2= $5 $l $? Bg 0\ F0 EY Ld Bj $r 9= @. $G $- $k !# U = M � F (6) Mobilit y function x a 11 .

%b !< %a %s %H $N 9M N8 $9 $k <! ?t $K $h $j !" 7W ;; @: EY $, >e $k !# 0 <! $N $_ 9M N8 $9 $k >l 9g SD $N F HG $K BP 1~ $7 !" 1 <! $^ $G 9M N8 $9 $k >l 9g $O FTS HG $K BP 1~ $9 $k !# Fig.1 $O $3 $N E8 3+ $, @5 $7 $/ %W %m %0 %i %‘ $5 $l $F $$ $k ;v $N 3N G’ $N $? $a !" #2 N3 ;R Ld Bj $N 7k 2L $r 87 L) 2r $H Hf 3S $7 $? $b $N $G $" $k !# 3 9b B. 2= 9d BN N3 ;R $O !" 9b <! $N (irreducible) B. EY %b !< %a %s %H $O >C $( $k !# $3 $N $? $a 0\ F0 EY Ld Bj $b Dq 93 Ld Bj $b BP 1~ $9 $k 9b <! $N NO $N %b !< %a %s %H $O L$ CN ?t $H $7 $F 2r $+ $l $J $1 $l $P @. $i $J $$ !# $$ $: $l $K $; $h !" E, Ev $J 4{ CN NL / L$ CN NL $K BP $7 $F O" N) @~ 7A J} Dx <0 (6) $r 2r $+ $J $1 $l $P $J $i $J $$ !# Stok esian Dynamics K! $G $O $3 $3 $K D> @\ K! $r MQ $$ $? $? $a O ( N 3 ) $N 7W ;; $, I, MW $G $" $C $? $, !" C‘ <! K! $r MQ $$ $k 3 ; 4) $3 $H $G O ( N 2 ) $^ $G 8z N( 2= $G $- $k !# %] %$ %s %H $O !" 3F C‘ <! %9 %F %C %W $G G$ 0U $N F 0 $K BP $7 $F M � F 0 $r 7W ;; $9 $l $P NI $$ $3 $H $@ !# $D $^ $j !" 99 $K 9b B. 2= $r K> $a $P !" $3 $N 7W ;; ( 0l HL 2= $5 $l $? Bg 0\ F0 EY Ld Bj ) $r 9b B. 2= $9 $l $P $h $$ !# B? =E 6K E8 3+ $O !" N3 ;R =8 CD $K BP $7 $F $= $N =8 CD Cf ?4 $G $N E8 3+ $K $b ;H $( $k !# N3 ;R $N =8 CD 2= $K $h $j 7W ;; %3 %9 %H $, 7Z 8: $G $- $k !# U � = N X � =1 M �;� � F � = M �;D � F D (7) $3 $3 $G F ( m ) D := � N X � =1 Z S � dS ( y )( y � y D ) m f ( y ) (8) $G $" $k !# $3 $N =8 CD 2= $O B. EY %b !< %a %s %H $K BP $7 $F $b E, MQ $G $- $k !# 7W ;; $N $? $a $K B. EY $N Hy J, 78 ?t V $r F3 F~ $9 $k !# V ( n ) ( x P ) := 1 n ! [ r u ] ( x P ) (9) <+ 8J 8z 2L $r =| $- U $H V $O 4X 78 IU $1 $i $l $F $$ $k !# x P $N V $+ $i x C $N u $O <! $N $h $& $K =q $1 $k !# u ( x C ) = X n =0 V ( n ) ( x P ) � ( x C � x P ) n (10) $D $^ $j !" V $N 86 E@ $N 0\ F0 $O 0J 2< $N $h $& $K =q $1 $k !# V ( n ) ( x C ) = X m = n m C n V ( m ) ( x P ) � ( x C � x P ) m � n (11) 9b B. B? =E 6K E8 3+ 2) $N >\ :Y $O J8 8% $K >y $k !# %] %$ %s %H 9M N8 $9 $k 6u 4V $r ?’ !9 $J %9 %1 !< %k $G AF ;k 2= $7 $F !" :G =i :Y $+ $$ %9 %1 !< %k $+ $i NO $N %b !< %a %s %H $r 7W ;; $7 !" <! $K AF $$ %9 %1 !< %k $+ $i =g $K !" 1s J} $N N3 ;R $+ $i $N 4s M? $r B. EY $N Hy J, 78 ?t $N 7A $G 7W ;; $7 $F $$ $- !" :G 8e 6a @\ N3 ;R $N 4s M? $O D> @\ 7W ;; $7 !" B. EY %b !< %a %s %H $K JQ 49 $9 $k $3 $H $G !" 0l HL 2= $5 $l $? Bg 0\ F0 EY Ld Bj $r 7W ;; $9 $k !# $3 $N <j =g $G @h $N =8 CD 2= $, 8z $- !" :G Bg O ( N ) $G 7W ;; $G $- $k !# Fig. 2 CPU time. 4 7k O@ C1 =c $J B? =E 6K E8 3+ $r MQ $$ !" Stok esian Dynamics $N 9b @: EY 2= $H 9b B. 2= $r 9T $C $? !# 0z MQ J8 8% 1) J. F. Brady & G. Bossis, Ann u. Rev. Fluid Mec h. 20 , 111 (1988). 2) L. Greengard and V. Rokhlin, J. Comput. Ph ys. 73 , 325 (1987). 3) K. Ic hiki & J. F. Brady , submitted to Ph ys. Flu- ids. 4) R. W eiss, Par ameter-F r e e Iter ative Line ar Solvers (Ak ademie V erlag, Berlin, 1996).