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The objective of this study was to investigate the effects of fuel
composition on initial flame growth and minimum ignition energy. First, a sphere-propagating flame
measurement system was constructed using a fixed volume vessel. The fuels used were methane,
ammonia, hydrogen, heptane, and their mixtures. The growth rate of the flame kernel and laminar
flame speed were measured, and data were obtained to verify the reaction mechanism in the case of
co-combustion. Next, we developed a method to calculate the flame kernel growth from spark
discharges considering thermal plasmas, and succeeded in predicting the extension, re-discharge, and

short-circuit phenomena of spark channel under flow. Furthermore, we succeeded in predicting the
fuel composition on the minimum ignition energy by using the reaction mechanism.



@

100 mm

PID

(Vision Research , Phantom V12.1, 21000 fps)
0.12 mm/pixel 2

cuu
Lens
== Constantvolume poe
D Combustion Chamber
]l

ens )

= Knife edge((ris)

High Speed
fCurrent]  Voltagd Camera
probe probe




@

¢y

@

7,62 ms 762ms

BT 5 1 » me w0 w0 [ I T T T TR

Background

Original . Binarization Flame radius
subtraction
2
n_
/n- /
2 K

300

O Exp. (®1.0)

O Exp. (©0.8)

A Exp. (©0.5)
200 | X SIP(®L0) X

——Sim. (UT-LCS ®1.0)
——Sim. (UT-LCS ®0.8)
——Sim. (UT-LCS ®0.5)

Laminar burning velocity [cm/s]
g

X S
0 fi L 1 L L
0 0.2 0.4 0.6 0.8 1

Micxing ratio of H, [-]




®

t=0.01ms t = 0.66 ms
t=0.11ms t=0.67ms
t=032ms t =0.80 ms

4

Blue: Hame zone

-

-vI

Purple: Spark channel
[+ 0.30ms [+ 0.30ms

[+ 0.62ms [+ 0.62ms

F 0.77ms F 0.77ms

& 1.20ms & 1.20ms
O= 05 O=1.0




Minimum ignition energy [J]

0.012

0.010

0.008

0.006

0.004

0.002

0.000

0.0

®CH4 o C3H8

0.5 1.0 15 20
Equivalenceratio [-]

25



58

2021

Yu Imahashi, Daiki Kudo, Ryuichi Murai, Tsukasa Hori, Fumiteru Akamatsu

Modeling of spark channel elongation and short-circuit in Sl engine considering plasma properties

Heat Transfer Society of Japan, Science Council of Japan

2021

97

2022

96

2021







