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Abstract

It has been a long time that black smoke emitted from buses and trucks powered with diesel
engines, especially city-buses, came to be a serious air pollution problems in large cities as
Seoul and Pusan. Therefore, proper means to reduce black smoke from diesel engines have to
be considered as soon as possible, because it will take quite a long time to replace major
passenger transportation system in cites from city-buses to subway. This paper, as a study on
the reduction of diesel black smoke, showes how the black smoke of diesel engines can be
reduced at various loads and engine speed by supplying small amount of gaseous fuel as LPG
into the intake manifold. Thermal efficiency has been also considered for users, and eonfirmed

through the engine test.
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Table 1 Details of diesel engine tested

Items Specifications
Model ISUZU4BB1

- Number of cylinders |4
Bore x Stroke $102X110 mm
Compression ratio 17.5

Maximum output 73. 5 kw/3400 rpm (100 PS)
Maximum torque 235. 3Nm/2000rpm(24. 0kgf-m)
Maximum BMEP 0. 821 MPa (8. 38 kgf/cm?)

Injection nozzle NP-DLLA 152 S 324
Spray angle 152°
Holes-diameter 4-¢ 0. 32 mm

Automatic timing adv.| 9°/1000 rpm to 3400 rpm

o0

] 00 00 h Swoke meter (G5H-2)
WO (REXA-s25s)00/HC (RI-503K) =P -

To 1200 L surge tank L=Q E
— = Exhaust temp.

Fig. 1 The arrangement of experimental apparatus

Table 2 Contents of LPG used

Contents Vol. %
Methane —
Ethane, Ethylene 0.2
Propane 29,1
i-Butane 20.9
n-Butane 43.8

- t-Butene . 1.9
cis-Butene 1.4
1-3 Butadiene 2.7

& (rack) A, AREE, HREE 5§ WNEYL + 3
= A7 (senser) 7} Rastmz WPHL MEN A R
Figteh, a8lmz & HRAAE SLAA BRI B
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Fig. 2 LPG supply system

Table 3 Amount of flowing LPG through orifice
(estimated as wt. of gas oil/cyl.-stroke)

Orifice dia. | 1000rpm | 1500rpm | 2000 rpm
2.5mm 28. 38 mg/st| 21.28 mg/st| 14.19 mg/st
1.8 18.48 13.86 9.24
1.3 10.02 7.50 5.01
0.9 4.46 3.35

| 2.23
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Fig. 4 The engine performance for various
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Fig. 8 The engine performance at more retarded injection timing
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Fig. 7 Improvements of BSFC and smoke with a wide-open nozzle

DLLA : long hole nozzle

176 : spray angle(®)

334 : hole dia. ¢0.33x4 holes ¢]c}.

= DLLA 16053855} DLLA 150S404 &9 M7
& FHddl W& 23° A4 gleme L34 1/24
2 2% AAv Aol #geda .

Fig. 7l A 1 vlel zto] 1000 rpm ol A MEMHEERT
+ 10° ZAE BMfael W€ »=F& HANY o238
3] Ap?H F WM (DLLA 152S324)9) E#mg
MRl st MEOEY TREE W Fod
BEBRES HAERESL $4d WA - FkN
olZ & TMEE 2349 algdad] My Frlug
5, LPGY BREAKE 254 o5 EgMmMoIl<
fAslel glomz ko] we] EREMM MY 4
JER 2BV AnTHd KHN T+ Ho] My%
S HEE JHA & Jdebidh, e RAKo) 32
2538 F5¢ XA RE/H BH@HE =3 (DLLA

160 S 385, DLLA 150 S 404) & (£ 74 S0l & $hEE
REE7L 48] pobAch UM, BN MR 2000
rpmoe FRIA S 4AAY BT A £
RES] BANER ) BiFY A=z SHKEMR 1=1.6
ol 433, & WRHE] ¥ 0me/stE Q= BA
Tiigo]l ohwl LPG fitigol] <3 MEEME HEe
Hatg=lAl el

3.3 LPG R Moz HME we) #m
7ta R

F WRAA ST JIRINS] NO BEgo] o84 &
P, SNOFA HAT 8571 dod, Meme
& FmAAS s NOBE 4 #EVE —K
el 22 geh. Qi o e EERHRE ol iR
AARE wels] ML dAeiA 24 (swirl)o]
¥ 294 (squish)9) BEE ¥ THAKES B
AR & dast slew, NOS EXHE 4gds.



o delAMMY B R B 969
e B
0.6 - -
A, 1000 rpm LPG add. 14.5 m/sy, 2000 rpm LPG add. 13.0 mg/st l°
AN 1 -0 e
h { 1 '_ >~ 1 L P,
U o | A %\#m i =
S \\9 \‘Q = “8— ——-»—8"
e ~4 ~o (] Q ’U/ \\\%
0.2 St == _ V= =9
o "~ = ‘“Er/
- __/tL/
0 -
e, ® Without LPG, DLLA1525324 N
O DLLA}525324, injec.delay S' \D
s © DLLA1765334, . Y
o QU © DLLA150S404, 3 o
2 NN © DLLA160S38S, 5o %
s ‘O Mo |o omms:m. injec.delay 10° %0
~5.‘ E, m \‘ ~ - N~
§ a ° \QB l‘ -0-$ © \\@\ e lo
[%] 0 - — o — -
‘é:z l e&___‘"ﬂ_' \\\b
5 u
g
3

20 25

k1 35 40 45 50
Total fuel delivery mg/st

20 25 30 35 40 45 50
Total fuel delivery mg/st

Fig. 8 NO, HC and CO concentrations with the LPG addition
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