APSDFD 2001,November20 (SanDiego)

[KQ.1] Lubrication-corr ection

for many-particle systems
In Stokesflows

Kengolchiki

<ichiki@mailaps.org>

Departmenbf Applied Physics
University of Twente
TheNetherlands




Intr oduction

Moti vation of my recentworks

To understandextend,andjustify
the StokesianDynamics method

e Matrix-inversione Many-body effect

(APSDFD 1999;
Kl & J.EBrady, Phys.Fluids13(2000)350)

e Accurateformulationbeyond FTSversion
(APSDFD 2000;KI, JFMin press)

e Lubrication-correction (APSDFD 2001)
What is the lubrication-corr ection?

e amethodto describenearlytouchingparticles
accuratéy/ with lesscost
= trick or magic(or cheating...)

e anaccuratamethodwith large cost
IS “multipole expansiommethod”
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Intr oduction — Goal

Goal of this work
formulatea lubricationcorrection method
with steadybasis

e consideringohysicalconditions

e usingshift operatordor force/velocity
moments

e approximatiorby 2B exactsolution
fill thegapamongthe existing works;

e Stokesian Dynamics method (SD)
(Durlofsky et al., J.FluidMech.180(1987)21)
present® robustmethodfor lubrication.
[Q] how to justify themethod?
| Q] whereis thelimitation?

e Sangani & Mo (Phys. Fluids6 (1994)1637)
presents “gap-epansion”for lubrication.
[ Q] relationto SD?

e Cichocki et al. (CEW)
(J.Chem.Pys. 111(1999)3265)
presentanimprovementof SD lubrication.
| Q] reasorof collectve-motionprojection?
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Comparisonwith other works

The presentwork
U@) = ) M(a.p)-FP)
B

+ Z,/Z(Q,ZBQ)-
g

[{_‘228 +[7_(.g.£28,7.(.g]}].92(259)

StokesianDynamics method (SD)

N N

U=M-|

Fa N

QQCL : 022]; [ ﬂgiﬂg] IS missing
—~ A
= SDis inconsistat (% is not %)

Cichockietal. (CEW)
| £-HGLHG| . o - 1% g
Sangani& Mo

o treat[ HGLH g] termdirectly by % 0.(Q)

o % c = 0isassumed.
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Formulation 1

Decompositionof force density
Integral equationfor fluid velocity u(x)

OseertensorJ;;(r) = (6ij — rirj/r?)/r, forcedensiy f(y)
Decomposd into localized f,,. andnormal f .,

Ty

y
f="Fror + fioc z(f_loc +D

wheref andf,,. arecoarse-graineudalues
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Formulation 2

Multipole expansion

f, f,,c aresuiteble for “centrexpansiori.
f|oc IS Suitabk for “ gap-epansiori.

S

Expandat the centerof particlesandthegap

ux) = ), Zx=x)(FB) - FinlB))
B

+ ) I (X=X Finc(Q)
g

I = (1/8rum!)V™J

FM(B) = - [dS(y) (y - )" (y)

higherordersof .# (B), .# (B), -# (g) arereducble
Generalizedmobillity problem

D) = Y, AP (F6) - Fulp)
B
+ ) M(@.9) Finl9)
9

% () = (1/47a%) [ dS(y) (y - x*)"u(y)
MO (@, f) = (1/4r@?) [ dS(y) (y - x)" 7 O (y - ¥)
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Approximation

Model for .Zoc(8)

Theexactsolutionfor 2B problem

Z(1) }_?;325 [ % (1) }

— “exact

F(2) % (2)
Approximate%oc(ﬁ) as

Fioo(1) :ﬁ&[%aw

Pioo(2) % (2)

£ = 038 - (A7)

Note: .Z#(B)'sareparticlemomentswith p= 1
Model for .#,.(Q)
Single-gap problem

Fioe(9) = L2 - % (g)
L9 v . 2By

(et -| sy sue|
@X H(xXL, x2; x9) = % S(xL, x9)

S(x?, x9)
S(X, y): shift operator.# (y) — #(X)
Note: G- H=1 but H-G=+I
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Numerical calculations

Configurations
N=2 N=3 N =4 N =7
separatiom = 2.0 ~ 3.0
Type of problem

mobility problem(give F, T andsolve U, Q)

Typesof motion

e colledive motion: F = constant

e Spinningmotion: T = constant
Lubrication-corr ection methods

e Mmultipoleexpansiongp = 1 & FTS, )

e StokesanDynamics(SD) % = A4 | — LU ]

e Cichockietal. (CEW) % = # [ — QLA ]

o U =M F +(-L+HGLHG) U |

Novembe 20,2001 Page8



Results— Collective motions

N=3 collective motion

2 ' ' T p———

SD —=—

1.75
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2.5

Results— Collective motions 2

Differencesof U for Natr = 2.5

collective motions
0.07

p=1 ——

0.06

SD ——
CEW —=—

0.05 r
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0.03

|((U-U")/U| atr

0.02

—5

2 4 6 8 10 12 14
N

U* is thevaluewith

Summary on collective motions

o andCEW behae similarly
andarebetterthanp = 1 for all N.

e SDisexactfor N =2
but is worsethanp = 1 for N = 7 and13.
- L is definedby the consistacy for N = 2
andinconsistat for N # 2 in general.
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Results— Spinning motions
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Results— Spinning motions 2

Differencesof Q for Natr =25

spinning motions
0.09 . =1 —— . . . ‘
0.08 /
0.06 g
0.05
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0.01 r

=25

(Q-Q)IQ | atr
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N

Q* Is thevaluewith

Summary on spinning motions

) andSD behae similarly
but CEW is alittl e bit different

e all lubricationschemesrebadfor N = 13

Novembe 20,2001 Pagel2



Conclusions

reformulate the lubrication method
e by f-decompositionshift operatorsand %22 .
e clarify its physicalcondition

fill the gap amongthr eeworks;

e Stokesian Dynamics method (SD)
[Q] how to justify themethod?
formulatethe methodby decompositiorof
forcedensity= .7,.(g) is missing
[ Q] whereis thelimitation?
failedon collective motionsfor N = 7,13
becaus®f theinconsisteng

e Sangani & Mo
[Q] relationto SD?
givenby shift operators

e Cichocki etal. CEW
[ Q] reasorof collectve-motionprojection?
gappropertiecharacterizdéubrication

unsolved questions
e collective spinningmotions
er — 2limit on
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