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Formulation

Du,
Dt

Pt =V-6,, V-i,=0inQ,

(3'1 = ﬁl(s -+ 2,LL1D[f11]

dU;
Mi - = ) Fz
di g+
dw;
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Fictitious domain formulation

—I—/U:D[V]dX:()\,V—(V+§><r)>p(t) (1)
0

/q-VudX:O (2)

Q
(mu—(U+wxr))pq =0 (3)
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Fictitious domain formulation

* Stepl :Advection

* Step2 :Generalized Stokes

* Step3 : Rigid body constraints
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Fictitious domain formulation

d .
d_/ P2, U2df) = / (p2: — p1)gdQ + / o 1n;ds
Qo5 02 ;
/ D
. Dt
D

/Q 7 (P2ua,) d = L‘(ﬂZ,i_pl)ng‘l‘/ (=Vp1 + Vi) dS

Qo5

,02 ZUQ dQ / (,02,7; — pl)ng -+ VO’ldQ
Qo5

Qo5
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Fictitious domain formulation

/

F = /! _pllﬁl_'_/‘lVQul_vPl; In QQ,i; 1=1,...,n

0, In
\
D .
01 Dl? = -—Vp+uVyy —F, Vu; =0inQ
D
/ 7 (p2,iu2 — pruy) dQ2 = / (P2, — p1)g + F]dQ
Qg’i QQ,’L’

/@2,7; Dﬂt [(,02,7; — p1)ug| d§) = / [(,02,7; — p1)g + FdS

Qo ;
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Fictitious domain formulation

D |

o D';l — _VUp + V2 —F, Veu; =0inQ
U, |
dt -

Uz(t) + wz(t) X (X — Xz(t)) — Uy, N Qg,i, 1= 1, cee s 1

Qo 5
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Fictitious domain formulation

—aX+ 1 VA=F, inQ
A=0,onTl,

D |
L py 4 VP2 + aX — i VA, Veuy = 0in Q

Dt
dU; OA

AM; :AMig—/ a)\dﬂ—,ul/ —ds, 1=1,....n
dt Qg N 4 an
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» Substep 1 (advection-diffusion)

XPrHl = Xl 25U
prou} — i Voui = —pi(muy — may) — Vp, in Q
u; =0onTl
» Substep 2 (incompressibility)
ro(u” —uy) = =V - pi) inQ
V-u*=0inQ

u; -n=0o0nT,
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« Substep 3 (rigid body constraint)

1

A07n+ _ O
O,n+1  __xx

U, = Uy

0 1 _
T()Uz-’n—'_ — _TlU?_TQU? 1—|—g
0 1 0 1
Vo,w, " = 0.5/ V xu"dQ
Q;

0,n+1 0,n+1 1
w,"T = U P (x - XPTT
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(1_|_ ol — n v2 (SAk—H n+1

Pzz P1
(plT()] ,u1V2)( kot uk’nH) N ngi, 1= 1, L.
(1+ ) (ol — i VZ)OA T =0 in @y

AP = onT,
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(p11o] — p V2)oul ™" = (ol — 1 V2)SAFL T in Q

sul Tt = onT

( k4+1n+1 _ i— k 1 k.nt1
AMrod U " = —2B [ a(u)™ —uy™")dQ)
k:n—l—l kn—i—l &

i o(u
_|_M1p2, P1 f892z ( 1 o )dS
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None-Lagrange formulation

)
F = « FLT g_l 2p—1f?1F’ n QQ”" v=1 ) 1L
\ O, In
Du1 1 2 P2 — P1
—— =V — | G—-—F). In)
Dt Py Rev H 01 ( )
dU 1
t=_— | FdQ
7/
Qo
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None-Lagrange formulation
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None-Lagrange formulation

— U dQ.
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None-Lagrange formulation

wrdQ + (1 M ) U
P2
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Collision

(—67T7“7;UJ_,L61 (%—%), f h<h

0, otherwise

Fv =

sij = |Xi — Xj| = (15 +1j)

M;(e — s;5)
M; + M,

AI'Z' —
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Mesh fitting

Figure 1: A cross section of the basic tetrahedral
grid (left) and the boundary fitted grid (right).
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Validation
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Validation
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Validation
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Sedimenting particles
Heavy and neutral particles

Light and neutral particles
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Three spheres

Three spheres interaction
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64 spheres

64 particles swirl
64 particles wave
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64 spheres

Velocity of the centroid of the assembly Simple Standard deviation

Centroidal Velocity
Deviation

12 12
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Poiseullle flow

U,, = 20.0 DLM Present | DLM Present
d/R U, W,
0.10 19.4965 19.5805 | 0.7751 0.7812
0.20 18.8841 18.9658 | 1.5514 1.5734
0.30 17.8656 17.9730 | 2.3235 2.3537
0.40 16.4442 16.5582 | 3.0872 3.1523
0.50 14.6210 14.7561 | 3.8409 3.9060
0.60 12.3957 12.5155 | 4.5824 4.7483

Ottawa, May 2006 — p.2¢



Poiseullle flow
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