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1. PVC Pipe (TS Joint 65A)
2. Suction Machine
3. Electrode Set
4. Insulation Parts
| 5. DC Power Supply
(Voltage:0~30[kV] Current:0~10[mA])
6. Data Logger
7. Hot Wire Anemometer
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(1) Engine (2) Piston crown for electrode insertion

(3) Cylinder block for the electrodes’ insertion

(4) Electrodes (5) Insulation sleeve (6) High voltage introduction plug

(7) High Voltage Power Supply (8) Fuel tank (9) Common rail fuel injection system
(10) In-cylinder pressure sensor (11) Fuel injection pressure sensor

(12) Electrical power meter (13) Rotary encoder (14) Data Logger (15) PC

(16) Intake air surge tank (17) Portable exhaust gas analyzer

(18) Automotive exhaust gas analyzers (19) Injector driver and Arduino

(20) Gas flowmeter (21) Pressure regulator (22) Natural gas cylinder
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Table 3.1: Operational conditions on engine experiment

Operation conditions 1 2 3 4 5 6
Number of rotasions rpm 2000
Load kW 1.5
Diesel oil injection - BTDC13° ,0.90ms BTDC13° ,0.86ms
Natural gas injection - ATDC38.5° ,2ms ATDC38.5° ,3ms
Curent set value mA - 0.5 4.0 - 0.5 4.0
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Table 3.1: Operational conditions on engine experiment

Operation conditions 1 2 3 4 5 6
Number of rotasions rpm 2000
Load kW 1.5
Diesel oil injection BTDC13° ,0.90ms BTDC13° ,0.86ms
Natural gas injection - ATDC38.5° ,2ms ATDC38.5° ,3ms
Curent set value mA 0.5 4.0 0.5 4.0
-5HAIIR B
%B8: #EEARIERZ [rom]. FIENFTE kel BXUERE[C]. HESURE[C]
& NIE 7 FEREIMPa]|, AR IE 1B FE[MPa]
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R SUR[Cl | KRUEhPal. i E[%]. WSKE A[kPal, IR A1) T4 A EE[kPa]
HE\: HClppm].|CO[ppm]. NOx[ppm]. O,[%]

EEDISUIAEICH TR ER

ae _ 1 av aPy ., L. ..
do k-1 (kP do T Vde) 3.1

Q REEBE (U] F: V504 [deg]

A LEEALE 1.4 [-] P EARIE [Pal
V)R —R8FE [m3]




BAREEREIRZR (Natural gas: 0.1[MPa], 2[ms])

4 v~ 45 4 3
*  Cylinder pressure[MPa, B Al +  Cylinder pressure[[IPa] C
. %ﬁ;\;&nﬁ % B 4] = Cutrent[ma] ‘i 25
3 by | N P I Voltage[kV] o
= t ! ! H = el
§ ] : s g :
B - - [
-1 - - = Q T Al mgd] o
5 3 ! . : - % g 2 ? E E':f &
g ] < v - L5 & 2 2 B odE
(=] il . ™ = w2 = E~ E =] [yl
g 1] f"“' - : [ =3 i | 3R
] 3 i = c
© H Lo & )
0 =1 - / = n— C
| e
1 T T T g ' T T T 0
400 200 0 200 400 400 200 0 ] 400
Crank angle[deg ] Crank angle[deg.]
4 — rt5 4 r
*  Cylinder pressure[MPa] - 7 . E -
*  Cusrent[ma) R *  Cylinder pressure[IMIPa] \ -
* Voltage[kV] -'\ L ] *  Cumrent[mA] 3 25
3 — L 3 - *  Voltage[kV] H [
= :H] = 50
g 2] f £ g § 7] i ?: g
“ B & @ « C -
2 =5 R 2 ] C R 2
a. i = =% T
£ 14 [ 3 E £ 14 o i
S - - S AV ; s
L0 TN s . C
o B 0 wyoa 3 i o
_ vV VU
-1 T T T I TT T T I T T 17T I T T T 7T l TT T I TT 1T l TTTT I T T TT J _l LI I LI ) I L I LI B l LI B B l LA l LI B B l LI B v
-200 -150  -100 =50 0 50 100 150 200 -200 -150  -100 -50 0 50 100 150 200
Crank angl[deg.] Crank angle[deg.]

(b)Average of 50 cycles (b)Average of 50 cycles

Relation of cylinder pressure and Relation of cylinder pressure and
discharge on 0.5[mA] discharge on 4[mA]




BAREEREIRZR (Natural gas: 0.1[MPa], 3[ms])

4 15 4 —
*  Cylinder pressure[MPa] B *  Cylinder pressure[MPa]
* Curment[ma] B - *  Cument[mA]
sl ° Voltage[kV] b o | Voltage[kV)
H L
= i = -
a, o,
< 2 5¢ E’ 2 s¢
g E ] - ] E @
g -5 % B g % 8
L =5 & =E
& 14 [ E3 € 1+ 25
_0
0 - 0—
1 T T T T T T T T T T T T T v -I T T T | T | T T T | T | Ll
-400 -200 0 200 400 -400 -200 0 200 400
Crank angle[deg] Crank angle[deg]
4 — 45 47 30
7] Cylinder pressure[IMFa] B B *  Cylinder pressure[lMPa] s
& *  Current[me] _.\ N ] *  Cument[ma)] ! o
5 Voltage[kV] : B 3 ] + Voltage[kV] 3 o
- 0 A
o -
o - o
S — 2 o
o 2 = 2 g 5
e =8 g ik
@ ] 5 o2 = ® =
(=9 - = b '?
£ 4 [ EE L Z5
g 2 ! 5
) 4 - - L 5)
- i
0 — L
1 _I T T I LI I L | LI | I T TT | rTTT | LI | I T 1T |_5 I
-200  -150  -100  -&O 0 50 100 150 200 -200 -150 -100  -50 0 50 100 150 200

Crank angle[deg.] Crank angle[deg.]

(b)Average of 50 cycles (b)Average of 50 cycles

Relation of cylinder pressure and Relation of cylinder pressure and
discharge on 0.5[mA] discharge on 4[mA]




421 BAREEHEIRZR (near TDC)

4 5 4 rt5
1] - ] *  Cylinder pressure[MPa] B
i ¥ r 4 * Cument[ma] . B
] N ¥ 1 - Voltegeliy) ; F
3 H r 3 s -
S 0 — 1 )
o o —
& - i
E‘ 2 = Q E‘ 2 L = Q
§ = g 3
g -G g P L5 0 8
c. e | i ‘O-.- - ., N —
B _'/ L EE b :/ [ E é
g i g
[4) B - &) p—
i 0 —0
0 L 0
-! IIIII'IIlllll'llIlllllllll]llllllllllllllll'll'llll'll v -‘ 'IIIIIITI'IIIIIIIIII'IIIIIIIIIIlllTI'Illlll'il'llll'il'll v
-50 -40 -30 -20 -10 0 10 20 30 40 50 -50  -40 -30 -20 ~-10 0 10 20 30 40 50
Crank angl[deg)] Crank angle[deg.]
(a) 0.5mA (a) 0.5mA
4 - 4 - 30
*  Cylinder pressure[MPa] N -\ e +  Cylinder pressure[IMPa) -
*  Curent[ma] by \ 1 +  Cument[ma] _-"\\ s
3+ Voltage[kV] : 3 - Voltage[kV] >, o
= T 5
o ~
=3 g
o = < Q Ty )
57 £g g 2] g8
£ % 2 g 1 & 8
= &) g ] =7
514 5 5, E3
3 g ]
o .
0 — 0]
-l I -1 ] LELELI I LILBLILJ I LELELEL I LILELEL I LELELIL I LI} I LILELEL] I LELILEL I LELELEL I ey
-50 40 -30 -20 -10 0 10 20 30 40 50 -50 -40 -30 -20 -10 0 10 20 30 40 50
Crank angle[deg.] Crank angle[deg]

(b) 4mA (b)4mA
Natural gas: 0.1[MPa], 2[ms] Natural gas: 0.1[MPa], 3[ms]




| 422 mABAE l

%3.3— %3.3—
= 35 | = 35
% . § ]
” Giiensra 4 : Curonins] *
(a) Natural gas: 0.1[MPa], 2[ms] (b) Natural gas: 0.1[MPa], 3[ms]
| mE® - #m |  mE#® R




423 DS AE—BFAEE (Natural gas: 0.1[MPa], 2[ms])

fill — il — fill —
b H
-
.
L) .
.
40 . A i 40
. * 2 . . .
@ 20 b5 2 20— B z 20—
£ z . £ *
Kk k] E h Kk .
; i E : ;
) pas} )
0 - 01— “_.-—ﬂﬁ) . 01— M} -
_2D_|II |III|IIII|IIII|IIIIIIII|IIII|IIII| _2D_|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII| _2D_|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
-200 150 -1 -50 0 50 100 150 200 -200 -150 -1 -a0 I 50 g 150 200 -200 -150 -100 -50 0 a0 o0 150 200
Crank angle[deg] Crank angle[deg] Crank angle[deg]

(a) No discharge (b) 0.5mA (c) 4mA




423 DT 0ABE—BFEEZE (Natural gas: 0.1[MPa], 3[ms])

il — 60 — 60 —
1
40 + _ 40 5 40— t
] - ] o ?
g g . : .
'%- - = f=5
E H g M
@ 20 b e 20 B e 2004 .
2 4 | 3 H 4
= . . . $ - .3
i‘ i : g ] : .
e} = .
0 — - 0 — Mﬁ J - 0 mﬂ J -
_2D_|||||||||||||||||||||||||||||||||||||||I| -20 ||||I’|||l||||||||lIllliIl'llIll'lIllllI -20 Il"""'llI"I'"‘llll'lllllll'lllllllll
-200 -180 -100 -5l 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200 =200 =150 =100 -50 0 50 100 150 200
Crank angle[deg ] Crank angle[deg ] Crank angle[deg]

(a) No discharge (b) 0.5mA (c) 4mA




423 TV AE—BFELEE (near TDC)

] — No discharge
1 — 05ma
50 — 4mA
:%30—
R
20 —
"t 7 T T
0 5 10 15 20
Crank angle[deg ]
(a) Natural gas: 0.1[MPa], 2[ms]
4mA : R + A

— Mo discharge
— 05mé4

40—

a0 =

a0 —

I T T T T I T T T T I T T T T I T T T T |
1] ] 10 15 20
Crank angle[dez.]

(b) Natural gas: 0.1[MPa], 3[ms]
Y + EA

+RAEANE | BRI [ms]

54

T > iy |

>

ME 5% B RS 3 [ms]

s 4

E = MBEEIL




423 ITU00AE—BFELEER (near 0[J])

Heat release rate[J/deg]
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L. ZRRENE B4
-IESTREEI2ms @ IE = 1E0| -E5EE2ms  4mA = HEH-IE
-IESEREI3ms - IWE = | -EEERESms ¢ WE =2 E&A-EL

»[ﬂi%ﬂ%%ﬁz[ms] ME o EERE

ESTRFMEI3[(ms] : WE = MBEMEEL

I. SFXITETORE -BEERDEN
= MWEIS J:é)iﬂ'} + RBEICXLHBWNEAGOFE

Il. HES4FE ﬂ
-EHTFFfE2ms © 4mA = HCHIEZE

-IEHTFEFEI3ms © 0.5mA = HCHIEZNER
AmA = NOxHIEZhE (PABEEAL +HC)
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(a) 2[mm] : Distance between (b) 10[mm] : Distance between
the electrodes , 0.5[mA] the electrodes , 0.5[mA]
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E5E (K EEHL) : 29°C ;ERE78% 1013hPa
-IESTFE2ms : 1[EHT=Y6.2ml
-IE5TRFE3ms : 1[EBHT=Y8.7ml
—FHIASNEH R
B2 HEA{K (2000rpm, 1.5kW) = KEAHREE(1EHI=Y15ml)

ESfE(XRA7O0—A—42—) : 10°C ZE57% 1005hPa
EEEERI2ms : 1@ &H7T=Y7.981/min

-IEBTRFAEI3ms : 1[EH-Y11.31/min
—ERB &Y D {ETR

RRE : 10°C JE/E57% 1005hPa
AT REY . 4121/ min
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B5IE (K EEB) : 29°C EHEE78% 1013hPa
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