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A Study on Dual Injection - Dual Fuel -
Compression Ignition Engine (1)

(Injection into Pre—Chamber)

Norihiro Sawa® Shozo Hom™ and Michinori Smnvzu™*

ABSTRACT —1t is most difficult to reduce NOx and smoke of the exhaust emissions of diesel
engines.

So the authors are advanceing the experimental researches to reduce emissions of diesel engine
with some alternate fuels, that is gas oil - water - methanol emulsified fuel, biomas fuels, its
compound fuels, its compound fuels, and so on.

In this report, we have studied so—called a dual injection * dual fuel * pre —combustion chamber
diesel engine with two different injection fuel pumps, to reduce emissions. The effects of gas oil
and methanol ratio, temperature of injection adapter, injection valve opening pressure, injection
timing on various factors corresponds to engine performance, emissions, combustion characteristics
were investigated. Furthermore, we examined how an ignition activator is exerted the uncertain
combustion at the range of high methanol ratio in tested fuels.

B TERTABEEOBES 2R L, ZoHtt+5
Kﬁﬁ?é:&ﬁ%%ﬁééo:@tbum,m%kﬁ
FMRRE O E LTHERSINTWAERAY 27— )b HEHIORINPHRE OUE, QUEBIRRHC L 28X,
BEHE, PERUHE R R LEREOT A ERL AMER S0 — 77 7k i L A FRSEKSE #wﬁ
BHEET D, SOAY ) — VB E TR AEREICE mﬂ%%%ﬁﬁ®%ﬁ&t#§ﬁ%n,&k@mn>ﬁ
BT 35410, 25/ —Voffvtesy MlieERILE AbhTwnsd,

1. & 72 » &

* FIRAKFELHFEEA TEE (B TR
Department of Mechanical Engineering, Faculty of Engineering, Ibarki University, Hitachi
316, Japan ,
* ok 2 X HRSH (ERTEHER)
Suzuki Co., Inc., Hamamatu 432—91, Japan



104

FITEM K AY ) =MDV Y 3 YRERE
EHHOMEEY, & SIEEOBEMHE RO W TE
BRI L 0 C & AW, RMCREMmE Ay ) -
2Bl 2 OISR S S FRIEEICHHE T 5, whbwbs T
B TR ERBE WY B, MR T VTS IRE
(Tw) , A%/ —VHHEE Ra=Gn/ Gu+tG) I,
Bhe x5 ) — VOWEEBRIES (G-t i)
A% )= VORHEERES Pu-n) R EEFEZT,
BAtERE, HFRT I v v v B X UBMEREICRIZT IR
LHERTOEELERIICHEN, HTEELL, 2561,
ZOFRTAY /- VIEHEE Ra) OFVHEETE
PRBEDSTRIEEN T2 B DT, BHXREFR ORI OVTD
Ao THET 5,

2. EBREBEHLUAE

Methanol DieselOi —
 —— — ool ing Feter
(F ITJ Fuel Tank| Tuak 0zzle
elTan!
L Lift Sensor
FID =__T_HC_!NOrx J Manometer
Sh— -
Water loleti=y B PressurePickup  SoundLevel
Outlet[= :M Meter
Rack Rack

| 10, 1,0, C Pulse
M Eleotric .
BaschPonp Basch?nnpu]hr‘r-; Eng i nae nnumm}DTachoneter

@ Thermocouple
@Flow Meter

Sumpling
Pulse

Fig.1 Experimental Apparatus

Hethanol Injection Valve

Addapter- for Dual
Injection Systen

Fig.2 Shapé of Pre—Combustion Chamber
and Dual Injection Addapter

KR FLFEER  B39%

(1991)

MR XU A 2 LT B M R ER (V=
815¢cc, ¢ =16.41) T, Fig. 1 1ZR¥ & 5 IR %
Wiw T L, WER (KX MV XN) BT YT
7R AWTFRERICIY 1 (Fig.2) , 2y 7Y
VORI LY, BEREEHRAERE (Qu- B LU
Oimm) BEEIEXEL LT 70, S OBREEET B
FEEIE = — FVFOY 7 P EAIREE T FosE it
HCHE L. SO, SRR I SR &
LCE (JIS K 2204 1%5) %, BRMEASMEE L TA
57— (JIS K 1501) B L4 v 7as8/ — b (JISK
1522) #MA L, BaoFMEER L T2 —=bR T
o8y BEML 72,

EEE T PIREGEER, T&LUEBEEE N) , F
WAEMES (P.) , GHUKHRE (tw) % E OIRE

dpP
(”dé’max\é
o dﬂ |
6(gemax) TN
Pmax)+—
TDC
x >
g g
op 51& % dad
n g < aelGict
ULilj@((%%Q)m A5 B o G me
o
5
=1
- =
=
) N “""DC
Ignition Delay

oc

Fig.3 Difinition of Combustion Characteristics



B, 0, WK s G
WREL, WREEE (G, WAZERE (G.) , ¥
SR (t ), HELV~V (SPL) , Rz Ivvavr
B (NO., S», THC etc. ) 2EFHPET 5, KiC
) PR (P) , BAEESARY 7 b2 TDC
SUAREEFICRSEL, AR5 % HwvCFig. 3 1C
RTRNBBEES) (Paax) , KNEHLAE ( AP/
d0) wex) » BARBEAERE AQ/d0) , HAKEN
(01.0) &t“@%ﬂ}*&ﬂ?l‘éﬁ%ﬂ%btc wB, PRI Iy
va vigEoWEIE, Ok{bkFiRE (THC) «©
WFIDHFAZu< b5 7%, @QRVAT VT FikiE
(HCHO) (cixdb)i=tinimiE 2, OYHIERE (Sb) ik
Ry vaXAE—2 A—% %, QEZBLYRE (NOy
W EERT T 7 F NI F LYY T I U (JIS K 0104)
HWZ,

3. EBRERBIUEE

3.1 X &/ —VEHREAER.DEE
P=0.344MPa, N=20rps, t.=85+ 1°CIZEZEL,
AY )= VIEEHER.=Gn/ (Gi+Gn) FILHHIC

R IGEDEFER *Fig. 4 B L UFig. 5 IR T,

—0
R /Q o °
&20- 3

Pe-g .344MPa
15 Norgoms
e eis A BT0C
il £
3 inj-m=10°CA BIOC
) \Q
2 ° \_
1
e
§ \o\ o
6 . 5 \
z
w_

0.10 30
3 e
N
~ o @ §
é QOsf o« L .—" 209
x o - e " 3]
o of . o x

-~ )_,.o—-—o——-———————o—
£ (o]
320>—~\0
~ [+]
:?:’ o \
3 1o}
o
I
[
% 80 50

30 Rm (4D

Fig.4 Thermal Efficiency and Emissions

—

vs. Methanol Injection Ratio

PRRHE A R AR D FEERFZE (1) 105

o
g

V®Pmax) (%)
[

n N

S(Pmax)

A) V(dPA0max1(7) Pmax (MPa) . (MPa)

[
j£,1e)

o
O\Q\o

o
o
T

N

E
(%]

o

~
T

)X o /
Sf. a
o o b o

3
%YT.Z °
E&
g‘? sor ] ‘\OLJ
g0 °
X
4,0 -

§2.d

éé‘z \Q\ °
2518 ° \7\:
Q [
g o
S 1.2

0 30 60 90

Rm (7))

Fig. 5 Combustion Characteristics vs. Methanol

Injection Ratio

REBTH, “HOBERE 7 575 FHe TFRIES
Y 20T, RIS, FEmmiEean
OFFE bR, ERBE7 OEDEKICE, LA
L, 7.0fHiEAY 7 — VEFHEER.=30%CTREIZ %
THY, REORSFEET S, ZOBFE, P5MigE
Sy, BEBLYNO. B L URILKERETHCHR. K
EWVITERAL, A¥ ) —VIEFROMEIKEN LA
RLTwA, LAL, 2OREARNVAT VT FikiE
HCHOW TS5 & 3 ICR B L TR L,

RIKEAY ) — VigECHOHIZR.>T0% TEM L Tw
Bo ZOPE, Potx BLY (dP/d0) naxDfE DR
BREVIEFEBRT TS, LAL, P DIEHERZE
S (Paax) REEFEV (Pnax) ERa=30% T#1.1MPa,
2%, Ro>30%i7% 5 & Z ABNERENL, Ra=80%
TIE#1.5MPa, #3 %IHET B, V) CBERE LI
BLThsw, Thicstl, ([dP/dE) n.x DEER
#S [ ([dP/d8) max) BELUEEHEV [ (AP/d0) ol



106 FIRKRF L EHZER 539%  (1991)

BRA<TO%DHFHH THEHR K EVIZIEHAL, Ra=
0TS [ (dP/d8) mex] =1.2X107°MPa/" CA,

V [AP/d0) nes] =6 %K LT, Ra=T0%TS [
(dP/d8) max] =6.0X107°MPa,° CA, V [ (dP
SA0) mas] =4%ERD, LDL, Ra>T0%IC%R D
B IZEHET 2EMED B0 KIS, Prax® (dP/dE)
max & BEEOEGIEEIES B0 4 0 B~ 5 EiR L
) b Ra=80%THI0dBEY:, L2d, BEEGITHER
i2Xal (Fig.6) , Rt REWVIZE, & CCHEEKE

100

SPL dB)

102 10 10°

3
Frequency (HZ)

Fig. 6 Frequency Analysis of Engine Noise

i (G0kHzDl b)) oSPLAMET L THB Y, TERIER
ENTVD LI (dP/AE) me DIRTAERCEEL
TWb I ePhhb,

3.2 AR/ — VKRR O o, o DRE

MEOERER (Fig.4) k5L, ERBHEY.
ERARICT HRLEH30% TH 525, A5 7 — VOB
REBHEEZ 5 L ZRDODHBIKE HEETOF A2
ZIFLv, L > CZOEETOMRE, & <ICErRE
ME) OBELHRTIv Ve v BLURELHORK
BOLBETHE, L L, RaDHEMT 543 SIS
DEALEEHIRIT 5O T, WHRT F 7 7 IRENKT
L, REISHEMT 2, T THEERT Y75 &ML,
L2 bR >T0% DMEIBICIER L TEREITIZ LT L
o BT, BERT VTS REORELHEIIT S0,
BMEEO D L T7 ¥ 7Y IRET . £100~430°CI2 & 2
TERL, 0 E%TFig. 7 B &£ UFig. 8 IR T,
MizBWTC, 7¥75RET, . 2MNT 5 & MURBRAE
7B L UIEBRBZIE 7 33D L, EBRBEEREBS
FCRBA LTS, S5 CMREShE L 0L RILAE
THCL WAL CB Y, BMBERE BT 2 FHEKIRE

7 e

B.S.F.C
(%10"-4g/W+ sec)
[

;/

(ppm)

THC
c

(ppm)

NOx
i<

| | I {

00‘ 100 200 300 400 500
HEATER TEMP. ('C)

Fig.7 Emission and Other Performances

vs. Addapter Temperature

(PRRBEERET 72 L OWRME) IS OERICKECH
5452 edbhb, TIH LEBREERE & EEOEN
EFEMYORERENO,, F200CLL ETikIFL ALY
EAEDTEDOEN 2V, TOBFE, T .OLEFITHEVEX
BENFERS 0 1o B LU ARBIEE I Prax i ZHA L, Prax
DERIEE 6 (Pra.) BN, IEEURBERE OB RAZIE
FEEE (dQ/A ) ma NN GEHURBEATERIL) 5,



& O, WK TR - BA RS AR O RS (1) 107

15,

<C

(o8]

T 10 \®\®\0}4’/®/
j@)]

©

= 5 | | l |
~5.5-

©

=

5.0~ \O——O\@\
3

&4 | | 1 !
10

=

S
[=)
I

(J/7° CA) 0 Pmax
fa]

o
o
]

(d0d/d8 ) max

0 | | [ | .
0 100 200 *300 400 500
HEATER TEMP. (°C)

Fig. 8 Combustion Characteristics vs. Addapter
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