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Motivation

Impact on slightly viscoelastic droplet

Mode I: splashing
with prompt

O

Mode II: no splashing

Mode III: no splashing
with ejecta sheet

Mode IV: splashing
with fingers
(in the spreading)

Water + polyacrylamide (PAA)

Vega, E.]. & Castrejon-Pita, A.A., (2017).. Experiments in Fluids, 58(5), p.57



Motivation

Impact on slightly viscoelastic droplet
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Motivation

Impact on slightly viscoelastic droplet
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Motivation

Impact on slightly viscoelastic droplet

WATER

t=30ms t=40 ms ' t=50ms

WATER + 200 ppm PEO

t=100 ms | t=200ms ' t =300 ms ' t =500 ms

Bertola, V. (2013). Adv. in Colloid and Interf. Sci., 193-194, 1-11
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Equations
V-u=0,
p(diu+u-Vu) =—-Vp+ V- -7+vknds + pg

T = Ts + Tp,

T, = 2uD = p(Vu + Vu')
_ MpfS(A)i

)\ > Conformation tensor

Tp

> Polymeric Stress

> Solvent Stress



Equations

fr(A
OHA+V-(uA)—A -Vu—Vu! -A=— (A)
- J A
Y
v
A =Upper Convective Derivative
Vu|7jj = O;u;. Attention, some people swap the indexes!
CONSTITUTIVE MODELS
Oldroyd B FENE-P FENE-CR linear PTT
fr(A) A1 a7 1 Ay (L+etr(A-I))(A-T)
fs(A) A-1 l—fr'[-?%. 7= — 1 1—&;1:._.-';_.'—’ A-1

fr(A) and fs(A) are the relaxation and the stress functions.



Equations

Some issues

| have not a clear what means A from the point of view
of the physics. Do not ask me!

« The constitutive equation has some conservative
property to be preserved? | do not think so!

« The equations are of hyperbolic nature. Except for the
advection term the time evolution of A at a certain
point does not depend on the value of A at its vicinity.
So boundary conditions are irrelevant unless the fluid
enters in the computational domain.



Equations

For the Oldroyd-B constitutive model since fgr(A) = fs(A) = A — 1

fr(A)

A
D)

!

Tp + )\7yp = 2u,D




Boundary Conditions

Wall:

Ton = 0, and  O¢(Tnt) + ATht = LpOn (Ue)
Tep = 0

Axis of symmetry:

87“7_99 — 87‘7_7“7’ — OpTzy — 07 and Trz = 0.

M.F. Tomé et al. Journal of Non-Newtonian Fluid Mechanics, 141(2-3):148-166,(2007).



The High Weissemberg Number Problem

Numerical schemes have upper limitsin \ .
(Wi is its dimensionless counterpart).

¢t + a(ﬂf)% — b(x)Qb — —¢/WZ

VAN 1 a.; A\t
n—l_l p— 1 — aj i A . TL _I J n
% { Az ! (bj Wz)} ?) { Az } bj-1

J
A\
Y

Stable if <=1

Qa Note that in corners:
J
ANG ; S — Decelerations (b, < 0)
bj — ” (/ And low velocities (a; ~ 0)

Fattal, R., & Kupferman, R. (2005). Journal of Non-Newtonian Fluid Mechanics, 126(1), 23-37.
http://doi.org/10.1016/j.jnnfm.2004.12.003



Solutions to the HWNP

Changes of variables = kernels

Log kernel U =1logA =R logAR?
Fattal, R., & Kupferman, R. (2005) (vu)T _ Q —l— B —I— NA_]_
—
00 +u-VV¥ — 2B — (QU — QU) = —eTfR(e‘I’)
Square root kernel
Balci, etal, C. R. (2011). A — bbT
http://doi.org/10.1016/j.jnnfm.2011.02.008
b=! fg(b - b7)

Otb+V:-(ub)=b-Vu+a-b-—

A
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Numerical Scheme

* We use the incompressible Navier--Stokes centered
formulation solver. (“centered.h”)

* Solvent stress is treated as it is, an standard
viscosity term.

*Polymeric stresses are added as an acceleration.
Stress components are defined at cell centers.

® Cell centers: v, p. 7o, 7o, and 7,

j Cell faces: Vp, V- (uD) and V - 1,

Cell at level £ + 1.
Cell at level ¢,




Numerical Scheme

Classic approach

Tp >\7Yp = 2u,D

1. The stress components are advected explicitly with the BCG scheme,

T, = 75_1/2 + AtV - (1,u")

2. The upper convective derivative is solved implicitly,

*
Tp

A
n+1/2 T\x\n _n+1/2 n+1/2 n
(1+E)Tp /—(Vu)Tp /—I—’Tp /2Vu —2,upD+)\At

—n+4+1/2
VTp
fo

aer—|—1/2 _




Numerical scheme
Log Kernel

We use a time-split scheme

¥V +u-VU =0
50 — 2B — (QU — UQ) = 0
e Vfr(e?)

A

U =

Hao, J. & Pan, T.W., (2007). Applied Mathematics Letters, 20(9), pp.988—-993.



Numerical scheme
Log Kernel

and u”

1- Y2 = A f(A"~1/2) where fs r(A) = 15,1 (vs,RA —T)
2.- Diagonalize A = RART, calculate ¥"~1/? = R log(A) R”|

3.-Calculate B™ and Q"

n—1/2

4.-The log-conformation tensor is advected using the BCG scheme.
U = Un=1/2 _ AtV - (u"0")

5.- ¥ is upper advected
U = P* + At(2Bn 4+ Qn\Ijn—l/Q _ \Ij’n—l/QQn)

6.- Obtain A**,
U = R log(A)RT|” A = R(A)RT|™.

7.-Finally, A"T1/2 is calculated analytically,

An—|—1/2 — A** e—nRI/RAt/A i (1 . e—nRI/RAt/A)L
VR

8.- Finally, 7 7'/% = e fp (A™+1/2) = Lagp (v APHH/2 )



Numerical scheme

Square Root Kernel
Given b”~/2 and u”
1.-The log-conformation tensor is advected using the BCG scheme.

b* =b" Y2 L AtV - (b"u")

2.- The rest of the equation is linearized and solved implicitly,

brt1/2 NRVR b* g
. bn—|—1/2 n_ an . bn—|—1/2 bn—|—1/2 _ IR p1 n—1/2
At Vu'—a LY AT AP

3.- Finally, the polymeric stress is computed from b™+1/2

APTL/2 _ (bbT>n—|—1/2 and T£+1/2 _ %fS(An—Fl/Q)
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Testing problems

Poiseuille flow

U (t)

u(y,t) = 1.5 4828”1 Ht )1/2) cant/2gp)

=2k - 17, 0,=1+BEn?/4 and G( ) = sinh(6,,t/2) + 3 cosh(0,t/2)

9 _
0, =+/a2 — En? and ’ynzl—TﬁEn



u £0.1)

Testing problems

Poiseuille flow

I
Analytical

Log kernel

@)

10
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Testing problems

Poiseuille flow
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Testing problems

Poiseuille flow
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u(0,t)

2.5

1.5

0.5

Testing problems
Poiseuille flow (FENE model)
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Numerical scheme

Drop in Couette flow




Numerical scheme
Drop in Couette flow
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Testing problems
Lid cavity

Uy (2,t) = 8[1 + tanh (8¢ — 4)] z%(1 — x)?

uy (™, ")

y
A
AU,
WZ — Re p— pUOL
L Lo
P s fip A L
__ Hs _
6 = — Ho s + Hp
Ho
YA
> Y




Testing problems
Lid cavity

Adaption on velocity components
each 50 steps

adapt_wavelet
({u.x, u.y}, (double[]){5e-4,5e-4}, 7, 5);

M1: Uniform 64 x 64 (Level 6)
M2: Uniform 128 x 128 (Level 7)

Distribution of W,



kinetic energy

Testing problems
Lid cavity
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(A)

Testing problems

Lid cavity
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Testing problems

Drop impingement

26D
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Testing problems

Drop impingement
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Testing problems

Drop impingement
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Testing problems
Drop impingement
Water + PAA (1000 ppm)

UD
Re, = === = 602
Hp
D 2
we = PPY" _ 260
0}
D
Re. = PP _ 13383
Ls
De=2Y _ 17451
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Testing problems

Drop impingement
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Testing problems

Drop impingement

f[leftl=neuman(0);

flleft]=dirichlet(1);




Testing problems

Drop impingement
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Testing problems
Drop impingement
Water + PAA (1000 ppm)

41



Testing problems

Drop impingement
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Problems




Further Improvements

Although the method seems to work reasonably well we
can try further improvements.

» Move the off-diagonal terms to vertex. The problem
with BC will be over.

e To use the WENO scheme for the advection. (High
order scheme would help in the stabilization)

e Try the Both Side Diffusion (BSD)

p(Bu+u- V) — (st + ) (Va4 Vu”) =

~Vp — pp(Vu+Vu') + V-1,
e And of course, 3D
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