FAiS: 10384 kB mmgy
#'5: 19020130154166 UDC

B R
Wk X

—XRFEIET BRENGFERS
HER

Numerical and mathematical analysis of
some combustion and phase separation
models

KL

F5-F T4 % Claude-Michel Brauner 4%
+ b g AR it A Eg Z
7% AR X B A 2017 % 4 A
o WS 2017 % 5 A
FALAL T B B 2017  F A

Bk s
PF [5%] A

2017 5 H






BIIXFFAiEX/REIEE A

ANZAZ AN SGEANAE IR, AL 5SS TSR .
ANAER LG S HAb A NSk e BRI TTRCR . IR
HRLE 2 7 IR AR B, R AT S iR e A (TR AW o A 2 RS
HETE GAATD .

FAN, AR S ( ) BE (4D
IR TTEAR, 3RAT ( ) WL (4D &R = )
i, AE ( ) S K. GHAELL EFES AT R

A PR A pT N BSERS E AR, RA BT N AR, n BLAMERF

O

PN (B4

= H H






EXFFAREERERER

ANFRE TR (b e N ISR 227 25 11847 S 7092
SERE O B RE P BE 22 A28 30, I 1) T2 B 1T sl fa e ML IR 28 2
WS CELER AR5 RRCRT HL 7~ 150 - SR VA A0 18 SCREN T T TR [ 450 A
HAEPEE AP Do AN TTRAERE A 18 SO 4z [E 1
B = A 7 Ve SO PR A R A TR R R SE A8 SR s AURI 47 21
G R, RHISCEN S 4 B el Hoe T s BAL il 7 18 3

AL T

C D 1 ETTRAIRE 2 i W B E IR A AL 30,
T A HWE, W inad i B
C D20 A, GH BB
I AE LA _EAT N 55 AT« V7 BH BTN WA . DR A 1 SO
L Z T VRARE R R d e AR 30, REETTRARE R

T A LR SCBI N R A AR 3 IEA IIREANHE 1, BN
NI, B EiR A

El
=

=
2

pia

~

(Tt H 391 = A H
TR H 341: F H H






HhOCHR 2L

R HHE

RIS JE e TSR A I S R g IO AR B s ) 3 Cahin-
Hilliard J5 2, JFEHXHIX PSR A T ReE T 0 i A AL AU

(T) T HURBEAL AL
BERHA T AE i B R x (=5, 5) T TSR Bl sh I HL
TR KGR HURBE LS, BRI

0, = AO, d =0, x < G(t,y),
O, =A0+k, D = iA(I)—H, G(t,y) <z < F(t,y),

@t = A@, (I)t = LA@, T > F(t,y),

Le

BAVERRT A A HDRAFE E 1L (R Lewis 2002 0 < Le < 1) EIFHFFL.

N TRz ) A B RS (G LS F(ty) MUERERIDS G(t,y)) &Rk
RIRAE, BT DPRE B i 5 i) @A A AN e AR e VR A In) i, BE I A5 TF ST K
YA e ME R —FPoFT v R A AL Fourier 284k, FATTHEH T RIZE ST
SEVERIE Lel MOMRATRRIK S, I A5 H fil A8 ARG E 1 v

(1) 4 Lewis #0ii2 K& Lef < Le < 1 I, P HIAT AR L MM A3 E 1)

(2) 24 Lewis #0i/2 KR 0 < Le < Le} I, VAT AR & AT AR E 1 o
[l AT BLA TG Fourier BECHCR 120 DB T4 58 € RN

e EPHETE AT EE DL (B 0 < Le < Leb), FATAHEMEF G RAF T F2
PO ai A, BUEE R RN, PR, 82 7 KO RTER R S 1 ik
(R =X L KA EE

(I1) wBY)~ X Cahn-Hilliard J7#2:

ZITRER IR A
gu _ Azk:(—l)i Z aoD**u — Af(u) + g(x,u) =0
ot — & “ ’ '

£ Dirichlet I 5411 &, FATBEAT T 5 5 REMR K038 5 VAN IE WA (10 B8 20 #r
R T Al S AR IEOE DA S 2 JR W 5 | 1 O AE T



Hh KR 2L

EFRZ R T REAE ) e 2 S A b (S B N, FRATIRT /& B s A4 AH 3 DA
Q98 A B f) 3 K AT T B AL, WA A R T LA, T X
Cahn-Hilliard 5 #2151 M 50 BE 0% A 504 0 25 1) S PERFAE s

WAL, ExEmY T X Cahn-Hilliard J7 2 i X AR ot 2 2K

Ou , Ou Ak 1) D2y — A —0
6w+a— izl<_)a|z—iaa u—Af(u) + gz, u) = 0.
BATIARIF ZWoKS B 1 50 4 B ok O 8 T BUE SE G, E S R EoR, 28 R
Fe BT TG 45 ) 45 Tn) e PR R R A A0

KRR BRI, Cahn-Hilliard Ji#%: Wl AHO B BUERI

II



Abstract

Abstract

In this thesis, we will successively consider two free-interface problems: one is
a thermo-diffusive combustion model, the other is a higher-order generalized Cahn-
Hilliard equation. In both cases, we are interested in the stability analysis and nu-

merical simulations.

(I) Thermo-diffusive combustion:

The problem models a thermo-diffusive combustion of premixed flame with zero-
order reaction and stepwise temperature kinetics in a two-dimensional strip R x
(_Z J4

5+ 5), which reads:

0, = AO, =0, r < G(t,y),
0; = AO + &, @t:éAQ—ﬁ, G(t,y) <z < F(t,y),
0, = AO, o, = éACI), x> F(t,y),

We restrict our analysis to cellular instabilities of the free interfaces, that is only to
parameter regimes where the Lewis number is within 0 < Le < 1.

To overcome the difficulty due to the presence of two interfaces (respectively
the ignition interface F'(¢,y) and the trailing interface G(t,y)), we introduce in this
framework a new method to study the stability of the fronts, based on the reduction
of the free-interface problem to a fully nonlinear boundary value problem.

Using a discrete Fourier transform, we compute explicitly the stability threshold,
namely a critical value of Lewis number, Le, such that the planar traveling front is
linearly asymptotically unstable for 0 < Le < Le., stable for Lel < Le < 1. It
transpires that the number of admissible Fourier modes relies heavily on the strip
width /.

We complement our analysis with numerical simulations, to explore the insta-
bility patterns produced by the model. Numerically, we observe that, after a rapid
transition period, a steady configuration consisting of “two-cell” patterns for the

ignition and trailing interfaces is established.
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Abstract

(II) Higher-order Cahn-Hilliard equation:
This type of equation reads:

k
g—? - A ;(—1)i ;@ aoD**u — Af(u) + g(z,u) = 0.
We devote ourself to some theoretical analysis under Dirichlet boundary condition-
s, such as the well-posedness and regularities. We also prove the dissipativity of
corresponding operators, as well as existence of a global attractor.

On the one hand, we will give some numerical results for a higher-order Cahn-
Hilliard-Oono equation, arsing from areas like biology and medicine, to be specific,
a phase-field crystal equation coupled with a Cahn-Hilliard equation with a mass
source, to simulate tumor growth. Our results show that anisotropy may be strongly
influenced by the choice of coefficients in the higher-order terms.

On the other hand, we consider a hyperbolic relaxation of the higer-order Cahn-

Hilliard equation:
2
6% + du _ AZ (1) Z aoD*u — Af(u) + g(z,u) = 0.

We perform our numerical simulations with a second-order fully discrete scheme. The

results also illustrate the effects of higher-order terms on the anisotropy.

Key words: Combustion Model; Cahn-Hilliard Equation; Attractor; Phase Separa-

tion; Simulations
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