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The Effect of Hydrogen Added in In-let Air on Industrial

Diesel Engine Performance

Jina Lee

Department of Mechanical Engineering
Graduate School of

Korea Maritime University

Abstract

Diesel engines introduce only air into the cylinder, and the air 1is
highly compressed. Fuel is directly injected into the combustion chamber in
high temperature and pressure. Therefore diesel engines have high thermal
efficiency because of the high compression ratio, while having high level of
particulate matter and nitrogen oxide emissions because of the direct fuel
injection.

Many technologies have been developed to reduce particulate matter and
nitrogen oxide emissions from diesel engines. One of the technologies 1is
hydrogen fuel introduced into the combustion chamber with diesel fuel.

In this thesis tiny amount of hydrogen is supplied into the combustion
chamber in order to enhance the combustion performance. The engine, in which

hydrogen is introduced, 1s tested. There are 20 test conditions given as 5
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torque values of 100%, 75%, 50%, 25%, 0%, and 4 engine speeds of 700rpm,
1000rpm, 1500rpm and 2000rpm for the two cases with or without hydrogen. The
amount of hydrogen is controlled into two ranges of 2000m¢ and 900ml.
Maximum torques and Idle torques at each engine speed are measured, then the
torque values are divided into 4 levels with 25% increasing step.

The result shows that the fuel consumption, smoke, CO are reduced while

the NOx emission is slightly increased.
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Table 1 Properties of hydrogen fuel

P ‘o Hydrogen Methane Gasoline
roperties
(Hz) (CHy) (CoHons2)
Specific gravit
OPECTIC sravity 0.07 0.55 0.72~0.77
(in STP, air based)
Density
) 0.0813 0.648 0.092
(kg/m”)*
Diffusion velocity
_ _ ~ 2 ~0.51 ~0.34
(cm/s, in air)==
[gniti
SHEION Tanse 4-75 5.3-15 1-7.6
(Vol. %, in air)
Explosion range
_ _ 18.3-59 6.3-13.5 1.1-3.3
(Vol. %, in air)
Vins Conit] .
B 0.02 0.29 0.24
(mJ, in air)
Autoignition temperature
358 813 501-744
(X)
Maximum flame propagation
speed 278 37-45 37-43
(em/s, in air)s*x*
Heating value (kal/kg) 28,510 11,830 10,270

*25C latm,

#%20C, latm
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radical site occurs at different locations. Note the
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broken bond
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Table 2 Flash point and autoignition temperature of hydrogen

Autoignition
Fuel Flash point

temperature
Hydrogen -253C 585C
Methane -188C 540C
Propane -104C 490°C
Gasoline -43C 385C
Methanol -11TC 230 to 4807TC

Table 3 Energy density per volume

Fuel Energy density (LHV per unit volume)
10.050 kJ/m*; ‘gas at latm and 15C
1,825,000 kJ/m* ; gas at 200bar and 15C
Hydrogen
4,500,000 kJ/m’ ; gas at 690bar and 15C
8,491,000 kJ/m® ; liquid
32,560 kJ/m’ ; gas at latm and 15C
Methane 6,860,300 kJ/m’ ; gas at 200bar and 15C
20,920,400 kJ/m* ; liquid
86,670 kJ/m’ ; gas at latm and 15C
Propane ;
23,488,800 kJ/m® ; liquid
Gasoline 31,150,000 kJ/m® ; liquid
Diesel 31,435,800 kJ/m’ minimum ; liquid
Methanol 15,800,100 kJ/m* ; liquid

- 12 -




Fresh mixture during intake process is
to ignited before normal combustion

and then flow backward into intake pipe
[T

Why?

g L ondeni]

Intake process
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Counter gas ignition volume
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L Somewhat of success, but cannot control absolutely J

Fig. 5 Backfire

Hydrogen engine with external mixture & direct injection

External Mixture Direct Injection
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@ High efficiency n @ Low efficiency

Simple structure _ Contrary Complex structure
U as ocharacteristics’  High i Ire aas.

Uie 3

@Gcal of engine development

To achieve both high power and high efficiency

in all operating conditions

Fig. 6 Hydrogen engine with external mixture & direct injection
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Table 4 Specification of the test engine

Type

Turbo diesel engine(D4AK-C)

Cooling method

Water cooler

No. of cyl. & arrangement

4-IN line

Valve mechanism

Overhead valve

Combustion chamber type

Direct injection

Bore X Stroke

100mm > 105mm

Total piston displacement 3,298cc
Compression ratio 16
Rated output
80/2400(PS/ )
(KSR 1004) e
Peak torque
250/1800(Nm/rpm)
(KSR 1004) P
NO-load minimum speed 700~750 rpm

NO-load maximum speed

2640+ 20 rpm

Firing order

1-3-4-2

Injection timing

16 ° = 1° BTDC
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Table 5 Specification of the diesel smoke meter

MODEL

DS-330D
Korea Iyasaka machinery

Measuring method

Photo-electric

Operating

Manual

Measuring range

0 ~ 100% (Pollution percentage)

Minimum scale 0.1

Drifting

Full scale £ 2%

Inhalation amount

330 £ 1bcc

Power source

AC 220V, 60Hz

Weight

17kg

Display

Digital (LCD)

Dimension(LX Wx H)

392> 335> 512mm

Table 6 Test condition

Hydrogen Oxygen Percentage of Engine
(g/min) (g/min) torque(%) speed(rpm)
700
Max (100%)
0.105 1.68 1000
75%, 50%, 25%
0.047 0.756 1500

Idle(0%)

2000
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Fig. 11 The buret for fuel consumption measurement

Fig. 12 Diesel smoke tester
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Fig. 14 Connection point of hydrogen generator at intake manifold
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Engine speed
(rpm) 700 1000 1500 2000
Torque(%)
No add hydrogen
] 58.44 85.27 149.15 206.63
100 (g/min)
Add hydrogen
) 52.60 79.91 149.63 204.39
(g/min)
No add hydrogen
) 33.03 50.16 86.75 127.98
50 (g/min)
Add hydrogen
. 33.07 50.35 R7.22 126.46
(g/min)
No add hydrogen
i 15.89 22.87 39.59 65.35
0 (g/min)
Add hydrogen
) 16.33 23.12 39.99 65.45
(g/min)

Table 7 Fuel consumption rates compensated for hydrogen addition
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Engine speed

(rpm) 700 1000 1500 2000
Torque(%)
No add hydrogen 55.37 87.18 151.75 207 .45
100%
Add hydrogen 56.83 85.24 149.10 | 205.46
No add hydrogen 33.44 52.25 89.07 129.68
50%
Add hydrogen 33.23 50.32 86.70 127.87
No add hydrogen 16.51 25.33 41.41 69.25
0%
Add hydrogen 16.10 23.08 39.79 65.48

Table 8 Fuel consumption rates compensated for hydrogen addition
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