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Numerical analysis on performances and emission characteristics of
HCCI engine fueled with hydrogen added biogas
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Department of Mechanical Engineering, Chosun University
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Abstract In this research, numerical analysis was performed to determine the effects of hydrogen on biogas
combustion for homogeneous charged compression ignition (HCCI) engines. The target engine specifications were a
2300cc displacement volume, 13:1 compression ratio, 15kW of electricity, and 1.2 bar boost pressure. The engine
speed was fixed to 1800rpm. By varying the excess air ratio and hydrogen contents, the cylinder pressure, nitric oxide,
and carbon dioxide were measured as a function of the hydrogen contents. According to preliminary studies related
to the reaction mechanism for methane combustion and oxidation, a GRI 3.0 mechanism as the base mechanism was
selected for HCCI combustion calculations describing the detailed reaction mechanism. By adding hydrogen, NO was
increased while CO, was decreased. The cylinder pressure was also increased, having advanced timing for the
maximum cylinder pressure and pressure rise region. Furthermore, lean operation limits were extended by adding

hydrogen to the HCCI engine.
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Table 1. Engine generator specifications

Item Specification

Cooling type Vertical water-cooled
Bore 88mm

Stroke 94mm

Displacement 2300cc

Compression ratio

13 :1

Intake system

Waste-gate turbocharger

Maximum power 30 kW
Engine operating speed 1800rpm
Boost pressure 1.2 bar
Electric power 15kW

Fuel composition(vol. %)

CHs: CO, =6 : 4
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Fig. 1. Calculation process of CHEMKIN
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Table 2. General features of different mechanisms

# of elementary

Mechanism # of species reactions
GRI 3.0 53 325
Konnov 0.5 127 1207
Leeds 1.5 37 175
NIST 34 240
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Table 3. Variable ranges

Variable Ranges
. . 1.0/12/14/16/18/20/
Excess air ratio(A) 25/ 30
H, contents(vol. %) 0/5/10/15
Engine speed 1800rpm
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Fig. 2. Comparison of maximum pressure between
experimental and numerical results [6]
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Fig. 4. Fundamental effect of hydrogen addition on
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