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The Evaluation on Smoke Reduction
by Natural Gas Dual Fuel Engine for City Bus
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Abstract

CNG dual fuel engine for heavy duty diesel engine developed by AFS International in Canada has been equipped
to a Korean city bus engine and tested to compare the engine performance and the emission characteristics with the
existing diesel fueled engine. Also the dual-fuel engine was applied to the city bus for road test. The resuits are
summarized as follows.

Performance optimization has been carried out to have engine power equivalent to or better than the diesel fueled
engine. Smoke is decreased by 85% by Korean smoke 3 mode test. By 13 mode test CO is increased by 453% and
THC is increased by 2,086%. NOx is decreased by 7% in laboratory. D—13 test mode was changed in 1996 Korean
regulation. Even though THC is increased very much, it’s not too serious problem since CO and HC emission of
diesel engine is very little compared to gasoline engine and more than 75% of THC is CH,. But the reduction
technologies of CO and HC has to be considered.
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Fig. 1. Schematic diagram of test apparatus.

I. Dynamometer control desk 2. Exhaust gas analyzer
3. Engine dynamometer 4. Exhaust gas 5. Data
recorder 6. Smoke meter 7. MDT (mini dilution tun-
nel) 8. Cooling water temperature controller 9. Oil
temperature controller 10. Throttle actuator 11, Air
surge tank 12, CNG tank 13. Solenoid valve 14. CNG
fw meter 15. Diesel injection pump 16, CNG injec-tor
17. Diesel fuel tank
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Fig. 2. Shape of dual-fuel combustion chamber.
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Fig. 3. Schematic diagram of dual-fuel system.

1. Rack actuator 2. Hall effect pulse generator 3. Rack
position sensor 4. Gas manifold 5. Servo-jet high
speed valve 6. 3-way gas shut-off valve 7. Natural
gas pressure sensor 8. Electronic engine controller 9.
Intake air temperature sensor 0. Intake manifold
pressure sensor |1. Intake manifold pressure sensor
12. Cooling water temperature sensor 13. System on
and off switch 14~15. System on-off light 16~17.
Diesel and natural gas gauge
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Table 1. Specification of D6BR engine

Item Specification
Kind of Vehicle Type HYUNDAI RB 520-16
Vehicle Capacity 85 Persons
Vehicle Weight 12,575Kg
Engine Type D6BR (HYUNDAI)
Displacement 7,545cc
Rated Power 185 PS
No. of Cylinder 6 Cylinder
Fuel Diesel / CNG
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Table 2. Specification of CNG tank.

pta. Capacity Tonk e Standard Weight
Type ressure Diameter Length Tap Size
PSI Liter Inch mm Inch Ubs Kg
~ 1
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Fig. 4. View of CNG installation for city bus.

233 u)3 Press SteelAlo} A FLT A §7)0)
FRPFH S & AFS AHslden £7]9 Ad2
¥ 29 23 HArtx B3 AAYXE 2F 49
et

3. By o &

3.1 g2 MsEH
247 %) slol B Wizt
g 27 59 Vbl

28 So)A] B upe} o] AfAbEA|el EAAL
LAlo] gler] 71Re] &¥H Ee Ay Aolrt A
o) 9l Ao Yo JPe] Y4y X, 8
dex I wiErts 25 Fo= & Wi} o=t
Aainge A$ ExAE AR AR gt
vlitste] A velden stad R e AHeEe &
2 gust A &3l os) EFe] ojFoAEE F
e Frle] ®48ke AFda NG d8s
ulgko] Bolx= AR Atadct

e

7132 A

off

1

3.2 HfE71A "I}
Suee) faAgA B4 FAFL A
AEzt MErts AAHLZ ARAE RS

Yo7 2R A 13 W A3 2

- i—«- Oieset Mode ~=— Dual Mode )
* MW
.

Torque {kg-m

Power {PS)

P
1204 /
120
N
100 . ﬁ/ L350
e

801 E
/ =30 %

604 = =
Fo50 2

R kS
F 200 :S‘

% 2

]

o

e e 8

3

L'y

1000 1235 14060 1600 1800 2000 2200 2400 2500
Engine Speed (rpm)

Fig. 5. Compariason of the CNG dual engine per-
formance with diesel mode and dual mode.
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Fig. 6. Experiment result of the exhaust emission by
each test mode.
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