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Development of Remade Hydrogen Out—board Combustion Engine
and the Characteristics in no—Load Operating Conditions

Satoru Ezoe™ !, Kodai Takahashi?, Hidenori Furukawa®, Mizuo Izawa'
and Yoshiro Iwai’

Abstract : The unanticipated price fluctuations of fuels induced by economical oil supply situations have
pressed the management of the fishery industry of our country. Also, the environmental problems from
global warming or exhausting CO= gas have pressed it. Therefore, fishery industry has strongly required
to the development of alternative clean fuels that take the place of a fossil fuels. In the alternative fuels,
hydrogen has attracted attention as one of an ultimate clean energy resource with recycling and reproduci-
ble characters. Because the water would be only exhausted when the hydrogen burns. The hydrogen could
be produced from the processes of bio-mass, the natural energy of solar or wind power, reforming gases,
sub-productions, etc., that include the hydrogen element.

It was carried out in this study to attempt stable promotion in fishery industry by developing the hy-
drogen gas combustion engine for fishing boat and by preventing the changes in ocean environment induced
by global warming. The conventional out-board gasoline engine was remade to hydrogen combustion en-
gine that was capable of burning the hydrogen gas alternating to gasoline fuel. The remade hydrogen en-
gine could reduce the alternating cost rather than hydrogen engine newly designed and produced would
equip. It would contribute to solve the problems of environmental and/or the alternate fuel in an industrial
field of the fishery.

This paper presents the results of the basic performance of remade hydrogen engine, the character of
exhaust gas, the cost of hydrogen gas, etc.
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Table 1 . Specification of outboard gasoline engine
Model 4 cycle 2 cylinder engine
Output 14.7 kW (20 PS)/6000 rpm
BorexStroke 59%64 mm
Exhaust in water

Method of exhaust (Exhaust by propeller boss)

Method of cooling Water cooling

Compression ratio 92:1

Needle valve
Control box

!

/

B3 L7, Table 1 IZHERD, ¥ 7% b bUGER OMIMED
AR TN

¥ 7oFig. 1 ITAIMED KR FMRG & A 7 & LK R
VAT LEIRNT . AIMOUEE OB T, EROMIME &
L COMARIIEVIREE, $hbbry Y o)) %l
ST 7EVICHY T ATy V7Y v T (DI, A
Oy MUVEWERRT %) [C#E) L2y a—FTATy MY
ol L, KFEomEEHIETE 5 X5 1 -
R A R L 7,

MEIKFETL > O U ins OB L EMARER

i T Lo TRBICEI LkFL Yy (U, 6
TEBERFL Y Vv LIER) oFERLICET oM
BIRS 2 72 [ T 58 A 2/ NAAAIR A EE O FF ] 215 C
i EFERRER A 1T 5 72,

WROTY DU ERFALZDEIMOTE /20T, i
L COEMBEROFIE T GEEREEDO T LR VWO T
PE I CIERER 2 PERERRER 2 1T o 720 ZOFBRTH 1 BREK
FL oYL, i EEMICH 2 5N NI ZIZHERR S
72DT, KEKRFRITAOK- 1 HECHHE LT, REpite L
Tl LAEMBERIAG 2 720 BRI OKFET A1, 14.7MPa®
FEHE ) TEE10 ¢ DOFRPEAEIIRFEA A DKL 5 FoHL

Stepping motor

Programmable controller

Supply line of hydrogen

Electric signal

D/ wire
i -m-==== I

Regulator

QO
E—C0——17

Encoder

N\

Hydrogen cylinder

Manual shut out valve

Throttle grip

Outboard Engine

Fig. 1 . Hydrogen mass flow control system in early stage
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Fig. 2. Test cruising of small boat with hydrogen outboard engine
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Table 2. Experimental result of trial sea cruising of small
boat by outboard hydrogen engine

Type of hydrogen cylinder 10 2 (1.5m%)
Hydrogen pressure in cylinder 14.7 MPa
Hydrogen supply pressure 0.08~0.09 MPa
Trial max speed 6 knot
Cruise time 20 min/cylinder
Trip per unit mass hydrogen 2.4 km/m’

[1 knot = 1.852 km/h]
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Fig. 3 . Flow rate control system and piping diagram of hydrogen after upgrade
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Fig. 4 . Changes in consumption of hydrogen gas
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Table 3. Air-fuel ratio of outboard hydrogen engine

Revolutions Intake air Hydrogep
mass consumption Air-fuel ratio

rpm m’/min m’/min

1000 0.16 0.014 159.9
2000 0.32 0.030 155.2
3000 0.48 0.045 153.7
4000 0.64 0.065 140.6
5000 0.79 0.084 135.0
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