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Physical problem. High-temperature Synthesis.
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Physical problem. Time evolution.
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Planar, premixed flame in a solid.

Unsteady problem.

o0 90 829_ 5(971)
5o~ o — P Yerp{ ZU U
oy | oY 1 PV _ SE-1)
N——

T+a(@—1)
=0

=0, Y=1, J——

9520, YéZO, & — 0

e Zeldovich number: e Exothermicity:
B =E(T,— Ty)/RTZ >> 1 a=1-T,/Tp~1

0

POLITECNICA



Steady flame structure.

Asymptotic structure for large
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Quasisteady reaction layer structure.
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Boundary conditions?
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Quasisteady reaction layer structure.
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Quasisteady reaction layer structure.

Solution.

Unburnt fuel: (1—g7)nYp+1-Y,=0
Heat fluxes jump: gy =g +1-Yp

1 4a(f;—1) @R

e +a(f=1)
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Flame velocity: c

)

POLITECNICA



Quasisteady reaction layer structure.
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Reaction sheet formulation. Large f5.
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Reaction sheet formulation. Large f5.
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Stability of steady fronts.

Matkovsky
Sivashinsky (78)
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Results.
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Unsteady propagation scales.
Problem.
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Unsteady propagation scales.
Problem.
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Unsteady propagation scales.

Problem.
o0 00 %0
E—FC%_@_(qf_qf)C.d(g)
0(§ - —o0) =0, 0c(§ - 00) =0

Unsteady preheat (postheat) region.

A0 A6

—_—~ —

€ 62

POLITECNICA



Unsteady propagation scales.

Problem.
o0 00 %0
E—FC%_@_(qf_qf)C.d(g)
0(§ - —o0) =0, 0c(§ - 00) =0

Unsteady preheat (postheat) region.
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Unsteady propagation scales.

Problem.
o0 00 %0
E—FC%_@_(qf_qf)C.d(g)
0(§ - —o0) =0, 0c(§ - 00) =0

Unsteady preheat (postheat) region.
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Unsteady propagation scales.

Problem.
o0 00 %0
E—FC%_@_(qf_qf)C.d(g)
0(§ - —o0) =0, 0c(§ - 00) =0

Unsteady preheat (postheat) region.

—1
A0 Af e~C
=

- o~ — € B
€ 62 trN—NCZ
(o
¢=C-X

dr=c?-dt

POLITECNICA



Unsteady propagation scales.

Problem.
o0 00 %0
E—FC%_@_(qf_qf)C.é(g)
0(§ - —o0) =0, 0c(§ - 00) =0

Unsteady preheat (postheat) region.
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Rescaled problem.
0+ (1+a(r)<) b — O = (a7 — af) - 3(s)

0(c — —o0) =0, O (¢ —00)=0
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Rescaled problem.
0+ (1+a(r)<) b — O = (a7 — af) - 3(s)

0(c — —o0) =0, O (¢ —00)=0
7Cfr~§ O
ar) =5 ~3 (14 o (6 — 1))?
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Rescaled problem.

0, + (1 + a(r) §) O — O = (qf_ - q)j—) -6(<)

O(¢c —» —o0) =0, O (s = 0)=0

_CTNé ef’r
ar)="7~% (1 + (6 — 1))2

G — 4 =1
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Rescaled problem.

0, + (1 + a(r) §) O — O = (qf_ - q)j—) -6(<)

O(¢c —» —o0) =0, O (s = 0)=0

_C’T'Né HfT
AT = A, —1)2

g —q =1-Y
(1qu’)Ian+1fo:0

G =0.(s=0%),  6(t)=6(0.1)
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Time scales.
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Phase plane.
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Chaotic dynamics.
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Cycle.
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Stages.

Growth stage

Decay stage
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Integral equation.

Problem.

97+(1+a§)9§_0§§_( __qf) 5()
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Integral equation.

Problem.

07 + (1 +a§) O — Occ = (Qf_ _qy_) -4(s)

Integral equation.

S S
0 =0/(7) + / esra/2{ g (r) + / o (Pr#/2)g,(p; 7)dp | ds
0 0
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Integral equation.

Problem.

07 + (1 +a§) O — Occ = (Qf_ _q?_) -4(s)

Integral equation.

S > S
9 = 0¢(7) +/ gstas /Z{qf(f) +/ e~ (Prar*/2)g (p. T)dp}ds
0 0
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Integral equation.

Problem.

07 + (1 +a§) O — Occ = (Qf_ _qy_) -4(s)

Integral equation.

S > S
9 = 0¢(7) +/ gstas /Z{qf(f) +/ e~ (Prar*/2)g (p. T)dp}ds
0 0

0
a>0 = qfi(f)—/ e P+ /3¢ (p:7)dp
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Integral equation.
Problem.

0.+ (1+as) b, — 0 =(q; —q;) -5(c)
Integral equation.

< > S
6= 0,(r) + / 6212 g1 o(r) + / &~ (P+/2g, (p; 7)o s
0 0

Large a. Uniform time derivative.
GT(p;T) ~ HfT(T)
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Integral equation.
Problem.

0.+ (1+as) b, — 0 =(q; —q;) -5(c)
Integral equation.

S S
0 =04(7) + / 6%+ #%/2{ quoc(r) + / o (P1#/2)g,(p; 7)dp | ds
0 0

Large a. Uniform time derivative.

GT(p;T) ~ 0fT(T)
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Flame temperature dynamics.

Growth stage attractor.

Goo(T) = Ot/ Trz;/a [eff(\/;—a) T 1}
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Spatial structure.
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Scaled spatial variable.
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Physical spatial variable.
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Chaotic dynamics.
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Scales. Small growth rates.
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Spatial structure.
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Chaotic dynamics.
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Integral equation.

Problem.

0 + (1 +a§) O — Occ = (Qf_ _q;i—) -4(s)
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Integral equation.

Problem.

0r + (1 +a§) O — Occ = (Qf_ _qy_) -4(s)

Integral equation.

< S
0 = 0¢(7) + / esta/2{ g (r) + / ot /2)g,(p; 7)dp | ds
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Integral equation.

Problem.

0r + (1 +a§) O — Occ = (Qf_ _Q?_) -4(s)

Integral equation.

S ° S
0 = 0¢(7) +/ g5t /Z{qf(f) +/ e~ (Ptar*/2)g (p. T)dp}ds
0 0
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Scales. Heat conduction layers.
Problem.

0+ (1+aq)b; — b =0
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Scales. Heat conduction layers.

Problem.

0+ (1+aq)b;—0.,=0

Heat conduction layers

A6 A6
UCZ ~ E
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Scales. Heat conduction layers.

Problem.

0+ (1+aq)b;—0.,=0

Heat conduction layers

-

EC NE = UCgCN‘I
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Scales. Heat conduction layers.

Problem.

0+ (1+aq)b;—0.,=0

Heat conduction layers

I

Us=" ~ =
CEC E%

chc ~ 1

UCN1+a£c
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Scales. Heat conduction layers.
Problem.

0+ (1+aq)b;—0.,=0

Heat conduction layers

-

EC NE UCECN‘I

UCN1+a£c

Large growth rates. |a| > 1
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Scales. Heat conduction layers.

Problem.

0+ (1+aq)b;—0.,=0

Heat conduction layers

I

U2~ 2
CEC E%

chc ~ 1

UCN1+a£c%a€C

Large growth rates. |a| > 1
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Scales. Heat conduction layers.

Problem.

0+ (1+aq)b;—0.,=0

Heat conduction layers
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Scales. Heat conduction layers.

Problem.

0+ (1+aq)b;—0.,=0

Heat conduction layers

I

U2~ 2
CEC E%

chc ~ 1

UCN1+a£c%a€C

Large growth rates. |a| > 1

1
ECNTa<<1
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Ue ~vVa>1
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1.2

Large growth rates. Spatial structure.
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Scales. Large growth rates.
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Scales. Large growth rates.

Convective flow ~ Caonvective flow
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Cycle.
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Flame temperature dynamics.

Problem.

(1—q;)Ian+1—Yb:0
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Universal growth stage. Large a.
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Quasisteady reaction layer.

Problem.
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Scales. Small growth rates.
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Scales. Small growth rates.
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Order unity growth rates.
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Flame temperature dynamics.

Problem.

0. = (1- a7 - Yo(a))) G(a)
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Scales. Heat conduction layers.
Problem.

6+ (1+aq)b;—0.,=0
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Scales. Heat conduction layers.
Problem.

0+ (1+aq)b.—0.,=0

Diffusive layers

U 1

— o~ — ln~ 1

o2 = Uclc
U=1+as=a(s— ) = Uc ~ |altc
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Scales. Heat conduction layers.
Problem.

0+ (1+aq)b.—0.,=0

Diffusive layers

U 1
Z ~ E = chc ~1
U=1+as=a(s— ) = Uc ~ |altc
Small growth rates. |a] <« 1
1
EC ~— > 1
al2 ~ 1 vial

Ue ~Vl]al < 1
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Scales. Heat conduction layers.
Problem.

0+ (1+aq)b.—0.,=0

Diffusive layers

U 1
ZNE = chc"\/.l
U=1+as=a(s— ) = Uc ~ |altc

Small growth rates. |a] <« 1

1 1
>~ —— > 1

az~1 = via
Uec~+l]a <1
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Scales. Small growth rates.
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Convective regions.

Negligible diffusion.

|§| > Lyt = 0, ~ (1 +a§) 0. > O
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Convective regions.

Negligible diffusion.
S| > Lot = 0, ~ (1+as) b, > O

Characteristic lines.
Constant temperature along:

'S 0 T dr
=2 4 bl
c G J, C
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Convective regions.

Negligible diffusion.
|§| > Lyt = 0, ~ (1 +a§) 0. > O

Characteristic lines.
Constant temperature along:

S < T dr
=2 4 h—
c Co wn C
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Convective regions.

Negligible diffusion.
s> bar = O~ (1+aq)b;

Characteristic lines.

Constant temperature along:
Td
S_S ., [Tdr

c G J, C

Characteristic length.

> O
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Convective regions.

Negligible diffusion.

ls| > Ly = 0, ~ (1+as) b, > 0.

Characteristic lines.
Constant temperature along:

'S 0 T dr
=2 4 bl
c G J, C

Characteristic length.
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Future work.
e Decay and low flame temperature stages.

e Gaseous flames lean flames with Lo, ~ 1.
¢ Oscillations close to the flammability limits.

¢ Realistic kinetic simplified models.



