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Ignition Control by Repetitive Pulse Low-Temperature Plasma
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In order to make an optimized low-temperature plasma, changing pulse width and i
ts frequency was found to cause the ignition probability. Also, the effect of fuel on the ignition charact
eristics was examined due to the effect of radicals generated by the plasma.

As the future work, higher ignition energy is demanded due to boosted and diluted combustion, the wear o
T the plug should be the problem while low-temperature plasma would not cause such a problem. Thereby, the

low-temperature pulse plasma system has an advantage to the conventional system, but the reductions in co
st and size will be the future tasks.
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Table.1 Engine specifications

Fuel supply

Type 4-stroke single cylinder
Bore x Stroke @75 x 60 mm
Connecting rod 113.4 mm
Displacement volume 265 cc
Compression ratio 11
Port injection

(Gasoline,Ethanol)

Mixer (Gas)

EGR Valve

Fuel injector
(Gasoline)

Carburetor
(Gas)

Backprsssure

Fig.1 Schematics of test engine
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Fig.2 Ignition system

15 ; 4
—\Voltage 3
—Current
10 2
= 18
[ 3
& s
3° °s
-1
0 2
-3
5 -4
-200 0 200 400 600 800 1000 1200
Time after first discharge[ps]
(a) Full view
15 T 4
w ——\oltage| { 3
10 | —Current| | 5
= 19
3 3
%5 J’\/\/v-._.—- 03
« =
= >
K} {1
0 F \ - -2
-3
5 -4

-4 -2 6 8

0 2
Time [ps]
(b) Streamer discharge
Fig.3 Current and voltage of repetitive
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Table.2 Experimental conditions

Gas lean Gasoline lean Ethanol
limit test limit test blended
gasoline lean
limit test
HKngine speed 1600 1000 1000
500 kPa at 500 kPa at 500 kPa at
IMEP MBT MBT MBT
A/F 17~ 29 17~22 18~24
Excess air (1.0~ 1.7) (1.1~1.5) (1.15~1.55)
ratio)
.. 95 deg.BTDC | 70 deg.BTDC | 70 deg.BTDC
Ignition N ~ N
fiming 30 deg.BTDC | 10 deg.BTDC | 10 deg.BTDC
Gasoline(RO E10 E85
Fuel Gas N91) E100
(COV of IMEP) 5%
10%
10%
80%
RON 91 13A
=40.63MdJ/m3
0.3MPa
(gauge)
H/C
1.85 3.88
(PPI)
(CIC)
CDI
CIC
(NGK BCP5ES) PPI
4




IES
1600
IMEP 500kPa A
1.4~1.7 MBT
13
125u s 1,2,4,8
CIC 4,5
(CoV of IMEP)
12.00
1times
10.00 [ ® 125us><2times
< + 125us><4times
58.00 | ® 125us><8times
= X CIC )’
< A
g 6.00 /
Y400 f -
i - « S
0.00 : : :
1.30 1.40 , 150 1.60 1.70
Fig.4 Effect of pulse times and excess air
ratio on COV of IMEP
80.0
<700 |+ 125t5X4times /
©65.0 | ;(I:IZCSuSXBtimes
E‘G0.0 F /
$55.0
é 50.0 /
2450
400 |
35.0 L
1.30 1.40 N 1.50 1.60 1.70
Fig.5 Effect of pulse times and excess air
ratio on ignition delay
2 4 8
62.5-1000p s
CIC 6
7
6(2)
125u s

CIC

12.00
+62.5us>< 2times;
125ps><2times
10.00 Fx 167us><2times
—_ # 250pu5>< 2times
X | | ™ 5005 2times
& 8.00 A 1ms><2times
s xCIC
+«6.00 |
2 ?
1]
© 4.00
2.00
0.00 L a 2
1.30 1.40 , 150 1.60 1.70
(a) 2times
12.00
A 40ps>4times
1000 + + 62.5us><4times
: 125ps><4times
X # 250us><4times
&8'00 I M 500ps><4times
s xcic
£6.00 | f-
>
)
o 4(41
2.00 = —
0.00 L L L
1.30 1.40 1}\.50 1.60 1.70
(b) 4times
12.00
A 40pus><8times
10.00 || 62.5us><8times A
125ps><8times ]
X8.00 | | ®250ps><8times T
% X clc
=
£6.00 | / //
> »
0
©4.00 | /}(//
200 H—#L‘/
0.00 L L L
1.30 1.40 )\1.50 1.60 1.70
(c) S8times
Fig.6 Effect of pulse period and excess air
ratio on COV of IMEP
1.7
-o-2times
168 -m-4times ||
3 1.66 8times |
e
5164
a
§ 162
a CIC
£ 16
=
Eisg ¥
5
3 1.56 L 1 1 1 1
0 5 10 15 20 25 30

pulse frequency [kpps]

Fig.7 Effect of input pulse frequency on
COV of IMEP



1
5.5mJ cIC(20mJ)

4 1 cic

cic

6(b)
cic
cic
cic

8kpps( 125p s)

[
~

& CIC

A 2times><250ps

® 4times><250ps

‘ X 8times><250us
1times><125pus

2times><125ps

4times><125us

8times><125us
A 2times><62.5us
® 4times><62.5us

i

o

@
K

Lean limit in excess air ratio
o -
bz

\':

L5 X 8times><62.5us
3times><40us

1.45 4times><40us
8times><40us

—_ (cicy
14 . . .
0 10 20 30 40 50
Energy (mJ)

Fig.8 Effect of energy and pulse period on
Lean limit in air excess ratio

2 (
11nJ) 4 ( 22md)

1254 s

PPI1
E85 E10 E100
CIC PPI1
CIC
PPI1
1.70 A
1.65
A A A PPI(City Gas)
A CIC(City Gas)
o - R PPI(E100)
= 1.60 City Gas A @ CIC(E100)
S W PPI(E8S)
= W CIC(E85)
® 155 @ PPI(E10)
2 # CIC(E10)
S X PPI(Gasoline)
S 150 | X CIC(Gasoline)
< [ees | g
€ ™ s
=145 | = X
-
= Gasoline| X X
1.40
1.35
0 10 20 30 40 50

SuppliedEnergy (mJ)

Fig.9 Effect of different fuel on Lean limit

in air excess ratio

56-175 (2014) pp.59-66.

89 4  pp.228 232(2013)

Vol.43, No.4 ,

pp.823-828 (2012)

(2013.3.7)

(2012.12.11)

(2011.11.30)

50



5458276
2014/01/24

http://engine50.tm.chiba-u.jp/

€Y
MORIYOSHI, Yasuo

40230172

@

®



