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End-gas Autoignition Behavior Affected with Temperature inhomogeneity
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The present study investigates the effect of temperature inhomogeneity on end-gas autoignition and subsequent

pressure wave development during knocking combustion of n-C;H 4/air and n-C4H;¢/air mixtures. We focused on the

spatial temperature gradient among temperature inhomogeneities. The discussion is based on a one-dimensional direct

numerical simulation, where the compressible Navier-Stokes equations are solved with detailed chemical kinetic

mechanisms. The result shows that smaller temperature gradient leads the end-gas combustion mode to a developing

detonation mode with severe pressure peaks, while larger gradients successfully reduce pressure peaks significantly

through the generation of a successive autoignition mode. A comparison between n-C;H;¢/air and n-C4H;y/air

mixtures demonstrated the influence of the NTC characteristic of n-C;H;s on end-gas autoignition behaviors.
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Fig. 3 Ignition delay time against temperature at 5 atm
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Fig. 4 Definition of knocking intensity
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Fig. 6 Knocking intensity of n-C7H16
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Fig. 7 A temporal sequence of pressure and temperature profiles for
T,=900 K,dT/dx =0 K/cm

5 32 MMERANFEL VRO L

%0
—— 11=4677e-3s
80 — - — Z+At
Jte20t
70 — - 4130t
——— 51Nl |
Ecor 6:t+5At /
© — — Ti+BAL N
< 501 —-- 8L el
g M=3.11e6s o 15
w 40— '
I ol |
[} 5
o 30 s s
20 ol :
L
10F
0 i i i i i i
05 1 15 2 25 3 35 4
x/cm
3500
[~
3000 |- =
e
v SO g 1
@ 2500 N |
<2 i 1
© M=311e6s
8 2000 - —— 1t=4677e3s !
= —-- 2Bt 1
(1} Jt+20t
F spol —-- 4t3at oA
—— Sit+4AL .
615t
— — Th6At
1000 —-- gl I I | I
05 1 15 2 25 3 35 4

Fig. 8 A temporal sequence of pressure and temperature profiles for

T,=900 K, dT/dx =-1 K/cm
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Fig. 9 A temporal sequence of pressure and temperature profiles for

7.=900 K, d7/dx = -10 K/em
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Fig. 10 A temporal sequence of pressure and temperature profiles
of n-C;H,4 for T,=750 K,dT/dx =-0.5 K/cm
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Fig. 11 A temporal sequence of pressure and temperature profiles
of n-C4H;, for 7,=750 K,d7/dx =-0.5 K/cm
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Fig. 12 Spatial distribution of ignition delay time of n-C;H ¢
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Fig. 13 Spatial distribution of ignition delay time of n-C4H,
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