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Self-sustaining waves In meta-
stable media

Energy needed to support such waves Is
released by the wave itself :

waves of combustion,
waves of boiling in overheated liquids,

waves of thermonuclear fusion.
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Two modes of combustion

I\

;. — Chapman-Jouget detonation mOde

- sroms dcoao Advantages of detonation

High thermodynamic

e efficiency of Chapmen-

SR : leflagration Jouget detonation as

: compared to other
combustion modes is due to

exhaust jet.

the minimal entropy of the

CO emission reduction.

High rate of energy
conversion (103times)

Specific impulse increase

T | PDE N
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Practigal impoxgtance of controlling

deton n initiation

= working out effective
preventive measures, such as
suppressing deflagration to
detonation transition (DDT) In
case of combustible mixture

= =/ /«

gation, | m anﬂ
the advan
In a deton gime I
comparis Ith slow burn
at constant pressure attract
Increasing atg@htion to pulse

plaileaengines.




Ou line

Deflagration to detonation transition
scenarios.

Macro-kinetics mathematical model for
DDT.

Several new combustion modes In tubes
Incorporating cavities.

The effect of volume ratio parameters on
combustion modes.

The effect of non-uniformity in cavities size
distribution.
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~ Flame Acceleration Scenarios
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Macroscopical-Kinetics for
Modaeling-of DD

Equations for multicomponent reacting
compressible viscous flows.

Three-equation turbulence model.
Reduced chemistry modeling.
Initial and boundary conditions.

Confinement geometry: tubes with wider
cavities.
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Governing equations for
reacting turbulent flows

0, (p)+V-(pu)=0
O (pY)+V - (p0Y, ) ==V -1, + o,
O, (pu)+V - (pi®U)=pgd-Vp+V-1
O,(pE)+V - (pUE) = pli-G—V-pi—V-I +V-(z-0)

252

p=R,pT Y Y, W, E=ZYk(cva+h0k)+u7+k
k k

Lo =J,+ 2T +h )l T, =—p(D+(' [a,)V-Y, J,==(A+> c,Y,p(v'Ic)V-T
k k

t=(u+pv)(Vi+Vi' —(2/3)(V-0)U)-(2/3) pkU

g k2
v =C X/ .
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Turbulence model

O,(pK)+V - (pik) =V -((u+p(v'/c,))VK)+7': VU - pe

0,(pe) +V - (plie) =V - ((u+ p(v'/5,))Ve) + (e /K)(Cyr' : VI ~C,, pe)

0,(pC,0)+V - (pU€,0)=V-((A+ ) c, Y. p('/c,))VO)+P, +W, - D,,
Kk

—ZpZCka (v /Gk) W, =—Za')l:T'hOk
K
WA s LT R
=" *kg,-0 k
g 124t C,=0.09, C, =145 C, =192, o ~T/a.

oy =lago, =0.9; s ol ~o-=4.3.
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Chemistry modeling.

O,; C.H_;CO;CO,;H,; H,O; N,

n m m m N L
CnHm+(E+GZjOZ—)I’]CO+GEHZO+(1—G)EH2 W, = ;a)kj
CO +0.50, — CO, 7 ——T’ZB:ZK:hOa')
0 k Wi
CO,+M — CO+0.50, + M i1 kel
H,+0.50, — H,0 (K - T =8 )
H,O+M —» H,+0.50,+M A.(T)=< RV o0 L
, AT +~/30)- AT —30) L0 Lo P
T'A(T)=6 ( )z ( )

2J_
A(T)——A(T+x/_)+ A(T)+ A(T —~/30).
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Boundary conditions

Xx=0
’ oT o, F =RAEZ XK T - T ¥
X=X riSr<R, UX:Ur:OEZO EZO r=r, XI1SX<XI =1, N ux_ur_O ar_o or =0
Xl=
r=0,0<x<X: u=0M_0 _oM_g
or or or
k, ¢, 0O
o€ 0
k=0, —=0, —=0,
on on
f, =[1—exp(-0.0165R I Ll %}
C, CHfH, ey :
b b : k
CLS‘ _C18 f11 fl_l—l_{ f J ) R'[ :—’ Ry = kl’
0 u Ve 1%
C28:C28f2’ :

fr=1= exg F& e
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Turbulent combustion model
validation

A problem was regarded of flame
propagation in a tube of constant cross-
section filled in with CH,OH +15¢(0O, +1.6N,)
The kinetic mechanism was based on the one

suggested by Marinov N.M. (1999) and
Incorporated 129 elementary stages.

Results were compared with experiments by
Karpov V.P. et al.(1986)
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fame velocily (mds)

Turbulent combustlon model

vahdaﬂon

The ftame velocily a5 a funclion af time for The faur inilial Tusiusting velocities

Tr r =1 4
— initial fue, vel. = 2 (m's)
initial fuz. val. = 4 {mis) %
4 — inilial fue, val, = 6 {mfs) — papow &l al
initial fiug. wal. = & {m's) & present work
B} T ]
L1"
|l 3
7
41 4 a2t ol
2 H
1 g
a
3l
1t
2}
1 ol
i 1 2 | 4 5 & 0 2
lirne (2] x10°
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Tha flame velocity varsus fluchumating valocities

CH3OH + 1.8 (02 +1.8M2)

CHIOH » 3 {02 + 1.6 N2}
i

4
fuctuating velocty (ms)



Pressure profiles along the axis-

P, MPa Pressure profiles along the axis P, MPa Pressure profiles along the axis
2.00+ | {axial and crnss-s:cﬁup average) =884 {axial and cmss-s:ctiu_n average)
T Fuel molar concentration 0.011 $.58 il Fuel molar eoncentration 0.011
1.88- Two-chamber device =l Two-chamber device |
sl Elevated temperature 4.00 é: E; ggg ms i Elevated temperature
 § 1: t=3.80ms : dap gz
1.40- 2:t=4.23 ms 3.50- 1 ::ggg p
4 3: t=4.60 ms e 1
1.20+ 4: t =4.79 ms AR ﬁ-lt;‘i-'-'SE: 3 \5
1.00] e 2.50 7: =590 ms
' 6:t=529ms 1
el e ~: ‘, .80 \ : 7
L (e T e U ! SIHE I
T \ A7 l"'""""'ftf"f \ 1.60 / T/ !
.4ma=-__,..,1,\_11 F k3 |4 | \L« 2 o] sl 1 L i; 7 ngf’, -
R "I | _5@___- - ' |
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~Deflagration to detonation transition simulation. -




Reaction front velocity
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Studying the geometrical effect on
the onset of detonation

:Smarrbl-manb+stme|-mm Qe 1= Ber e ol
Serert (Lterry T L) 1+ A |
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Different geometries

=

L 3

]

3 twodenbersintre ignition sedtion

'U5=
L

6) two dentersinthe far end section of the tukce;

B " -
L rr.r

¢) denbers inoorporated into tre tue along the whoke length
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The mfluence of cavmes mcorporated Into
the tube along the whole Iength '

Vi(t), m/s
S00
<V, >=145m/s
400 ) )
Galloping combustion
31]1];
Zl]l];
W“‘W\\WW\\
__ t, ms
0 : : ; ; ; | ; : : T
0 3 10 15 20 23
PRI S b 1 L SEIP B
ﬁ . ghaffib tube Qe = chamb —chamb tube —tube X O 96 Oler & L HER
- Schamb = : chamb (Lchamb + Ltube) ﬂ : 1+ A
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The effect of expansion ratio

_‘[_Vf(t), m/s

11 ]’Im !'.-
[

\

<V, >=800m/s

B =060 Highspeed J

gallomng combustion *
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The effect of expansmn ratlo

 Ben =040
Zuuu:'vf(t), m/s
1601];
1200%
4005
0 "
o 1 2 3 4 5 6 7

<V, >=1450m/s, V_ . =1700m/s

low uelocllv fletonation
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T

he joint effect of expansion

ratio and fuel concentration:.

1600+

1200+
800

400

0

TGS Ve(t), m/s

2000

1600

High speet

'galloping combustion lUW velocity detonation

mi 400 +
tj t,ms tj t, ms
T } } t } t } + } + } + + “ I } } ' } } } ' '

' B..=0.60, C
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Self-sustaining velocity versus
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The effect of fuel concentration
(two-chambers in ignition section)

ﬂﬂﬂﬂﬂﬂ
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The influence of initial gas temperature on
the DD T in tubes with 2 fore-chambers

oo, VO, s 30y KIS
2.59:: 2.50+

| T, =300K | T, -353K
2.00- .00

1.50

Galloping combustion Detonation onset
| C..,=0011 p.,=0.96
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Combustion In.detonation engine

Detonation wave transmission from thin gap into a
cylinder. Upper part — pressure maps, lower part —
temperature maps
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Conc 1sions

Transition processes between two modes of
self-sustainig waves propagation in meta-
stable media are essentially controlled by:

geometry of the channel,
fuel concentration,
mixture temperature.
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