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An Approxmate Solution on a SphereM oving Parallel to
a Plane of an Inter stitial Power-L aw Fluid

L i Hongyan, HuangW enbin, Xu Yong
(College of A pplied Engineering Sciences, ChinaA gricultural U niversity, Beijing 100083, China)

Abstract The gpproximate pressure equation for a gohere moving parallel to a plane of an

interstitial PowerL av fluid was derived according to Reynolds lubrication theory. The
approximate expression of the tangential viscous force and torque were obtained and the
correponding fitting expression was developed Compared with Goldnan's asymptotic
olution for a Newtonian fluid, the presented numerical slution could be reduced to
Goldman’s result w hen the pow er index equals 1, and ismore accurate
Key words Distinct ElenentM ethod; agglomerate; Power1 av fluid

L ian
[1,2]

Goldman'®

12001703712

17 ( )75 , 100083



2002

ho,

Vv r,V(P,Vz

Goldman'

P H
v Ve
“T% )
\
| As
|)L'__"' P —
dn_ 0G;
or~ 0z
10p O0Ge
C 0V 0z @
op_
0z~ 0
z 0
10wW) 1Ne N,
or T opt o2-0 (2)
s |2
N, No
G €, 0z 0z '
= é+ ér J4‘| (3)
p= p(1)= K™ D72
1
z= h(r)= ho+ o
NV,VaV: QP r,z

V.= v(r,z)oo
Vo= vo(r, z) sin
V.= Vz(r,Z)m

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3
Vi, V&, V2 rooz :
vi= ve= v.= 0 z=0
vi=V, ve= -V, v,= 0 z= h(r) @
2
2.1
Goldman , ( )
& ho/R
Vi= Viot €Vt
Ve= Vet evat
Vz= Voot €Vt
p= po(r,z)cosP (5)
Po= €t
1= lot €1+
M= Hot €1+
lo= [%ﬂ 2oos:zC}l [%ﬂﬂ 2sinzCP
l1= 2 [ML“I g2 Mhsmz%’ ©
0z 0z ® 0z 0
) Orz, O
Oz= u[%z+ %ﬂ 8\alz = (uo+ 6111)[%m %;J cosP -
.
o= u[i%%; 552' ]= u%qé (ot €us) %—% e%—g] sin
(7) (1) ,
0|  Ovi| _
G
o ova (8a)
oz oz ) = O
0 ﬂu avJ _ Odp
oz M 0z T Moz T or (8b)
0| Ova Vel _ @
0z| o 9z T M 8ZJ__ r
(4, po, Ovro/0z  Ova/0z z , (8a)
Vio=
" (9)
Vo= -

h



4 2002
Ova_ Ova
0z~ 0z (10)
(99 (10 (6)
= | L 2 = Zmﬂu
“lh)'""T%h 0z
Vo, Voo . Vi, Vva (8h)
_z(z- h) 1 Opo
Vrii=
2 nuo Or
(12)
Vo= z(h- 7) 1 po
Q1_
2 NHo r
Vo, V@, Vi1, V& (5),
_Vz z(z-h)_1 Opo
V= +
h 2 npo Or (12)
Vz z(z- h) 1 po
Vo= -
h 2 Nio r
(12) (2) z 0 h(r) ,
d’po |n+2r 1/dpo po_  6oKV"r (13)
dr? h R r)dr  r*" h™? R
1
. _pohd* _ r _ B®* — . h(r)_
P = Tonkgv™ — B S 2nr M= =
(13) 1
d’p” [ i Jﬂ dp’ p _  oC
a= " 2(n+ 2)c P H g P e (14)
0 (14)
d_p_2 *+‘ld‘°_- p_*:_ cr
drt  rdr *
p*(F)':AoI’_‘FAl/r_- cr?/8, , p*(O) , Ai=0
p (0)=0 =B =1
2.2
2.2.1
Vr, V@ p
0 , n= (sin6 0,- s - (r/R,0,- 1), z=h(r)
|ds|= r*sin6d96

dFi= ain; |dS|: (- p &+ 2u€i) n |d5|

(i,j=r, ®z)

DBEM



4 5
dF ry qu) y
B_ 2m
FX:IJO (dF 0P dF o sin®YdrdP (15)
1 , Fo= 2cht "KRV",
_ AEx_¢* v 20 .=0p a—|
fx= - — 0[24ncp P+ o5t 6rh 3t 6hp | dr (16)
1 ,f X n C
R - ho B
B_ 2m
My:J’J’O (zdFx- xdF.)drd® (17)
M o= FoR, 1
_AMy 2r . —0Op” _
my= T O—J‘O[F+ 6hr ar_+ 6hp J dr (18)
2.2.2
(16), (18) , ,
f«(n,c)=exp[Ao(n)+A1(n)/c+ Az2(n)lg(c) ] (19)
my(n,c)= exp[Bo(n)+ B1(n)/c+ B2(n)Ig(c) ] (20)
Ao(n),A1(n),A2(n) Bo(n),B1(n),B2(n) n
A i(n)= ao+ ain+ a:n’*+ asn®+ asn’
B i(n) = aot ain+ azn’+ asn’+ asn
ai(i= 0,1, 2,3,4) , 1
1 f«(n,c) my(n,c
n ao ai az as aa
Ao(n) - 0.7465 3.0391 - 0.3238 - 1.2655 0.4145
fx(n, c) A1(n) 6.0059 - 24.0638 13.1850 0.8962 1.2408
A2(n) - 0.0281 - 2.1437 - 0.5662 1.1393 0.3071
Bo(n) - 0.7334 0.5533 3.9445 - 4.5165 1.2836
my (n, ¢ B1(n) 6.0397 - 1.5498 - 30.1087 32.7409 9.4866
B2(n) - 0.0394 - 2.0511 - 1.5630 2.2586 0.6449
, 1 f x (18)
, 2(a) (19) c<
5000 5%,



6 2002
, c 10 000 ,
5%
10° ¢ 100 ¢
IO-I \n:ﬁz ]O_‘ \\‘\ n=0.2
< n=05 5
£107} 2107
w3 n=0.8 g
_ n=1.0 _
107} nel2 107
n=1.5
4 L i 1 -4
10 100 1000 10000 10
[ C
(a) 1 (b) 1
2
3
3.1
, c . h(i)= 1+ ci® cr,
(14)
., 2n+5dp” p_ 11
dr® i dr i ¢t
1
o 1 1
p (ﬁ_ 2(3n+ 2) Cn+ 1 F2n+ 1 (21)
n=1 (21) Goldman ,
c 20 200 , n=0.51015 ,p (i) r
3@ (b) r o ,
0.014 ’ ' 0.004 0 '
0.012 0.003 5
0.010 0.0030 1
0,008 0.0025 }:
R X 00020
0.006 0.0015 ¢
0.004 0.0010 f *
0.002 0.0005 !

r

0

r



c=B?/(2hR), B,R , , r>0 ,
, c ,
3.2
(22) (16) (18), fx my
_lon+ A1t onen 4 et e,
fx= 3n+ 2 c”_[or dr, my= 3+ ch'r o7 dr (22)
2(3n+ 1) n< 1 2 n< 1
(3n+ 2) (1- n)c" (3n+ 2) (1- n)c"
16, 1 [ 4 1 _
fu= 5CIn = n=1 m,= 5CIn = n=1 (23)
2(3n+ 1) (1- 7 ™ - 2(1- i ™ -
(3n+ 2) (- n)c" n (3n+ 2) (1- n)c" n
n> 1 B=R, fo= | hR/B, Info= In(ho/R) /2,
Fx: - Tlf xF0: lﬁﬂéﬂln g(l (24)
M y= TIM o= - %fimhﬁ (25)
Goldman
1 fx 1 my 4@ (b)
yMy fx , n 1 ,
y 1 fx y 1 my
10°
o JER — EhEM ; o BHM — WA

S, n=0.5

(a) 1 fx (b) 1 my



8 2002

, Goldman )
Reynolds ,
, n=1 Goldman

Lian G, Thornton C, AdansM J Discrete particle smulation of agglomerate mpact coalescence
Chamical Engineering Science, 1998, 53(19): 3381 3391
Lian G, ThorntonC, Adans, M 1 A theoretical study of liquid bridge forces betw een two rigid pherical
bodies J Colloid Interface Sci, 1993, 161: 138 147

, , . . ,2002,18(2): 1

4

Goldnan A J, Cox R G, Brenner H. Slow viscoousmotion of a gphere parallel to aplanewall- I M otion
through a quiescent fluid Chemical Engineering Science, 1967a, 22: 637 651
Goldnan A J, Cox R G, Brenner H. Slow viscousmotion of a phere parallel to aplanew all- Il Couette
flow. Chemical Engineering Science, 1967b, 22. 653 660



