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Zeldovi
h-Li�n�an model

• Introdu
ed by Y.B. Zeldovi
h in 1948, analyzed by A. Li�n�an in1971 using the a
tivation energy asymptoti
s (AEA).� Y.B. Zeldovi
h, Zh. Phys. Khim. 22, 27 (1948)� A. Li�n�an, Insituto Na
ional de Te
hni
a Aerospa
ial �Esteban Terradas� (Madrid),USAFOSR Contra
t No. E00AR68-0031, Te
hni
al Report No. 1 (1971).Chain-bran
hing: A+B → 2B 7→ Q = 0, Ea > 0Chain-breaking: B +B +M → 2P +M 7→ Q > 0, Ea = 0

• ZL model and H2 - O2 (air) 
ombustion� Y.B. Zeldovi
h, Kinet. Katal. 2, 305-318 (1961)
A+B → 3B, 7→ 3H2 +O2 = 2H + 2H2O,
B +B +M → 2P +M 7→ 2H +M = H2 +M�A is the de�
ient 
omponent 
on
entration, for example, O2�B is the H atoms 
on
entration whi
h are the only radi
alsThe rates of global rea
tions are governed by elementary steps:

H +O2 → OH +H
H +H +M → H2 +M and H +O2 +M → HO2 +M .
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Model equations� B.H. Chao, C.K. Law, Int. J. Heat Mass Transfer 37, 673 (1994).

• Governing PDEs
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ing the nondimensional variables
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Nondimensional equations

• Governing equations

ut = ∆u+ rw2,

vt = LA
−1∆v − βvweβ−1/u,

wt = LB
−1∆w + βvweβ−1/u − rβw2,where ∆ = ∂2

∂x2
+ ∂2

∂y2

• Boundary 
onditions

u = ua, v = 1, w = 0 for x→ +∞,

ux = 0, vx = 0, wx = 0 for x→ −∞.

• Travelling wave solution, ξ = x− ct

uξξ + cuξ + rw2 = 0,

LA
−1vξξ + cvξ − βvweβ−1/u = 0,

LB
−1wξξ + cwξ + βvweβ−1/u − rβw2 = 0 � p. 4



Li�n�an's analysis of �ame stru
ture� A. Li�n�an, Insituto Na
ional de Te
hni
a Aerospa
ial �Esteban Terradas� (Madrid), USAFOSRContra
t No. E00AR68-0031, Te
hni
al Report No. 1 (1971).

• Fast re
ombination e−β ≪ r → AEA 1-step: c = LAe
−β/β
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Flame speed
Dependen
e of (a) �ame speed, c, and (b) maximal 
on
entration of radi
als, wmax, on thea
tivation energy, β, for two values of the re
ombination parameter r = 0.02, r = 50 and

LA = LB = 1.
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Flame stru
ture in the H2-O2 mixture

Con
entration of H and O2 (left axis) and temperature (right axis) po�les for 
ombustion wavein 26/13/61 H2/O2/Ar mixture at p = 1 atm and Ta = 370K. Parameters of the model: β ≈ 3.9,

r ≈ 0.002, LA ≈ 2, and LB ≈ 0.3. The �ame speed, c ≈ 4 m/s, whereas the numeri
al
al
ulations using the detailed kineti
 s
heme yields 3.37 m/s a

ording to O. Korobeini
hev, T.Bolshova, Combust. Explos. Sho
k Waves 45 (2009) 507-510 � p. 7



Flame speed for H2-air mixture
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Dependen
e of the �ame speed, c, on equivalen
e ratio, φ, at normal 
onditions.
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Stability analysis

• We seek the solution of the form

u(r, t) = U(ξ) + ǫφ(ξ) exp(λt+ iky),
v(r, t) = V (ξ) + ǫψ(ξ) exp(λt+ iky),
w(r, t) = W (ξ) + ǫχ(ξ) exp(λt+ iky),where U(ξ), V (ξ), W (ξ) is the travelling 
ombustion wave,

ξ = x− ct is a 
oordinate in the moving frame.
• Substituting this expansion into govening PDEs

vξ = Â(ξ, λ, k)v,where v(ξ) = [φ, ψ, χ, φξ, ψξ, χξ]
T and Â(ξ,λ, k) is 6× 6matrix those elements are fun
tions of U(ξ), V (ξ), W (ξ)

• We seek λ and k : ∃ v(ξ) bounded for both ξ → ±∞. If for some

k ∃λ: Reλ > 0 then the travelling wave is linearly unstable,otherwise, if ∀k Reλ ≤ 0, then the travelling wave solution islinearly stable.
• Evans fun
tion D(λ, k): for dispersion relation λ(k)

→ D(λ, k) = 0

• Nonlinear analisys - FDE � p. 9



Instabilities in 2D
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Wave instability

k

k

kmax

Neutral stability boundary in the LA vs. β plane for LB = 1, ua = 0 and r = 0.02, 0.1, 1, 10, 50plotted with 
urves 1, 2, 3, 4, and 5, respe
tivelly. � p. 11



Pulsating waves
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Contour plots of the radi
al 
on
entration pro�les, w(x, y), sampled at three su

essive momentsof time t1 = 80 in panel (a), t2 = 145 in panel (b), and t3 = 190 in panel (
) for LA = 10,

LB = 1, b = 7.5, and r = 0.1. � p. 12



Cellular instability
kk*

Stability diagram on the LA vs. β plane for LB = 1, ua = 0 and various values of r = 0.02, 0.1,

1, 10, and 50. � p. 13



Cellular waves
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Contour plots of the radi
al 
on
entration pro�les, w(x, y), for LA = 0.81, LB = 1, β = 9.5,

r = 0.1. � p. 14



Con
lusions

• The stability of 
ombustion waves in the Zeldovi
h-Li�n�an modelis investigated in the adiabati
 limit by using the Evans fun
tionmethod and by dire
t integration of the governing PDEs. Theneutral stability boundary is found in the LA vs β plane. Thee�e
t of variation of parameters is delineated.
• It is demonstrated that for the 
ase of LA > 1, the 
ombustionwave loses stability with respe
t to wave perturbations. For the
ase of LA < 1, the 
ombustion wave loses stability with respe
tto 
ellular perturbations.
• It is demonstrated that as the 
riti
al parameter values for theonset of instability are 
rossed, either pulsating or 
ellulartwo-dimensional solutions emerge. The properties of thesesolutions are studied.
• Further investigation is required to validate the results withrespe
t to experimental data for hydrogen-oxygen �ames. Ofspe
ial interest is to undertake su
h 
omparison for thepredi
tions of the limits of stability and emergen
e of pulsatingand 
ellular �ames with 
omplex dynami
s. � p. 15
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