Simple IBM implementation test

F. Miralles
IMAG, Université de Montpellier

8 février 2021

//7\
A

IMAG

INSTITUT WONTRELLIERAIN /
A ek |/
\

< 7

1/9 F. Miralles Simple I1BM implementation test



B Problem Navier-Stokes incompressible équation with convective heat :
Find (T, u, p, k, €) solution of :

Tt (u-V)T-V-(s7VT) = 0
QW (u-Vu—V-(urVu)+Vp+eo(T—To)& = 0
kL (u-V)k+e—V-(urVk) = K72
2
%+(U-V)e+cz%—%v~(u7—Vs) = QKb

. 2
with V.-u=0, ur = CM%, KT = KT
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B Problem Navier-Stokes incompressible équation with convective heat and
Brinkman Penalisation :
Find (T, u, p, k, €) solution of :

G+ u-V)T=V-(,7VT) = —2(T—Tsc)
P+ (u-Vu-V-(urVu) +Vp+eo(T - To)ez = —Xu
%+(u~V)k2+e—V~(WVk) = K2
Gt (U Vet — &V (urVe) = GkiFr?

1 ifxeC,

. 2
with V.u =0, pr = Cuk?' KT = kpr. and x = { 0 otherwise.

References : |.V.Abalakin,A.P.Duben, N.S.Zhdanova, T.K.Kozubskaya, Simulating an
unsteady turbulent flow arround a cylinder by the immersed boundary method,
Mathematical Models ans Computer Simulation, 2019, vol 11, No 1, pp 74-85.
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B Time discretization : we use the caracteristics method and at every time step :
Find (T"1, untt pntl kntl ent1) solution of :

G(TME=TToX") =V (k5VT™) = —2X(T"~ T
U U0 X™) = V- (uhVu) + VpT £ eo(TH — To)&e = —Xu”
G (K1 — K70 XO) £ KMV (ug VAT = By
i(6"+176"OXH)+C2€n+127 *%V'(l‘qrveﬁl) — %knuzi(Tn)2

) o prl (K2 i g . 1 ifxeC,
with V-u? =0, u7"" = =g~ k7~ = kpg . and x = 0 otherwise.
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B We consider C;r a mesh arround the cylinder :
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interpolation of a wall law :

We use a P!

u=9¢(y)
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A ghost cell method for turbulent compressible

N.Zhao,J.M.Liu

1

Reference :0.Hu
viscous flows on adaptative Cartesian grids, 2013, Procedia Engeneering 67 :241-249.

M
°
]
3
c
o
-
]
3
c
v
E
£
o
E
s

o
~
™)



B Implementation of boundary condition arround Cylinder : Ghost-cell method :
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® Fluid-Cell  (8) Ghost-Cell  [#] Solig-Cell
@ Body Marker

Figure — Ghost cell representation thanks to images points.
Update : ® € {T,u,p, k, e}
At every time step we do :
L = 20 5¢c — b,
where @}, = & (x5, ys), especialy for u :
ugc = 2¢4(5)

Reference :R.Ghias, R.Mittal, H.Dong, A sharp interface immersed boundary method
for compressible viscous flows, Jounal of Computational Physics, 2225 :528-553, 2003.
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M Results
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Figure — Flow field velocity with heat convection.
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B Results

Ux/Ug mean

velocity profile at x/D = 1/2

1BM
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Figure — Velocity profile behind cylinder.
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To do :
e Add ghost cell method with Brinkmann penalization.
e Modify the code to take into account a compressible flow.

e Implement a new 2 equations turbulence model.
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