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A Study on The Hydrogen and Gas Oil Dual Fuel Diesel Engines

By
Keijiro Suiope and Yoshiaki YuzuriHA

Abstract

This paper presents some ffndings obtained by the running tests of the hydrogen and gas oil
dual fuel diesel engines.

The experimental work was carried out on the two types of diesel engines: one was the
small size, single cylinder, four stroke cycle, pre-combustion chamber diesel engine with the com-
pression ratio of 20:1, the other was the small size, single cylinder, four stroke cycle, swirl
chamber diesel engine with the variable compression ratio of 6.8-20.6:1.

In these dual fuel engines, the hydrogen was injected into the intake pipe, mixed with the
fresh air, compressed and then ignited by the injection of gas oil near the end of compression
stroke. The hydrogen and gas oil dual fuel diesel engines run smoothly as the hydrogen-air
equivalence ratio was smaller than the values of 0.2-0.3 depending on the running conditions of
the engine. But, the preignition began to occur when the hydrogen-air equivalence ratio became
larger than the values of 0.2-0.3. The preignition led rough running, poor thermal efficiency and
backfiring into the intake pipe of the dual fuel diesel engines.

With the objects of controling the preignition and increasing the hydrogen-air equivalence
ratio, we tried to inject water near the intake valve in the intake pipe and to lower the tempera-
ture of the fresh air by the evaporation heat of water.

By the water injection into the intake pipe, the hydrogen-gas oil dual fuel diesel engines
could run widely in the hydrogen-air equivalence ratio without the abnormal combustions.
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2. FAXHOES

Ga LR E  Air flow rate  (N|/Min)

Gn  JKkZFikE Hydrogen flow rate (NI/Min)

Gw  JKMW4tE Water injection rate (CC/Min)

L, R /7 Engine output (PS)

N HElE{Es%  Engine speed (RPM)

P, IEWYHHE % ES Brake mean effective pres-
sure (Kg/Cm?)

P; MRFEEESHTES Indicated mean effective
pressure  (Kg/Cm?)

Poox TV v FEEIES Maximum cylinder pressure
(Kg/Cm?)

R JE#E Compression ratio

Qn )

O+ Qg

Q HMMHOMEEIT X 53 E Heat released by
combustion of gas oil (cal)

Qn  IKEBMElOBREEIC X 53 E Heat released by
combustion of hydrogen (cal)

Ne IFek#tsh®  Net (Brake) thermal efficiency

m Btlksh=®  Mechanical efficiency

@ Hi¥ it Fuel-air equivalence ratio

¢¢  BHH-ZBR/ 0N Gas oil-air equivalence

R,  #iH Heat quantity ratio (Rn=

ratio

23 KFE-ELKoMYE Hydrogen-air equivalence
ratio

4P )EHLH® Rate of pressure rise (Kg/Cm?/
Deg)

Pr i X 5 E LR Pressure rise by combus-
tion (Kg/Cm?)
H #hge e Heat release rate (cal/Deg)
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Table 1 Engine Specifications

Model YANMAR ST-95 HITACHI-R
Type Y-stroke,water cooled Y-stroke,variable compression
ratio,water cooled

No. of cylinder 1 1
Bore x Stroke 95 x 115 mm 82.5 x 114.3 mm
Swept volume 815 cc 611.3 cc
Compression ratio 20 6.8-20.6 (variable)
Combustion chamber Pre-combustion chamber Swirl chamber
Rated output 6 ps/1400 rpm

1 Diesel engine 10 Signal processor

2 Water brake 11 Paper tape puncher

3 Silencer 12 Thermometer

4 Air surge tank 13 Digital tachometer

5 Hydrogen bomb 14 Pressure plck-up

6 Water injection pump 15 Crank position detector

7 Pulse circuit 16 TOC detector

8 Delay circuit 17 Engine speed detector

9 Strain meter 18 Fuel tank (gas oil)
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Fig. 1 Schematic of Experimental Apparatus.
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Fig. 3 Cross Section of Cylinder Head (Pre-combustion Chamber Diesel

Engine: ST-95).
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Cross Section of Cylinder Head (Swirl Chamber Diesel Engine: CFR).
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Fig. 5 Relation between Heat Quantity Ratio
and Engine Running Condition (Each
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Fig. 9 Effect of Heat Quantity Ratio on Engine
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Fig. 14 Effect of Heat Quantity Ratio on Cyl-
inder Pressure Diagram (ST-95).
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Fig. 16 Effect of Water Injection Rate on Heat
Release Rate, Cylinder Pressure Dia-
gram and Rate of Pressure Rise (CFR).

Engine Running Conditions
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Fig. 17 Effect of Heat Quantity Ratio and Water Injection Rate on Maxi-
mum Cylinder Pressure (ST-95).
Left side graphs show the variation of maximum cylinder pressures

(total number of cycle: 400).

Right side graphs show the histgram of maximum cylinder pres-
sures (total number of cycle: 1000).

Engine Running Conditions
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Run No. 477-484
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Fig. 18 Effect of Water Injection Rate on Cyl-
inder Pressure Diagram (ST-95).
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Fig. 19 Effect of Water Injection Rate on En-
gine Performance (ST-95).
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Fig. 20 Effect of Water Injection Rate on En-
gine Performance (ST-59).
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Fig. 21 Effect of Water Injection Rate on En-
gine Performance (ST-59).
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Table 2 Properties of Hydrogen

Atomic welght 1.00797
Atomic number 1
Melting point,K 13.96
Heat of fusion at 14,0 K,cal/g 14.0
Boiling point at 1 atm,K 20.39
Heat of vaporization at 20.4 K,cal/g 107
Density,g/cm3

Solid at 4,2 K 0.089

Liquid at 20.4 K 0,071
Critical temperature,K 33.3
Critical pressure, atm abs. 12.8
Critical volume, cm3/mole 65.0
Critical density, g/cm3 0.031

Heat of transition, ortho to para at 20.4 K,cal/g 168
Specific heat: At constant pressure Cp,callg

Liquid at 17.2 K 1.93

Solid at 13.4 K 0.63

0-200 °*C 3.44
Specific heat: At constant volume Cy;(0-200°C),cal/g 2.46
Specific heat: Ratio Cp/Cy(0-200 %) 1.4
Gas density at 0°C and 1 atm, g/l 0.0899
Gas specific gravity(airml.0) 0.0695
Gas thermal conductivity at 25°C (cal)(cm)/(s) (cm?) €C) 0.00044
Gas viscosity at 25°C and 1 atm, cP 0.0089
Coefficient of thermal expansion per °C 0.00356
Heat of combustion at 25°C, Kcal/g mole

Gross 68.3174

Net 57.7976
Flame temperature, X 2,483
Autoignition temperature, K 858

Heat of formation of HF at 25°C,Kcal/g mole 4H -64.2
Flammability limit, %

In oxygen 4-94
In air 4-74
Energy release upon combustion: cal/g 29000
cal/cm3 2050

Joule/g 1.21 105
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