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Abstract : Computational analyses are conducted on the combustion characteristics of the coal- and the
biomass-derived synthetic gases with low-Btu heating value in gas engine. Using thermochemical analyses
on the synthetic gases, combustion pressure, temperature, exhaust gas composition, NO emission and engine
power are predicted and the predicted results are compared with small-scale pilot engine test results. In order
to investigate the unsteady combustion phenomena in gas engine combustion chamber, CFD analyses are
carried out on the coal and the biomass synthetic gases and their computed results are compared to provide
the guidelines for the design modification and the tuning of the gas engine burning the synthetic gases as
alternative fuels.

Key words: Low-Btu Synthetic Gas, IC Gas Engine, Chemical Equilibrium, Ignition Source, Flame
Propagation
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Table 1. Small-capacity biomass gasification cogeneration systems

Company Technology System Size( kWe )
Gasifier/ IC engines / N
Bechtel Gas turbine 500 ~ 1500
Community Gasification/ IC engine 10 ~ 25
Power
Niagara Gasification/ IC engine / B
Mohawk Gas turbine 500 ~ 5000
IAE Gasification/ IC engine 20 ~ 110
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Figure 2. P-v diagram of gas engine.
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Figure 1. Picture and specifications of pilot-scale research gas engine.
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Figure 4. Heating values of synthetic gases.
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Figure 5. Gas temperatures of synthetic gases.
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Figure 6. Gas pressures of synthetic gases.
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Figure 8. Exhaust gas composition(biomass).
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Table 2. Numerical modeling techniques

Physical phenomena Model
Turbulence Standard k-e model
Chemical kinetics CO/H2-02 mixture
Turbulence-chemistry

interaction Eddy-dissipation model

High temperature for specified

Electric spark ignition time interval

Engine walls Adiabatic conditions

2.000-01
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Figure 12. CO mass fraction of coal gas/air mixture (above:
2 ms, below: 5 ms).
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Figure 13. H, mass fraction of coal gas/air mixture (above:
2 ms, below: 5 ms).
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Figure 17. H, mass fraction of biomass gas/air mixture (above:
2 ms, below: 5 ms).

Figure 18. Temperature of biomass gas/air mixture (above: 2
ms, below: 5 ms).
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Figure 21. Time variations of CO and H, mass fractions of biomass gas in combustion chamber.
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