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M. A. Peter.
Homogenisation in domains with evolving microstructure.
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Stokes flow M. Gahn, M. Neuss-Radu, I. S. Pop.
Homogenization of a reaction—diffusion—advection problem in an evolving micro-domain and including
Coupled nonlinear boundary conditions.
reaction— J. Differ. Equations, Vol. 289, 2021.
diffusion
ol | M. Eden, A. Muntean.
mL:)(j/elcoup ed Homogenization of a fully coupled thermoelasticity problem for a highly heterogeneous medium with a priori
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Outlook Math. Methods Appl. Sci., Vol. 40, 2017.

Conclusion M. A. Peter.

Coupled reaction—diffusion processes inducing an evolution of the microstructure: Analysis and
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Nonlinear Anal., Vol. 70, 2009.
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Let . : Q. — Qo (t) C*-diffeomorphisms and o, ¥, ' € L*(Q; C*(Y)™) such that
e e — allzoe(an) + IVYelloion) <O det(Vepe) 2 s >0,
e (e —a) =P —y, VP Vyio.
Let . € LP(Q:) and G (x) = ue (e (x)):
ue(z) = uo(x,y) = de(x) = do(z,y)

for ﬁo(ac,y) = uO(xa ¢0(xa y))a

5:! D. Wiedemann.

The two-scale-transformation method.

Asymptotic Analysis, 2023.
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Let . € LP(Q:) and G (x) = ue (e (x)):
ue(z) = uo(x,y) = de(x) = do(z,y)

for ﬁo(ac,y) = uO(xa 17[10(3?, y))a

Vue(z) = Vauo(z) + Vyur(z,y) <= Vie(z) = Vaio(z) + Vyti(z,y)
for Go(x) = uo(x) and

U1 (z,y) = wi (@, ¢o(z,9)) + Vauo(z) - (Yo(z,y) — y).
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Transformation with 1), i.e.

UAJs(t) = ws(ta d}e(ta iL')), ﬁs(t) = ps(tv'ﬁbs(ta 33))
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1]
-

D. Wiedemann, M. A. Peter.
Homogenisation of the Stokes equations for evolving microstructure.
arXiv:2109.05997.
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Coupled

rec;c‘t)ic?n—

diffusion

Step 1: Upscale on reference cell: i.e. for all k € I. C Z"

Fully coupled
model

Outlook

Conclusion



Proof of the Korn-type inequality for technische universitat
yP q y dortmund

two-scale transformations

Homogenisation
in evolving
porous media

10TV + (U TV) 22 = ol Velleq,, Ve € Hp (920)"

Homogenisation

Lnoriv;:sing Step 1: Upscale on reference cell: i.e. for all k € I. C Z"

Stokes flow _ _ .

Cto elsdo 102 T ek + )V + (T2 T ek + V) T2 (yey 2 allVelTayey Vo € HR(YT)
ouple

reac‘t)ion—

diffusion o

Full led Step 2: For every A € C(Y*;R™*"™) with det(A) > co > 0 there exists a(A) > 0 such that
ully couple

model

T2 2
Outlook AV + (AV@) L2 vy = a(AIVellLz(y )

Conclusion
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two-scale transformations

Homogenisation
in evolving
porous media

10TV + (U TV) 22 = ol Velleq,, Ve € Hp (920)"

Homogenisation
in evolving
domains

Stokes flow — — w\n
tokes o 10T (k4 )V + (U2 T ek + )V [22ye) 2 allVell2aryey Vo € HAY?)
Coupled

rec;c‘t)isn—

diffusion

Step 1: Upscale on reference cell: i.e. for all k € I. C Z"

. - Step 2: For every A € C(Y*;R?*") with det(A) > co > 0 there exists a(A) > 0 such that
ully couple
model

Outlook 1AV + (AV‘P)T”i%y*) > a(A)||V<p||i2(Y*).
Conclusion

Step 3: the optimal constant a(A) in Step 2 depends continuously on A € C(Y*; R"*").
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two-scale transformations

Homogenisation
in evolving
porous media

10TV + (U TV) 22 = ol Velleq,, Ve € Hp (920)"

Homogenisation
in evolving
domains

Stokes flow — — w\n
tokes o 10T (k4 )V + (U2 T ek + )V [22ye) 2 allVell2aryey Vo € HAY?)
Coupled

rec;c‘t)isn—

diffusion

Step 1: Upscale on reference cell: i.e. for all k € I. C Z"

. - Step 2: For every A € C(Y*;R?*") with det(A) > co > 0 there exists a(A) > 0 such that
ully couple
model

Outlook 1AV + (AV‘P)T”iny*) > a(A)||V<p||i2(Y*).
Conclusion

Step 3: the optimal constant a(A) in Step 2 depends continuously on A € C(Y*; R"*").

Step 4: {¥7 " (e(k +-)) € C(Y*;R"*") | & > 0,k € I.} is precompact.
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porous media

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

2 : technische universitat
Homogenisation of Stokes flow dotmend

Theorem
Let (ve(t),pe(t)) € HY(Qe:(t)) x L?(:(t)) be the solution of (S) and v(t), p(t)
some extension to ). Then

Oe(t) — v(t) in L*(9),
Pe(t) = p(t) in L*(9),

where (v(t),p(t)) is the unique solution of the Darcy law for evolving
microtructure.
D. Wiedemann, M. A. Peter.

Homogenisation of the Stokes equations for evolving microstructure.
arXiv:2109.05997.
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Homogenisation
in evolving
porous media

v= CK(L2)(f - Vp) i Q,

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

s8] D. Wiedemann, M. A. Peter.
Homogenisation of the Stokes equations for evolving microstructure.
arXiv:2109.05997.



Darcy’s law for evolving microstructure

Homogenisation
in evolving
porous media

v = K(t,)(f - Vp)

Homogenisation
in evolving
domains

Stokes flow

Coupled

reaction— for (K(t,z));; = [ wi(t,z,y)-e;dy with
diffusion Y (t)

Full led
muo(j/elcoup . —Aw; (tv z, y) + Vm; (ty z, y) =€

Outlook div(w; (¢, z,y)) =0
Conclusion wy (t, z, y) =0

y = wi(t,z,y)

D. Wiedemann, M. A. Peter.

technische universitat
dortmund

in Q,

in Y1 (1),
in Y7 (0),
on I'; (1),
Y — periodic.

Homogenisation of the Stokes equations for evolving microstructure.

arXiv:2109.05997.
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Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

! . . technische universitat
Darcy’s law for evolving microstructure Gortmund

v=—-K(t,z)(f - Vp) in Q,
div(v(t)) = — &Yy ()] in Q,
p(t) = po(t) on 0N
for (K(t,x)):j = Yf( : w;(t, z,y) - e; dy with

e (t

_Awi(tyxzy) + Vﬂ—’i(tyxzy) =€ in Y:z* (t)a

div(w;(t,z,y)) =0 in Y1 (1),

w;(t,z,y) =0 on I'; (1),

y = wi(t,z,y) Y — periodic.

D. Wiedemann, M. A. Peter.
Homogenisation of the Stokes equations for evolving microstructure.
arXiv:2109.05997.
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Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Homogenisation of the instationary

Stokes equations

dyve — div(e® (V. + Vo)) + Vp. = f

div(v:) =0

Ve = Ur,

—&%u(Vv. + Vv;)Tn +p-n=pn

ve(t = 0) = v"

technische universitat
dortmund



Homogenisation
in evolving
porous media

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Darcys law with memory technische universitat
ortmun

for evolving microstructure

v(t,x) = 1 /tK(t,S,IL‘)(f(S,ZL‘) — Vp(s,x))ds in (0,7) x Q,
vJo

div(olt, 7)) = 1V (1) in (0.7) x 9,

p(t, @) = pu(t, 2) on (0,T) x 99



Darcys law with memory technische universitat
ortmun

for evolving microstructure

Homogenisation
in evolving
porous media

ot ) = %/0 K(t,s,2)(f(s,2) — Vp(s,z)) ds in (0,7) x O,

in evolving
domains

Stokes flow p(t7 J}) = pb(t7 x) on (0, T) x 00

Homogenisation diV(U(t, l’)) _ _%lyz* (t)| in (0, T) X Q,

Coupled
reaction—
diffusion

Fully coupled
model

Outlook

Conclusion

s8)| D. Wiedemann.
Analytical homogenisation of transport processes in evolving porous media.
PhD Thesis, 2023.



Darcys law with memory technische universitat

: . dortmund
for evolving microstructure
Homogenisation
in evolving ¢

porous media 1 .

v(t,x) =— | K(t,s,2)(f(s,x) — Vp(s,x))ds in (0,7) x Q,

vVJo
- d
Hom nisation . .
inoevzﬁ/eingsato le(U(t, x)) = _%lyz* (t)| mn (07 T) X Q?
domains
Stokes flow p(t7 J}) = Pb(t7 x) on (0, T) X 89
Coupled
reaction—
diffusion
with K(t,s,2);; = fY*(t) u;i(t,s,,y) - ej dy and u; the solution of
Fully coupled z
mod Otu; — Au; +Vm; =0 for t € (s,T) and y € Y (¢),
Qutlook div(u;) = 0 for t € (s,T) and y € Y.* (1),
conclusion u; =0 for t € (s,T) and y € T'x(2),
y = ui(y), m(y) Y -periodic,

ui(s,s,x) = e; for z € Y, (s).
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QOutline dortmund

Homogenisation
in evolving
porous media

D. Wiedemann

Homogenisation
in evolving
domains

Stokes flow

Coupled Homogenisation of a reactions—diffusion process with coupled
reaction-— microstructure evolution

diffusion

Fully coupled
model

Outlook

Conclusion
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Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Microscopic domain

technische universitat

dortmund
I.cz",
Y =(0,1)",
Q:int( U ak+a?),

kele
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Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Microscopic domain

technische universitat

dortmund
I.cz",
Y =(0,1)",
Q:int( U ak+a?),
kele

Yr* =Y \ BT(m)7
m=(0.5,...,0.5)",
Te,k € [Tmin,""max];

0 < Pmin < Tmax < 0.5.
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Homogenisation
in evolving
porous media

BICEORCK ) ®
s e 8 0 @0 ) IE C Zn,
e e s 0 0@ [ ] n
s s s 00 0 ® Y:(Ovl)’
Homogenisation “ s s s e @ ® —
in evolving e Q:int(Usk+sY>,
domains o s e s e ° iyt
€
Stokes flow @ b :
® ® ® o o ® _ S
Coupled @0 o o o o . Qe _lnt( U €k+EY;s,k)’
reaction— @@ e o o o . kele
diffusion
® e e o|e o .
Ter =e0B k+m
Fully coupled ek Ts,k( + )7
model
Outlook Y'T* =Y \ Br(m),

Conclusion T
‘ m=(0.5,...,0.5)",
Te,k € [Tmin,""max];

0 < min < Tmax < 0.5.
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Microscopic domain dortmund

Homogenisation

in evolving ol o o0

porous media o e °© 0@ n

) s e @ I. CZ s

e o . & &

oo cee Y =(0,1)",
Homogenisation ) DY —
in evqlving oo o ofe ) = int ( U ek + EY),
domains o0 PR I kel
Stokes flow .......:: st
Coupled ©0000000O 0 6 ofc - ¢ QE(t)th( U ek +eV7 k(t))
reaction— ePOOOOOOOG|e ol o « kel
diffusion

T, r(t) =€e0B, k+m

NP BN EEy ll) = €0Br o (k)
model
Outlook Yr* =Y \ Br(m),
Conclusion (05, o 05)T

m= ,
‘ Te,k € Co’l([O,T]§ [Tmin,""max])>

0 < Tmin < Tmax < 0.5.




Homogenisation
in evolving
porous media

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Microscopic reaction—diffusion process technische universitat
. . . ortmun
with coupled microstructure evolution

ol = |J {1 x()c(0,1)xQ,

t€(0,T)
sz = U {t} X Pe,k(t)a
t€(0,T)
Orue — div(DVue) = f in 937
—DVue - n + 07 pue = €g(Ue, e i) on sz fur k € I,
—DVus -n=0 on 012,
Ore e = L 9(ue, ¢k )dog for k € I,

Cs
Te r(t
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Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Transformation of the microproblem

Ye(t, ) : Qe = Qe(2),

e = '%/)s(ra),

technische universitat
dortmund
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porous media

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Transformation of the microproblem

Ye(t, ) : Qe = Qe(2),

\Ijs(t; 37) = 89671}5@7 l‘),

Jo(t, x) = det(Vc(t,x)),

Ac(t,z) = Adj(Ye(t,2)) (= Ja\I’e_l)

technische universitat
dortmund

e = '%/)s(ra),

U, = “I/a(ra)a
Je = Js(ra),
A = As(re)a
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Transformation of the microproblem Jortmund

Homogenisation

in evolving_
porous media ¢€(t7 ) : QE — QE(t)) 'l,bg — 1/)6(7*&_),
\Ifs(t,$) = agﬂ,[)g(t,l‘), U, = \IIE(T&‘)a
S L) = den( et ), Je = J.(ro),
Stokes flow AE(t’ x) = AdJ(\IIE(t’ m)) (: Jallle_l) AE = AE(T5)7
Coup_led
diftusion X
Fully coupled O (Jotie) — div(A. DV "V, + Adppetic) = J.f- in (0,T) x Q,
model
. — AEDII/;TVQ6 ‘N4 €0re lie = €g(Ue, T ;) on (0,7) x I'c,
Conclusion — A.DY- Vi, -n=0 on (0,7) x 09, (R-D)

(9t7"5,k; = é][ g(ﬂe,ra,k)dax for k € I..
Fa,k
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Homogenisation
in evolving
porous media

Theorem

; - There exists a unique solution

Lno:;?sing (tie, 72) € L*(0,T; H (Q:)) x COH([0, TT; [Fmin, rmaz])|16| of (R-D), such that
Bt(Jgﬁg), Oilie € L? (0, T; H! (Q),)

Stokes flow

Coupled
reaction—
diffusion

Fully coupled
model

Outlook

Conclusion
D. Wiedemann, M. A. Peter.
Homogenisation of local colloid evolution induced by reaction and diffusion.
Nonlinear Analysis, 2023.
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Homogenisation
in evolving
porous media

Theorem

, - There exists a unique solution

Lno:filzng (tie,r2) € L2(0,T; HY(Q2)) x COL([0, T7; [Fmins Tmaa)) ! of (R-D), such that
Oy(J-Aie), Optie € L2(0,T; HY(Q)'). Moreover,

Stokes flow

Coupled ~ ~
re(:xlé’t)i:n— ||u5||L°°(0,T;L2(QE)) + ||Vu5||L2((O,T)><QE) S C,

diffusion

Fully coupled ||at(Jg'a5) ||L2 (O,T;Hl (Qa),) S C

model
Outlook

Conclusion
D. Wiedemann, M. A. Peter.
Homogenisation of local colloid evolution induced by reaction and diffusion.
Nonlinear Analysis, 2023.
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Homogenisation
in evolving
porous media

Theorem

There exists a unique solution
D (g, 1) € L2(0,T5 HY(Q:)) x COY([0, T); [Fimins Tmaa)) /! of (R-D), such that
domae O (J:tie), Optie € L2(0,T; HY(Q)'). Moreover,

Stokes flow
o el oo 0.1, 22(00)) F Vel 201 x0.) < €

diffusion

Fully coupled ||8t(J u5)||L2 OTHI(QS) ) < C

model

Outlook B’u,t:

Conclusion

||at'a€||L2(0,T;H1(QE)’) <Ce !
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Existence and uniform a priori estimates dortmund

Homogenisation
in evolving
porous media

Theorem
There exists a unique solution
Homosenisaion—(fig, .)€ L2(0,T5 HY(Q2)) x COL([0, TT; [Fiiny Tmaz)) ! of (R-D), such that

in evolvin
domanns (Jet), Oyt € L*(0,T; H(2)'). Moreover,

Stokes flow
reaction- el Lo 0,7:22(00)) + IVl L2(0.1)x00) < C
”at(‘]saa)||L2(O,T;H1(QE)') S C

diffusion
Fully coupled

model

Outlook
Lemma

Conclusion

e (- + h) = tell 20, 7—n)x20) =00 uniformly with respect to e.
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Homogenisation
in evolving
porous media

Lemma
Let

Homogenisation
in evolving
domains

Iell 20,7y %0y + IVl L2 0,7y x02) <

le(- + h) — 115||L2((0’T_h)x95) =00 uniformly with respect to €.

Stokes flow
Coupled
reaction—

diffusion Then, there exists 1y € L*((0,T) x ) and a subsequence €, such that ti.—s xy=1yo.

Fully coupled
model

Outlook

Conclusion



technische universitat
Two-scale compactness results Jortmund

Homogenisation
in evolving
porous media

Lemma
Let
Homogenisation
oo el 20,7y 0.y + 1Vl L20,m)x0.) < C,
Stokes flow |ltc(- + h) — ﬁ€||L2((0’T_h)XQE) =00 uniformly with respect to €.
Coupled
diftusion Then, there ezists g € L*((0,T) x Q) and a subsequence ¢, such that i.— xy+tg.
Fully coupled
model Lemma
Outlook Let i, —» xy~ug, then re — rg and J. —» Jy, U, —» Uy.
Conclusion

D. Wiedemann, M. A. Peter.
Homogenisation of local colloid evolution induced by reaction and diffusion.

Nonlinear Analysis, 2023.



Two-scale compactness results — summary fpehnische universitat

Homogenisation
in evolving
porous media

Step 1: Standard estimates

Step 2:
Homogenisation
in evolving ~ A~ ~
domains i ||6htu5||L2((0,T)XQE) - O = 'U/g - 'LL() = TE - TO'
Stokes flow D. Wiedemann, M. A. Peter.
Coupled Homogenisation of local colloid evolution induced by reaction and diffusion.
reaction— Nonlinear Analysis, 2023.
diffusion e
e ey 2 0= e s e
model ) €
Outlook M. Gahn, I. S. Pop.
Conclusion Homogenization of a mineral dissolution and precipitation model involving free boundaries

at the micro scale.
Journal of Differential Equations, 2023.




Coupled effective technische universitat
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reactive—diffusive transport

ST Find (ug,r) € L2(0, T3 HY(Q)) x C%1([0, T]; L2(Q)), such that

porous media

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

D. Wiedemann, M. A. Peter.
Homogenisation of local colloid evolution induced by reaction and diffusion.
Nonlinear Analysis, 2023.
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in evolving
porous media

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Coupled effective

reactive—diffusive transport

Find (ug,r) € L?(0,T; H'(Q)) x C%1([0, T]; L*(Q)), such that

0u(0(r)ug) + div(A* (r)Vug) = 0(r) f + 0:0(r)cs
oy = 5 g(ug,r)

where 0(r) = |Y¥|

T

D. Wiedemann, M. A. Peter.

Homogenisation of local colloid evolution induced by reaction and diffusion.

Nonlinear Analysis, 2023.

technische universitat
dortmund



Coupled effective technische universitat
dortmund

reactive—diffusive transport

ST Find (ug,r) € L2(0, T3 HY(Q)) x C%1([0, T]; L2(Q)), such that
porous media

04(0(r)uo) + div(A™(r)Vug) = 0(r) f + 0:0(r)cs
Homogenisation 6t7’ = Cs_lg(’l,bo, 7")
in evolving
o where 0(r) = |Y,*| and A* is given by

Stokes flow T

Coupled
racton- A3 = [ 8+ 005w dy
KA

diffusion

Fully coupled
model

—div(Vw;) =0, in Y,
Qutlook Vywj ‘n=—ej-n, on HBT(m),

Conclusion .1
y — wj; periodic.

D. Wiedemann, M. A. Peter.
Homogenisation of local colloid evolution induced by reaction and diffusion.
Nonlinear Analysis, 2023.
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D. Wiedemann

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

. technische universitat
QOutline dortmund

Homogenization of Stokes flow and advection-reaction—diffusion process
with coupled evolving microstructure



Coupled Stokes- technische universitat
. . . : dortmund
advektions—reactions—diffusion process

Homogenisation
in evolving
porous media

ol = |J {#xQ@cloTxQ,

t€[0,T]
T .
Homogenisation Fa,k — U {t} X Fs,k(t)a
in evolving te[0,7]
domains
Stokes flow T
Orue — div(DVue — veue) = in
Coupled tie ( € € E) f £
reaction— _ = T
diffusion DVue -n Eg(uf‘-‘vrs,k) on Fs,k for k € I,
Fully coupled us =0 on 012,
model i
8tr5;k = g(u57"'a,k)d0z for k € I,
Outlook Cs . o (t)
£,
Conclusion —52 div(u(Vve —+ Vv;r)) +Vpe =h in QZ’
diV(UE) =0 in Qg‘,
ve =vr, = —€0iTe, kN on I'T,

—e20(Voe + Vo )T n+ pen = pyn on 0f2.



A priori estimates for the Stokes- technische universitat
dortmund

advection—reaction—diffusion process

Homogenisation
in evolving
porous media

Fluid equation:

Homogenisation 9]l Lo (0,712 (020)) + € IV Oell Loo 0. 7522(02.)) F IPell oo 0,7 22(00.)) < C-
in evolving
domains

Advection-reaction—diffusion equation
Stokes flow

o ell L 0,7 22020y F IV ell p2((0,m)x02)) < €

reaction—
diffusion

Ue|| poo <C
Fully coupled || EHL ((0,T)xQe)) ’

model ||at(J€’EL5) ||L2(0,T;Hén(ﬂa)/) S C
Outlook

Conclusion

M. Gahn, I. S. Pop, M. A. Peter, D. Wiedemann.
Homogenisation of a coupled advection-reaction—diffusion process for evolving microstructure.
in preparation.
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Homogenisation
in evolving
porous media

Lemma
Homogensation et ue € L2(0,T; HY(Q2:)) N L2°(0,T; L2(Q:)) and Je € L®((0,T) x ) with

in evolving

domains O¢(Jeue) € L2(0,T; H (Qe)') such that Je > cy > 0,

Stokes flow

Coupled 10¢(Jeue)ll 20,711 (00 y) + el Loo (0, 1522 (00 )) T 11Vl L2 (0, 1) x00) < €
;?&22':: |Je(- + h) — JE”LOO(QE;L?((O,Tfh))) =00 uniformly with respect to €.

Fully coupled

model h—s0 ) )

— Then, [|Jue(- + h) — “EHL?((O,T—h);L?(QE)) — 0 uniformly with respect to €.

Conclusion In particular there exists ug € L2((0,T) x Q) such that ue —» xy*ug.
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Homogenisation
in evolving
porous media

Advection-reaction—diffusion equation

O (0(r)up) + div(Apom (r)Vug — vug) = 0(r) fP + 0,6(r)cs

Homogenisation
in evolving

domains DaI'Cy equation

Stokes flow

ouple 1
Eeac‘t)ilo:— v = ;K(T) (h - vp)

diffusion

Fully coupled .

model le('U) = ——0(7")
Qutlook

Conclusion Microstructure evolution

Or = cs_lf(uo, T)



Homogenisation
in evolving
porous media

D. Wiedemann
Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

QOutline

Outlook and conclusion

technische universitat
dortmund
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Homogenisation
in evolving
porous media

non-periodic homogenization two-scale
microproblem > Jimit problem
Homogenisation
in evolving w(x)
domains o X
periodic . substitute
Stokes fl substitute homogenization on the two-scale
okes Tlow i imi
SRR fmicrop periodic substitute domain limit problem
Coupled
reaction—
diffusion
Fully coupled
model
Outlook

Conclusion
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porous media

Homogenisation
in evolving
domains

Stokes flow
Coupled
reaction—

diffusion

Fully coupled
model

Outlook

Conclusion

Macro- and micro-evolution

non-periodic
microproblem

1

periodic
substitute

homogenization

homogenization on the

microp

non-periodic
microproblem

1

periodic
substitute
microproblem

periodic i domain

homogenization

homogenization on the

periodic substitute domain

two-scale
limit problem

T

substitute
two-scale
limit problem

two-scale
limit problem

T

substitute
two-scale
limit problem

technische universitat
dortmund
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Pulsating microstructure

Homogenisation
in evolving
porous media

Homogenisation
in evolving
domains

Stokes flow

Coupled
reaction—

.
s
5
2
P
PR »
diffusion

22

Fully coupled
model

Outlook

Conclusion



Homogenisation
in evolving
porous media

Homogenisation
in evolving
domains

Stokes flow
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e Homogenization in non-periodic domains by the two-scale-transformation method

Homogenisation o Homogenization of Stokes flow for evolving microstructure
in evolving
domains o Korn-type inequality for two-scale transformations
Stokes flow o Darcy’s law (with memory) for evolving microstructure
Coupled . . . . . . . . .
reaction— o Homogenization of a reaction—diffusion process with coupled microscopic domain
diffusi :
e evolution
Fully coupled
model « existence and compactness results
Outlook o Limit problem: parabolic PDE on fixed domain coupled with family of
Conclusion ODEs
e Stokes- advection—reaction—diffusion process with free microscopic boundary
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