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Overview

x |ntroduction to Stokes Flow:and Boundary: Methods.
x Computational Difficulties:and Acceleration Technigues.

®  Analysis and Implementation: Detalls.

x Qverview. of Application Areas.
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Geophysical Apphcatlons

= Micro-scale simulation;
x Heterogenous flows.

x Exploring the evolution: at
the Core-Mantle Boundary.

AN
Crystal Grain Structure [Edward Pleshakov,

x Anisotropic grain-grain Wikimedia 2008}
Stresses.

x| arge viscous flows
(volcanic flows).

x Binary fluild separation.

Micro bubbles Map of ULVZs [Manga et al. 1998]


http://commons.wikimedia.org/w/index.php?title=User:Edward_Pleshakov&action=edit&redlink=1
http://commons.wikimedia.org/w/index.php?title=User:Edward_Pleshakov&action=edit&redlink=1

1 he Physical Problem

—VP+ uVu+pb=0

x Fach domain may: have
different physical properties.

® EXplicitly track boundary
hodes during creeping
flows.

x Possipbility for unbounded
domains.




Governing Equation

x [he Stokes Boundary: Integral Equation (BIE) for
multiple domains [Pozrikidis: 2001].

LN o i S AfP @)U (@, 20) AL (@
5 wi (L) =1, (Zg i ~(w)Uq (o, g s s

p=1

P 1S PV
—I—;::l i . /F wi{@) Ty (@, o) (x) AU ()

p

x [he dimensionless parameters:

Ca cele Mmuc )\p e, ﬂ?_

Ve Hom




Governing Equation

x [he Stokes Boundary: Integral Equation (BIE) for
multiple domains [Pozrikidis: 2001].

L o S AP @)U (@, 20) AT (=)
5 UL —U,j L Tl ; L)Ly L m\ L

p=1

P 1S PV
—I—;::l i . /F wi{@) Ty (@, o) (x) AU ()

p

x [he dimensionless parameters:

Ca cele Mmuc )\p e, ﬂ?_

Ve Hom




Governing Equation

x [he Stokes Boundary: Integral Equation (BIE) for
multiple domains [Pozrikidis: 2001].

L0 o) i) > AP (@)Usy (2, 0) ATy ()
5 UL —U,j L A1Ca r L)Uii\L,LQ m \ L

p=1

P 1S PV
—I—;::l i 4 /F wi(x) iz, 2o)ng(x) dl'y ()

p

x [he dimensionless parameters:

Ca cele Mmuc )\p e, ﬁf_

Ve Hom




Governing Equation

x [he Stokes Boundary: Integral Equation (BIE) for
multiple domains [Pozrikidis: 2001].

L0 o) i) > AP (@)Usy (2, 0) ATy ()
5 UL —uj L A1Ca r L)Uii\L,LQ m \ L

p=1

P 1S PV
—I—;::l i 4 /F wi(x) iz, 2o)ng(x) dl'y ()

p

x [he dimensionless parameters:

Ca, e Mmuc )\p e, _/;LE_

Ye Hom




Governing Equation

x [he Stokes Boundary: Integral Equation (BIE) for
multiple domains [Pozrikidis: 2001].

L0 o) i) > AP (@)Usy (2, 0) ATy ()
5 UL —uj L A1Ca r L)Uii\L,LQ m \ L

p=1

/iy s PV
+g:_:1 i 2 /F wi(2)Tijk (@, o) (2) ALy ()

p

x [he dimensionless parameters:

Ca, e Mmuc )\p e, ﬂf_

Ye Hom




Governing Equation

x [he Stokes Boundary: Integral Equation (BIE) for
multiple domains [Pozrikidis: 2001].

L0 o) i) > AP (@)Usy (2, 0) ATy ()
5 UL —uj L A1Ca r L)Uii\L,LQ m \ L

p=1

/iy s PV
+p§::1 i 2 /F wi(2)Tijk (@, o) (2) ALy ()

p

x [he dimensionless parameters:

Ca, e Mmuc >\p e &

Ye Hm




Direct Computation

x Collocation Method.

x Generally dense and
asymmetric.

x Kernel functions have infinite
SUPPOLL.

[ imits size of problem.
(32,768 nodes is 1GB matrix).
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x Approximate the integral over a boundary: element.

x Move series expansions up and down a tree.
x [ranslate.
x Combine.

= All distant interactions _;<‘ '>\‘
represented by a series.

n On'y nearby iﬂ’[eraC’[ions Fast Method
are computea directly.

x [ree structure results iIn O(N log N) multiplication!
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Far Fleld Expansion

» Example for Potential: / G20, 2)t(2) dle

I
x Rewrite around a new: point [Lit:20006]:

G(20,2) = log(zo — 2) = log(2o — 2) + log (1 ; : ch )
07— <c¢

x Taylor Expand (requires iz — zel << 20 — 2¢| )
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Near Field Expansion
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Near Field Expansion
/F G(zo,2)t(z)dle = Z O (20 — ZC)/I‘ I.(z — z.)t(z) dl.
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» Requires: 120 — 2L| < |2 — 21|
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x Model a matrix with-hundreds of deformable grains.
x Grain-grain interaction/contact.
x Deformation and rotation in flow.

® Derive material properties of flow matrix.
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x On Blacklight: |
x Allow for more parameter
SWeeps of current moaels.
x Hundreds of particles. N

Blacklight [Pittsburgh Supercomputing Center]
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Sler:liigle

x On Blacklight:

x Allow for more parameter
SWeeps of current moaels.

x Hundreds of particles. | -
Blacklight [Pittsburgh Supercomputlng Center]

x On Stampeed:
x Oth Fastest Supercomputer \ I, ,I

x Scale to thousands of
particles and beyond...

Stampede [Texas Advanced Computing Centet]
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Geophysical Results
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The Big Ideas

x Fast Multipole Boundary: Element Method: provides fast
method for solving PDES.

x Same speed as traditional FDM, EFVM,-and FEM.
x Explicitly tracks interfaces.

x Have a multi-=domain viscous fluid you need modeled”?

x Material Science, Chemical Engineering, Biology...
....and of course Geophysics!
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