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Amethod was introduced for analyzing the creeping motions of non spherical particle in viscous
fluid that has been proposed by Wu, Wang-yi (1984). To treat the arbitrary prolate axi-
symmetrical biological particle, linear approximation of the line continuous distribution method of
singularities was  firstly proposed by Sampson, R,A ( Phil, Trans vol 182, p 449-. 1081 ) where
the spherical singularities distribute continuously over the nose and the-tail of the axial body. -
Refined approach utilized the Legendre and Gegenbauer polynomials of n-order. This report
explained the proposed- mathematical approach in detail with verifying their mathematical formula.
The present method will be available for analyzing the micro dynamics of bio molecular particles.

Non spherical particle, Prolate, Creeping motion, Linear distribution of discrete singularities.
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1. Introduction.

Biological molecules have lots of configurations and
usually do not take spherical form. Hence,for analyzing
biological particle interactions including fluid dynamical,
diffusional and elecirical ones, non spherical approach
must be more adequate. Present paper introduces 2 method
for linear approximation of the line continuous distribution
of singularities in the creeping flow motion.

2. Mathematical formulation.

A uniform flow ( velocity U ) passes prolate body. The
cylindrical coordinate R, z , § is given in Fig 1. Z
coincided with axisymmetrical axis of the body. The
normalized stream function of the Stokes flow satisfies

D? (D% ) =0 (1) .
A segment ( -d,d ) inside the body is taken on the axis of
symmetry. The centers of the curvature are A, B. The flow
velocities and pressure are given as
o R

(o,ai.'W /A . ,

P(R,x)

- é ) )
=1+ Z[[ G@ FeRz-0 & + [ D10 PR, Z- 0]

w= [, @ Fo® 200t 4" Do) P R.Z-026]

a=2

v=L2 4 2[[ cwrrRz-pd+ [ DAOFER.Z-p d;]

b=+ 3 j D. ()48 Fety (R Z—4)de

ned

where the functions are normalized by the characteristic
length of the body L,. Cn(£) and Dn(£) are density
distribution function. Fr(®) is given by { =Z (R? + 72 y'1/2

F®(R,Z)=(R*+ 2T Pu(O),

F® (R, Zy=(R+22) " [Pu()+2].(6)]
F®(R. Zy= (B + 2V T 10(0),
F@(R,Z2)=(R+2)"T1u8)
F®R,Z)=(n+ DR+ 2V T 3 T0n(®)

F&(R.Z)= (n+t)<R*+Z’)"f‘~J-u<c) 2Z (R*+2)

Divide AB into ( M-1) segments. The density distribution on each
segment is replaced by linear function( Caj2 dj1 - enj1 dj2 )( djz -

dj1). +(an2—an1')E/(dj2-dil) ;

where dj1, dj2, Cnj1, Cnj2 are coordinates of the end points and the

corresglondmg values for density singularities.

vs= 1453 32 [ PR, Z)Car+ TS (R, Z) Corsr+SF(R,Z)Dns

Red jei

+ T:"',(R:Z)Dn;h»i]

N Moy

va= 3 3 [ S(R,Z)Cas+TP(R,Z)Co,s01 + Si(R,Z)Dus

se2 Joi
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+ TR, Z)Da, 5011

N Moy

g=ﬁ’ + 305 [ SR, ZYCas+TE (R, Z)C 0,10y + SR, Z)Des
- ped fel
+ T;"(R:Z)Dmﬁﬂ]
N M-y 4
p= bt 33 S8 5w (R, Z)Dny + T2, (R.Z)Du s}
B=2 gei -

SOYR,Zy=GP(R,Z—dj)
A [HPR.Z—dj)~ H®(R,Z~di)}/(dj—di)
T“”(R Zy= —GP(R,Z~djs)

—-[H‘“’(R Z—dj)— H®(R,Z—d )1/ (dji—dis)

G.S"’(R,Z):j F.‘."’(R,Z)dZ, L{“’(R,Z)=J ZF¥(R,Z)d-

H®(R,Z) = ZG¥(R,Z) — L{*(R,Z)
H (R, Z)—-( =y Fg, (R, Z2)  (k=1.3.5)
n(" ]j_ F‘(S)z (R Z)+ 1)(""“2‘*)'217” H (R Z)
n(n—-l)(r-—z)(n 5 FR@®D >0
H“’(R AR

g st g h g (n=3)

‘ Jm+?
l —""‘A/—T—Z’.*- Z.sinht ’g (n=2),

Fi¢ (R,Z) = Z Fs2g (R:Z)

+"("—1)(m yteass Fit (Rs2) (n>4),
H® (R, Z)=(
f%sinh*'% (n=3)
RZ . .. ___-__ .
\Ts‘“h R ‘(R'.-%-Z’) (n=2)
("‘_1‘—"_‘ % (R,Z)+- ———““"—‘ZF,‘;_‘_',
'f(u—l) An—1)(n—2) o
t 2 ¢s)
' D a=ne=y L (D)
H®(R.Z)={
. _R. 1 N -
2 VR? +Z’ {n=3)
R Z
—3 S sinh~ ‘R (n=2)
| GP(R D)=~ F (R,D) (k=1,,5)
B LG . P
j—’;" Fll-'l (R,Z)— -'( T) ZF(l_z (R Z)
G¥(R,Z)y={ . n(n—l)(n-——z) F®, (R,2)
1 VA 7
ey + sigh™ (n=2) (n¥2)
2 ezt R
. ""n— Fr(x‘—,l (R,Z)—--_("z .i)_ ZF,‘.’_’: (R,Z)
G#(R,Z)= .
' R . z n(n—l)(n_z) Fi (R, 2y
2 sinh ™! 7 (n=2) (n%2)

G"’(R Zy=— L g (R, Z)——, ZF®, (R.Z)
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n-1 n -3’
® F® =~(n=3)zr * C_,+r ? 'C,Lz(r"}’2 ~z%" %>
HY =—2d— (272)
(n —1) n-2) y ( 2 1)
n- =r 2 4-{n-3)zr7%-C,_,+C, 1—zr"]
y__ES 1 (2 +Rz)_L_ZEJP { z ) v [ (3=3)2r™:Ca v Gl
" Taln =) nla-1) W R ‘_z—z)[_( 3)-q*C,p +(1-47)CLL,
differentiate. z nn -1) “tor out " 4" Cnen TV
a1} .
3 ( F(~)2 ) P-z( g )6(;:2 + RZ) 2 N (z iy Rz)-&'_zi’i (P 2) 1.First  Convertto Legendre function
%z ¥2? + R S az " Since G, =(P_, - P)/(2n~1)we,have
i {n-1)
a(z2 +R2)'_f (n-1) [, -0 C.a ”(1?.-4 If,_z)/(Zn—S)
= '(z +R) 2 -2z '
0z 2 Cia=-F
' _{ns)) L
= ~(n-1)z(2+R) 2 [] ~An-3)q-(P,-P,) +(1-g?)-(-2_,)
9 z P_,(q) g - n-3) "
—B._ =tz ( m__._) i
% z( N RZ) g oz q J7ine For, the first, ‘te(:rm ,1 )apply _ Beltrami  formula
' —g?)-pr=t Y, -
g o , (Zz +R2)%,%(22+Rz)46 222 (1 ‘1) ¥id (2n+1) ( -1 Hm)
oz _a;(\(zzﬂ?) Z+R (t-g) P, = (n-3)n-2)(P -B,,)
2 2Y 2.2 2y % " (Z'" 5)
= (2 + R)2 =22 (2 + R?)
( . z) Then, .
putting r=\z"+R ( 2
q ) A
y i I TR - -3)q (—7(%:_533 b-a)-2
—-F(‘2 B g~k -10)zr = +r 2 P,,’_,(r' it
% - NaP u-g 1
=y [—(n-1)‘Z'r'}5'E,,z(q)+(1—zzr“)'1;',z] “(1 q )l.(" 2)+P _l
- a2
=r /2[-(n~1)'q'ﬂ.z(q)+(1“qz)'17.'_z(q)] . --(1 z )[q'P' +(n-2)B_,]
Change n-2->n-1 (n-2) " "
Legendre From,therecurrent, form,ofLegendre
! P .-gP = .
glﬂ "q'lf,"‘(n'fl)'lf, nal q I;:: (n+1)Pn
n—->n-2 E, "‘I'Pn-s"(n "2)'Pn-3
B ,-qB,=(n-1)E, b jl-(-ﬁit)ﬂz
q'ﬂ’-x"ql’ .-z"'("'l)"I'Pn..z n-2
while
Hence .
} ) L-g*)P. | =n{n-1)C,
- Pgr,eR] ( | 2) ‘
Moreover N (1 -9 )R.'-z = (n-1)n-2)C,,
P,-q'B'=-n'PE put n—n-1
- . , (n=1)(n-2)C,
F,-q'F = '(n"l)'P:.-l { ]“ - (n~2)
Thui’ =—(n—1)'C,,_‘,
r72:(~(n 1)) P, (q) Therefore
Thus P £ _(n=2)
3 2
3 ~ . Tl =T (n-1)-c,,
EL =P (n-1) B = {n-DEY) %
: 2 - n-1)E0)
Formual Beltrami — ( ~-q )FZ =(n+1)(gP, -P,,,) 2. The, second, method, by using, the recurrent, formula
we have (1 - qz) B,=h-1¢E,-P,) of, the Genebauer, function C;,'}g
Thus (1-n) ‘q'C, +(1— qz)C,', =-(n+1)C,,
~b-1-g-2, +(1 ~@)BL = ~(n =1, , +(n-1)gP_, - (n-1)P, , changing ,n —> n -2 ,substitute
PRI N PO C[ z ) (-n+2)qC o+ (1-0°)Cls =~ ~1)C,.,
n(n ~1) n(n )] Ny Ditectly, [ ]=-(n-1)-C,,
2 differentiate  nfn 1) by factor out
(n-3)
B 32+ RB) 2 L3 ¢ L(g)
— 3 o 12\
2 = Crda)m (P )T e 0. F9 4z 6-£°,
, ; _(n-3) (n 1) nl- 1)(n 2) n(n 1)n -2 )(n-3)
8(2 +R ) 2 - ( n- 3)(2 R ) L'%é)'" 2z Differentiate,about,z
oz 2 1. £
= ~(n-3)-z-r %% ~(n-3)z 'r'("-% w ol -2 1
EF ==——l(zz +R ) 2 Cn—Z(q)J
—11—
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2 2 49 ¢,
=C, {q)— ™ +R) "2 +(2+R) 2 _______~a—zz(‘1)
6(22 + Rz) - n;S

2 2z

(n 5)( 2+R2)-(-—s) -1
az 2

= {n=5)r 2w (0 - )zr %

= n-5)r o 3}/ C_,+ r'(,I -SZC;-Z(Y—}’Z —-z% 72)
4)/[ (n=S)r - Coa + G, (l—zlr")]

_(n
)’[ (- 5)q- C, 2-i-C'_z( )]
1. The, first, method ,
For, the, first, time, convert, to Legendre, function,
Legendre P,,,(q)
Coz=(By P, )/(Zn "5)
Ci,=-Blg)
7 [ (n~5)q- (Ps =P

( (1 q )P-sj

to,.[ ]apply,tke Beltrami formula
C(-)P = n(n+1) B
(1 q ) n (2n+1)(Pn-1 lul)

(n=3)n-2)
Tn——s')“(ﬂ“ -P_,)

[ 1= \—(n S)q% (1-

~{1-q )[(n 5°qE,, p ]
l_ (n-3)(n-2) ""}
By, the, Legendre, recurrent, formula F_,—F,
B, =qB +(n+1)R

q'F=F, —(n-Z)P,,_s

o1 f(n 5) ( n-2 (n—Z)Pn_a) 1
_(1 q )‘- (n ;3)(’1_2) +R:-3J

(1 _qz )R.’-s =

2)17. 3]

_ n 5) , (n 5) 1
_(1 Q)ln 3)( Z)Pu-z ( _3)Pn-3+P ]

= {142 (n-5) oy 2 1
'(1 q)’_(n—3)(n—2)P""z (n-3)P"'3J
In, addition,
(1-)B = +1)-n-C,,

Hene, we, have

(-4 )F, = (-2 -1)-C,
[(n=5)n - 2Xn - 1) 2-(1- q) 1
k (r-3Yn-2) (n 3) J
[(n-3)n-1), 1\ﬁ, Cos G,
R (ns) el

Hence,

3 M-S -1) , (1m0%), ]
o A I e e e

2.The, second, method, using the recurrent formu C,,(q)
~(n-1)-q-C, +(1 -g)c! =~(n +1)C,,,
~(-3)g-C,_,+(1-g)C, =~ln- G,
Therefore
= (= 5)4G, 5 +(1-4*)Cr_y = ~n - 1)C,., +24C,

and Conmuni cati on Engi neers

Thus,

3 gt o
RNl =T [ -(z-1)C,., +2qq_2]

1 z-F%

2o EBY2) - EOYe)+2- i’—’ﬂ
4
F‘”(z) E] f ]
p. ;‘l NO C..-a(q)l
C, g ) (z +R?) ';‘ +(zi+R2)L7J—q,-3( )
a(mz)‘*? ROV
az

5
-n- 4) z(2+ RR)7
- _(n_4).z.(zz+Rz)‘( "

-‘(n 4)z- r( . ‘C,,+r *C._, ( }g—zzr%)

(n-3)
=r e ‘[_(n ~4)zr g re “22'_1)]
=y 2 '["(n ‘v4)'lI'C -3t Cr:-S(l —qz)]

1].The first.method, by, converting  C, to Legendre

Cps = (Prs =P, ;)20 -7)

’
Cos=-F .4

_(A;P_)I' . ,(R--S_R.-s) z
-r l—,(n—tt) A P -(1-4%)

1
E: -4 J
From,the ,Beltrami  formula

. _n(n+1)
=) = ) o

- n&l)‘

( ns 'Pin—s)
(n 4)n - 3)——(2—”—7)-

It ol 7) B
B ]
(1 )l (n-3) -F, J

Elevate,theorder,of P,_,
P =qP'+(n+1)P,

n+l

Pl i =qF. 4+(” ~3)F,,

(t-a')2,

JLEE)

=r * (1-q )r"“‘—-‘—“P : (,fn_;)})‘ +f:.-4}
_kr—"‘z;” 1-9*)-Fs
: (n-3)
while
(n 3) {n-2x,. (1—qz)-}j,'_3 =(n-2{n-3)C,,

2].The.second.method. for. solution.
Using,the,recurrent formula.of C,
—(n-1)gC, +(1-g%C, =~ +1)C,,
Puttig.n —>n~3
~(n-3-1gC, ;+(1-4°)C,. =
From, this, we have, directly

8 F? = '-(%) -C
a_l s =T [—(n-z) "“2}

~{n - Z)C,, 2
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Therefore
3 n-3
Her)-r2ed - -2c.)
=r 2 C.y~zr % (n-2)-C,,
(-4
=r 2 [cn<3..z.r'y2-(n—2)'(l',,_;]

m £

3 af -
Pl =32[(22 +R7) 2 C,,-,.(q)J

(n-5) (n-5)
)2l o Y T (e ) 5 2]

-5)

9 ("25) (22+R)J7'122

(n-5)
=(2 +R) 2 =
0z

=(n-5)2 -(z’ +RZ).?,2’}’Z
LTS
=@m-Skzr 3)/C _atr 2 C:_,,-(r%-zzr %)

o~ :
r %[(—n +5)z'r'}é C_,+C., -(l—zzr")]

A9 g-c+l-a)CL

=r

1].The. first.method. for solution,by Beltrami formula

(1 - QZ)R:-S = (_n'(_z—?_(__n'g:)j)(g-s “Pu-a)

Convert the, Legendre, function to, C,
Crs = (Prs = B_)(20-9)

Clim =B
~r“""%{(n~s)q ("(; 95‘) (- qz)f:,s}
To,above, applying, Beltrami formula
EERE
<K -9n = 4)2(‘1},‘“‘2)‘(1“”2)“'5}

. _(n-4
= :f__flz..‘(}.:‘.l__).[q P+ (n 4) n-S]
(n-4)
From,the,recurrent, formula
B =g +(n+1)P,
B ,=gB +(n '4)31 5
=)
(n-4)

where
(t-4")e

n-¢ .
- (n-3)-C,,

=(n-3)n-4)C,,

2].The second. method.by, using,the recurrent C,
~(n-1g-C, +{1- ¢)C.. = ~(n +1)C, ,,
Putting n-—>n-4

-(n=5)g-C, ,+(1-¢¥)C!_, =-(r-3)C,_,

and Conmuni cati on Engi neers

Associate, these

N S PAEAL EY, . (6FS, 1

n{n-1) le -2 m-2) (h-2Mn- 3)J
_ r_";4 T (n—SXn—l)C _2(1"’]2)P

Wn-1) |7 @-3) T @-3) "
+ ((4)22)( ‘I(n “Z)C,.-z)
62 o )
ey Y Ga))
L;_.__i)

~ r oz [ (n=5)(n-1) 2(1 q) 1
M| (-3 T -3y 0

Associate, the, second, and, the third terms
-2
(n-3) [(I—qz)Pﬂ-J +q°(n-3) ‘C,,-2]

Coz = (Pn.-t -5 -2)/(2” - 5)
From,the - Beltrami
5 n(n+1)
- =e—(p -P
(1 q )Et’ (27! +1)( n-1 nd)

(t-¢)B., = (n-3)Yn-2)P_,

—B;-z)

(2n-3)
Thus,
- (1 - qz) B,
"2 (n-3)n-2)
Hence ‘

oG]
s SR e ]
2(1-¢%)

) [ -2)p, ,+q-P.,]

From,the,recurrent, formula
B, =qB+(n+1)P,
B ,=qB,+(n-2P,,
2{1-4* ) ,
"(n _(3)(n - Z)R,.z(‘I)

because (1~ q*2)P(n ~2) = (n - 1)(n - 2)C(n~ 1)
=-2(n-1)C(n -1)/(n -3)
Sum, with, the, first,term,

[a=3Yr-1), _2n-D), 1
| -3 17 (1 -3) ""]
=-(n-1)-C,,

Hence,

OSSN e -5 SO SO,

{n-4),
ih{“) - —(n—l)'C_ r /{
oz "

n{n -1)
sy
=—r ) Cﬂ-l’—lﬁ;(j!)
P —

JaEnEe

=‘n(nl-l)( -2+ 1) +Rz) 2 C -1{a)

Differentiate, about 2z

:z {(z +R2) 2 (q)}
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(n-2) __}
- Cn-x(q)—aé;(zz +R2)— 22 (z + Rz) _ga_l@

8z
_(n—Z) (L?')
2pp) T =Dy
8z 2
= —(n—Z)zr 7
{
ac,.a) _ (r K y)
8z
(z=2)

=on —2)2;'_% Cpy+r 2

-1

-(r'yz z% 3/2\1 C,_
- r-“"%[-(n o hec, ¢ (1—z2r")c;-,]
ly[ (ﬂ 2)‘7 Coa +(1"‘12)C»:-x]

1}.The.first. method. for. solution
Using,the .recurrent.form,of C;yz v
—(n-1)gC, + (1-¢%)C} = <n +1)C,.,
n—>n-1
~ (2 -2)4C,., +(1- 2)Cp. = 7€,

(-1
= ~nr "% C,

2].The .sec ond.method by converting the C;yz to Legendre
Coa "(Pn-s '“Pn-x)/(zn -3)

Cr:-l = —Pn—Z
(B-p)
-2 23 1-¢*)(-P,
[1-n-2ya- Bt (- g)on )
Apply, the, first,term,on  Beltrami  formula
2 q n(n+1)
(1 q)B, (2 +1)( ml)
. w-2(r-1)
1~-¢g* )P, =——=P;-F,
o-a)e, - 222l n )
(1" qz)Pn,-z

= —(n—Z)'q'm“(l—qz)ﬂ.z

=—(1 -q )‘_(” 1) _zs u“)[q'ﬂ'.ﬁ(n'l)ﬁ-z]

Recurrent, forluma of . Legendre
P, —qB =(n+1)E
B, -qh,= (n - 1)1'7.-2

T -
(1-¢*)-BL, =nln-1c,
= ~n-C,Thus
R 4 G0N S o
éz " R n n
(s) It
H‘"(R,z) - ZF:.-’! E. =4

(n 1) n(n—l)(n '-2) n(n 1)(n-2Yn-3)

Differentiate, about z

1. oF® ai z) ] [(n _1)(27_ +R2)_(n -4}{ C —R( )
_ 2.2.(27. +Rz)°("'% ,C,,_z(q)/R]

r 2 + 2 _(n—4)4. ]
‘-(2' R) Cn-l(q)l

-a(q)a [( 2 +R2)‘("-4}€]+(zz +R )(" VA n~1( )

74 9z

3
@) 0z
C

and Commruni cati on

Engi neers

here

_i[(zz +Rz)-("'%km - %(zz +R2)—72+2_1’2'Z

0z
={n-4)z '(z2 + RZ)_%H

ocla) sca@al 2 )

3 3q azl\(zhk’)%l
ol o\ (2erYE g er) 2
ZEy ()
- (zz + Rz)-yz -z ~{22 + Rz)—;‘l2

ot gren
= C,,.,(q){.-(n ~4)z-r 7 ] e (r"y2 -2’ 'r'%)Cn'-l(q)
= A= Cla)ar B A 2 #)e: (o]
- '[—(n —a)-c,(g)zrte(l-22r ;_l(q)]

z ¥4
while — = ———r =g
A (Zz + Rz)yz
(n

- U - 9g-Cla) + (- ) ,.,(q)]
Apply ,the,recurrent , formula .of C%( ) to, the,second, term
(1-)cla) =-(r+ DCThla) +(r-Dhac

putting n—>n -1
(1-g)c;%(a) =-n: C"’( )+(n-2)q-C2
= r'(hz% '[—(n = 4) )q-C,,—nC, + (e - 2) 4 .C"“l]
= r-(n-ayi -[—nC,, +24C -1]
b) -:—Z{z'(zz-%ﬁ) % C-z(‘])}

(o) o) 2] o) €, da)

o3 [ 2, p? -3y
"R g, fo)r zlala)
' v ac,, |
+2 +RY —';;J‘I
3z +R2)‘(';'3){ J
— (” 23)( 2 +Rz) A “2
- ~(n-3)z+(2 +R2)"’2”’2
.z(q) [ V4 \ \

P az |\Zz+Rz);;J CLald) = az ; +R’Y5J
- cL(a) (-2 K

Therefore

=r ("_%C,,_ Aa)+ z{—(n —3)zr b+ T (r'yz -2 %)C,:_Z}

_,—'("~3ZC ) +z r"'/z’l[—(n -3)zr S -C, 2"”}g ( -z’ }2) ]

=r (MyC Ag)+zr (”_%[—(n—3)'z'r'}2 “C,z +(1—zzr")C,:_2]

S S
(z2 +R2)/2 '/2
e, fq ez H[Hn- 30 +-a)L]
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To, the, third, term, apply, the, recurrent
(1-)C(q) = Hn+1)C, (q) H{n-1)4C, (q)
changing » —(n-2)
(1-g)c.,(g) = ~ln-1)C, () + (- 3)gC, a)
- U, fq) ez Hdn-3)1-Cy = -G, (0) + (1= 3)C,(g)]

=r'(n—%C Aa) —z(-1)- '(" . C, ,
()]

- r'(" A [ 4.c

2-1\d

G 2(‘1) ~z:(n~1)r

(n -3
% [ n-2 ("'1)"1'Cn-1]
chce, the, (1) is

aF(f) (n_l)r_(n-3y [
dz R
Y,

nC, +2-q°C, ]~ 2 i '3/[ ,~(n-1)g°C,,]

]

=

C

n-1

~[-(1-1)nC, +2:9-(n -1)-C,, - 2C,, +2(n-1)"q

5 (e re) - K+

5) (-3
%(qw%z{(n-z)(zzm) Aol
‘ (n-3
- 2) oK) ¥ )X ac,;@i
6(22 + Rz)_(”'% . (n —-3)(22 +Rz)-%+}’2-12 .
o 2
- ~(n=3)z+(2 +R)’,2'y2
{ \
3C,5(q) . 3C,(a) aq 2 z
9z 8q - =G (q)a l\( +Rz)}'J

- Lol Ry Rea2]
= C,. 2(4)( )
-2z B, g)e r 8Kt Kl )]
- &Lx:z})'%ﬂ [—(n -3)z-rh Cra* r);(r'y’- -zz-r%)c:,z] |
22

R

AP

_(n-2)
R

['(” =3)'q°C,p * (1" q )C;-z]

To, this, apply, the,recurrent, formula
(1-4*)Ci(q) = ~n+1)C,.1(g) + (n - 1)aC,()
n-> (n 2)

(1-)C,o(4) = ~(r - 1)C,1(q) + (2 = 3)aC, . (q)

(n - 2) -9’241
= el p
R
- er-%_u
R.
- Therefore

‘converting

[« =3)-g-C,,(q)~( (@) +(2-3)-q:G,,(a)]

[—(” -1C, 4(g )]

n-1)C,

A=l

3(z- E%a)) (= 2)r % G2
— R

- .-(fla-r%ﬂ (n-1)-C,(q)

R
-2) . . x
. (nR ). % VZ[C,,_Z—z'(n—l)" %’C--f]

- @_f-r%"'z[c a=ln=1rq°,]

-z

and Conmuni cati on Engi neers

3 o E
(n=3) 3012 2%
2 ) o)
(-3 [ ) 2R e 000)
"R {""q 5 w |
2, ) ¥r? e
iﬁg}-—s(-gu)(mw)% 2y
u,.(n_4).z.r'9’z*1
9C,ala) . 9Csl9). 3 _ oo al( 2 )
3z aq oz w3’ az\ 2+ R Y')

-C, .l\'r'yz -z -‘2~2'r'yj{)

=Gl -z )
- -(ﬁii)-[—(n —@)zr B s, -(r'}'z -2 r};')]
L(r=3) e

- %[—(n-— 4)'2'7%'C,,_3+Y%C,:_3'(r%~zz-r°}5)]

gmzor

4)q°C, 4 +Cpy(1-0%)]
To, the, second, term, apply, the, recurrent
(1-¢*)ct = An+1)C,,, +(n-1)-g-C,
(1-g*)Cpy = «(n-2)C, ,+(n-4)-q-C,
- (n-3) .,:?5*}’[ -0
R

n-

Jn=3)
radse

n=4)q:Cy=(=2)C,+(@-4)qC,]
=2, A (-2, ()
Associating
aH® z‘% : -
=== [ ~(n=1)n-C,+4g{n-1)-C,,~2°C,,
(n-—2)(C"'2( DGt =0y
’—(H% (‘(n“l)'n'cn(q)) - F0 .
R nln-1) "
oo BN 2B
” nln -1) n(n 1Xn-2) nln -1)n -2)(n-3)

Differentiate, about, z

- :f;{(z2 +R?Y

1 3FO(R,z) -3

oz

% u.zq)+C q)]}

o2+
oz

The, 1st,term = (zz+R2) _(n- ){

2(‘1 )

"B, (@) +P,

322 +R2)'("—% '
8z =

(r-3)
_ 5 (

= (n-3)z: (2 + )%

2+ R")'/z‘;”z'1 2z

3F_,(q) _3P.,(q) 3 - (q)—a-'lf z \I
dz g oz TV \(2apefh)
= Pnl-z(q)( 22 %)
gzt
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I nf ormati on,

Therefore

the.1st.term ==r%‘77'-( 2P, - (n-3)zr Ayt ‘P,

o
_/2”[/; ( 2 2% };‘) B,
- P (1-g?) Bl - =3y g°Bs]
(1-q" 2P (n-2) = (@-1)q * P(n-2)- P(n -1)
—ﬁﬂ[( "1)qP -2 _(n "'l)F,'.q "(n_3) ‘q* P;..z]
”2’1[2‘1 27 (n- 1)Pn-1]

( —3)-z-r"5~P,,_2]

.indicates ,differentiation .about.z

The, second, term = r %5*%2. ca)+c,., (q)[-—(n -3)- z.,.%%]
« P -Clla)- CoalaMn-3) 2 r ]

3, ,(a) a!

azl\ z +R )VJ

' 9C,.
C -z(Q) = a:(q) = aq

- L%
.ﬂr"?l{’)i'(r'y2 ~-z%r %) Coa(n=3)zr%-C, 2]

= ,‘%»l[(l -‘12)6’:-2 - (It - 3)q . q—z]
To, the first, factor, apply, the, recurrent.form
(1-¢%)C_, =-(r-1)C,, +(n-3)g°C,_,
= r%*1 (n- 1)C, "
Hence,

aF(nz‘z) - r—% +1 _[
0z

2:q°B_,~(n-1)P,_,-2n-1)C,,]
@ Ll 2]t o )
R FOIEE S G MR WO

[ 2 2V 4 ]
AR ARC L. M. 2(0)
9z 9z I
-fo
'3(‘7;2 +R2) 241 _ (n- 2)(22 +R2)-i2u-l’2'2 - _(n _ 2)_2"_%
3z 2 )
aPnAS(q) - aPn-S(q) ,_‘?ﬂ =P (q)_q_l{ z \
dz ag o8z "° 62\(12.;. RZY%}
= E. (q)( iz y)
= r'%*l B_(g)+z [ P_{~(n~- Z)A'z)'r % .-rr%“ 'P,,'_g(r'yz—-zzr %)]
~ 7P p () +zr 7;%[ ~(n-2)zP,_, yz+r}g ‘P ( yz—zzr%}]
=P p (@) vz B o S
’ To, the,3rd, term.apply,the, recurrent, formula
(t-4°)-Ela) = (r+1)a B{a) - Pun(a))
changing n —'(n 3).
( ) n-S(q) n=2 (q Pn-s( )"R.-z(‘]))
=y e B2y g By (0 -20 B~ (1= D)
=y Bp o (n- 2)zr"/2y2P
= r'%“ ( "_3_.(n _2).2., % .Rx-z)
= "-7;"1 '(Rn-s -(n ’2)"1'}:-2)
—16—

and Conmuni cati on Engi neers

e wr
Z

0
(n-3
PCAT I T 9]
4 'z

o2+ )" %
oz

I ;3)(22 +R2)'V2*72'1 2z

“"(n 3)}‘-?’2‘/7"2
e M ﬂ = -4(‘1)
9z n 32\ 2 }?‘Y/J
= Pan(‘])(”-yz —zzr'%)
= ~An=3) A% b g+ R (,-}’z —zzr%)
zu{ ~(n-3)z- r P_(q) +r/2'1’,,'_4(r‘£ _zz’.};)]
- [+ -3)q (q)+P4(1 — )]

From,the,recurrent, formula .of ,Legendre
(t-a)Blg) =(n+1a-B(a) - B.,(0))
(1-4*)B..(q) =(n-3Yq'P,_,~ B_,)

= 5 (n-3)-q-F, (g) +(n-3)(g" B - B._J)]
=% (n-3)- B.,(q)

Associating, these

aH”’ 1 3[ 2220 2 EY ]
n(n 1) 9z '_Fﬁ';'(q) * n-2) (n 2Xn - 3)_|
r—';/zﬂ r

",,—(;:{j'iz'fr&-z—(n—l) > -2An-1)-C,

o [ 2A-ln=3)-B]
+(n-—2)[P""3 (n-2)gB ]+ Ty
r-yzbl
" nln- 1)[2"’ By =01 By =20 =1)-C - 2P, ,]

-, (a)+26, )]

3. Result

Fig 2 shows the integrated drag factor. suffered from the
fluid as a function of ratio between long and short axis.
As the geometry of the non spherical particle changes, the
magnitude of the drag changes significantly.

Drag factor of the Prolate
5 !

alb

. 1 . 2 3 .4
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