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A Development of Converting Technology

for the Marine Gasoline/CNG Bi-fuel Engine
Myung-Ho Park®
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Abstract: Natural gas, a fossil fuel contained mostly of methane, is one of the cleanest
alternative fuels. It can be used in the form of compressed gas(CNG) or liquefied
natural gas(LNG) to cars and trucks. And, dedicated natural gas vehicles are designed
to run on natural gas only, while Bi-fuel vehicles can also run on gasoline or CNG,
especially, bi-fuel can be defined as the simultaneous combustion of two fuels.

In this study, converted gasoline marine system to CNG Bi-fuel system which is made
up of injector, regulator, tank and ECU is converted. And estimated the fuel system
and engine power compared the result with gasoline engine is estimated. As a result,
CNG engine shows low exhaust emissions but maxium power is 7% reduced compared to
gasoline engine.

Key words: CNG, Bi-fuel Engine, Injector, ECU
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Figure 1: Photograph of test engine
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Figure 2: Photograph of test boat

Table 1: Test engine specification

Model NEW 90EFI
Power 90HP
Max.rpm 5,00076,000
Cylinders 4 (in-line)
Displacement 1,732cc
Gear Ratio 2.33:1
Steering Remote

Fully regulated
Belt-Driven 50amp
Power trim standard
181kg

635mm

Alternator System

Trim Positions
Weight
Recommended Boat
Transom Height

4-valve dual overhead
cam design

Induction System

Table 2: Test boat specification

Length 5.76m
Width 2.0lm
Thickness 0.73m
Weight 450kg
Engine type 85~200HP
Persons 6

Speed 40~ 45knot
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Figure 3: Photograph of CNG tank
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Table 4: Test sensor specification
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Table 3: Weight and maximum rpm of gasoline/CNG
Weight
631kg(Gasoline) ‘
Max. rpm
6,000rpm(Gasoline) | 5600rpm(CNG)

801kg(CNG)

A2

7HEd A FA(ECU) 9 &

PS), A& AH(Injector) %
oz FAR ow MAFE
LT Z A A & 1

F714 8 A (MAP |
(Regulator Temperature Sensor), A7) 21
% (Injector Signal), 3413 (Ignition
Signal) 5°] AF&=E AL 3 wo]xZ ALEH
Bi-fuel Kite colg#et Lendi-Renzo(iit) 2]
OMEGAS/GI& &83t93 Alz="le] SAdo] gt

M 78S ol&3ste 729X, 7tagExed

Sensor),

N, ArER 2 s 5 adsdn
Table 491 7 2] 715 ish Al 71&akeltt.

32 MME whzt
3.2.1 W7

Sensor)
Y24 STAME AX W &

LA (WTS : Coolant Temperature

(thermostat

Name Functions

ECU(Engine Control Unit) Engine Control Unit

Injector It receives ECU signals and jets CNG fuels
Regulator CNG from Fuel Tank it decompresses with 110psi
Lockoff High Lockoff and Low Lockoff Two Types

MPU (Magnetic Pickup)

RPM Measurement

ATS(Intake Air Temperature Sensor)

Intake Air Temperature Sensor

MPS (Manifold Pressure Sensor)

Intake Manifold Pressure Sensor

WTS(Coolant Temperature Sensor)

Coolant Temperature Sensor

GPS(Gas Pressure Sensor)

CNG Pressure Sensor

TPS(Throttle Position Sensor)

It delivers a Pedal Signal in ECU
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4. TPS Map< A3 3 F A7ttt

% Start

Engine |Turbo 1|
Size Large 7

ey SN
Injector type ﬂ

F2Lambda 1700

Displacement (cc)

Weak i
4 cylinders i
Single coll i

Type of rev signal

F3 Emissions

No. of cylinders

F4 Gas level Ignition Wpe
Type of change-over In acceleration
FsTemperstie - Reys, threshold for change-over 1600 rpm
Water temperature for change-over ! 7
F§ Kinsertion
F7 njctors Change-over from petrol-gas delay
(’c) o 0 % o o] 7 Owr
F9.EscExt fsec) | ® % £ o 2 5w %
GAS  Revs 3202rpm| Tinj.gas 788 Twater 522 Lamhda 0474
Tinj.petrol 428 | Tgas 432
Level 7 Press.  2.63bar

AlREEY 2203

B3| () @ » [ Viooso Zeel- 85 | T Tandi Rz Ome,

0 {1600 [ 2000 [ 2600 3000 |
M WM W WM W 86 %6 87 28 28
287 %7 238 238 238 240 41 242 243 244 24
WM W W W % % %6 w U
WO W W W % B B K B M
87 281 281 B W\ W\ W6 W6 14 u4 24 %
19 194 212 212 287 232 B4 W 4 204 U
M7 1% 1w M3 A5 A6 W m 2
165 176 10 190 205 207 208 29 21 28 28
204 204 200 216 21 23 23 06 26 W 0T

F1 Gas change-over

F2Lambda

F3Emissions

FdGaslevel

AT AT W9 26 2 @S 2 WS 26 W W o
200 210 210 212 247 219 20 21 22 23 B 0.0%
Rl S0 o5 26 26 2T AT 29 2 W W W MW
Modfymaprefs. | Start calibration |
F&K Insertion
Times |
extra-injection
FTlInjectors
Petrol injector dead time 068 g 0 ms
Gas injector dead time o ms 0 ms
F8-Esc Exit
PETROL | Revs Orpm | Tinj.gas 0.00 T.water 302! Lambda 0.45Y
Tinjpetrol 000  Tgas 562
Level 0 Press. na.

N3] ) @ * EMeosihbicl- €% [ Lani Benzo Ome...
Figure 4: Gas ECU Calibration Chart
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Figure 6: Result of CO Concentration Measurement

636 / d=vidlAA Yo eta) A A34A Al5E, 2010. 7

B B

ol
d

e 2 o ) rfe

G Wol wAe] "} o
(Excess Air Ratio, A)e°]

=1/M7F 12T S 3%
73—?— FFE}72 HAFEHA
Ag o=1.1, AA7k2=e] 7

HAth. FAl Figure 62 Figure 59} 59
o A ] CO—4 ZRANE dubzlo g 7pA
! ARE Aol FAulel oA éxéﬂ‘#
FFAdr<]) FFdA

FALA FRAA FIRE

EAMES %‘——‘3&2 CO7F AAH T g}
A% NO| FHZA7st w72 gl
o3 JFo2 AAFA(4~524ppmm) ] MEF
o] 7}48A(1~1200ppm) 3 ¥lX & 7S YE
Wt

4. 48 B

#A4g RER g8 AEHIZ & Outboard
typed &% 6d5 7HEdY
CNGE sAld A8
bi-fuel AFO=Z 3Hs}lo]
Calibration, 4] % HH7]7}
vy A3E P8 434 v 22
T

g AU



2

7F:d/CNG Bi-fuel d271x 71« A 45

1. 71 Outboard typed HEE 7H&d 60-65. 1993.
/CNG A& AN&=do g2 ATz A5 & [6] C. G. Chang and C. W. Park, "A Study
Hale gldoh on performance characteristics for a
2. AW 9L st&de sl oF 7% Wk CNG regulators of automotive vehicle”,
uk AL A TPt Ao 2 FIHY T} KIKAS, vol. 11, no. 4, pp. 12-16, 2007.
3. 1A SYA(LZA-WOT) 9 anjEs 7t

%3 34.09¢/h(7+&d 127 1,5009), CNG X Kt A N

19.35 m*/h(CNG INm® 6609)Z 4u] 7}
Agw dgasr} et

4. AR A&F I 700~2500rpmel A 72
Ht} ONG #A3RE=e] A7 CO, NO7F 97
e g vehhsich

HIH S (AMERIE)

1987 Zeltistn 7|ASEn (S
SHAD, 1992 Zelthstm 7|A 3 szt
ZA(ZEAMAD, 1996 AMTIA 7|4
Zstnl ZQi(ZetabAp, A zZhelo)st

-~

Jru

~ it as
= 7|

EoAxs Fysi=d ol @Ysld Fal

(FNGVI A8 57 2& 7AE2 =gyt
D23

[1] M. H. Park, "Diesel engine combustion
characteristics on the natural gas
mixing’, KIGAS, vol. 11, pp. 9-12, 2007.

[2] S. S. Yoon and B. C. Choi, “Control
system for LNG dual-fuel natural gas
engine’, Spring Conference Proceeding,
KSAE06-S0305, pp. 1910-1915, 2007.

[3] J. I. Yoon and S. T. Oh, "Effect of two
staged inter-cooler on efficiency of LNG
liquefaction proces’., Journal of the
Korean Society of Marine Engineering,
vol. 34, no. 1, pp. 46-52, 2010.

[4]J. Y. Kim and J. Y. Ha., “The
comparison of performance and emission
characteristics between CNG engine and
gasoline engine’, Transactions of the
Korean Socity of Automotive Engineers,
vol. 11, pp. 16-21, 2003.

[5] M. Ishii, “Analysis of emission
reduction potential and power output
of natural gas engine’, Japanese
Automotive Technology, vol. 47, pp.

shauld QX Yo g &3] 2] 2347 #535, 2010. 7/ 637



