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thermicity
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Erpenbeck 1964, Lee and Stewart 1990, Short, Sharpe, Kasimov, Tumin, ...
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Strehlow 1967 2H2+02+7Ar

Gamezo et al 1999 E/RT =7.4 DY/Dt = -A(1-y) exp(-E/RT)
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2H2+02+17Ar, 20kPa cellsize: 48 mm
ZND-calculated Induction-zone-length at CJ-state: 1.6 mm

Pintgen 2000 24
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2H2+02+17Ar 2H,+0,+ 8 N, H2+ N20 +3 N2
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H,-O, Chemistry:
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H,-O, Chemistry: Two Pathways

« Peroxide Straight-Chain Pathway

H+O,+MIHO, +M

HO, + HO, ' H,O, + O,

H,O,+M!I20H+M R1
5 8° (Rate Limiting Step)

J 4—  Chain-Branching Pathway
| H+O,!OH+O R?2
(Rate Limiting Step)
w O+ H,OH +H
OH+H,!H,O+H
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Mole Fraction
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Detonation
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Stoichiometric Stoichiometric
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Hydrocarbon Oxidation

 Many Pathways
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Modeling Competing Radicals

Chemistry
Ky
1) R®B H, +O, ® HO, + H
K _‘I_H+62 << OH +O
: L
pathway (2) R+B®2B _|_O +H, <<OH + H

4+OH + H, << H,O+ H

(@ R*BFM®C+M | H+O0.+M << HO, +M

< iHO, + HO, ® H,0, + O,
(4 C®2B 1H,0, + M << 20H + M

(5) B+B+M®Pr+2M | H+OH +M << H,0+M

Psuedo species: R (H,, O,), B (OH, H, O), C (HO,, H,0,), Pr(H,0)
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Ucj _, D=0.029 mm D,/D.=0.9

85%Ucj -D=0.16 mm D,/D,=1.5

10° -
! 4 3400
13200
10" 3000
2800
2600

107

2400
2200

‘3 I/IIII IIIIII 1 llIII 1 IIlIIII | IIIIIll—
mm“’ 10" 10" 10' 10° 1052‘:"‘-jﬂl

Distance from shock front/A g

Ygis much larger than Y.

Temﬂ?.,rﬂj ure (K)

wiaaa

Case 2

Ucj _, D=0.64 mm D,/D,=1.3

85%Ucj -D=275mm D,/D,=33
10° 2200
T
2000
107 | YR
I \ 1800
107 |-
1600
-3 i I|IIII I.l'l:il IIIIIII IIIII'I I\IIIII'I 1 Ll Il ll]
mw'z 10" 10° 10' 10° 109400

Distance from shock front/A gj

Ygzis comparable with Y

48

Temperature



Species “B” (OH, H, or O)
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Fluctuations Iin Shock Velocity
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Probability

PDF — Velocity, Acceleration
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Probability
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Probability

Influence of Unsteadiness
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Quenching t; <ty Coupling, ty >ty
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Joint PDF (D, U)
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Fluctuations In spatial scales

Case 1l
regular

structure -
310“

Case 2
irregular
structure '3"

Y

e Irregular structure mmmplarger ratio between max D and min D
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Propagation limit in small tubes
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Quenching in porous tubes
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Formation of unburned “pockets
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63



Diffusive
burning?
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Warm reactants
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Large range of spatial & temporal scales

A 7.4 mm

-l

AN
3
500 nm 77 mm _

Stoichiometric hydrogen-oxygen mixture at an initial pressure of 20 kPa
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Square tube
latm Alatm

N. Tsuboi & A. K. Hayashi 2007
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Needs

e Scientific studies of turbulence

— Experiments with quantitative data on
statistics of flow field

— Statistical analysis of high-fidelity numerical
simulations

* Engineering models of turbulent fronts

— Subgrid scale models for quantitative
prediction and analysis
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