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Gaseous detonations are not easy to initiate

What minimum energy should be deposited 
by an external source 

  to initiate a gaseous detonation in an open space ?



Background in compressible fluids

Planar shock waves and detonations 
1860-1940



inert shock followed by an exothermal reaction zone
in gas at ordinary conditions: 1800�3400 m/s, 15�30 bar, 2500�3700 K

Deflagration = combustion subsonic waves
reaction-diffusion waves

Detonations = combustion supersonic waves

Old scientific topic (end of 19th - extensively studied since the mid 20th)

Comprehensible explanation of the multidimensional  geometry and complex dynamics of the  wave fronts  has 
been elusive. Understanding is recent (nonlinear analyses) 

Reactive Euler equations



thickness: few mean free paths

distance � (D � vp)t
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   Abel 1870, Mallard et Le Chatelier 1881,Berthelot et Vielle 1881, Mikhel’son 1893, Chapman 1899, Jouguet 1904,
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Overdriven regime / Self sustained wavePlanar detonation

Sonic condition

Ub = ab

Michelson (1893) Rayleigh (1910)
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CJ Michelson-
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Marginal solution 
the so called Chapman-Jouguet wave 

Mikhel’son
(1893) 

supersonic without shock
non physical

subsonic

under ordinary conditions

thickness l � autr few millimeters
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Selection mechanism of the self sustained propagation  (CJ wave) 
by the rarefaction wave in the burnt gas 

(planar geometry and inner structure of the detonation in steady state)
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What minimum energy should be released 
by an external source 

  to initiate a gaseous detonation in open space (3D) ?



Korobeinikov (1971) 
Detonation = discontinuity 

(zero detonation thickness) 
No critical energy !

Numerics in spherical geometry 

DCJ

reactive mixture: numerics

DCJ

reactive mixture: numerics
Korobeinikov (1971)

Conclusion: the critical energy is due to modifications of the inner structure 
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Zeldovich-Taylor spherical CJ solution
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What minimum energy should be released 
by an external source 

  to initiate a gaseous detonation in open space (3D) ?

Zeldovich criterion (1956)

critical energy � chemical energy
unit volume

� (detonation thickness)3

Wrong ! Under estimated by a factor 106

Experiments  (1975)-(1980)

�108
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Role of unsteadiness of the inner structure ?  
Dynamics close to the critical radius ?

DNS show sensitivity to details

unsteadiness promotes failure
trajectory 2

unsteadiness promotes re-ignition
trajectory 3

L. He (1995-1996), Lee & Higgins (1999)

Eckert, Quirk & Shepherd (2000)
« the primary failure mechanism is found to be unsteadiness »



Problem under investigation 
not yet fully resolved: 

THEORETICAL STUDY OF THE UNSTEADINESS  
OF THE INNER DETONATION STRUCTURE 

DURING THE DIRECT INITIATION 

GENERAL FORMULATION OF THE PROBLEM



Formulation of the problem of unsteadiness in direct initiation

(spherical geometry)


REACTIVE EULER EQUATIONS
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DYNAMICS OF THE INNER STRUCTURE OF THE DETONATION WAVE

acoustic waves
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<latexit sha1_base64="3GtF0JFre3N6GuSiRklpBdik37I="></latexit><latexit sha1_base64="rF8zI1LJ8hnK3tn4Oxya8zAT81Q="></latexit><latexit sha1_base64="rF8zI1LJ8hnK3tn4Oxya8zAT81Q="></latexit><latexit sha1_base64="ettlUN9sVhokVVMMoPRRJvF2uMY="></latexit>

Formulation of the problem of unsteadiness in direct initiation

(spherical geometry)
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<latexit sha1_base64="oGmmSWei/l9ShxfGTbsmZn1ezWU="></latexit><latexit sha1_base64="JrHvo/HcVilqR9hveYX+AvPwJcc="></latexit><latexit sha1_base64="JrHvo/HcVilqR9hveYX+AvPwJcc="></latexit><latexit sha1_base64="h5QA46ghYGp7mSPmflG8sHaEfpc="></latexit>
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<latexit sha1_base64="u70YZN6XB0TVGvJyOg0t3AreSdk="></latexit><latexit sha1_base64="EHZRx2MPQ1zMeBVWos5HyJXici8="></latexit><latexit sha1_base64="EHZRx2MPQ1zMeBVWos5HyJXici8="></latexit><latexit sha1_base64="OOr81XxXeoEh9+p5uQbwn+NiEh0="></latexit>
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<latexit sha1_base64="IUbKg87uF4PmmLFDim1mu9ktn30="></latexit><latexit sha1_base64="lY+pxk3p2XQSJ4fievcE37k65+8="></latexit><latexit sha1_base64="lY+pxk3p2XQSJ4fievcE37k65+8="></latexit><latexit sha1_base64="R/umuXu1TnTM2bBP+ab+gizyFdE="></latexit>

acoustic waves
<latexit sha1_base64="4tvFHNufd41hfmKvqMoT3iWLCZ0="></latexit><latexit sha1_base64="4tvFHNufd41hfmKvqMoT3iWLCZ0="></latexit><latexit sha1_base64="4tvFHNufd41hfmKvqMoT3iWLCZ0="></latexit><latexit sha1_base64="VRhWTcR6msSgTDqASAALElUiIOE="></latexit>

entropy wave
<latexit sha1_base64="3GtF0JFre3N6GuSiRklpBdik37I="></latexit><latexit sha1_base64="rF8zI1LJ8hnK3tn4Oxya8zAT81Q="></latexit><latexit sha1_base64="rF8zI1LJ8hnK3tn4Oxya8zAT81Q="></latexit><latexit sha1_base64="ettlUN9sVhokVVMMoPRRJvF2uMY="></latexit>

Boundary conditions ⇠ ⌘ r � rf (t)

lo
<latexit sha1_base64="3o3kVUjOFkO5mSA2tf2+IorniwY="></latexit><latexit sha1_base64="3vhHcq21WAubv48DWxsKWmafeRg="></latexit><latexit sha1_base64="3vhHcq21WAubv48DWxsKWmafeRg="></latexit><latexit sha1_base64="fqIU+4PlM9dKn67IH5VdQgo0/a0="></latexit>

Neumann conditions at the lead shock
<latexit sha1_base64="ay9J2gCnLHG4QMkwMe8Nyoy05Y8="></latexit><latexit sha1_base64="ay9J2gCnLHG4QMkwMe8Nyoy05Y8="></latexit><latexit sha1_base64="ay9J2gCnLHG4QMkwMe8Nyoy05Y8="></latexit><latexit sha1_base64="RiQIHTiE3JWx2s1qDmoAhUMMDdo="></latexit>

Rankine-Hugoniot
<latexit sha1_base64="5RVu5kkb4+VVjxaMplPovlvjOd4="></latexit><latexit sha1_base64="pBe5t5v3T+WvLIb6UxXQkVysRJE="></latexit><latexit sha1_base64="pBe5t5v3T+WvLIb6UxXQkVysRJE="></latexit><latexit sha1_base64="0SxO5xHyLE8tKMxPCfzJVEyLu10="></latexit>

⇠ = 0 :
<latexit sha1_base64="2fkVuG+G2vl8t58n3BYDzFY//8I="></latexit><latexit sha1_base64="4KkDsYM4tISJZXYGuIsPb7otPFs="></latexit><latexit sha1_base64="4KkDsYM4tISJZXYGuIsPb7otPFs="></latexit><latexit sha1_base64="ZSSOAYPXzW+JIjI3/uzhbTTAI8E="></latexit>

D
<latexit sha1_base64="pjfshxMNkeCbglKKiELG0DRl3eY="></latexit><latexit sha1_base64="8xX58H7GwkLFexFDzXOkeoXj8ro="></latexit><latexit sha1_base64="8xX58H7GwkLFexFDzXOkeoXj8ro="></latexit><latexit sha1_base64="3bmWliy+ai1L/jinxnDoC3nUMEk="></latexit>

uN
<latexit sha1_base64="tdkgS6z4bVHVU81zDSVunXqvWx0="></latexit><latexit sha1_base64="eWrc+WCntpfSGyi7qz7W0chSDx8="></latexit><latexit sha1_base64="eWrc+WCntpfSGyi7qz7W0chSDx8="></latexit><latexit sha1_base64="0oFLDK6Ez0P5Hx0ggpuzUxVa+cs="></latexit>

M = D/au
<latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="SkmO9XBHxxeu036N4HkSUNEsTTk="></latexit>

reaction zone
<latexit sha1_base64="ZWqC1heNmWxgxhzoOvFWiKM7krU="></latexit><latexit sha1_base64="5qB9QcMLBPcxKW4HTP8e3JY16XU="></latexit><latexit sha1_base64="5qB9QcMLBPcxKW4HTP8e3JY16XU="></latexit><latexit sha1_base64="SoTh2WhkCayU9gcvVsHCkk6JCrA="></latexit>

lead shock
<latexit sha1_base64="/JLSgxZiQnrzGK2DXmD1tRZrCew="></latexit><latexit sha1_base64="6MD8SHvI84X8/l3aDbGQsPZCL5c="></latexit><latexit sha1_base64="6MD8SHvI84X8/l3aDbGQsPZCL5c="></latexit><latexit sha1_base64="hFfoVuoyhsZeBKbmUaDgKctlspY="></latexit>rarefaction wave

<latexit sha1_base64="Uwr0noba9aHirjOzTl4rgMYs77I="></latexit><latexit sha1_base64="zbDtCsfDgDU7h1Bi2hynEgmafqM="></latexit><latexit sha1_base64="zbDtCsfDgDU7h1Bi2hynEgmafqM="></latexit><latexit sha1_base64="suj6WKERzf7BCRkVMR/MRASgA5U="></latexit>

ub
<latexit sha1_base64="5u8xwrglUgfhMbmImsgYjaURq9k="></latexit><latexit sha1_base64="BhHvI0OvGVjWsFjmeq03/UbDcyA="></latexit><latexit sha1_base64="BhHvI0OvGVjWsFjmeq03/UbDcyA="></latexit><latexit sha1_base64="EgACZlR/Eblqxhom7A7mPM8/fSg=">AAACsnicjVHLSsNAFD2Nr1pfVZdugkVwVRIRdCUFNy4r2gdqKZPptA5NOiGZCKX0E9zqV/kB/oH+hXfGFNQiOoHMmXPPPdxHEIcy1Z73WnAWFpeWV4qrpbX1jc2t8vZOM1VZwkWDq1Al7YClIpQj0dBSh6IdJ4JFQShawfDcxFsPIkmlGl3rcSw6ERuMZF9ypom6yrpBt1zxqp497jzwc1BBfuqq/II79KDAkSGCwAiacAiGlL5b+PAQE9fBhLiEkLRxgSlKlJuRSpCCETuk/4BeE8KKNIr0U7g4oLgiZULYOLs2nlkXw/7uw6gmU8eY7iD3iojVuCf2r7yZ8r95t8Rq9HFqu5U0i9gyZio8d8nsBEzl7peuNDnExBnco3hCmNvM2Uxdm5Pa3s0cmY2/WaVhzZvn2gzvpkpapv9zdfOgeVT1vap/6VVqZ/lai9jDPg5pdyeo4QJ1NMh7gEc84dk5dm4c5vBPqVPIc3bx7TjhBzZgi8A=</latexit>

⇠ ⌘ (r � rf )/lo
<latexit sha1_base64="Ak1DIs1NwL2XP4JEEnO5YUHyGiA="></latexit><latexit sha1_base64="ZFWqKEpWz7VwCMH8ZwmFl1rVz1g="></latexit><latexit sha1_base64="ZFWqKEpWz7VwCMH8ZwmFl1rVz1g="></latexit><latexit sha1_base64="0liOpNXBIAxjNm4lpQFFP60FTXo="></latexit>

⇠b
<latexit sha1_base64="q6tbyFEuUZp5++RsT1nHw1eWPRA="></latexit><latexit sha1_base64="6NYN0fnmUIDSINU5fzIk37ohsls="></latexit><latexit sha1_base64="6NYN0fnmUIDSINU5fzIk37ohsls="></latexit><latexit sha1_base64="3e/PIz8EMJ4fl80jg3HHfUArZFM="></latexit>

0
<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

detonation thickness
<latexit sha1_base64="fqHwnU1ocZZJAduAVlvyTKmVVZM="></latexit><latexit sha1_base64="8+g1bTHUpRjCtPtO3YGF1fjJD3s="></latexit><latexit sha1_base64="8+g1bTHUpRjCtPtO3YGF1fjJD3s="></latexit><latexit sha1_base64="+bbVzK44LK+Wk6W7jmnrH7lp9DA="></latexit>

uext(r, t)
<latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="wD72K3E6xKBMRPMDGi0wRNb2X3c="></latexit>

l/lo = |⇠b| = O(1)
<latexit sha1_base64="z9hQqwzYLZL5WbrUM34ENfhW9cU="></latexit><latexit sha1_base64="+JLk2EXdhFdX+L2qBdXkd8iO4d0="></latexit><latexit sha1_base64="+JLk2EXdhFdX+L2qBdXkd8iO4d0="></latexit><latexit sha1_base64="/mEhtBqAVzmLfg/ZQ2F9mwTUDPc="></latexit>

lext/lo � 1
<latexit sha1_base64="2W4PxeWCvEWOx+yVEkwRSLTZN+Q="></latexit><latexit sha1_base64="fcN32JJec+IFryAXQ7NjIjaENcY="></latexit><latexit sha1_base64="fcN32JJec+IFryAXQ7NjIjaENcY="></latexit><latexit sha1_base64="zwM9NexDIdHgdF2TIgLGiWIq088="></latexit>

Condition in the burnt gas
<latexit sha1_base64="oH1ZFPw6kXhI8JtV7gQhzgRijXw="></latexit><latexit sha1_base64="7d7ZuQpfedY0B0CgU8G2hG9y034="></latexit><latexit sha1_base64="7d7ZuQpfedY0B0CgU8G2hG9y034="></latexit><latexit sha1_base64="d3TZJojTfMWoxO3keLwzEk65Xkk="></latexit>

Multiple length-scale pb
<latexit sha1_base64="V/LyLzptDyILTazYFjD6YL0EvZU="></latexit><latexit sha1_base64="tJezW8YVrvcsBF8lBb+Eamtma5g="></latexit><latexit sha1_base64="tJezW8YVrvcsBF8lBb+Eamtma5g="></latexit><latexit sha1_base64="d7e2UkzQDvYjnZs06nnKkPqr+SA="></latexit>

l ⌧ rf
<latexit sha1_base64="ZHuUatNZCt4KyCCaV3bygS5iQ9Y="></latexit><latexit sha1_base64="aWfupdz/rPOR1m7tPtmn90m6La8="></latexit><latexit sha1_base64="aWfupdz/rPOR1m7tPtmn90m6La8="></latexit><latexit sha1_base64="/3Tb3ygf7khPyoxbgGBwFxZorW0="></latexit>

lext ⇡ rf
<latexit sha1_base64="Upm3c5lzTSpZJ/UpCdUC9vD1gEk="></latexit><latexit sha1_base64="uNEQ/Pmwh77508tD3WfJegKQ1lg="></latexit><latexit sha1_base64="uNEQ/Pmwh77508tD3WfJegKQ1lg="></latexit><latexit sha1_base64="26pAzE+e7jn0XBzgzjxekwktuz8="></latexit>

l ⌧ lext
<latexit sha1_base64="6ebUkkWfVPns9/JimISUkm6ClMk="></latexit><latexit sha1_base64="6ebUkkWfVPns9/JimISUkm6ClMk="></latexit><latexit sha1_base64="6ebUkkWfVPns9/JimISUkm6ClMk="></latexit><latexit sha1_base64="kzACQbtpT+agLuDLlyYcbXKq8+c="></latexit>

u = ub(t)
<latexit sha1_base64="jo43Dek3BiakiLkl+N4w2tDYC9A="></latexit><latexit sha1_base64="jo43Dek3BiakiLkl+N4w2tDYC9A="></latexit><latexit sha1_base64="jo43Dek3BiakiLkl+N4w2tDYC9A="></latexit><latexit sha1_base64="IFmMEOEpovZE9Kaev/KvHLKM3yI="></latexit>

ub(t) ⌘ uext(rf (t), t)
<latexit sha1_base64="o9si4EEt7y06s8UMIAbdU3fKQVo="></latexit><latexit sha1_base64="OviPiNeQTcXj3rYFwfr0X6jKqms="></latexit><latexit sha1_base64="OviPiNeQTcXj3rYFwfr0X6jKqms="></latexit><latexit sha1_base64="7wiyYMumTRtHYP6hAOQ+J8PkFQo="></latexit>

⇠ < ⇠b :
<latexit sha1_base64="x5k/NCSLKa/QSXuGji+eC5GmNkg="></latexit><latexit sha1_base64="HT5cJAOtNBFhmRtVbmGMXoPjkAE="></latexit><latexit sha1_base64="HT5cJAOtNBFhmRtVbmGMXoPjkAE="></latexit><latexit sha1_base64="foZ4Rta+Jw/Mb0o9Gi0NHHUPP7w="></latexit>

rarefaction wave
<latexit sha1_base64="BLn8WEe4ctbAWYACUjtrd/8gBiU="></latexit><latexit sha1_base64="/1gGIHYCGvkCe2xoFNA7Lx2hTZo="></latexit><latexit sha1_base64="/1gGIHYCGvkCe2xoFNA7Lx2hTZo="></latexit><latexit sha1_base64="/alOjZLDLfikTHy/nCMOFDOupe8="></latexit>

⇠ = ⇠b(t) :
<latexit sha1_base64="gCJXmRknX+/YmJ2zTr8l2IDaEVU="></latexit><latexit sha1_base64="gCJXmRknX+/YmJ2zTr8l2IDaEVU="></latexit><latexit sha1_base64="gCJXmRknX+/YmJ2zTr8l2IDaEVU="></latexit><latexit sha1_base64="jGbv1QegmouPmiPtFv67EFEAtmo="></latexit>

u = uext(r, t)
<latexit sha1_base64="0iRP/YlhUgVUEaX3hiZnBLZ3eGs="></latexit><latexit sha1_base64="0iRP/YlhUgVUEaX3hiZnBLZ3eGs="></latexit><latexit sha1_base64="0iRP/YlhUgVUEaX3hiZnBLZ3eGs="></latexit><latexit sha1_base64="u3bHVRtCOlPjz4Xo0EZXAVPhAAo="></latexit>

exit of the reaction zone
<latexit sha1_base64="cHzrVaA1wcpsZjs33NnPaAJ+mOk="></latexit><latexit sha1_base64="yZwY1Wp4/k6ewJ6dHR8sb1Sv7JQ="></latexit><latexit sha1_base64="yZwY1Wp4/k6ewJ6dHR8sb1Sv7JQ="></latexit><latexit sha1_base64="5OibzgsM4oPZbEyADN3gDs3OJG8="></latexit>

Formulation of the problem of unsteadiness in direct initiation

(spherical geometry)



SIMPLIFICATIONS 

ASYMPTOTIC ANALYSIS 



Analytical study of unsteadiness in direct initiation

(spherical geometry)

The problem is too complicated for a general analytical solution

✓
@

@t
+ u

@

@r

◆
lnT � (� � 1)

�
ln p

�
=

qm
cpT
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<latexit sha1_base64="IUbKg87uF4PmmLFDim1mu9ktn30="></latexit><latexit sha1_base64="lY+pxk3p2XQSJ4fievcE37k65+8="></latexit><latexit sha1_base64="lY+pxk3p2XQSJ4fievcE37k65+8="></latexit><latexit sha1_base64="R/umuXu1TnTM2bBP+ab+gizyFdE="></latexit>

1st simplification:

2nd simplification:
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<latexit sha1_base64="oGmmSWei/l9ShxfGTbsmZn1ezWU="></latexit><latexit sha1_base64="JrHvo/HcVilqR9hveYX+AvPwJcc="></latexit><latexit sha1_base64="JrHvo/HcVilqR9hveYX+AvPwJcc="></latexit><latexit sha1_base64="h5QA46ghYGp7mSPmflG8sHaEfpc="></latexit>

a ⇡ cst.
<latexit sha1_base64="tVwKXLkLLmBOsl4MIfsAF4T/JHo="></latexit><latexit sha1_base64="k1D4XKOo7SCk2SEBmOTIcNHKuNc="></latexit><latexit sha1_base64="k1D4XKOo7SCk2SEBmOTIcNHKuNc="></latexit><latexit sha1_base64="CVsB75e/EjOgllrVZQfZFDHGSOg="></latexit>

D
<latexit sha1_base64="pjfshxMNkeCbglKKiELG0DRl3eY="></latexit><latexit sha1_base64="8xX58H7GwkLFexFDzXOkeoXj8ro="></latexit><latexit sha1_base64="8xX58H7GwkLFexFDzXOkeoXj8ro="></latexit><latexit sha1_base64="3bmWliy+ai1L/jinxnDoC3nUMEk="></latexit>

uN
<latexit sha1_base64="tdkgS6z4bVHVU81zDSVunXqvWx0="></latexit><latexit sha1_base64="eWrc+WCntpfSGyi7qz7W0chSDx8="></latexit><latexit sha1_base64="eWrc+WCntpfSGyi7qz7W0chSDx8="></latexit><latexit sha1_base64="0oFLDK6Ez0P5Hx0ggpuzUxVa+cs="></latexit>

M = D/au
<latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="SkmO9XBHxxeu036N4HkSUNEsTTk="></latexit>

reaction zone
<latexit sha1_base64="ZWqC1heNmWxgxhzoOvFWiKM7krU="></latexit><latexit sha1_base64="5qB9QcMLBPcxKW4HTP8e3JY16XU="></latexit><latexit sha1_base64="5qB9QcMLBPcxKW4HTP8e3JY16XU="></latexit><latexit sha1_base64="SoTh2WhkCayU9gcvVsHCkk6JCrA="></latexit>

lead shock
<latexit sha1_base64="/JLSgxZiQnrzGK2DXmD1tRZrCew="></latexit><latexit sha1_base64="6MD8SHvI84X8/l3aDbGQsPZCL5c="></latexit><latexit sha1_base64="6MD8SHvI84X8/l3aDbGQsPZCL5c="></latexit><latexit sha1_base64="hFfoVuoyhsZeBKbmUaDgKctlspY="></latexit>rarefaction wave

<latexit sha1_base64="Uwr0noba9aHirjOzTl4rgMYs77I="></latexit><latexit sha1_base64="zbDtCsfDgDU7h1Bi2hynEgmafqM="></latexit><latexit sha1_base64="zbDtCsfDgDU7h1Bi2hynEgmafqM="></latexit><latexit sha1_base64="suj6WKERzf7BCRkVMR/MRASgA5U="></latexit>

ub
<latexit sha1_base64="5u8xwrglUgfhMbmImsgYjaURq9k="></latexit><latexit sha1_base64="BhHvI0OvGVjWsFjmeq03/UbDcyA="></latexit><latexit sha1_base64="BhHvI0OvGVjWsFjmeq03/UbDcyA="></latexit><latexit sha1_base64="EgACZlR/Eblqxhom7A7mPM8/fSg=">AAACsnicjVHLSsNAFD2Nr1pfVZdugkVwVRIRdCUFNy4r2gdqKZPptA5NOiGZCKX0E9zqV/kB/oH+hXfGFNQiOoHMmXPPPdxHEIcy1Z73WnAWFpeWV4qrpbX1jc2t8vZOM1VZwkWDq1Al7YClIpQj0dBSh6IdJ4JFQShawfDcxFsPIkmlGl3rcSw6ERuMZF9ypom6yrpBt1zxqp497jzwc1BBfuqq/II79KDAkSGCwAiacAiGlL5b+PAQE9fBhLiEkLRxgSlKlJuRSpCCETuk/4BeE8KKNIr0U7g4oLgiZULYOLs2nlkXw/7uw6gmU8eY7iD3iojVuCf2r7yZ8r95t8Rq9HFqu5U0i9gyZio8d8nsBEzl7peuNDnExBnco3hCmNvM2Uxdm5Pa3s0cmY2/WaVhzZvn2gzvpkpapv9zdfOgeVT1vap/6VVqZ/lai9jDPg5pdyeo4QJ1NMh7gEc84dk5dm4c5vBPqVPIc3bx7TjhBzZgi8A=</latexit>

⇠ ⌘ (r � rf )/lo
<latexit sha1_base64="Ak1DIs1NwL2XP4JEEnO5YUHyGiA="></latexit><latexit sha1_base64="ZFWqKEpWz7VwCMH8ZwmFl1rVz1g="></latexit><latexit sha1_base64="ZFWqKEpWz7VwCMH8ZwmFl1rVz1g="></latexit><latexit sha1_base64="0liOpNXBIAxjNm4lpQFFP60FTXo="></latexit>

⇠b
<latexit sha1_base64="q6tbyFEuUZp5++RsT1nHw1eWPRA="></latexit><latexit sha1_base64="6NYN0fnmUIDSINU5fzIk37ohsls="></latexit><latexit sha1_base64="6NYN0fnmUIDSINU5fzIk37ohsls="></latexit><latexit sha1_base64="3e/PIz8EMJ4fl80jg3HHfUArZFM="></latexit>

0
<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

detonation thickness
<latexit sha1_base64="fqHwnU1ocZZJAduAVlvyTKmVVZM="></latexit><latexit sha1_base64="8+g1bTHUpRjCtPtO3YGF1fjJD3s="></latexit><latexit sha1_base64="8+g1bTHUpRjCtPtO3YGF1fjJD3s="></latexit><latexit sha1_base64="+bbVzK44LK+Wk6W7jmnrH7lp9DA="></latexit>

uext(r, t)
<latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="wD72K3E6xKBMRPMDGi0wRNb2X3c="></latexit>

l/lo = |⇠b| = O(1)
<latexit sha1_base64="z9hQqwzYLZL5WbrUM34ENfhW9cU="></latexit><latexit sha1_base64="+JLk2EXdhFdX+L2qBdXkd8iO4d0="></latexit><latexit sha1_base64="+JLk2EXdhFdX+L2qBdXkd8iO4d0="></latexit><latexit sha1_base64="/mEhtBqAVzmLfg/ZQ2F9mwTUDPc="></latexit>

lext/lo � 1
<latexit sha1_base64="2W4PxeWCvEWOx+yVEkwRSLTZN+Q="></latexit><latexit sha1_base64="fcN32JJec+IFryAXQ7NjIjaENcY="></latexit><latexit sha1_base64="fcN32JJec+IFryAXQ7NjIjaENcY="></latexit><latexit sha1_base64="zwM9NexDIdHgdF2TIgLGiWIq088="></latexit>

D � u
<latexit sha1_base64="KgdIF8j0hQkwTr+oBvn/sScQbYI="></latexit><latexit sha1_base64="C4dBM0cRQEFZJ/FaqjWqS9yzCR0="></latexit><latexit sha1_base64="C4dBM0cRQEFZJ/FaqjWqS9yzCR0="></latexit><latexit sha1_base64="qW4xQlk7a/AqcLHWQiXldnKXcT0="></latexit>

upstream running
<latexit sha1_base64="pHWTZRNZ1LyFV1rOOz2FYiuesmc="></latexit><latexit sha1_base64="cJ5mV9cLvNQ0+hAW3xzadcNG5DI="></latexit><latexit sha1_base64="cJ5mV9cLvNQ0+hAW3xzadcNG5DI="></latexit><latexit sha1_base64="2qJcUA6YwuDZeEVMl+Y9C/Y57Kc="></latexit>

downstream running
<latexit sha1_base64="zAtl10N7NRxcsJUxgInjNLXDg1E="></latexit><latexit sha1_base64="S8QdXcatWLGclvWZ7DxhjLglt1Y="></latexit><latexit sha1_base64="S8QdXcatWLGclvWZ7DxhjLglt1Y="></latexit><latexit sha1_base64="AT9rF8/9IcplmH8LJBg8tCnAte8="></latexit>

downstream running
<latexit sha1_base64="zAtl10N7NRxcsJUxgInjNLXDg1E="></latexit><latexit sha1_base64="S8QdXcatWLGclvWZ7DxhjLglt1Y="></latexit><latexit sha1_base64="S8QdXcatWLGclvWZ7DxhjLglt1Y="></latexit><latexit sha1_base64="AT9rF8/9IcplmH8LJBg8tCnAte8="></latexit>

downstream running modes
<latexit sha1_base64="FdTCRKFIZjF3RO/uTSbc8njZxCU="></latexit><latexit sha1_base64="t6p1FTGh4RGLpywC1ppUFcz8B2A="></latexit><latexit sha1_base64="t6p1FTGh4RGLpywC1ppUFcz8B2A="></latexit><latexit sha1_base64="s48nqP6cnA9iolR59wRbdukM+no="></latexit>

the upstream running mode
<latexit sha1_base64="SMTZisgFiQ0STW7oXBAK69zehkg="></latexit><latexit sha1_base64="OEQh8c+yy9fmA0/HoVyrq/7dYsc="></latexit><latexit sha1_base64="OEQh8c+yy9fmA0/HoVyrq/7dYsc="></latexit><latexit sha1_base64="xhOBLqvD1WY7oDXqsjFE+AL7VqA="></latexit>

are much faster than
<latexit sha1_base64="pvcLLcdG5eQZov1VwbXwUAILbHM="></latexit><latexit sha1_base64="5c073urnOnSXEcEi0q3Ire2Hl/U="></latexit><latexit sha1_base64="5c073urnOnSXEcEi0q3Ire2Hl/U="></latexit><latexit sha1_base64="pcRgTH+gWF8OqXOcxImJxlyqjYA="></latexit>

The dynamics of the inner structure

is fully controlled by the upstream running acoustic mode

3rd simplification: multiple timescale
<latexit sha1_base64="D4sAM3I93v64QMCRJfTWRJ9chx0="></latexit><latexit sha1_base64="bN+FI7iJ1Y0xcKGIOe3pSdm/DlU="></latexit><latexit sha1_base64="bN+FI7iJ1Y0xcKGIOe3pSdm/DlU="></latexit><latexit sha1_base64="OBYU1l4Um5gE15LZ60Iv/o8NZEY="></latexit>

reference frame attached to the lead shock
<latexit sha1_base64="LcR9ss65FdkXXW9s2mV0jYWeuw4="></latexit><latexit sha1_base64="9zk7tzJ0IbItldBTJByKyo/wD3s="></latexit><latexit sha1_base64="9zk7tzJ0IbItldBTJByKyo/wD3s="></latexit><latexit sha1_base64="eBGmmxRFXdJYhQwimWWNyOCwQuY="></latexit>

following a 1985 suggestion of Amable at UCSD
<latexit sha1_base64="kTtEfQvq5SrEIXYghB5OLPMP8YU="></latexit><latexit sha1_base64="FMc1MjimLSsyU/jlL9ZZwj/TGZE="></latexit><latexit sha1_base64="FMc1MjimLSsyU/jlL9ZZwj/TGZE="></latexit><latexit sha1_base64="QksWAP2PQqQOP4NQ7kxqWZo9cj0="></latexit>

Taylor approximation
<latexit sha1_base64="th9ICvHAUALvMjGHK8Icfq5Pjpw="></latexit><latexit sha1_base64="x22v2Z4dNCwmmpEAiC8SrHTu3us="></latexit><latexit sha1_base64="x22v2Z4dNCwmmpEAiC8SrHTu3us="></latexit><latexit sha1_base64="trj7Nb7e1859WvtBcqkyy2ngy64="></latexit>



Analytical study of unsteadiness in direct initiation

(spherical geometry)

Limit of small heat release

✏ ⌘ (MoCJ � 1) ⌧ 1
<latexit sha1_base64="yVqwwA8oQEAPli+LTsAQwruDbTw="></latexit><latexit sha1_base64="XcKFa8E234Q6AVxjORtOngUlyOg="></latexit><latexit sha1_base64="XcKFa8E234Q6AVxjORtOngUlyOg="></latexit><latexit sha1_base64="nGwLJRKHxLEQQLAoOkG1ye8Zh8Q="></latexit>

(� � 1)/✏ ⌧ 1
<latexit sha1_base64="JsmCwT/YTUeBXjqQXMbxYbmDb+I="></latexit><latexit sha1_base64="6Y+q02rHB0WG+s0qpOI3FcgsKVw="></latexit><latexit sha1_base64="6Y+q02rHB0WG+s0qpOI3FcgsKVw="></latexit><latexit sha1_base64="egeQd16BPuXQybXEfBIIEQKLukk="></latexit>

⇠b(⌧) = �e�b↵̇⌧ (⌧)
<latexit sha1_base64="N1eSCr9Go++uFWEP4kChxe6Jb60="></latexit><latexit sha1_base64="r9GLJKzf7mJF9Sn94J5mJTk/AvQ="></latexit><latexit sha1_base64="r9GLJKzf7mJF9Sn94J5mJTk/AvQ="></latexit><latexit sha1_base64="XNgL2WEmj5zzVtlCjtU+i8A4vpM="></latexit>

ẇ = eb↵̇⌧!oCJ (⇠ e
b↵̇⌧ )

<latexit sha1_base64="ormullSB1sUaOy8bQiFz9iSCXeU="></latexit><latexit sha1_base64="MZGEKKvEDE11ZWOTylNX4O+KN/s="></latexit><latexit sha1_base64="MZGEKKvEDE11ZWOTylNX4O+KN/s="></latexit><latexit sha1_base64="JtLOL3Cp/hfxJZYpKHGp9RXBV3Y="></latexit>

b = 2(� � 1)✏
E

kBTu
<latexit sha1_base64="8wZtygCf6jVgiB218dC7QDN2Eqk="></latexit><latexit sha1_base64="mLbNyRpkKrkbKuy9cxILdxDias0="></latexit><latexit sha1_base64="mLbNyRpkKrkbKuy9cxILdxDias0="></latexit><latexit sha1_base64="7Td0xQy5F9e4PT50h7We+nbIEi8="></latexit>

u

au
= ✏(1 + µ(⇠, ⌧))

<latexit sha1_base64="DdYO+kmv/tIh7WdchpsdnO4uF0g="></latexit><latexit sha1_base64="oMWgeE4VcZXV8XkJu4Q6W5fZGGs="></latexit><latexit sha1_base64="oMWgeE4VcZXV8XkJu4Q6W5fZGGs="></latexit><latexit sha1_base64="vI+cPtUXKHqzAC3IjLc6cX4/9KI="></latexit>

flow field
<latexit sha1_base64="11o7tRt1vLrMKsfFtnyo0ycD/Nc="></latexit><latexit sha1_base64="3rRoRbiyPyYbcYAFnw6PztOZaVc="></latexit><latexit sha1_base64="3rRoRbiyPyYbcYAFnw6PztOZaVc="></latexit><latexit sha1_base64="Aky+BhLojWVTZwGukwIKksCt+NA="></latexit>

D �DoCJ

au
⌘ ✏ ↵̇⌧ (⌧)

<latexit sha1_base64="IrzdHxRRlrfO6YeJ3P+BLMdg7tI="></latexit><latexit sha1_base64="GvEyWKKXl/0c0s5vAgzdkB+kBw4="></latexit><latexit sha1_base64="GvEyWKKXl/0c0s5vAgzdkB+kBw4="></latexit><latexit sha1_base64="tdNAccFwSIj2mFOnvueIt+uIiZ0="></latexit>

shock velocity
<latexit sha1_base64="aNjSHhusMU4pjbcR9QCv2TzFcyI="></latexit><latexit sha1_base64="e1SeNNpbuOQXza13o6gEGtsq7qg="></latexit><latexit sha1_base64="e1SeNNpbuOQXza13o6gEGtsq7qg="></latexit><latexit sha1_base64="dRpvWPQezRgmXCVmPPFX9rUCuuQ="></latexit>

Quasi-transonic flow in the inner structure

⇠ = ⇠b(⌧) : µ = µb(⌧)
<latexit sha1_base64="izkICGICm6BUeDTIE/kwhJqVmyE="></latexit><latexit sha1_base64="cK7EchLmqtR6GwDDHeBelxdYIcg="></latexit><latexit sha1_base64="cK7EchLmqtR6GwDDHeBelxdYIcg="></latexit><latexit sha1_base64="5BZrguT0DYxtQqGov6nEYGMIvWQ="></latexit>

prescribed by the rarefaction wave
<latexit sha1_base64="I6yTTDB5kUlZ/WvOlIsZT/CzVsk="></latexit><latexit sha1_base64="jUpXsfWA1c1POgG91hgLXfCBmWI="></latexit><latexit sha1_base64="jUpXsfWA1c1POgG91hgLXfCBmWI="></latexit><latexit sha1_base64="R7q1GnmPvTDor5UqpdiQbOX3LSU="></latexit>

µb(⌧) > ↵̇(⌧)
<latexit sha1_base64="VLgE6Mk67CekrD/UChnxCtl86uM="></latexit><latexit sha1_base64="1SRg1JCB3Sxv8EKdCEwNmwau1nM="></latexit><latexit sha1_base64="1SRg1JCB3Sxv8EKdCEwNmwau1nM="></latexit><latexit sha1_base64="ievJuLyAJafCQuHEb53R5sYRdf0="></latexit>

CJ regime:
<latexit sha1_base64="hPWP0xGJs8iNSW0E5cEUWqB2qPM="></latexit><latexit sha1_base64="7SUu6KLyxl45lKuzTLrJYpJlFEI="></latexit><latexit sha1_base64="7SUu6KLyxl45lKuzTLrJYpJlFEI="></latexit><latexit sha1_base64="xtLPeCvFyeKDVSqPm6H/SQlbjo4="></latexit>

µb(⌧) = ↵̇(⌧)
<latexit sha1_base64="FR0/eMMQ8n4JAsQg3LT+pxC68jE="></latexit><latexit sha1_base64="iKjdDYKDw1GjggNYin4azdGlhHw="></latexit><latexit sha1_base64="iKjdDYKDw1GjggNYin4azdGlhHw="></latexit><latexit sha1_base64="aeKYjJgnjVygDdNfw/NsOMu7ank="></latexit>

⇠ = 0 : µ = 1 + 2↵̇⌧ (⌧)
<latexit sha1_base64="JdA1ANa7X1kTVAX+KPCW8LpK3TY="></latexit><latexit sha1_base64="VeLj6uWunDDbKiZGXEBrKuafKQs="></latexit><latexit sha1_base64="VeLj6uWunDDbKiZGXEBrKuafKQs="></latexit><latexit sha1_base64="poBFNCIsuVExzGCh5YGlEMlDAxM="></latexit>

Boundary conditions 

RH condition
<latexit sha1_base64="o1sNG2qj53GPFHltYX8YxBN85a8="></latexit><latexit sha1_base64="zblpZkfXycTPA8mL2dRRaP940sA="></latexit><latexit sha1_base64="zblpZkfXycTPA8mL2dRRaP940sA="></latexit><latexit sha1_base64="KAcnb7dtuOBibq6pIUQPL7rciRY="></latexit>

Unsteady inner structure of the curved detonation

lo/rf = ✏ ⇡ cst.
<latexit sha1_base64="nLlbR9GnbBV52RvBopjbYLdDK3Y="></latexit><latexit sha1_base64="jLCsfsJpqRNwWi4HkJ4htJs5UzM="></latexit><latexit sha1_base64="jLCsfsJpqRNwWi4HkJ4htJs5UzM="></latexit><latexit sha1_base64="RoiTOROiHWc44bDjN+qDgMCIsgE="></latexit>

@µ

@⌧
+ [µ� ↵̇⌧ (⌧)]

@µ

@⇠
=

ẇ

2
� (1 + µ),

<latexit sha1_base64="YvNjpFNVuG1MEhiM9rnMdxF4szg="></latexit><latexit sha1_base64="7yYQu4aNwtodFRu3Aim1oUIPx6k="></latexit><latexit sha1_base64="7yYQu4aNwtodFRu3Aim1oUIPx6k="></latexit><latexit sha1_base64="EzsWnd0dMjqwlIutkDUFh8fWjIw="></latexit>

curvature
<latexit sha1_base64="KI0ZDj/BxiWOcFFZZ+GmQkJ9/k4="></latexit><latexit sha1_base64="OTor7uXQhUeGQRmibnH1pltlukw="></latexit><latexit sha1_base64="OTor7uXQhUeGQRmibnH1pltlukw="></latexit><latexit sha1_base64="gmK6qdlrEetlImCmefZAKKOtlOM="></latexit>

⇠ ⌘ (r � rf )/lo
<latexit sha1_base64="qDq175bd9KbkBQzkPwYpDszHmGE="></latexit><latexit sha1_base64="p2V9YrZaFtKA7UyXjsZHH1x4ZBM="></latexit><latexit sha1_base64="p2V9YrZaFtKA7UyXjsZHH1x4ZBM="></latexit><latexit sha1_base64="1KIBHHIjdHVownr3UtOCz6l/SiI="></latexit>

⌧ ⌘ ✏ t/tr
<latexit sha1_base64="iJeN2UrUr+gQoiJE8w/+HvGbVUA="></latexit><latexit sha1_base64="YYo0AQy/AKxtm5iaflwZexZ9+cc="></latexit><latexit sha1_base64="YYo0AQy/AKxtm5iaflwZexZ9+cc="></latexit><latexit sha1_base64="ICLkCkCPIfvPLj/t4MUJv18EigM="></latexit>



Spherical CJ detonations in steady-state.

CJ peninsula 

@µ

@⌧
+ [µ� ↵̇⌧ (⌧)]

@µ

@⇠
=

ẇ

2
� (1 + µ),

<latexit sha1_base64="YvNjpFNVuG1MEhiM9rnMdxF4szg="></latexit><latexit sha1_base64="7yYQu4aNwtodFRu3Aim1oUIPx6k="></latexit><latexit sha1_base64="7yYQu4aNwtodFRu3Aim1oUIPx6k="></latexit><latexit sha1_base64="EzsWnd0dMjqwlIutkDUFh8fWjIw="></latexit>

S-shaped curve ↵̇⌧CJ () for large b, b & 4
<latexit sha1_base64="lLbxGmVrgJhjqhkM5vfG7q5rtis="></latexit><latexit sha1_base64="yoqAPlPl6xZs/mJwnQSgA5pVkcc="></latexit><latexit sha1_base64="yoqAPlPl6xZs/mJwnQSgA5pVkcc="></latexit><latexit sha1_base64="+CwbWRTYymbsahPkqBr9Wb0xNKU="></latexit>

1/b ⌧ 1 :  = O(1/b), |↵̇⌧CJ | = O(1/b) ) e�b ↵̇⌧CJ = O(1),
<latexit sha1_base64="BBNHNBDZxVsc4w9XzfowoOstf3E="></latexit><latexit sha1_base64="8EwJwUpXLoWf4UUL3KEgsrxHbCk="></latexit><latexit sha1_base64="8EwJwUpXLoWf4UUL3KEgsrxHbCk="></latexit><latexit sha1_base64="Bis4scAwiSEHHwmYZO2FpTgvelI="></latexit>

Asymptotic analysis: b � 1
<latexit sha1_base64="KMQpyoAhcm3bPyBc+T/ux1nxjwo="></latexit><latexit sha1_base64="MAaSDuxr6hAvzA+rV89S5Am/Lu0="></latexit><latexit sha1_base64="MAaSDuxr6hAvzA+rV89S5Am/Lu0="></latexit><latexit sha1_base64="K1K59gyeCeQEHOBR9Pepku9DJ5Q="></latexit>

(1 + ↵̇⌧CJ )
2 = 1� 2

Z 0

�e�b ↵̇⌧CJ

(1 + µ
CJ

)d⇠.
<latexit sha1_base64="KDMP/bl6/aAEzCB6uMr/Vt3OcB8="></latexit><latexit sha1_base64="M2d/f+d0wxQGGYtXok3gkhL/Jno="></latexit><latexit sha1_base64="M2d/f+d0wxQGGYtXok3gkhL/Jno="></latexit><latexit sha1_base64="05CpNxjxddg3Tn6vPaZGpefSqyw="></latexit>

⇠ = �e�b↵̇⌧ (⌧) : µ� ↵̇⌧ = 0
<latexit sha1_base64="cQhMIel2aflEND6plA5Xs7deWXk="></latexit><latexit sha1_base64="kZp4QVxZCS8GknCShxfPiDSm3wI="></latexit><latexit sha1_base64="kZp4QVxZCS8GknCShxfPiDSm3wI="></latexit><latexit sha1_base64="QL4I0QQmceaPO+mdGhtzFlq0nag="></latexit>

⇠ = 0 : µ = 1 + 2↵̇⌧ (⌧)
<latexit sha1_base64="JdA1ANa7X1kTVAX+KPCW8LpK3TY="></latexit><latexit sha1_base64="VeLj6uWunDDbKiZGXEBrKuafKQs="></latexit><latexit sha1_base64="VeLj6uWunDDbKiZGXEBrKuafKQs="></latexit><latexit sha1_base64="poBFNCIsuVExzGCh5YGlEMlDAxM="></latexit>

sonic condition in the burnt gas
<latexit sha1_base64="7knH2WtZbo2DVCrt3YOuIYrEjrA="></latexit><latexit sha1_base64="2H5gUft7fofrnY+o/iIIcO3EL0M="></latexit><latexit sha1_base64="2H5gUft7fofrnY+o/iIIcO3EL0M="></latexit><latexit sha1_base64="ryNY+dBiCupg/caILI/ODF8e8Gc="></latexit>

y
CJ

+
1

x
e�y

CJ = 0
<latexit sha1_base64="nlRWuUZowOW4cShRNH5kbkWpXJI="></latexit><latexit sha1_base64="9p93hGl+jqN4dSYjbYb08KOAUOg="></latexit><latexit sha1_base64="9p93hGl+jqN4dSYjbYb08KOAUOg="></latexit><latexit sha1_base64="V40VmXHof8mqgh4O8nvId65hNxs="></latexit>

C-shaped curve y
CJ

(x) :
<latexit sha1_base64="l7KgBXPoW3wUbck6wASMI7TwnGM="></latexit><latexit sha1_base64="l7KgBXPoW3wUbck6wASMI7TwnGM="></latexit><latexit sha1_base64="l7KgBXPoW3wUbck6wASMI7TwnGM="></latexit><latexit sha1_base64="y1OyzDWRn3hIi4MCgp82o4D9kQE="></latexit>

0

�1

e

y

x

y CJ
(x)

velocity vs radius
<latexit sha1_base64="60x9VuiNtQ0kP4tJaGYpbruze1w="></latexit><latexit sha1_base64="nsjy6eZwOEQQbr20YmR321lDVXI="></latexit><latexit sha1_base64="nsjy6eZwOEQQbr20YmR321lDVXI="></latexit><latexit sha1_base64="/LLyM/982qBXmggXUqopcUJAV2M="></latexit>

y
CJ

⌘ b ↵̇⌧CJ = O(1), x ⌘ 1

2 b
= O(1)

<latexit sha1_base64="lZ+ZcTO7AW46rWksJ30SMOa4RGY="></latexit><latexit sha1_base64="u+VcqliqIGUg/NOMbL48zxxRRkU="></latexit><latexit sha1_base64="u+VcqliqIGUg/NOMbL48zxxRRkU="></latexit><latexit sha1_base64="Uiqbnd+IdKrRgCIgXyUTYjmwiCQ="></latexit>velocity
<latexit sha1_base64="WczT8lL8AsQA0DesLmMqAbSzB2I="></latexit><latexit sha1_base64="IXOZRj6If/+4oA0/THNrOeKZET8="></latexit><latexit sha1_base64="IXOZRj6If/+4oA0/THNrOeKZET8="></latexit><latexit sha1_base64="lfO79UCLxKuBxJWwjaOqSVyCNBQ="></latexit>

radius
<latexit sha1_base64="/h3QjJqBePxSYxXljNNxzn6M8gU="></latexit><latexit sha1_base64="M4xV035g2d+I9xngiA9uzD/gvJc="></latexit><latexit sha1_base64="M4xV035g2d+I9xngiA9uzD/gvJc="></latexit><latexit sha1_base64="NUjaqJtwc90oAD+Q7uhmRifW3lI="></latexit>

(1 + ↵̇⌧CJ )
2 = 1� 4(1 + ↵̇⌧CJ )e

�b ↵̇⌧CJ
<latexit sha1_base64="h7eGE49P3u8RkewPAqziauZ7bow="></latexit><latexit sha1_base64="oytHcUFsAXzXw7+uexQMGL+DnEQ="></latexit><latexit sha1_base64="oytHcUFsAXzXw7+uexQMGL+DnEQ="></latexit><latexit sha1_base64="Pms4IC0yD2KogUZRAtwYRYEhlHk="></latexit>

Square-wave model: µ
CJ

(⇠) = µNCJ
= 1 + 2↵̇CJ

<latexit sha1_base64="4O1OX3n5fVv+5FdJyL9+qCuJYLo="></latexit><latexit sha1_base64="4O1OX3n5fVv+5FdJyL9+qCuJYLo="></latexit><latexit sha1_base64="4O1OX3n5fVv+5FdJyL9+qCuJYLo="></latexit><latexit sha1_base64="A98E+RSSQ0FYBtEOyLGHz98Td5Q="></latexit>

µ
CJ

(⇠)
<latexit sha1_base64="mr8QNbrI/N/bE/xjAgH7psdvwks="></latexit><latexit sha1_base64="4aH4SrDII46YlTAGy5D7NS+Mi3c="></latexit><latexit sha1_base64="4aH4SrDII46YlTAGy5D7NS+Mi3c="></latexit><latexit sha1_base64="MtPn4Wg4jOm1pSqXfPr+Lf65JcI="></latexit>

1 + 2↵̇⌧CJ
<latexit sha1_base64="FeHw2vmItP/dDS5DIN/k2+HVfmI="></latexit><latexit sha1_base64="xx0rHdA6QzQbfBJ7NZcYrcQ8hBQ="></latexit><latexit sha1_base64="xx0rHdA6QzQbfBJ7NZcYrcQ8hBQ="></latexit><latexit sha1_base64="ohtyXeptrXVqh+IrSMxlFHkTAXM="></latexit>

↵̇⌧CJ
<latexit sha1_base64="fo/3o+DCJq4T9mx5HZ077ytz9eQ="></latexit><latexit sha1_base64="6HrmmJbRNmWlfz20499vYEdY5OE="></latexit><latexit sha1_base64="6HrmmJbRNmWlfz20499vYEdY5OE="></latexit><latexit sha1_base64="9Rx+Z1qK22NZxuI1FOJ6SQ/RoXo="></latexit>

⇠b = �e�b↵̇⌧CJ
<latexit sha1_base64="479mtF9cSxZ0Q2QVhvdzw+gg0Bk="></latexit><latexit sha1_base64="UkLuuSTMbNflvVd6OzaIJkUD+uE="></latexit><latexit sha1_base64="UkLuuSTMbNflvVd6OzaIJkUD+uE="></latexit><latexit sha1_base64="F7bAgGeF+nOj4p4BIC9r7mEeQCM="></latexit>

induction zone
<latexit sha1_base64="e8vhDfyeRPcP9DFRHcekZ2qD/ZU="></latexit><latexit sha1_base64="TmIl9z55WWXTBulKFixE48+KZZk="></latexit><latexit sha1_base64="TmIl9z55WWXTBulKFixE48+KZZk="></latexit><latexit sha1_base64="0K46jl0m72AlYaavXsM/qBSPW1c="></latexit>

instantaneous heat release
<latexit sha1_base64="AcBRPGB+rTde8b/YY55TWQznLkQ="></latexit><latexit sha1_base64="zwuAt8jsGbVHxfyiBMV/77cv92I="></latexit><latexit sha1_base64="zwuAt8jsGbVHxfyiBMV/77cv92I="></latexit><latexit sha1_base64="lzUhF9FqnQGyYTpirEz2/tl6ipU="></latexit>

burnt gas
<latexit sha1_base64="SGSzctnV3dr2hRHPYUL5B1a/wHM="></latexit><latexit sha1_base64="dZYDb80L4Uel1h8msbMvrZNpsgw="></latexit><latexit sha1_base64="dZYDb80L4Uel1h8msbMvrZNpsgw="></latexit><latexit sha1_base64="giO/W2P9fHOUO8nEo7YlWwM3Mx0="></latexit>

⇠
<latexit sha1_base64="NEUsyypqAQ9BuFMZNvFX7etNbl0="></latexit><latexit sha1_base64="ahw3ZnHgIbqmH/+5WC5+Di18it8="></latexit><latexit sha1_base64="ahw3ZnHgIbqmH/+5WC5+Di18it8="></latexit><latexit sha1_base64="/NHiOjCTDNePsd2MNbhxxIWjmHI=">AAACsnicjVHLSsNAFD2Nr1pfVZdugkVwVRIR6rLgxmVF+8C2yCSd1qFJJiQTsZR+glv9Kj/AP9C/8M6YglpEJ5A5c+65h/vw4kCkynFeC9bS8srqWnG9tLG5tb1T3t1rpTJLfN70ZSCTjsdSHoiIN5VQAe/ECWehF/C2Nz7X8fY9T1Iho2s1iXk/ZKNIDIXPFFFXvQdxW644VcccexG4OaggPw1ZfkEPA0j4yBCCI4IiHIAhpa8LFw5i4vqYEpcQEibOMUOJcjNScVIwYsf0H9FrSliSRpJ+BhtHFJekTAhrZ9vEM+Oi2d99GNWk65jQ7eVeIbEKd8T+lTdX/jevS6zCEGemW0GziA2jp+LnLpmZgK7c/tKVIoeYOI0HFE8I+yZzPlPb5KSmdz1HZuJvRqlZ/fZzbYZ3XSUt0/25ukXQOqm6TtW9dCr1Wr7WIg5wiGPaXQ11XKCBJnmP8IgnPFun1o3FLP9TahXynH18O1bwAURAi8A=</latexit>0

<latexit sha1_base64="nvnQd6p6fNLJHZpjX8GLJK6wFno="></latexit><latexit sha1_base64="9JzmMuQAp+7S1yaHaXwnntDDcSM="></latexit><latexit sha1_base64="9JzmMuQAp+7S1yaHaXwnntDDcSM="></latexit><latexit sha1_base64="rwg+BkWzbALoAd78QOW4Ng09gt4=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSbd6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdtfWNzq7hd2tnd2z8oHx61U5UlgWgFKlRJ1+epCOVUtLTUoejGieCRH4qOP7ky8c6DSFKppjd6Fot+xMdTOZIB10Q12aBcYVVmj7sKvBxUkJ+GKr/gFkMoBMgQQWAKTTgER0pfDx4YYuL6mBOXEJI2LrBAiXIzUglScGIn9B/Ta05YkUaRfgEXZxRXpEwIG2fXxjPrYtjffTjVZOqY0e3nXhGxGnfE/pW3VP43r0esxgiXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDhxRPCAc2czlT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpV0K5VPVb1mqxSv8jXWsQJTnFOu7tAHddooGW9H/GEZ6fmdJ2Bwz+lTiHPOca349x/AI2tip8=</latexit>

Smooth model:
<latexit sha1_base64="reLwtck2IQziFnd6hqm1qiB/cRI="></latexit><latexit sha1_base64="gUkHA/rOhFdn4b2ZCXHTg+WmcNk="></latexit><latexit sha1_base64="gUkHA/rOhFdn4b2ZCXHTg+WmcNk="></latexit><latexit sha1_base64="kPhAZ0cruaS3A7g8XGYEZk2hri8="></latexit>

x ⌘ 1

� b
, � ⌘ 1 +

Z 0

�1
µoCJ (⇠)d⇠

<latexit sha1_base64="XHTONRr/fIYQQkpA8JK6ER0npoY="></latexit><latexit sha1_base64="JzMnpJXLwHZgowoLyko/CF8lHXU="></latexit><latexit sha1_base64="JzMnpJXLwHZgowoLyko/CF8lHXU="></latexit><latexit sha1_base64="U5UdrdCc1q0yJ9L2pDGA6IlGfY0="></latexit>

µoCJ
<latexit sha1_base64="pWF2lOGueZ1wkSjbRlRFvmjjXiA="></latexit><latexit sha1_base64="qTP/j2KZyHUDLP1I+XjVyAXC2og="></latexit><latexit sha1_base64="qTP/j2KZyHUDLP1I+XjVyAXC2og="></latexit><latexit sha1_base64="mPbCtgUoLs948UpXmC5Yv1nDlTI="></latexit>

µ
CJ

(⇠)
<latexit sha1_base64="mr8QNbrI/N/bE/xjAgH7psdvwks="></latexit><latexit sha1_base64="4aH4SrDII46YlTAGy5D7NS+Mi3c="></latexit><latexit sha1_base64="4aH4SrDII46YlTAGy5D7NS+Mi3c="></latexit><latexit sha1_base64="MtPn4Wg4jOm1pSqXfPr+Lf65JcI="></latexit>

1 + 2↵̇⌧CJ
<latexit sha1_base64="FeHw2vmItP/dDS5DIN/k2+HVfmI="></latexit><latexit sha1_base64="xx0rHdA6QzQbfBJ7NZcYrcQ8hBQ="></latexit><latexit sha1_base64="xx0rHdA6QzQbfBJ7NZcYrcQ8hBQ="></latexit><latexit sha1_base64="ohtyXeptrXVqh+IrSMxlFHkTAXM="></latexit>

↵̇⌧CJ
<latexit sha1_base64="fo/3o+DCJq4T9mx5HZ077ytz9eQ="></latexit><latexit sha1_base64="6HrmmJbRNmWlfz20499vYEdY5OE="></latexit><latexit sha1_base64="6HrmmJbRNmWlfz20499vYEdY5OE="></latexit><latexit sha1_base64="9Rx+Z1qK22NZxuI1FOJ6SQ/RoXo="></latexit>

⇠b = �e�b↵̇⌧CJ
<latexit sha1_base64="479mtF9cSxZ0Q2QVhvdzw+gg0Bk="></latexit><latexit sha1_base64="UkLuuSTMbNflvVd6OzaIJkUD+uE="></latexit><latexit sha1_base64="UkLuuSTMbNflvVd6OzaIJkUD+uE="></latexit><latexit sha1_base64="F7bAgGeF+nOj4p4BIC9r7mEeQCM="></latexit>

burnt gas
<latexit sha1_base64="SGSzctnV3dr2hRHPYUL5B1a/wHM="></latexit><latexit sha1_base64="dZYDb80L4Uel1h8msbMvrZNpsgw="></latexit><latexit sha1_base64="dZYDb80L4Uel1h8msbMvrZNpsgw="></latexit><latexit sha1_base64="giO/W2P9fHOUO8nEo7YlWwM3Mx0="></latexit>

⇠
<latexit sha1_base64="NEUsyypqAQ9BuFMZNvFX7etNbl0="></latexit><latexit sha1_base64="ahw3ZnHgIbqmH/+5WC5+Di18it8="></latexit><latexit sha1_base64="ahw3ZnHgIbqmH/+5WC5+Di18it8="></latexit><latexit sha1_base64="/NHiOjCTDNePsd2MNbhxxIWjmHI=">AAACsnicjVHLSsNAFD2Nr1pfVZdugkVwVRIR6rLgxmVF+8C2yCSd1qFJJiQTsZR+glv9Kj/AP9C/8M6YglpEJ5A5c+65h/vw4kCkynFeC9bS8srqWnG9tLG5tb1T3t1rpTJLfN70ZSCTjsdSHoiIN5VQAe/ECWehF/C2Nz7X8fY9T1Iho2s1iXk/ZKNIDIXPFFFXvQdxW644VcccexG4OaggPw1ZfkEPA0j4yBCCI4IiHIAhpa8LFw5i4vqYEpcQEibOMUOJcjNScVIwYsf0H9FrSliSRpJ+BhtHFJekTAhrZ9vEM+Oi2d99GNWk65jQ7eVeIbEKd8T+lTdX/jevS6zCEGemW0GziA2jp+LnLpmZgK7c/tKVIoeYOI0HFE8I+yZzPlPb5KSmdz1HZuJvRqlZ/fZzbYZ3XSUt0/25ukXQOqm6TtW9dCr1Wr7WIg5wiGPaXQ11XKCBJnmP8IgnPFun1o3FLP9TahXynH18O1bwAURAi8A=</latexit>0

<latexit sha1_base64="nvnQd6p6fNLJHZpjX8GLJK6wFno="></latexit><latexit sha1_base64="9JzmMuQAp+7S1yaHaXwnntDDcSM="></latexit><latexit sha1_base64="9JzmMuQAp+7S1yaHaXwnntDDcSM="></latexit><latexit sha1_base64="rwg+BkWzbALoAd78QOW4Ng09gt4=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSbd6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdtfWNzq7hd2tnd2z8oHx61U5UlgWgFKlRJ1+epCOVUtLTUoejGieCRH4qOP7ky8c6DSFKppjd6Fot+xMdTOZIB10Q12aBcYVVmj7sKvBxUkJ+GKr/gFkMoBMgQQWAKTTgER0pfDx4YYuL6mBOXEJI2LrBAiXIzUglScGIn9B/Ta05YkUaRfgEXZxRXpEwIG2fXxjPrYtjffTjVZOqY0e3nXhGxGnfE/pW3VP43r0esxgiXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDhxRPCAc2czlT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpV0K5VPVb1mqxSv8jXWsQJTnFOu7tAHddooGW9H/GEZ6fmdJ2Bwz+lTiHPOca349x/AI2tip8=</latexit>

�e�yCJ
<latexit sha1_base64="jq5M7iZcSEl3A/5W6Lrv9o/8sjw="></latexit><latexit sha1_base64="rqkZxpRXSJD35XbhnLnQ52YNq/8="></latexit><latexit sha1_base64="rqkZxpRXSJD35XbhnLnQ52YNq/8="></latexit><latexit sha1_base64="Iz+vchT0tH+OVyN07Deg4/ycWes="></latexit>



Analytical study of unsteadiness in direct initiation

(spherical geometry)


Driving mechanism: The rarefaction wave 

⇠ = ⇠b(⌧) : µ = µb(⌧)
<latexit sha1_base64="izkICGICm6BUeDTIE/kwhJqVmyE="></latexit><latexit sha1_base64="cK7EchLmqtR6GwDDHeBelxdYIcg="></latexit><latexit sha1_base64="cK7EchLmqtR6GwDDHeBelxdYIcg="></latexit><latexit sha1_base64="5BZrguT0DYxtQqGov6nEYGMIvWQ="></latexit>

⇠ = 0 : µ = 1 + 2↵̇⌧ (⌧)
<latexit sha1_base64="JdA1ANa7X1kTVAX+KPCW8LpK3TY="></latexit><latexit sha1_base64="VeLj6uWunDDbKiZGXEBrKuafKQs="></latexit><latexit sha1_base64="VeLj6uWunDDbKiZGXEBrKuafKQs="></latexit><latexit sha1_base64="poBFNCIsuVExzGCh5YGlEMlDAxM="></latexit>

@µ

@⌧
+ [µ� ↵̇⌧ (⌧)]

@µ

@⇠
=

ẇ

2
� (1 + µ),

<latexit sha1_base64="YvNjpFNVuG1MEhiM9rnMdxF4szg="></latexit><latexit sha1_base64="7yYQu4aNwtodFRu3Aim1oUIPx6k="></latexit><latexit sha1_base64="7yYQu4aNwtodFRu3Aim1oUIPx6k="></latexit><latexit sha1_base64="EzsWnd0dMjqwlIutkDUFh8fWjIw="></latexit>

prescribed by the rarefaction wave
<latexit sha1_base64="I6yTTDB5kUlZ/WvOlIsZT/CzVsk="></latexit><latexit sha1_base64="jUpXsfWA1c1POgG91hgLXfCBmWI="></latexit><latexit sha1_base64="jUpXsfWA1c1POgG91hgLXfCBmWI="></latexit><latexit sha1_base64="R7q1GnmPvTDor5UqpdiQbOX3LSU="></latexit>

reaction zone
<latexit sha1_base64="ZWqC1heNmWxgxhzoOvFWiKM7krU="></latexit><latexit sha1_base64="5qB9QcMLBPcxKW4HTP8e3JY16XU="></latexit><latexit sha1_base64="5qB9QcMLBPcxKW4HTP8e3JY16XU="></latexit><latexit sha1_base64="SoTh2WhkCayU9gcvVsHCkk6JCrA="></latexit>rarefaction wave

<latexit sha1_base64="Uwr0noba9aHirjOzTl4rgMYs77I="></latexit><latexit sha1_base64="zbDtCsfDgDU7h1Bi2hynEgmafqM="></latexit><latexit sha1_base64="zbDtCsfDgDU7h1Bi2hynEgmafqM="></latexit><latexit sha1_base64="suj6WKERzf7BCRkVMR/MRASgA5U="></latexit> ⇠ ⌘ (r � rf )/lo
<latexit sha1_base64="Ak1DIs1NwL2XP4JEEnO5YUHyGiA="></latexit><latexit sha1_base64="ZFWqKEpWz7VwCMH8ZwmFl1rVz1g="></latexit><latexit sha1_base64="ZFWqKEpWz7VwCMH8ZwmFl1rVz1g="></latexit><latexit sha1_base64="0liOpNXBIAxjNm4lpQFFP60FTXo="></latexit>

⇠b
<latexit sha1_base64="q6tbyFEuUZp5++RsT1nHw1eWPRA="></latexit><latexit sha1_base64="6NYN0fnmUIDSINU5fzIk37ohsls="></latexit><latexit sha1_base64="6NYN0fnmUIDSINU5fzIk37ohsls="></latexit><latexit sha1_base64="3e/PIz8EMJ4fl80jg3HHfUArZFM="></latexit>

0
<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

l/lo = |⇠b| = O(1)
<latexit sha1_base64="z9hQqwzYLZL5WbrUM34ENfhW9cU="></latexit><latexit sha1_base64="+JLk2EXdhFdX+L2qBdXkd8iO4d0="></latexit><latexit sha1_base64="+JLk2EXdhFdX+L2qBdXkd8iO4d0="></latexit><latexit sha1_base64="/mEhtBqAVzmLfg/ZQ2F9mwTUDPc="></latexit>

µb ⌧ 1
<latexit sha1_base64="oouwW7PMn3MLdZGUmlIUFeK1Iog="></latexit><latexit sha1_base64="EciGicxAuk+yPNqVYtXWiUqk8ME="></latexit><latexit sha1_base64="EciGicxAuk+yPNqVYtXWiUqk8ME="></latexit><latexit sha1_base64="B9HS8GnGAEGYWoukuNqpCiMfTF0="></latexit>

µN ⇡ 1
<latexit sha1_base64="6Cz0ZRrLd58ECo5t+ZDwZxZ+W/E="></latexit><latexit sha1_base64="8M9QoORCPFsiaGf2+cxzQZN0gUI="></latexit><latexit sha1_base64="8M9QoORCPFsiaGf2+cxzQZN0gUI="></latexit><latexit sha1_base64="UCdtDg8njYEsmBl38eRcWoFlWeg="></latexit>

µext(⇠, ⌧)
<latexit sha1_base64="0Sgef0v01wkr28fZxoeV7gWCDtM="></latexit><latexit sha1_base64="0Sgef0v01wkr28fZxoeV7gWCDtM="></latexit><latexit sha1_base64="0Sgef0v01wkr28fZxoeV7gWCDtM="></latexit><latexit sha1_base64="D71pkAPLxrpR3m248ekaLtfg6Bs="></latexit>

µ
<latexit sha1_base64="1DERQ0zI3M9PgSq120t4tWlg4f4="></latexit><latexit sha1_base64="yDkJkx3onLgBjmLfxic7mLJUCkQ="></latexit><latexit sha1_base64="yDkJkx3onLgBjmLfxic7mLJUCkQ="></latexit><latexit sha1_base64="f/eHCaMrTsT2tmJStCOvhZlhN4g="></latexit>

dµb/d⌧ = �1/(b�x) = O(1/b)
<latexit sha1_base64="sSSJMmKQL47NGVvRyNF0HjzMsOk="></latexit><latexit sha1_base64="ipcAjQdyrKir9n+EC3IZVVl/tK0="></latexit><latexit sha1_base64="ipcAjQdyrKir9n+EC3IZVVl/tK0="></latexit><latexit sha1_base64="FxazZVtyeLfdTUIkdigBrBwOjXg="></latexit>

local closure condition
<latexit sha1_base64="ajUkzx5/NKhmVGULrk84Zscz7NI="></latexit><latexit sha1_base64="BPAuxA6M1fJ3S5KuLheBOCVvSK8="></latexit><latexit sha1_base64="BPAuxA6M1fJ3S5KuLheBOCVvSK8="></latexit><latexit sha1_base64="0wx/ssuv/N01MmDEHcDaZy9ueyI="></latexit>

0 < ↵̇⌧ < µext ⌧ 1
<latexit sha1_base64="xmRmv2OZx0fZpN4JV5qS9ghWlh0="></latexit><latexit sha1_base64="FEiQbp4z382Hd6Dm6w0UNDADsoc="></latexit><latexit sha1_base64="FEiQbp4z382Hd6Dm6w0UNDADsoc="></latexit><latexit sha1_base64="DcAiQaF6tPxBb6rsMJvte7qckEs="></latexit>

OK with Liñan et al. (2012)
<latexit sha1_base64="lmhW50J45LW0BImBuYArR/n/FKk="></latexit><latexit sha1_base64="x2YbdgZVY33JVEcHKgzJCtBtFyw="></latexit><latexit sha1_base64="x2YbdgZVY33JVEcHKgzJCtBtFyw="></latexit><latexit sha1_base64="fdf6vbjeUrdDGabBvTAWw2cB1yw="></latexit>

@µext

@⌧
+ [µext � ↵̇⌧ (⌧)]

@µext

@⇠
= �,  = 1/(b�x) = O(1/b)

<latexit sha1_base64="hJ6YoryhYeE2XdLdMmKzGoA5nZ0="></latexit><latexit sha1_base64="I889ImeIk4XzRKlolpLiV7hSIIE="></latexit><latexit sha1_base64="I889ImeIk4XzRKlolpLiV7hSIIE="></latexit><latexit sha1_base64="QBgvEwQF85tOboJaufRL+Q1rPv0="></latexit>

Quasi-transonic flow at the exit of the reaction zone near the CJ regime
<latexit sha1_base64="5v9A1TH6WNt6wk1s3maONK3M/KQ="></latexit><latexit sha1_base64="sLoLBm3uG+SBQJXwhHvqaLupWyw="></latexit><latexit sha1_base64="sLoLBm3uG+SBQJXwhHvqaLupWyw="></latexit><latexit sha1_base64="JEe1EW6MhszW7YIV4tjQkmMdt9U="></latexit>

drf/dt = D ⇡ DoCJ ) dx/d⌧ = 1/(b�)
<latexit sha1_base64="On2Ri/FbvxcVFADiVW1MC2l3vp8="></latexit><latexit sha1_base64="iDcF5rIQoARpcFM4OuBw3bcX9Zo="></latexit><latexit sha1_base64="iDcF5rIQoARpcFM4OuBw3bcX9Zo="></latexit><latexit sha1_base64="LnquFR4z1xHNMIG2GNq+KpxOvT8="></latexit>

µb = µbi � ln(x/xi)
<latexit sha1_base64="klI5ZDXGKL7S/9G0DOS+LqTjs9g="></latexit><latexit sha1_base64="AxFoNQ93blK/fVMsPkY0vs4nnQY="></latexit><latexit sha1_base64="AxFoNQ93blK/fVMsPkY0vs4nnQY="></latexit><latexit sha1_base64="LZwBSk9jS2Q3UPZ+fKeQ88TqjCs="></latexit>

slow evolution !
<latexit sha1_base64="oGmLtSEc4kzI23QwsLwWQP3fWlI="></latexit><latexit sha1_base64="B55+WasXoIzOB44zl0vY2I4LCbs="></latexit><latexit sha1_base64="B55+WasXoIzOB44zl0vY2I4LCbs="></latexit><latexit sha1_base64="XT3sqdZsMKb+T0WDyMd6j7YbiDs="></latexit>

Asymptotic analysis: b � 1
<latexit sha1_base64="KMQpyoAhcm3bPyBc+T/ux1nxjwo="></latexit><latexit sha1_base64="MAaSDuxr6hAvzA+rV89S5Am/Lu0="></latexit><latexit sha1_base64="MAaSDuxr6hAvzA+rV89S5Am/Lu0="></latexit><latexit sha1_base64="K1K59gyeCeQEHOBR9Pepku9DJ5Q="></latexit>



Analytical study of unsteadiness in direct initiation

(spherical geometry)

@µ

@⌧
+ [µ� ↵̇⌧ (⌧)]

@µ

@⇠
=

ẇ

2
� (1 + µ),

<latexit sha1_base64="YvNjpFNVuG1MEhiM9rnMdxF4szg="></latexit><latexit sha1_base64="7yYQu4aNwtodFRu3Aim1oUIPx6k="></latexit><latexit sha1_base64="7yYQu4aNwtodFRu3Aim1oUIPx6k="></latexit><latexit sha1_base64="EzsWnd0dMjqwlIutkDUFh8fWjIw="></latexit>

⇠ = 0 : µ = 1 + 2↵̇⌧ (⌧)
<latexit sha1_base64="JdA1ANa7X1kTVAX+KPCW8LpK3TY="></latexit><latexit sha1_base64="VeLj6uWunDDbKiZGXEBrKuafKQs="></latexit><latexit sha1_base64="VeLj6uWunDDbKiZGXEBrKuafKQs="></latexit><latexit sha1_base64="poBFNCIsuVExzGCh5YGlEMlDAxM="></latexit>

⇠ = �e�b↵̇⌧ (⌧) : µ = µb(t)
<latexit sha1_base64="ids1vMRuTJkDftqKZRP3sPg1uVU="></latexit><latexit sha1_base64="5O/wb/ZyNwsud+D2RtVO8Osv4n8="></latexit><latexit sha1_base64="5O/wb/ZyNwsud+D2RtVO8Osv4n8="></latexit><latexit sha1_base64="K4g15mzsB1mZ4olljt8U1YtKMh8="></latexit>

 = 1/(�x) = O(1/b)
<latexit sha1_base64="HSTm/d8rv7CDvbgBXhFiZAXaGpA="></latexit><latexit sha1_base64="UNMKfTdGxFIJRIUaVo8qxiF4MkQ="></latexit><latexit sha1_base64="UNMKfTdGxFIJRIUaVo8qxiF4MkQ="></latexit><latexit sha1_base64="zq/UYCfAiTSUbtTVRW3eGvtPKkU="></latexit>

✓
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y
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✓
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y

b

◆2

+ 1� 2

b

e�y

x
<latexit sha1_base64="CCoJAnfW6W8Okx9XR5OOtkshdqM="></latexit><latexit sha1_base64="pXp57gjAOGaNunPH4e6iplILPgc="></latexit><latexit sha1_base64="pXp57gjAOGaNunPH4e6iplILPgc="></latexit><latexit sha1_base64="/NsbRs1m63YuSAURNZSqND5QON8="></latexit>

bµb
2/2� yµb = y + e�y/x

<latexit sha1_base64="jNKMR/tH3IeLUPi82nBzOxWFv0k="></latexit><latexit sha1_base64="zDQYigutp1tH/4/SYt4jd76ezbI="></latexit><latexit sha1_base64="zDQYigutp1tH/4/SYt4jd76ezbI="></latexit><latexit sha1_base64="7HdiNUET2DhoKJHg5q39WK6jS4M="></latexit>

) mb = mbi �
p

b/2 ln(x/xi)
<latexit sha1_base64="51SC5M78P2opxatMJElq57N/UtQ="></latexit><latexit sha1_base64="fNGJDiWJsXsTzG0LxTxL5v7mik4="></latexit><latexit sha1_base64="fNGJDiWJsXsTzG0LxTxL5v7mik4="></latexit><latexit sha1_base64="x86C4D0dMkLyBVzj7eWtPdhjGfM="></latexit>

ln(x/xi) = O(1/
p
b)

<latexit sha1_base64="0PTYfAwgvEJa5YLo1fxvAfVvvpY="></latexit><latexit sha1_base64="eOLBogHU4AaRFLUNkD9BCAsZKiM="></latexit><latexit sha1_base64="eOLBogHU4AaRFLUNkD9BCAsZKiM="></latexit><latexit sha1_base64="umRWF0D1bqwTc7KJ3Zzl6AvbbF0="></latexit>
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Quasi-steady trajectories near the turning point 
phase space « velocity-radius » 

q
y(x) + e�y(x)/x = mbi �

p
b/2 ln(x/xi)

<latexit sha1_base64="YP1zxM4njudWj6PUknZEEaQNID8="></latexit><latexit sha1_base64="sD/r0u0XIIU8l1ORW5QpI9jH19Y="></latexit><latexit sha1_base64="sD/r0u0XIIU8l1ORW5QpI9jH19Y="></latexit><latexit sha1_base64="mNQwWcuyEs5hmkqrpuzjL0F5KLc="></latexit>

bµb
2
/2 = O(1) ) mb ⌘

p
b/2µb = O(1),

<latexit sha1_base64="uVnx7sg5CCLDoNwJRNJ/gmkl+AI="></latexit><latexit sha1_base64="iMg9+hlkesZzLl1S6CciDjh4RvE="></latexit><latexit sha1_base64="iMg9+hlkesZzLl1S6CciDjh4RvE="></latexit><latexit sha1_base64="S+FW+Z1KoN1rA/KOulvZCpVa9Ss="></latexit>

µb = O(1/
p
b)

<latexit sha1_base64="w3pLqlv3bVeyGFuGJ/nkPNCUjPA="></latexit><latexit sha1_base64="C9VsSQqefv6BEvbfrErZKqcbx5c="></latexit><latexit sha1_base64="C9VsSQqefv6BEvbfrErZKqcbx5c="></latexit><latexit sha1_base64="SaenFu6L4LZ/8u5RILiSXulTaTc="></latexit>

dx

d⌧
=

1

(b�)
= O(1/b)

<latexit sha1_base64="PUFBcuub7ID1eb18CyJvLDeN5Gg="></latexit><latexit sha1_base64="kMy1bGaN5TdgeXxJ+LrAivg1NKw="></latexit><latexit sha1_base64="kMy1bGaN5TdgeXxJ+LrAivg1NKw="></latexit><latexit sha1_base64="+rAsJlUTdCDEtTUDJIETjCk6NuA="></latexit>

dy

d⌧
= O(1/

p
b)

<latexit sha1_base64="g5nNeAe2iEDN5IfW8kU5h/Fc7II="></latexit><latexit sha1_base64="rmNfXmIlxDEBs6meYpOt3iu7y9s="></latexit><latexit sha1_base64="rmNfXmIlxDEBs6meYpOt3iu7y9s="></latexit><latexit sha1_base64="ioEdYbcAGC2e5fy0ON9e0R4kiW4="></latexit>

Unfortunately the quasi-steady approximation  
is not valid 

Z 0

�e�y

(@µ0/@⌧)d⇠ = �(�� 1)
dy

d⌧
e
�y = O(1/

p
b),

<latexit sha1_base64="NXBtQfvgicEiZ526RJV8uqWp654="></latexit><latexit sha1_base64="NLIs2qEuNmkaN3Tg7jtTQsVbBYM="></latexit><latexit sha1_base64="NLIs2qEuNmkaN3Tg7jtTQsVbBYM="></latexit><latexit sha1_base64="hkc14Rh2vszajM4P/B9qwxQBFkY="></latexit>

unsteadiness is larger than the curvature e↵ect !
<latexit sha1_base64="Po08XVxv2+c32lXT/tZzhw5DprU="></latexit><latexit sha1_base64="b0fei60PuWLt7ce5sR/Z7bP0N8g="></latexit><latexit sha1_base64="b0fei60PuWLt7ce5sR/Z7bP0N8g="></latexit><latexit sha1_base64="aimKIge0zn5LmCU8Af8lQZxoaeU="></latexit>

y ⌘ b ↵̇⌧ = O(1), x ⌘ 1/(2 b) = O(1)
<latexit sha1_base64="5ieMpTjv9biN/XJRWRGlw53SDG4="></latexit><latexit sha1_base64="kKklUym20IsMIzgNrvPj21kWJo4="></latexit><latexit sha1_base64="kKklUym20IsMIzgNrvPj21kWJo4="></latexit><latexit sha1_base64="1W6pftzEgEzbFXSTNSudL1tuEok="></latexit>

velocity
<latexit sha1_base64="zQ4/xgwOEetabYU5DBkXtacm1II="></latexit><latexit sha1_base64="yjwM/LFZNngFy8+grO+53WHZMhA="></latexit><latexit sha1_base64="yjwM/LFZNngFy8+grO+53WHZMhA="></latexit><latexit sha1_base64="iLSTqgy44z34i/ZsN3B7v0wmRYc="></latexit>

radius
<latexit sha1_base64="XQhxgGwXilZFs/tjimrtLoUSFPc="></latexit><latexit sha1_base64="vrGv8Bx0B6cnY2qZbzTqwYVa+vk="></latexit><latexit sha1_base64="vrGv8Bx0B6cnY2qZbzTqwYVa+vk="></latexit><latexit sha1_base64="i6KbQMHEReGIiR+JmhUtgGvaefw="></latexit>

Asymptotic analysis: b � 1
<latexit sha1_base64="KMQpyoAhcm3bPyBc+T/ux1nxjwo="></latexit><latexit sha1_base64="MAaSDuxr6hAvzA+rV89S5Am/Lu0="></latexit><latexit sha1_base64="MAaSDuxr6hAvzA+rV89S5Am/Lu0="></latexit><latexit sha1_base64="K1K59gyeCeQEHOBR9Pepku9DJ5Q="></latexit>



@µ(⇠, ⌧)

@⌧
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✓
µ(⇠, ⌧)� y(⌧)

b

◆
@µ(⇠, ⌧)

@⇠
=

1

2
!(⇠, y)� 1

b
(1 + µ)

1

�x(⌧)
<latexit sha1_base64="5hv3lIOBF0Ll8MjIw9/HJDufKd4="></latexit><latexit sha1_base64="skZ/H3soEciVXELRR3UQwFBZflk="></latexit><latexit sha1_base64="skZ/H3soEciVXELRR3UQwFBZflk="></latexit><latexit sha1_base64="lQjrTkFZc68mrHMmOXTzEFoKae8="></latexit>

⇠ = 0 : µ = 1 + 2y(⌧)/b, ⇠ = �e�y(⌧) : µ =
p
2mb(⌧)/

p
b

<latexit sha1_base64="8Hhh1S6ZWVVN/O+znLQ7KjsD9rA="></latexit><latexit sha1_base64="5MMvf97r+kgb6btxeofcjn1yVfY="></latexit><latexit sha1_base64="5MMvf97r+kgb6btxeofcjn1yVfY="></latexit><latexit sha1_base64="x4e5BuZantZAeptcUOiCDIsJMVo="></latexit>

Analytical study of unsteadiness for small heat release

in the limit of high thermal sensitivity

propagation velocity y(⌧) or y(x)?
<latexit sha1_base64="/1PPmJm1pl8LV4tHmp/KuEJ94bA="></latexit><latexit sha1_base64="1zWlsUhFsfMl++b+bSiXfcf67RI="></latexit><latexit sha1_base64="1zWlsUhFsfMl++b+bSiXfcf67RI="></latexit><latexit sha1_base64="VfYwHaomQPasUyPkfwztFiV/zS0="></latexit>

b � 1
<latexit sha1_base64="+TgOzk98X83v99pGL4jqpW1S6Xs="></latexit><latexit sha1_base64="rKiSG2t1zX8IcWF7s2fMj1Aya/o="></latexit><latexit sha1_base64="rKiSG2t1zX8IcWF7s2fMj1Aya/o="></latexit><latexit sha1_base64="eRKjuGr4bpqMC9td/Y3tGCtX+Tc="></latexit>
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L. He (1995)-(1996)
<latexit sha1_base64="hBqvScUGL7bCWlspQq+r8f5YLJc="></latexit><latexit sha1_base64="hUifYn/HWj8xLKHSB3tFyioFLug="></latexit><latexit sha1_base64="hUifYn/HWj8xLKHSB3tFyioFLug="></latexit><latexit sha1_base64="S6wpOqcQxEOFzZbLSQO9TMNjvlc="></latexit>

DNS
<latexit sha1_base64="4V4L/ziNs1ImiNfHvVMiCEM+xLc="></latexit><latexit sha1_base64="D/sAfBccRYuiQeKiPiaozOTrfuM="></latexit><latexit sha1_base64="D/sAfBccRYuiQeKiPiaozOTrfuM="></latexit><latexit sha1_base64="liL1+4Bnfl+JLy0qRwm3c19yvhA="></latexit>

Quasi-steady result for small heat release (2019)
<latexit sha1_base64="tHFmUWZpsUDm4xY90kSN5cFry/8="></latexit><latexit sha1_base64="QKgKOjMOJUNPyP6bDx5Q2X1BpHY="></latexit><latexit sha1_base64="QKgKOjMOJUNPyP6bDx5Q2X1BpHY="></latexit><latexit sha1_base64="zCjcOJQP3Dyi/oIXf3XoQQqIYHs="></latexit>

!(⇠, y) = ey!oCJ (⇠e
y)

<latexit sha1_base64="NSpB9eLx/Rlaypw1Qfn7TbRPAHA="></latexit><latexit sha1_base64="QlGz85fNKK1Kw4sqSsA0kTeYv+Q="></latexit><latexit sha1_base64="QlGz85fNKK1Kw4sqSsA0kTeYv+Q="></latexit><latexit sha1_base64="6gLKl15q0f/nMmsXfhsRljA/QzY="></latexit>

dx/d⌧ = 1/(b�)
<latexit sha1_base64="XyYY+j+jDwSAI1w91z8GNxdZ50o="></latexit><latexit sha1_base64="fbh1WheHVfHgV+33bbfZgj2LO2E="></latexit><latexit sha1_base64="fbh1WheHVfHgV+33bbfZgj2LO2E="></latexit><latexit sha1_base64="DFUZBBEVWeH1qNueTjOsMdMOjik="></latexit>

mb = mbi �
p
b/2 ln(x/xi)

<latexit sha1_base64="u5HfyDZAZYMpiNmBjw07459I+NU="></latexit><latexit sha1_base64="D9zryxmsNdTZFp1tB6sHXTs2bOI="></latexit><latexit sha1_base64="D9zryxmsNdTZFp1tB6sHXTs2bOI="></latexit><latexit sha1_base64="FlPB0Z5vkNCKAoVGcP/P5lQ6lfY="></latexit>



Analytical study of unsteadiness in direct initiation

(spherical geometry)


Very difficult problem

The asymptotic analysis is not yet fully completed after 2 years of work

and many fruitful discussions with Amable.


Preliminary results are now presented (not yet published)



Analytical study of unsteadiness for small heat release

in the limit of high thermal sensitivity b � 1

<latexit sha1_base64="+TgOzk98X83v99pGL4jqpW1S6Xs="></latexit><latexit sha1_base64="rKiSG2t1zX8IcWF7s2fMj1Aya/o="></latexit><latexit sha1_base64="rKiSG2t1zX8IcWF7s2fMj1Aya/o="></latexit><latexit sha1_base64="eRKjuGr4bpqMC9td/Y3tGCtX+Tc="></latexit>
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<latexit sha1_base64="/XQ8WsRZaRW7f+9wFOh13Ac7pPA="></latexit><latexit sha1_base64="LYZKYQVeHSSANGCvBVdRi3keYIc="></latexit><latexit sha1_base64="LYZKYQVeHSSANGCvBVdRi3keYIc="></latexit><latexit sha1_base64="HdoMc7nCP7AIlNTHUATNHDhnLOA="></latexit>

G(⇠, ⌧) ⌘ � 1

�x(⌧)
+H(⇠, ⌧) + J(⇠, ⌧) +K(⇠, ⌧) +W (⇠, ⌧)

<latexit sha1_base64="FypylF/Ia0lguRnziXVu7tETFhU="></latexit><latexit sha1_base64="BhwpfZULxwUADkGlJvqx0A0KYOA="></latexit><latexit sha1_base64="BhwpfZULxwUADkGlJvqx0A0KYOA="></latexit><latexit sha1_base64="PP1mNmTLC7O2qfgXqL0CWTaeipY="></latexit>

H(⇠, ⌧) ⌘ �µo(⇠, ⌧)

�x(⌧)
<latexit sha1_base64="Jfir431aFa4egAKM2Ssq0QhYyx8="></latexit><latexit sha1_base64="8s/Q0Tgpm9tdgeoUOeYQS/6LUns="></latexit><latexit sha1_base64="8s/Q0Tgpm9tdgeoUOeYQS/6LUns="></latexit><latexit sha1_base64="T8tfB490j+AK0VWXFLqMMVS8nl0="></latexit>

J(⇠, ⌧) ⌘ @µo(⇠, ⌧)

@⇠
y(⌧)

<latexit sha1_base64="+VVi+HaXbE09kIp2ZmqxKr6Eobo="></latexit><latexit sha1_base64="J/DXf5htsG0Gdc/+t8Q8tq1At4Y="></latexit><latexit sha1_base64="J/DXf5htsG0Gdc/+t8Q8tq1At4Y="></latexit><latexit sha1_base64="fBkGvgoX1uDCr7Ca0F7ar0K8LEk="></latexit>

K(⇠, ⌧) ⌘ �b
@µo(⇠, ⌧)

@⌧
<latexit sha1_base64="bH9yTagqbYrmnTC7ugjzrXOrREg="></latexit><latexit sha1_base64="vyUaPf2hSumYWu0lcC0pK4NYC8c="></latexit><latexit sha1_base64="vyUaPf2hSumYWu0lcC0pK4NYC8c="></latexit><latexit sha1_base64="Ec3WGPIiej1iNd8aGHvVtVRXr58="></latexit>

W (⇠, ⌧) ⌘ bw(⇠, ⌧)
<latexit sha1_base64="t0pasjVwOK/P8L8QaCP1YGjfG1M="></latexit><latexit sha1_base64="+dgtPrKl21Wvd0cpGhBB1BYVMpU="></latexit><latexit sha1_base64="+dgtPrKl21Wvd0cpGhBB1BYVMpU="></latexit><latexit sha1_base64="8YQs5r4yjR1DLtqeeiqIqUXr3YY="></latexit>

w(⇠, ⌧) ⌘ 1

2

h
ey(⌧)!oCJ (⇠ e

y(⌧))
i
� µo(⇠, ⌧)

@µo(⇠, ⌧)

@⇠
<latexit sha1_base64="8doIwvkmytau2EqxdWMUXABEMus="></latexit><latexit sha1_base64="kaNkSeQmSzNrVbv1+/vZn7MmkZc="></latexit><latexit sha1_base64="kaNkSeQmSzNrVbv1+/vZn7MmkZc="></latexit><latexit sha1_base64="aBmyVX+Ira8oWq0dshdXSIgxfnk="></latexit>

Z(⇠, ⌧) ⌘ b[µoµ1 + µ2
1/2]

<latexit sha1_base64="trjs4v3/MPxtJGYAN/NE2S0G8lY="></latexit><latexit sha1_base64="PzGJDK/WQkl+AZ5K54IItXdt/Hc="></latexit><latexit sha1_base64="PzGJDK/WQkl+AZ5K54IItXdt/Hc="></latexit><latexit sha1_base64="IWXkHGyPbYtpUe4AENwK0rmfcWg="></latexit>

µ(⇠, ⌧) = µo(⇠, ⌧) + µ1(⇠, ⌧)
<latexit sha1_base64="Yvg3ruHTsX+aENk8Fm+soUWvbSU="></latexit><latexit sha1_base64="eq1ZTAH7i0PhIXmH1p5FLXVB2to="></latexit><latexit sha1_base64="eq1ZTAH7i0PhIXmH1p5FLXVB2to="></latexit><latexit sha1_base64="H61QLT8I/CyHxIYRs5uky++eqg8="></latexit>

zeroth-order solution
<latexit sha1_base64="z76J1kfjrpC4G2MxYnLwLgsanjQ="></latexit><latexit sha1_base64="9PPMW0EyydFNl+0fH6xA+9yWbl0="></latexit><latexit sha1_base64="9PPMW0EyydFNl+0fH6xA+9yWbl0="></latexit><latexit sha1_base64="ZuX/BXP2dBY/FUP8MiefPbav3aQ="></latexit>

�1

2

h
eyo(⌧)!oCJ (⇠ e

yo(⌧))
i

<latexit sha1_base64="EaHlmQZThWXbh7vXZ0OQ7OtqZHM="></latexit><latexit sha1_base64="Btjr9hn5CY0hXfyNe/ExaJqejCE="></latexit><latexit sha1_base64="Btjr9hn5CY0hXfyNe/ExaJqejCE="></latexit><latexit sha1_base64="IxbzcNqHfmXg30a4oq5oim5nwAg="></latexit>

⇠ = 0 : µ = 1 + 2y(⌧)/b, ⇠ = �e�y(⌧) : µ =
p
2mb(⌧)/

p
b

<latexit sha1_base64="hS7odRP1HYhHz2554n38/UigOCg="></latexit><latexit sha1_base64="k271DRuEwRVxVbFR+PncLF1McQo="></latexit><latexit sha1_base64="k271DRuEwRVxVbFR+PncLF1McQo="></latexit><latexit sha1_base64="No1wszWPmhqRAoAfJr0Hn10Zs9w="></latexit>

@Z

@⌧
+ µo

@Z

@⇠
� bµ1

@µo

@⌧
⇡ µo(⇠, ⌧)G(⇠, ⌧)

<latexit sha1_base64="jzYQMgT/ZNKlOtA414/TUiqy37E="></latexit><latexit sha1_base64="fe8Myouyz3nK4K5hLgsLa0sGSn8="></latexit><latexit sha1_base64="fe8Myouyz3nK4K5hLgsLa0sGSn8="></latexit><latexit sha1_base64="P+9tnoMoynm0tRVptYuHSTegFMU="></latexit>

⇥ b µo(⇠, ⌧)
<latexit sha1_base64="cv5yckslRBV+2SNip5i3im+6nw0="></latexit><latexit sha1_base64="3L4SIkVmHW3o6ItqPYhRz+2LC2Q="></latexit><latexit sha1_base64="3L4SIkVmHW3o6ItqPYhRz+2LC2Q="></latexit><latexit sha1_base64="Y1Ae2gzXCAxJ/pSR2rF5zSaCdOk="></latexit>

bµ1@µ1/@⌧
<latexit sha1_base64="dU+YI0qKTj1g7A3YYltw3JqHaqo="></latexit><latexit sha1_base64="Q/Si/JQ7GvUhbtfOKrBcfTKkUZw="></latexit><latexit sha1_base64="Q/Si/JQ7GvUhbtfOKrBcfTKkUZw="></latexit><latexit sha1_base64="bt8lxw4DWVWOxg9cRzflQuDyLKA="></latexit>



Stability analysis of the planar detonation

µo ! µ, µ1 ! �µ, y ! y + �y
<latexit sha1_base64="QW3NisDMPJ/8wXmtvh33sVfK930="></latexit><latexit sha1_base64="rND8OuSFg6HtoQGO9pdwYmACRSw="></latexit><latexit sha1_base64="rND8OuSFg6HtoQGO9pdwYmACRSw="></latexit><latexit sha1_base64="y3NhusHSc1RRUQZdt3pfK+JkZns="></latexit>

⇠ = 0 : µ = 1 + 2y/b, �µ = 2 �y/b, ⇠ = �e�y : �µ = 0
<latexit sha1_base64="kUNbmNIf+37O3mtNXm8wJ8K1ibA="></latexit><latexit sha1_base64="EeoY1F5Z6PdXw3gD5A6bz5fwlNY="></latexit><latexit sha1_base64="EeoY1F5Z6PdXw3gD5A6bz5fwlNY="></latexit><latexit sha1_base64="4JZda8r+uqGhiePeHzb7/JV4Ak4="></latexit>

( dµ/d⇠|⇠+e�y=0� = 0 )
<latexit sha1_base64="Ffq5y2TjYadYLIF78XkvEFjueb4="></latexit><latexit sha1_base64="o0NfP7umjE45yllWBXbDkboVHFg="></latexit><latexit sha1_base64="o0NfP7umjE45yllWBXbDkboVHFg="></latexit><latexit sha1_base64="s+HbyXtU7eXAeC6LJgEC0a9mYks="></latexit>

@(µ �µ)

@⌧
+ µ

@(µ �µ)

@⇠
=

1

b
µ(⇠)Go(⇠, y)

<latexit sha1_base64="F3oVto/7FSRbU+PGRbuxoQq/JRU="></latexit><latexit sha1_base64="iim36IK1K0rJab/jQNHRahG6IhQ="></latexit><latexit sha1_base64="iim36IK1K0rJab/jQNHRahG6IhQ="></latexit><latexit sha1_base64="iJu1FrpOXBtkgnO6cY+nL5yiy+c="></latexit>

Go ⌘ b

2

⇥
!(⇠, y)� !(⇠, y)

⇤
+

dµ

d⇠
�y

<latexit sha1_base64="+XtFqcnMXpxnQmoI07iNbrKUSNw="></latexit><latexit sha1_base64="39lLGyMnWarWVq/yxNLPisgLjSg="></latexit><latexit sha1_base64="39lLGyMnWarWVq/yxNLPisgLjSg="></latexit><latexit sha1_base64="55k5FKUfGaAv1g4UjJlEpia8UCQ="></latexit>

@(µ �µ)

@⌧
+

@(µ �µ)

@⇣
=

1

b
µ(⇠)Go(⇠, y)

<latexit sha1_base64="5M6puK/qNsR9ttWrU8ohE61n8nA="></latexit><latexit sha1_base64="O/pHicor5Joij8e5c0ISfN8kbS4="></latexit><latexit sha1_base64="O/pHicor5Joij8e5c0ISfN8kbS4="></latexit><latexit sha1_base64="NyAdqkkvqR0ecxDoIkiTfoPVlLY="></latexit>

⇣(⇠) ⌘ �
Z 0

⇠

d⇠0

µ(⇠0)
<latexit sha1_base64="DviccNU4GwkiYhbb5WSsHlbmli0="></latexit><latexit sha1_base64="jYyhmHqawWZBUrxKtMYB6DKjyGc="></latexit><latexit sha1_base64="jYyhmHqawWZBUrxKtMYB6DKjyGc="></latexit><latexit sha1_base64="KEgZ6A9vnCJBgNqa3Gt5FGjPOSM="></latexit>

⇠(⇣) is ok
<latexit sha1_base64="YF1cM2zhgtnyRlWf4rqEtN7ltAw="></latexit><latexit sha1_base64="jWjuLXqMjB4TfbZxcgpTFrngREI="></latexit><latexit sha1_base64="jWjuLXqMjB4TfbZxcgpTFrngREI="></latexit><latexit sha1_base64="z+J0m9pRJynWFAro0E27N5ODnDI="></latexit>

⇣b ⌘ �
Z 0

�e�y

d⇠0

µ(⇠0)
<latexit sha1_base64="MUCN9ji87OltRrVYNCNlLeEJFaU="></latexit><latexit sha1_base64="d++RSdcW9xjHEYsB0iZhi2mJ0Kg="></latexit><latexit sha1_base64="d++RSdcW9xjHEYsB0iZhi2mJ0Kg="></latexit><latexit sha1_base64="YEBgqwD8I8TA6/Gy1Gdp31OXkO8="></latexit>

2µ(0)�y(⌧) =

Z 0

⇣b

µ(⇠)Go

�
⇠, �y(⌧ + ⇣)

�
d⇣,

<latexit sha1_base64="ulqz05sDQaxVJzBLYZdLQthpbYE="></latexit><latexit sha1_base64="GlpgnS89j5qFW2E7n5FzVCHchkk="></latexit><latexit sha1_base64="GlpgnS89j5qFW2E7n5FzVCHchkk="></latexit><latexit sha1_base64="4WLzFzcyFmNRonvJfAPqYBkbNR8="></latexit>

2 �y(⌧) =

Z 0

⇣b

[µ(⇠)g(⇠) ] �y
�
⌧ + ⇣

�
d⇣

<latexit sha1_base64="Z6F6V9QjEfYf+fRAiWVHGxnMkiI="></latexit><latexit sha1_base64="ElcTTn3dTzFLlJ/IGz29IY+tkWw="></latexit><latexit sha1_base64="ElcTTn3dTzFLlJ/IGz29IY+tkWw="></latexit><latexit sha1_base64="gCm73eDvLaqC5zC5aYR4VbPRMfQ="></latexit>

Integral equation
<latexit sha1_base64="ZILkYv4oYmWFW5n9g25POM3a+Wg="></latexit><latexit sha1_base64="lMz9OkeCZNKdrJzYhVJ91zJVh1Y="></latexit><latexit sha1_base64="lMz9OkeCZNKdrJzYhVJ91zJVh1Y="></latexit><latexit sha1_base64="3CiDlowke7IbUfPa6vpq+kWipOI="></latexit>
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n b
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@

@y

⇥
ey!oCJ (e

y⇠)
⇤
y=y

+
dµ(⇠)

d⇠

o

<latexit sha1_base64="Zf/OTQtQNiy9UdsMUXdnd3jZ8kY="></latexit><latexit sha1_base64="7OT13Io4kpi/HxSWavg6L+4or5o="></latexit><latexit sha1_base64="7OT13Io4kpi/HxSWavg6L+4or5o="></latexit><latexit sha1_base64="pCSTHIRZANk0nSeSAc/KtpMEelc="></latexit>

PC & FA Williams (2002) (2009), PC & B Denet (2018)
<latexit sha1_base64="pAuvvody/GqZezII+0/5EGSx7MY="></latexit><latexit sha1_base64="f9T9tAJNh8ljED+cJ/WAHwGhrew="></latexit><latexit sha1_base64="f9T9tAJNh8ljED+cJ/WAHwGhrew="></latexit><latexit sha1_base64="32v7q22jR0+ueBBE/gEBvHqEARc="></latexit>

D
<latexit sha1_base64="pjfshxMNkeCbglKKiELG0DRl3eY="></latexit><latexit sha1_base64="8xX58H7GwkLFexFDzXOkeoXj8ro="></latexit><latexit sha1_base64="8xX58H7GwkLFexFDzXOkeoXj8ro="></latexit><latexit sha1_base64="3bmWliy+ai1L/jinxnDoC3nUMEk="></latexit>

uN
<latexit sha1_base64="tdkgS6z4bVHVU81zDSVunXqvWx0="></latexit><latexit sha1_base64="eWrc+WCntpfSGyi7qz7W0chSDx8="></latexit><latexit sha1_base64="eWrc+WCntpfSGyi7qz7W0chSDx8="></latexit><latexit sha1_base64="0oFLDK6Ez0P5Hx0ggpuzUxVa+cs="></latexit>

M = D/au
<latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="Rh9K/AQgyz7cXS5LRkSzs5lG0ks="></latexit><latexit sha1_base64="SkmO9XBHxxeu036N4HkSUNEsTTk="></latexit>

reaction zone
<latexit sha1_base64="ZWqC1heNmWxgxhzoOvFWiKM7krU="></latexit><latexit sha1_base64="5qB9QcMLBPcxKW4HTP8e3JY16XU="></latexit><latexit sha1_base64="5qB9QcMLBPcxKW4HTP8e3JY16XU="></latexit><latexit sha1_base64="SoTh2WhkCayU9gcvVsHCkk6JCrA="></latexit>

lead shock
<latexit sha1_base64="/JLSgxZiQnrzGK2DXmD1tRZrCew="></latexit><latexit sha1_base64="6MD8SHvI84X8/l3aDbGQsPZCL5c="></latexit><latexit sha1_base64="6MD8SHvI84X8/l3aDbGQsPZCL5c="></latexit><latexit sha1_base64="hFfoVuoyhsZeBKbmUaDgKctlspY="></latexit>rarefaction wave

<latexit sha1_base64="Uwr0noba9aHirjOzTl4rgMYs77I="></latexit><latexit sha1_base64="zbDtCsfDgDU7h1Bi2hynEgmafqM="></latexit><latexit sha1_base64="zbDtCsfDgDU7h1Bi2hynEgmafqM="></latexit><latexit sha1_base64="suj6WKERzf7BCRkVMR/MRASgA5U="></latexit>

ub
<latexit sha1_base64="5u8xwrglUgfhMbmImsgYjaURq9k="></latexit><latexit sha1_base64="BhHvI0OvGVjWsFjmeq03/UbDcyA="></latexit><latexit sha1_base64="BhHvI0OvGVjWsFjmeq03/UbDcyA="></latexit><latexit sha1_base64="EgACZlR/Eblqxhom7A7mPM8/fSg=">AAACsnicjVHLSsNAFD2Nr1pfVZdugkVwVRIRdCUFNy4r2gdqKZPptA5NOiGZCKX0E9zqV/kB/oH+hXfGFNQiOoHMmXPPPdxHEIcy1Z73WnAWFpeWV4qrpbX1jc2t8vZOM1VZwkWDq1Al7YClIpQj0dBSh6IdJ4JFQShawfDcxFsPIkmlGl3rcSw6ERuMZF9ypom6yrpBt1zxqp497jzwc1BBfuqq/II79KDAkSGCwAiacAiGlL5b+PAQE9fBhLiEkLRxgSlKlJuRSpCCETuk/4BeE8KKNIr0U7g4oLgiZULYOLs2nlkXw/7uw6gmU8eY7iD3iojVuCf2r7yZ8r95t8Rq9HFqu5U0i9gyZio8d8nsBEzl7peuNDnExBnco3hCmNvM2Uxdm5Pa3s0cmY2/WaVhzZvn2gzvpkpapv9zdfOgeVT1vap/6VVqZ/lai9jDPg5pdyeo4QJ1NMh7gEc84dk5dm4c5vBPqVPIc3bx7TjhBzZgi8A=</latexit>

⇠ ⌘ (r � rf )/lo
<latexit sha1_base64="Ak1DIs1NwL2XP4JEEnO5YUHyGiA="></latexit><latexit sha1_base64="ZFWqKEpWz7VwCMH8ZwmFl1rVz1g="></latexit><latexit sha1_base64="ZFWqKEpWz7VwCMH8ZwmFl1rVz1g="></latexit><latexit sha1_base64="0liOpNXBIAxjNm4lpQFFP60FTXo="></latexit>

⇠b
<latexit sha1_base64="q6tbyFEuUZp5++RsT1nHw1eWPRA="></latexit><latexit sha1_base64="6NYN0fnmUIDSINU5fzIk37ohsls="></latexit><latexit sha1_base64="6NYN0fnmUIDSINU5fzIk37ohsls="></latexit><latexit sha1_base64="3e/PIz8EMJ4fl80jg3HHfUArZFM="></latexit>

0
<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

detonation thickness
<latexit sha1_base64="fqHwnU1ocZZJAduAVlvyTKmVVZM="></latexit><latexit sha1_base64="8+g1bTHUpRjCtPtO3YGF1fjJD3s="></latexit><latexit sha1_base64="8+g1bTHUpRjCtPtO3YGF1fjJD3s="></latexit><latexit sha1_base64="+bbVzK44LK+Wk6W7jmnrH7lp9DA="></latexit>

uext(r, t)
<latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="oJDDOC5VzRV1DWn92YWeKmDRhAk="></latexit><latexit sha1_base64="wD72K3E6xKBMRPMDGi0wRNb2X3c="></latexit>

l/lo = |⇠b| = O(1)
<latexit sha1_base64="z9hQqwzYLZL5WbrUM34ENfhW9cU="></latexit><latexit sha1_base64="+JLk2EXdhFdX+L2qBdXkd8iO4d0="></latexit><latexit sha1_base64="+JLk2EXdhFdX+L2qBdXkd8iO4d0="></latexit><latexit sha1_base64="/mEhtBqAVzmLfg/ZQ2F9mwTUDPc="></latexit>

lext/lo � 1
<latexit sha1_base64="2W4PxeWCvEWOx+yVEkwRSLTZN+Q="></latexit><latexit sha1_base64="fcN32JJec+IFryAXQ7NjIjaENcY="></latexit><latexit sha1_base64="fcN32JJec+IFryAXQ7NjIjaENcY="></latexit><latexit sha1_base64="zwM9NexDIdHgdF2TIgLGiWIq088="></latexit>
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Oscillatory instability for b > bc with bc = O(1)
<latexit sha1_base64="Jy24Dpd3j1ZsXVcO7Zi7gZC5cJM="></latexit><latexit sha1_base64="b2AqFhBJZBbUHKuW/0xf0OhuEls="></latexit><latexit sha1_base64="b2AqFhBJZBbUHKuW/0xf0OhuEls="></latexit><latexit sha1_base64="dyZ4+jK0Y192kWGbcQE2O1GeHg8="></latexit>

bc = 1.27
<latexit sha1_base64="35dHCFCfiBboE53N5HRr/LmHdqE="></latexit><latexit sha1_base64="35dHCFCfiBboE53N5HRr/LmHdqE="></latexit><latexit sha1_base64="35dHCFCfiBboE53N5HRr/LmHdqE="></latexit><latexit sha1_base64="ntnpP7IlhOOV9J5sk0EQn1phKvY="></latexit>

PC & B Denet (2018)
<latexit sha1_base64="EAkzrXH5pK/LmPJFrW+hQAUejkg="></latexit><latexit sha1_base64="WbeSPEFaVlKHKH0xedDSI2x8ANc="></latexit><latexit sha1_base64="WbeSPEFaVlKHKH0xedDSI2x8ANc="></latexit><latexit sha1_base64="X29Gfxfj7wjPIiWWkPOqJIp2Dt4="></latexit>



Decay of a planar detonation when the piston is arrested suddenly 
PC & B Denet (2018)

<latexit sha1_base64="EAkzrXH5pK/LmPJFrW+hQAUejkg="></latexit><latexit sha1_base64="WbeSPEFaVlKHKH0xedDSI2x8ANc="></latexit><latexit sha1_base64="WbeSPEFaVlKHKH0xedDSI2x8ANc="></latexit><latexit sha1_base64="X29Gfxfj7wjPIiWWkPOqJIp2Dt4="></latexit>



Analytical study of unsteadiness for small heat release

in the limit of high thermal sensitivity b � 1

<latexit sha1_base64="+TgOzk98X83v99pGL4jqpW1S6Xs="></latexit><latexit sha1_base64="rKiSG2t1zX8IcWF7s2fMj1Aya/o="></latexit><latexit sha1_base64="rKiSG2t1zX8IcWF7s2fMj1Aya/o="></latexit><latexit sha1_base64="eRKjuGr4bpqMC9td/Y3tGCtX+Tc="></latexit>

@µ1

@⌧
+

@

@⇠


µoµ1 +

µ2
1

2

�
� y(⌧)

b

@µ1

@⇠
=

1

b
G(⇠, ⌧)� 1

b

µ1

�x
<latexit sha1_base64="/XQ8WsRZaRW7f+9wFOh13Ac7pPA="></latexit><latexit sha1_base64="LYZKYQVeHSSANGCvBVdRi3keYIc="></latexit><latexit sha1_base64="LYZKYQVeHSSANGCvBVdRi3keYIc="></latexit><latexit sha1_base64="HdoMc7nCP7AIlNTHUATNHDhnLOA="></latexit>

G(⇠, ⌧) ⌘ � 1

�x(⌧)
+H(⇠, ⌧) + J(⇠, ⌧) +K(⇠, ⌧) +W (⇠, ⌧)

<latexit sha1_base64="FypylF/Ia0lguRnziXVu7tETFhU="></latexit><latexit sha1_base64="BhwpfZULxwUADkGlJvqx0A0KYOA="></latexit><latexit sha1_base64="BhwpfZULxwUADkGlJvqx0A0KYOA="></latexit><latexit sha1_base64="PP1mNmTLC7O2qfgXqL0CWTaeipY="></latexit>

H(⇠, ⌧) ⌘ �µo(⇠, ⌧)

�x(⌧)
<latexit sha1_base64="Jfir431aFa4egAKM2Ssq0QhYyx8="></latexit><latexit sha1_base64="8s/Q0Tgpm9tdgeoUOeYQS/6LUns="></latexit><latexit sha1_base64="8s/Q0Tgpm9tdgeoUOeYQS/6LUns="></latexit><latexit sha1_base64="T8tfB490j+AK0VWXFLqMMVS8nl0="></latexit>

J(⇠, ⌧) ⌘ @µo(⇠, ⌧)

@⇠
y(⌧)

<latexit sha1_base64="+VVi+HaXbE09kIp2ZmqxKr6Eobo="></latexit><latexit sha1_base64="J/DXf5htsG0Gdc/+t8Q8tq1At4Y="></latexit><latexit sha1_base64="J/DXf5htsG0Gdc/+t8Q8tq1At4Y="></latexit><latexit sha1_base64="fBkGvgoX1uDCr7Ca0F7ar0K8LEk="></latexit>

K(⇠, ⌧) ⌘ �b
@µo(⇠, ⌧)

@⌧
<latexit sha1_base64="bH9yTagqbYrmnTC7ugjzrXOrREg="></latexit><latexit sha1_base64="vyUaPf2hSumYWu0lcC0pK4NYC8c="></latexit><latexit sha1_base64="vyUaPf2hSumYWu0lcC0pK4NYC8c="></latexit><latexit sha1_base64="Ec3WGPIiej1iNd8aGHvVtVRXr58="></latexit>

W (⇠, ⌧) ⌘ bw(⇠, ⌧)
<latexit sha1_base64="t0pasjVwOK/P8L8QaCP1YGjfG1M="></latexit><latexit sha1_base64="+dgtPrKl21Wvd0cpGhBB1BYVMpU="></latexit><latexit sha1_base64="+dgtPrKl21Wvd0cpGhBB1BYVMpU="></latexit><latexit sha1_base64="8YQs5r4yjR1DLtqeeiqIqUXr3YY="></latexit>

Z(⇠, ⌧) ⌘ b[µoµ1 + µ2
1/2]

<latexit sha1_base64="trjs4v3/MPxtJGYAN/NE2S0G8lY="></latexit><latexit sha1_base64="PzGJDK/WQkl+AZ5K54IItXdt/Hc="></latexit><latexit sha1_base64="PzGJDK/WQkl+AZ5K54IItXdt/Hc="></latexit><latexit sha1_base64="IWXkHGyPbYtpUe4AENwK0rmfcWg="></latexit>

µ(⇠, ⌧) = µo(⇠, ⌧) + µ1(⇠, ⌧)
<latexit sha1_base64="Yvg3ruHTsX+aENk8Fm+soUWvbSU="></latexit><latexit sha1_base64="eq1ZTAH7i0PhIXmH1p5FLXVB2to="></latexit><latexit sha1_base64="eq1ZTAH7i0PhIXmH1p5FLXVB2to="></latexit><latexit sha1_base64="H61QLT8I/CyHxIYRs5uky++eqg8="></latexit>

zeroth-order solution
<latexit sha1_base64="z76J1kfjrpC4G2MxYnLwLgsanjQ="></latexit><latexit sha1_base64="9PPMW0EyydFNl+0fH6xA+9yWbl0="></latexit><latexit sha1_base64="9PPMW0EyydFNl+0fH6xA+9yWbl0="></latexit><latexit sha1_base64="ZuX/BXP2dBY/FUP8MiefPbav3aQ="></latexit>

weakly stable and/or unstable detonations
<latexit sha1_base64="dqGsIxAZSUzr/49WzKkx0rfkLCs="></latexit><latexit sha1_base64="L5bN0akguIqfmI55fSVWD2zoJqo="></latexit><latexit sha1_base64="L5bN0akguIqfmI55fSVWD2zoJqo="></latexit><latexit sha1_base64="QDgDHBkVFvzpMi+p8PmrOXLwybY="></latexit>

MODEL
<latexit sha1_base64="Yk9TrZzflYvg77xOvG9r+qYLg+w="></latexit><latexit sha1_base64="nwRB6mbr+ui9a2MEeNVM5k6Tt1k="></latexit><latexit sha1_base64="nwRB6mbr+ui9a2MEeNVM5k6Tt1k="></latexit><latexit sha1_base64="b8Rs8oCiYKx9AdU2CxLXB0wPWrw="></latexit>

w(⇠, ⌧) ⌘ 1

2

h
ey(⌧)!oCJ (⇠ e

y(⌧))� eyo(⌧)!oCJ (⇠ e
yo(⌧))

i

<latexit sha1_base64="xXWy0qL4tZmTfN5mke3KXDJ8C30="></latexit><latexit sha1_base64="ox5UKwkXYoboMUMh3O45pMamVms="></latexit><latexit sha1_base64="ox5UKwkXYoboMUMh3O45pMamVms="></latexit><latexit sha1_base64="RhdTwZBAf8B3Gut0DvD1BeB4WQY="></latexit>

W (⇠, ⌧) ⌘ � w(⇠, ⌧)
<latexit sha1_base64="TNnrsWzl2I+6eIoPTWXh3iIjlvs="></latexit><latexit sha1_base64="xsQXWD8EPCv6Q4NCIFpw0pVwzTo="></latexit><latexit sha1_base64="xsQXWD8EPCv6Q4NCIFpw0pVwzTo="></latexit><latexit sha1_base64="LLGOlTlVCKaXWhGZ8+Ff6LV4cKA="></latexit>

� = O(1)
<latexit sha1_base64="EUS4WG4lssYBr/8tdD2zEvCNNCw="></latexit><latexit sha1_base64="lPiuBG44lBsVvEL+KiocCXTe/6E="></latexit><latexit sha1_base64="lPiuBG44lBsVvEL+KiocCXTe/6E="></latexit><latexit sha1_base64="Yr5QTrm/dnh/knfv3c1Gc3upUUo="></latexit>

⇠ = 0 : µ = 1 + 2y(⌧)/b, ⇠ = �e�y(⌧) : µ =
p
2mb(⌧)/

p
b

<latexit sha1_base64="hS7odRP1HYhHz2554n38/UigOCg="></latexit><latexit sha1_base64="k271DRuEwRVxVbFR+PncLF1McQo="></latexit><latexit sha1_base64="k271DRuEwRVxVbFR+PncLF1McQo="></latexit><latexit sha1_base64="No1wszWPmhqRAoAfJr0Hn10Zs9w="></latexit>

@Z

@⌧
+ µo

@Z

@⇠
� bµ1

@µo

@⌧
⇡ µo(⇠, ⌧)G(⇠, ⌧)

<latexit sha1_base64="jzYQMgT/ZNKlOtA414/TUiqy37E="></latexit><latexit sha1_base64="fe8Myouyz3nK4K5hLgsLa0sGSn8="></latexit><latexit sha1_base64="fe8Myouyz3nK4K5hLgsLa0sGSn8="></latexit><latexit sha1_base64="P+9tnoMoynm0tRVptYuHSTegFMU="></latexit>

µ1@µ1/@⌧
<latexit sha1_base64="ysQJqIw0wLvss2CsLfrCd/JLwAw="></latexit><latexit sha1_base64="XXuYx5rrBjRPei5J/6ISHv4T6Gg="></latexit><latexit sha1_base64="XXuYx5rrBjRPei5J/6ISHv4T6Gg="></latexit><latexit sha1_base64="tNuSIp/AE+baK63vqTmrx3PXBKY="></latexit>

moderate unsteadiness
<latexit sha1_base64="xmx+/HXmM1u+ehUi2a3ES2R2BZc="></latexit><latexit sha1_base64="y0BqC3u8WozCKuz+lmNvf6l6+Ko="></latexit><latexit sha1_base64="y0BqC3u8WozCKuz+lmNvf6l6+Ko="></latexit><latexit sha1_base64="WM5eD7Lkzmxcim+S9r/P2n7YvFw="></latexit>

(� � 1) = O(1/
p
b)

<latexit sha1_base64="0ZgqZErjOrUyft1ZE/yz/S3CLV0="></latexit><latexit sha1_base64="92/aNdluL6HN9I6sEc3t5Mi77Ok="></latexit><latexit sha1_base64="92/aNdluL6HN9I6sEc3t5Mi77Ok="></latexit><latexit sha1_base64="Yv9toMOaeoshI4/ZAY3YU8xjdBY="></latexit>



Z(⇠, ⌧) ⌘ b[µoµ1 + µ2
1/2]

<latexit sha1_base64="trjs4v3/MPxtJGYAN/NE2S0G8lY="></latexit><latexit sha1_base64="PzGJDK/WQkl+AZ5K54IItXdt/Hc="></latexit><latexit sha1_base64="PzGJDK/WQkl+AZ5K54IItXdt/Hc="></latexit><latexit sha1_base64="IWXkHGyPbYtpUe4AENwK0rmfcWg="></latexit>

@Z

@⌧
+ µo

@Z

@⇠
� bµ1

@µo

@⌧
⇡ µo(⇠, ⌧)G(⇠, ⌧)

<latexit sha1_base64="jzYQMgT/ZNKlOtA414/TUiqy37E="></latexit><latexit sha1_base64="fe8Myouyz3nK4K5hLgsLa0sGSn8="></latexit><latexit sha1_base64="fe8Myouyz3nK4K5hLgsLa0sGSn8="></latexit><latexit sha1_base64="P+9tnoMoynm0tRVptYuHSTegFMU="></latexit>

⇣(⇠, ⌧) ⌘
Z ⇠

0

d⇠0

µo(⇠0, ⌧)
< 0,

@⇣(⇠, ⌧)

@⌧
= �

Z ⇠

0

@µo(⇠0, ⌧)/@⌧

µ2
o(⇠

0, ⌧)
d⇠0

<latexit sha1_base64="G6whbRB1rl790Sl+aQ2yCA5md2M="></latexit><latexit sha1_base64="kQpGYUm8SBIxrcmuZD/qPwzJBkE="></latexit><latexit sha1_base64="kQpGYUm8SBIxrcmuZD/qPwzJBkE="></latexit><latexit sha1_base64="gfddyp+0+cxBTU0NlOKs2/xIv2U="></latexit>

time delay
<latexit sha1_base64="lPcm+AkrbyIrITGkfwWTk0aBCRI="></latexit><latexit sha1_base64="VnZw5NlGmWRgAfaAakl7Iqfvs5s="></latexit><latexit sha1_base64="VnZw5NlGmWRgAfaAakl7Iqfvs5s="></latexit><latexit sha1_base64="UlSebIEg0oMDl1vvZBdBF3IP9bo="></latexit>

µo(⇠, ⌧)
@

@⇠
! @

@⇣
,

@

@⌧
! @

@⌧
+

@⇣(⇠, ⌧)

@⌧

@

@⇣
=

@

@⌧
+

@⇣

@⌧
µo(⇠, ⌧)

@

@⇠
<latexit sha1_base64="hizidkZefnxGq6U8tp7BtIw3bKU="></latexit><latexit sha1_base64="o3jgeogph1610d2iBIKcvH7KF4o="></latexit><latexit sha1_base64="o3jgeogph1610d2iBIKcvH7KF4o="></latexit><latexit sha1_base64="5HYjunFEKZdUDmvYYe+63TGuOdo="></latexit>

|@⇣(⇠, ⌧)/@⌧ | ⌧ 1, µ�1
o @µo(⇠, ⌧)/@⌧ ⌧ 1,

<latexit sha1_base64="2xCrE+yO4UDtgzGSjFe26r6W+CY="></latexit><latexit sha1_base64="AqA4/ylF0wx4ht08boGaoC4UjbU="></latexit><latexit sha1_base64="AqA4/ylF0wx4ht08boGaoC4UjbU="></latexit><latexit sha1_base64="PrArAZO4yp2y5PmxnnpJsPGUNg0="></latexit>

slow dynamics of the zeroth-order solution
<latexit sha1_base64="3/0FxvxTX8cBOS9XmH/b/Oa/7Hk="></latexit><latexit sha1_base64="b26d5WWI9iKCaMbaADWi8Bz1jXs="></latexit><latexit sha1_base64="b26d5WWI9iKCaMbaADWi8Bz1jXs="></latexit><latexit sha1_base64="W6jfuoj/e7qelDJCTYZj2/XfgbY="></latexit>

Z(⇣, ⌧) =

Z ⇣

⇣b

G(⇣ 0, ⌧ + ⇣ 0 � ⇣)d⇣ 0 + Zb(⌧ � ⇣ + ⇣b)
<latexit sha1_base64="fHEvaa8Iocvx8h3CiYuaYAaN0Io="></latexit><latexit sha1_base64="2vRstvlXlT8UVc2DZScnquiqHQY="></latexit><latexit sha1_base64="2vRstvlXlT8UVc2DZScnquiqHQY="></latexit><latexit sha1_base64="OC/sfOoZrozXS8rLJ9pDM7n6DnY="></latexit>

@Z(⇣, ⌧)

@⌧
+

@Z(⇣, ⌧)

@⇣
= G(⇣, ⌧) where G(⇣, ⌧) ⌘ µo(⇠, ⌧)G(⇠, ⌧),

<latexit sha1_base64="rJ+XsFtJ1wNTxl9y4XDQJlRtHNo="></latexit><latexit sha1_base64="SaamdKb8P5Co/UYD+eqNtqKbVNQ="></latexit><latexit sha1_base64="SaamdKb8P5Co/UYD+eqNtqKbVNQ="></latexit><latexit sha1_base64="Jf3W55GkIbxaLdLtEbg/ZBUrLY8="></latexit>

⇠(⇣, ⌧)
<latexit sha1_base64="g6vWphbWfbbZfCDw3jaOFVWJO+4="></latexit><latexit sha1_base64="K6nAwLUbQG07YwmFZudpmafeGpw="></latexit><latexit sha1_base64="K6nAwLUbQG07YwmFZudpmafeGpw="></latexit><latexit sha1_base64="2nIusP7KyU/+JR8sxCqXpA+IY0I="></latexit>

⇠ = 0 : µo + µ1 = 1 + 2y(⌧)/b, ⇠ = �e�y(⌧) : µo + µ1 =
p
2mb(⌧)/

p
b

<latexit sha1_base64="/k3jeW1fvmsa1KPp8sg5ssvxAZM="></latexit><latexit sha1_base64="Rlzc4WTDj84KzpLdIHynw9XRLws="></latexit><latexit sha1_base64="Rlzc4WTDj84KzpLdIHynw9XRLws="></latexit><latexit sha1_base64="ZmKaTs7Ufh/Jb9y87WgphRgQ7pk="></latexit>



⇣
µo �

yo
b

⌘ @µo

@⇠
=

1

2
eyo!oCJ (⇠ e

yo)
<latexit sha1_base64="fZ3XPcz5mPENaRLBXXQt6jAK3UQ="></latexit><latexit sha1_base64="/TeOs1hlEYWeQSNu2lGDatxYf3k="></latexit><latexit sha1_base64="/TeOs1hlEYWeQSNu2lGDatxYf3k="></latexit><latexit sha1_base64="7nMa9xBaRnpJLM+kiHEI7fOHG8I="></latexit>

⇠ = 0 : µo = 1 +
2yo
b

, ⇠ = �e�yo : µo =

p
2mb(⌧)p

b
,

<latexit sha1_base64="7Zj/V19JlydqN/R+jf48tTrBmGs="></latexit><latexit sha1_base64="fkprpVbMS1Ioqlll5wofzBTBRXA="></latexit><latexit sha1_base64="fkprpVbMS1Ioqlll5wofzBTBRXA="></latexit><latexit sha1_base64="kqKuHqCRIoeSTz07N90Oo89UrP4="></latexit>

µo(⇠, ⌧)�
yo(⌧)

b
=

vuut
"p

2mb(⌧)p
b

� yo(⌧)

b

#2

+ µ2
oCJ

(⇠eyo(⌧))

<latexit sha1_base64="WQCzlyGC7LTA6o53FhRq6j8jxFY="></latexit><latexit sha1_base64="95GAV6zYV5my5PZ2yjyhn2d6cPA="></latexit><latexit sha1_base64="95GAV6zYV5my5PZ2yjyhn2d6cPA="></latexit><latexit sha1_base64="Ss5Gm0HEDihVAaFF8s43ji+2VaQ="></latexit>

yo(⌧) =
mb

2(⌧)

[1 +
p
2mb(⌧)/

p
b]

= mb
2(⌧) +O(1/

p
b)

<latexit sha1_base64="7v5KXauitsAJ8KGtcRHlRHr7Dq8="></latexit><latexit sha1_base64="JZ9F/cRZBFX+RzYemchyJugx3tU="></latexit><latexit sha1_base64="JZ9F/cRZBFX+RzYemchyJugx3tU="></latexit><latexit sha1_base64="UA2usgwr1+9d4ylVURhL6rwL8tg="></latexit>

yo ⇡ mb
2

<latexit sha1_base64="26zHG+d2CDNdhOjx6WIIH4ICPFQ="></latexit><latexit sha1_base64="NUPFqd9omnQb5ZbGGYxnlrbF1Uc="></latexit><latexit sha1_base64="NUPFqd9omnQb5ZbGGYxnlrbF1Uc="></latexit><latexit sha1_base64="gLxX4DEbH6bQuPgchmzlWnYT2W8="></latexit>

x
<latexit sha1_base64="zIR3FWDqTq4QrRnkifjZdCQZJrY="></latexit><latexit sha1_base64="RJpXoiB4ve3VJtpTKvrCl3utkIs="></latexit><latexit sha1_base64="RJpXoiB4ve3VJtpTKvrCl3utkIs="></latexit><latexit sha1_base64="qw5kL2BXrpu6A9A34gL6HfL6Tqw=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVZIi6LLgxmUL9gG1lEk6rWOTTEgmYin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhxYFIleO8FqyV1bX1jeJmaWt7Z3evvH/QTmWW+Lzly0AmXY+lPBARbymhAt6NE85CL+Adb3Kp4517nqRCRtdqGvN+yMaRGAmfKaKaD4Nyxak65tjLwM1BBflpyPILbjCEhI8MITgiKMIBGFL6enDhICaujxlxCSFh4hxzlCg3IxUnBSN2Qv8xvWaEJWkk6eewcUJxScqEsHa2TTwzLpr93YdRTbqOKd1e7hUSq3BL7F95C+V/83rEKoxwYboVNIvYMHoqfu6SmQnoyu0vXSlyiInTeEjxhLBvMhcztU1OanrXc2Qm/maUmtVvP9dmeNdV0jLdn6tbBu1a1XWqbtOp1M/ytRZxhGOc0u7OUccVGmgZ70c84dmqWV1rYLFPqVXIcw7x7Vh3HzI1iuQ=</latexit>0

<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

mb = mbi �
p
b ln(x/xi)

<latexit sha1_base64="yIv6DAzN2zD/iXtY/04f+RzL0lQ="></latexit><latexit sha1_base64="MAtfAoigFRP0jJ3kvWzlHv7dC+g="></latexit><latexit sha1_base64="MAtfAoigFRP0jJ3kvWzlHv7dC+g="></latexit><latexit sha1_base64="3ZNxKwqP3mR8zqTWL8SHAx/7tek="></latexit>

dx/d⌧ = 1/(b�)
<latexit sha1_base64="tmj4zyN7iHKK9vciiRgRiAffiic="></latexit><latexit sha1_base64="P59jl9HsNMap/Q7h8haSxa7GWUo="></latexit><latexit sha1_base64="P59jl9HsNMap/Q7h8haSxa7GWUo="></latexit><latexit sha1_base64="FayOrrz842EtP8nuo2F/2DicBQ8="></latexit>

Zeroth-order solution:

Planar overdriven detonation decaying to CJ in the quasi-steady approximation

µo(⇠, ⌧) = µoCJ (⇠e
mb

2(⌧)) +O(1/
p
b)

<latexit sha1_base64="B5DedbAc2+0W62P16d3qpB0tsPU="></latexit><latexit sha1_base64="HuCKbqzu1s0JGZE9/EKNS4BdKac="></latexit><latexit sha1_base64="HuCKbqzu1s0JGZE9/EKNS4BdKac="></latexit><latexit sha1_base64="ocXUqXtrNrAqF/oowYor7UrpDqk="></latexit>

µo(⇠, ⌧) =

r
2mb

2(⌧)

b
+ µ2

oCJ
(⇠eyo(⌧)) +O(1/b)

<latexit sha1_base64="a6hP20wthQtaCWBXG62Gn8aM2gs="></latexit><latexit sha1_base64="n5hykdADBYlFJCoRk1ajUbDZm8w="></latexit><latexit sha1_base64="n5hykdADBYlFJCoRk1ajUbDZm8w="></latexit><latexit sha1_base64="HqcApG0UWEeNnC2IIsQTKmUmGOs="></latexit>

⇠
<latexit sha1_base64="wyE2tT6EvhoWLB6JnKQubvM/CLs="></latexit><latexit sha1_base64="SSUrzZUskND9qSwTIhaXI1N+Ipc="></latexit><latexit sha1_base64="SSUrzZUskND9qSwTIhaXI1N+Ipc="></latexit><latexit sha1_base64="Ei4kR2X+1vGK8IO2TPURVqnAHP0=">AAACsnicjVHLSsNAFD2Nr1pfVZdugkVwVRIp6LLgxmVF+8C2yCSd1qFJJiQTsZR+glv9Kj/AP9C/8M6YglpEJ5A5c+65h/vw4kCkynFeC9bS8srqWnG9tLG5tb1T3t1rpTJLfN70ZSCTjsdSHoiIN5VQAe/ECWehF/C2Nz7X8fY9T1Iho2s1iXk/ZKNIDIXPFFFXvQdxW644VcccexG4OaggPw1ZfkEPA0j4yBCCI4IiHIAhpa8LFw5i4vqYEpcQEibOMUOJcjNScVIwYsf0H9FrSliSRpJ+BhtHFJekTAhrZ9vEM+Oi2d99GNWk65jQ7eVeIbEKd8T+lTdX/jevS6zCEGemW0GziA2jp+LnLpmZgK7c/tKVIoeYOI0HFE8I+yZzPlPb5KSmdz1HZuJvRqlZ/fZzbYZ3XSUt0/25ukXQOqm6TtW9dCr1Wr7WIg5wiGPa3SnquEADTfIe4RFPeLZq1o3FLP9TahXynH18O1bwAUNZi70=</latexit>

�e�mb
2

<latexit sha1_base64="af3mwcP53RQ34DOQn4hDms/+ioI="></latexit><latexit sha1_base64="gRIZJ+tAHxCHV8FOy+LwnSNYwkE="></latexit><latexit sha1_base64="gRIZJ+tAHxCHV8FOy+LwnSNYwkE="></latexit><latexit sha1_base64="caKKY4aiLfRyNtoyT8WTSTxl1X4="></latexit>

�e�y
<latexit sha1_base64="H7XOIMkMoV0dxwH2F35QcJuVf30="></latexit><latexit sha1_base64="Kgbotr8CGy5pt6Ua+SYLcEwbKa8="></latexit><latexit sha1_base64="Kgbotr8CGy5pt6Ua+SYLcEwbKa8="></latexit><latexit sha1_base64="+6URKxUcPvp3JLaw3hhuTBrbgq8="></latexit>

0
<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

⇡ 1
<latexit sha1_base64="1r5AJ9eI70m9dhvW7CsYJYRfgTw="></latexit><latexit sha1_base64="mI2qCRCBigcbcSbZHuQLy2wICt8="></latexit><latexit sha1_base64="mI2qCRCBigcbcSbZHuQLy2wICt8="></latexit><latexit sha1_base64="cN9kNhk3S2h7kCyr1TGB7ZEIT3M="></latexit>

p
2mb(⌧)/

p
b ⌧ 1,

<latexit sha1_base64="ArQexbyMf7tJ0pGjM4IcosDdSU0="></latexit><latexit sha1_base64="X0F7i5l+iTmjyJd3umTo8K8dsug="></latexit><latexit sha1_base64="X0F7i5l+iTmjyJd3umTo8K8dsug="></latexit><latexit sha1_base64="e8YEw1H8kDkdcIt+7xTHJCC8C6A="></latexit>

µo(⇠, ⌧)
<latexit sha1_base64="rJOejLarbefU/6JYiZ5wc8liT00="></latexit><latexit sha1_base64="agVOtjTs5dLC3U5khn/iHWIQSYk="></latexit><latexit sha1_base64="agVOtjTs5dLC3U5khn/iHWIQSYk="></latexit><latexit sha1_base64="yk/cxo3QpoVaVzmTUxABttHprqA="></latexit>

mb(⌧) ⇡ mbi � (
p
2�)�1(⌧ � ⌧i)/

p
b

<latexit sha1_base64="R/3jyRKYQyjFNrgxF+JlFKUVQ3U="></latexit><latexit sha1_base64="aCkFvZiF9c0QDGnCtZKXi0QB1MY="></latexit><latexit sha1_base64="aCkFvZiF9c0QDGnCtZKXi0QB1MY="></latexit><latexit sha1_base64="IynjIb8RvgI/pS/WXbN9FWp9ySA="></latexit>



µo(⇠, ⌧)�
yo(⌧)

b
=

vuut
"p

2mb(⌧)p
b

� yo(⌧)

b

#2

+ µ2
oCJ

(⇠eyo(⌧))

<latexit sha1_base64="WQCzlyGC7LTA6o53FhRq6j8jxFY="></latexit><latexit sha1_base64="95GAV6zYV5my5PZ2yjyhn2d6cPA="></latexit><latexit sha1_base64="95GAV6zYV5my5PZ2yjyhn2d6cPA="></latexit><latexit sha1_base64="Ss5Gm0HEDihVAaFF8s43ji+2VaQ="></latexit>

yo(⌧) =
mb

2(⌧)

[1 +
p
2mb(⌧)/

p
b]

= mb
2(⌧) +O(1/

p
b)

<latexit sha1_base64="7v5KXauitsAJ8KGtcRHlRHr7Dq8="></latexit><latexit sha1_base64="JZ9F/cRZBFX+RzYemchyJugx3tU="></latexit><latexit sha1_base64="JZ9F/cRZBFX+RzYemchyJugx3tU="></latexit><latexit sha1_base64="UA2usgwr1+9d4ylVURhL6rwL8tg="></latexit>

yo ⇡ mb
2

<latexit sha1_base64="26zHG+d2CDNdhOjx6WIIH4ICPFQ="></latexit><latexit sha1_base64="NUPFqd9omnQb5ZbGGYxnlrbF1Uc="></latexit><latexit sha1_base64="NUPFqd9omnQb5ZbGGYxnlrbF1Uc="></latexit><latexit sha1_base64="gLxX4DEbH6bQuPgchmzlWnYT2W8="></latexit>

x
<latexit sha1_base64="zIR3FWDqTq4QrRnkifjZdCQZJrY="></latexit><latexit sha1_base64="RJpXoiB4ve3VJtpTKvrCl3utkIs="></latexit><latexit sha1_base64="RJpXoiB4ve3VJtpTKvrCl3utkIs="></latexit><latexit sha1_base64="qw5kL2BXrpu6A9A34gL6HfL6Tqw=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVZIi6LLgxmUL9gG1lEk6rWOTTEgmYin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhxYFIleO8FqyV1bX1jeJmaWt7Z3evvH/QTmWW+Lzly0AmXY+lPBARbymhAt6NE85CL+Adb3Kp4517nqRCRtdqGvN+yMaRGAmfKaKaD4Nyxak65tjLwM1BBflpyPILbjCEhI8MITgiKMIBGFL6enDhICaujxlxCSFh4hxzlCg3IxUnBSN2Qv8xvWaEJWkk6eewcUJxScqEsHa2TTwzLpr93YdRTbqOKd1e7hUSq3BL7F95C+V/83rEKoxwYboVNIvYMHoqfu6SmQnoyu0vXSlyiInTeEjxhLBvMhcztU1OanrXc2Qm/maUmtVvP9dmeNdV0jLdn6tbBu1a1XWqbtOp1M/ytRZxhGOc0u7OUccVGmgZ70c84dmqWV1rYLFPqVXIcw7x7Vh3HzI1iuQ=</latexit>0

<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

mb = mbi �
p
b ln(x/xi)

<latexit sha1_base64="yIv6DAzN2zD/iXtY/04f+RzL0lQ="></latexit><latexit sha1_base64="MAtfAoigFRP0jJ3kvWzlHv7dC+g="></latexit><latexit sha1_base64="MAtfAoigFRP0jJ3kvWzlHv7dC+g="></latexit><latexit sha1_base64="3ZNxKwqP3mR8zqTWL8SHAx/7tek="></latexit>

dx/d⌧ = 1/(b�)
<latexit sha1_base64="tmj4zyN7iHKK9vciiRgRiAffiic="></latexit><latexit sha1_base64="P59jl9HsNMap/Q7h8haSxa7GWUo="></latexit><latexit sha1_base64="P59jl9HsNMap/Q7h8haSxa7GWUo="></latexit><latexit sha1_base64="FayOrrz842EtP8nuo2F/2DicBQ8="></latexit>

Zeroth-order solution:

Planar overdriven detonation decaying to CJ in the quasi-steady approximation

µo(⇠, ⌧) = µoCJ (⇠e
mb

2(⌧)) +O(1/
p
b)

<latexit sha1_base64="B5DedbAc2+0W62P16d3qpB0tsPU="></latexit><latexit sha1_base64="HuCKbqzu1s0JGZE9/EKNS4BdKac="></latexit><latexit sha1_base64="HuCKbqzu1s0JGZE9/EKNS4BdKac="></latexit><latexit sha1_base64="ocXUqXtrNrAqF/oowYor7UrpDqk="></latexit>

µo(⇠, ⌧) =

r
2mb

2(⌧)

b
+ µ2

oCJ
(⇠eyo(⌧)) +O(1/b)

<latexit sha1_base64="a6hP20wthQtaCWBXG62Gn8aM2gs="></latexit><latexit sha1_base64="n5hykdADBYlFJCoRk1ajUbDZm8w="></latexit><latexit sha1_base64="n5hykdADBYlFJCoRk1ajUbDZm8w="></latexit><latexit sha1_base64="HqcApG0UWEeNnC2IIsQTKmUmGOs="></latexit>

⇠
<latexit sha1_base64="wyE2tT6EvhoWLB6JnKQubvM/CLs="></latexit><latexit sha1_base64="SSUrzZUskND9qSwTIhaXI1N+Ipc="></latexit><latexit sha1_base64="SSUrzZUskND9qSwTIhaXI1N+Ipc="></latexit><latexit sha1_base64="Ei4kR2X+1vGK8IO2TPURVqnAHP0=">AAACsnicjVHLSsNAFD2Nr1pfVZdugkVwVRIp6LLgxmVF+8C2yCSd1qFJJiQTsZR+glv9Kj/AP9C/8M6YglpEJ5A5c+65h/vw4kCkynFeC9bS8srqWnG9tLG5tb1T3t1rpTJLfN70ZSCTjsdSHoiIN5VQAe/ECWehF/C2Nz7X8fY9T1Iho2s1iXk/ZKNIDIXPFFFXvQdxW644VcccexG4OaggPw1ZfkEPA0j4yBCCI4IiHIAhpa8LFw5i4vqYEpcQEibOMUOJcjNScVIwYsf0H9FrSliSRpJ+BhtHFJekTAhrZ9vEM+Oi2d99GNWk65jQ7eVeIbEKd8T+lTdX/jevS6zCEGemW0GziA2jp+LnLpmZgK7c/tKVIoeYOI0HFE8I+yZzPlPb5KSmdz1HZuJvRqlZ/fZzbYZ3XSUt0/25ukXQOqm6TtW9dCr1Wr7WIg5wiGPa3SnquEADTfIe4RFPeLZq1o3FLP9TahXynH18O1bwAUNZi70=</latexit>

�e�mb
2

<latexit sha1_base64="af3mwcP53RQ34DOQn4hDms/+ioI="></latexit><latexit sha1_base64="gRIZJ+tAHxCHV8FOy+LwnSNYwkE="></latexit><latexit sha1_base64="gRIZJ+tAHxCHV8FOy+LwnSNYwkE="></latexit><latexit sha1_base64="caKKY4aiLfRyNtoyT8WTSTxl1X4="></latexit>

�e�y
<latexit sha1_base64="H7XOIMkMoV0dxwH2F35QcJuVf30="></latexit><latexit sha1_base64="Kgbotr8CGy5pt6Ua+SYLcEwbKa8="></latexit><latexit sha1_base64="Kgbotr8CGy5pt6Ua+SYLcEwbKa8="></latexit><latexit sha1_base64="+6URKxUcPvp3JLaw3hhuTBrbgq8="></latexit>

0
<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

⇡ 1
<latexit sha1_base64="1r5AJ9eI70m9dhvW7CsYJYRfgTw="></latexit><latexit sha1_base64="mI2qCRCBigcbcSbZHuQLy2wICt8="></latexit><latexit sha1_base64="mI2qCRCBigcbcSbZHuQLy2wICt8="></latexit><latexit sha1_base64="cN9kNhk3S2h7kCyr1TGB7ZEIT3M="></latexit>

p
2mb(⌧)/

p
b ⌧ 1,

<latexit sha1_base64="ArQexbyMf7tJ0pGjM4IcosDdSU0="></latexit><latexit sha1_base64="X0F7i5l+iTmjyJd3umTo8K8dsug="></latexit><latexit sha1_base64="X0F7i5l+iTmjyJd3umTo8K8dsug="></latexit><latexit sha1_base64="e8YEw1H8kDkdcIt+7xTHJCC8C6A="></latexit>

µo(⇠, ⌧)
<latexit sha1_base64="rJOejLarbefU/6JYiZ5wc8liT00="></latexit><latexit sha1_base64="agVOtjTs5dLC3U5khn/iHWIQSYk="></latexit><latexit sha1_base64="agVOtjTs5dLC3U5khn/iHWIQSYk="></latexit><latexit sha1_base64="yk/cxo3QpoVaVzmTUxABttHprqA="></latexit>

mb(⌧) ⇡ mbi � (
p
2�)�1(⌧ � ⌧i)/

p
b

<latexit sha1_base64="R/3jyRKYQyjFNrgxF+JlFKUVQ3U="></latexit><latexit sha1_base64="aCkFvZiF9c0QDGnCtZKXi0QB1MY="></latexit><latexit sha1_base64="aCkFvZiF9c0QDGnCtZKXi0QB1MY="></latexit><latexit sha1_base64="IynjIb8RvgI/pS/WXbN9FWp9ySA="></latexit>

⇠
<latexit sha1_base64="wyE2tT6EvhoWLB6JnKQubvM/CLs="></latexit><latexit sha1_base64="SSUrzZUskND9qSwTIhaXI1N+Ipc="></latexit><latexit sha1_base64="SSUrzZUskND9qSwTIhaXI1N+Ipc="></latexit><latexit sha1_base64="Ei4kR2X+1vGK8IO2TPURVqnAHP0=">AAACsnicjVHLSsNAFD2Nr1pfVZdugkVwVRIp6LLgxmVF+8C2yCSd1qFJJiQTsZR+glv9Kj/AP9C/8M6YglpEJ5A5c+65h/vw4kCkynFeC9bS8srqWnG9tLG5tb1T3t1rpTJLfN70ZSCTjsdSHoiIN5VQAe/ECWehF/C2Nz7X8fY9T1Iho2s1iXk/ZKNIDIXPFFFXvQdxW644VcccexG4OaggPw1ZfkEPA0j4yBCCI4IiHIAhpa8LFw5i4vqYEpcQEibOMUOJcjNScVIwYsf0H9FrSliSRpJ+BhtHFJekTAhrZ9vEM+Oi2d99GNWk65jQ7eVeIbEKd8T+lTdX/jevS6zCEGemW0GziA2jp+LnLpmZgK7c/tKVIoeYOI0HFE8I+yZzPlPb5KSmdz1HZuJvRqlZ/fZzbYZ3XSUt0/25ukXQOqm6TtW9dCr1Wr7WIg5wiGPa3SnquEADTfIe4RFPeLZq1o3FLP9TahXynH18O1bwAUNZi70=</latexit>

�e�mb
2

<latexit sha1_base64="af3mwcP53RQ34DOQn4hDms/+ioI="></latexit><latexit sha1_base64="gRIZJ+tAHxCHV8FOy+LwnSNYwkE="></latexit><latexit sha1_base64="gRIZJ+tAHxCHV8FOy+LwnSNYwkE="></latexit><latexit sha1_base64="caKKY4aiLfRyNtoyT8WTSTxl1X4="></latexit>

�e�y
<latexit sha1_base64="H7XOIMkMoV0dxwH2F35QcJuVf30="></latexit><latexit sha1_base64="Kgbotr8CGy5pt6Ua+SYLcEwbKa8="></latexit><latexit sha1_base64="Kgbotr8CGy5pt6Ua+SYLcEwbKa8="></latexit><latexit sha1_base64="+6URKxUcPvp3JLaw3hhuTBrbgq8="></latexit>

0
<latexit sha1_base64="ej975fyXLvx/mvsSPcyIFeEsDJs="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="Gs1Dozb5qJWqbQdJluRQ0mYku5Q="></latexit><latexit sha1_base64="h+UW2nayipU+0cVbiFNTXLUROVE=">AAACsHicjVHLSsNAFD2Nr1pfVZdugkVwVSYi6LLgxmUL9gG1lEk6rWOTTkgmQin9Arf6WX6Af6B/4Z0xBbWITiBz5txzD/fhx6FMNWOvBWdldW19o7hZ2tre2d0r7x+0UpUlgWgGKlRJx+epCOVENLXUoejEieCRH4q2P74y8faDSFKpJjd6GotexEcTOZQB10Q1WL9cYVVmj7sMvBxUkJ+6Kr/gFgMoBMgQQWACTTgER0pfFx4YYuJ6mBGXEJI2LjBHiXIzUglScGLH9B/Ra0ZYkUaRfg4XJxRXpEwIG2fXxjPrYtjffTjVZOqY0u3nXhGxGnfE/pW3UP43r0usxhCXtltJs4gtY6YS5C6ZnYCp3P3SlSaHmDiDBxRPCAc2czFT1+aktnczR27jb1ZpWPMOcm2Gd1MlLdP7ubpl0DqreqzqNVildp6vtYgjHOOUdneBGq5RR9N6P+IJz86Z03H6Dv+UOoU85xDfjnP/AYzGipw=</latexit>

µoCJ (⇠e
mb

2

)
<latexit sha1_base64="QQjuO5mFhywvFw/FpINBgCUXu4s="></latexit><latexit sha1_base64="PB+TcJt0nyndgbcX6oF8dpD+i8w="></latexit><latexit sha1_base64="PB+TcJt0nyndgbcX6oF8dpD+i8w="></latexit><latexit sha1_base64="AMZ1EaJco9fmFTLt5Aeq2wOYSVU="></latexit>

1
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Approximate results using the assumption 
of a flame structure in quasi-steady state. 

This assumption is not justified but the results 
are encouraging for further theoretical works  
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PRELIMINARY NUMERICAL RESULTS
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CONCLUSION
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The preliminary results of the theoretical analysis of unsteadiness 
in the direct initiation of gaseous detonations are encouraging

The long-range memory effects exhibited in the limit of small heat  
release are found to be responsible for the main unsteadiness effects

Work is in progress for treating the hot boundary difficulty in a  
systematic way through an asymptotic limit


