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Introduction

viscoelastic flow

Governing equations

Re(2* +u-Vu)=-Vp+aAu+V o (1)
V-u=0

u,p,o,a, Re = p% are velocity, pressure, elastic stress, and
portion of Newtonian viscosity in total viscosity, Reynolds number.
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Introduction

viscoelastic flow

JGlu

Governing equations

Re(2* +u-Vu)=-Vp+aAu+V o (1)
V-u=0
u,p,o,a, Re = p% are velocity, pressure, elastic stress, and
portion of Newtonian viscosity in total viscosity, Reynolds number.

Two approaches describing the elastic stress

Macro: constitutive law (Oldroyd-B model):

oC r_ 1
Zp t (W V)C—Vu-C—C-(Vu) = -(1-C)  (2)

where C = 22(o — 1), We = A\Y is Weissenberg number, X is
relaxation time.
Results do not converge for high We.

Micro: molecular theory
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Multiscale approach

molecular theory

End to end dumbbell

Assumption:

a chain of beads and spring,
dilute,

zero-mass.

IH. C. éttinger, Stochastic Processes in Polymeric Fluids: Tools and Examples fc

Developing Simulation Algorithms.
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Multiscale approach

molecular theory

End to end dumbbell

Assumption:

a chain of beads and spring,
dilute,

zero-mass.

Spring force: F(R) = R (Hooke law)
Stochastic force!: B; = /2kT(dW,/dt

Friction force: f = ((f — v(r, t))
k Boltzmann constant, T absolute temperature, { = 67 usa friction
coefficient, us solvent viscosity, a radius of bead.

]G‘U 'H. C. Ottinger, Stochastic Processes in Polymeric Fluids: Tools and Examples fc
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Newton’s second law

—G(k —v(r1,t)) + F(R) + By = 0, ?3)
=== —((t2 — v(ra,t)) — F(R) + B> =0. (4)
71 : 2 [4KT dW,
_:d- R=VV'R—ZF(R)+ = a (5)



Miltisacle approach
Fokker-Planck equation

Newton’s second law

—(¢(f1 —v(r1,t)) + F(R) + B1 =0,
—((t2 — v(ra,t)) — F(R) + B> =0.

: 2 [4kT dW,
R=Vv-R=2F(R)+ | =~ (5)

Probability distribution function ¢(x, R, t):

at a position x and time t, the probability of a dumbbell vector
that stays between R and R + dR.

//w(x,R, £)dR = 1.
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Miltisacle approach
Fokker-Planck equation

Newton’s second law

—({(f1 — v(r,t)) + F(R) +B1 =0, (3)
—<(i’2 — V(I’Q, t)) — F(R) + B, =0. (4)

: 2 [4kT dW,
R=Vv-R=2F(R)+ | =~ (5)

Probability distribution function ¢(x, R, t):
at a position x and time t, the probability of a dumbbell vector
that stays between R and R + dR.

//w(x,R, £)dR = 1.

Fokker-Planck equation

o B 1 1
- 5¢ tU Vo = Ve ((-Vu R+ o F(R))Y) + 5o At (6)
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Relation between micro and macro

a-—l_—a(—l—l—//R®RwdR)

__'_:, //R@Rx(ﬁ)dR:>(2).

The micro approach is equivalent to the Oldroyd-B model!




Multiscale approach

Relation between micro and macro

VT/:‘(—H//R@RWR).
//R@Rx(6)dR:>(2).

The micro approach is equivalent to the Oldroyd-B model!

1

Multiscale system

Re(%+u.Vu):_Vp+aAu+V-U
Vou=0 (7)
. a:%(_|+ffR®$wdR) X
Fr tu-Vy = Vg - ((=Vu: R+ 57zR)Y) + 53z ArY
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1. Navier-Stokes




Numeric

numerical method

1. Navier-Stokes

2. Fokker-Planck: space splitting

G +u-Vi = Ve ((-Vu-R+ 57zF(R)Y) + 5z At
In physical space x € Q(geometry) we have

o B
oy U V=0 (8)

Upwind in physical space.

In configuration space R € (—o0, +00) X (—00,4+00), we use an
implicit scheme

P* — " 1 1
Y ¥ V- ((-Vu-R+ ——F(R)*) + —— Art* (9
ar - VR (Ve Ry FRD + o try ©)
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The configuration space is infinite!

FENE, A. Lozinski, C. Chauviere, F = I_L& IR| € (0, Ry).
R




Numeric

numerical method
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The configuration space is infinite!

FENE, A. Lozinski, C. Chauviere, F = W’ IR| € (0, Ro).
Rg
Idea:
. _ R

polar coordinates (p, #) = (|R|, arctan ),
infinite plane to unit circle r = ﬁ.

0 0

¢ = bo(K‘,, H)Loqb — bl(KZ, 9) 4 + L1¢, (10)

ot 90
where Lo and L; are linear operators,

by = ka1 cos 20+ HE2 sin 20, Logp = —4r(1— r)’[—s(1—n) " o+ 52],
by = —ki1sin 20 + S22 cos 20 4 EAR2

L1<15—C1<15-|-C2ai]5 -|-C3a ¢ -I-C459<é>

& = Gl 425(1n) X(3r 427~ )4 8r(r—1)s(s = 1)(1-n) 7,
cz—i(3r4—2r2+r) 16 r(r—1)2%s(1 —n)7 %,

= 2r'(r—1)c :Z;Ve(l’,)z,m—Vu,

U)(ﬁX:R):( ) (tx"77 )5:2777:2(1_r)2_1'
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Numeric

Pseudo-spectral method

JGlu

Pseudo-spectral method
We look for an approximate solution to the Eq.(10) of the
following form

o(t,x,m,0 ZZZ@/W (11)

i=0 /=i k=1

where ®;(0) = (1 — i) cos(2/0) + i sin(2/6),

Ng, N,, number of discretization points,

hk(n) Lagrange interpolating polynomial,
nm(m=1,---, N,) Gauss-Legendre points n € (—1,1).

" =[1— At(Mo + My + M,)] 18", (12)

where ¢ is the vector of the expansion coefficients ¢}, at time
t, = nAt.
M07 Ml) M2 e
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Numeric

test for Peterlin model

Re(%—l—u-Vu):—Vp-i-OzAu-i-V'U
V-u=0
o = (trC)C
% +(u-V)C—Vu-C—C-(Vu)" = L-(trC)l — {1 (trC)>C + eAC

and % = 0 on the boundary.

Re=1, We=5

Re=1 We=5
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Numeric

test for Peterlin model

Slight modification trC — max(trC).

o1\, m s e e N ’.“\ 7777777777777777777777777
Table: L2-error of o

mesh points | ||o1 — 01(256)]]L, EOC | |los — 03(256)||, | EOC
32 0.0636 0.4466
64 0.0559 0.1858 0.3165 0.4969
128 0.0355 0.6538 0.1643 0.9457
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Thank you for your attention!



