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Abstract : Syngas with a high-octane number can be used as fuel for spark ignition engines with a high compression ratio to
improve thermal efficiency. Furthermore, the use of syngas is advantageous in terms of lean combustion due to its low
ignition energy, and improvement in thermal efficiency can be expected. The simulated syngas was composed of
hydrogen(H,), carbon monoxide(CO), and carbon dioxide(CO,). In this study, the characteristics of combustion and exhaust
emissions based on the composition of syngas and load conditions were investigated. The in-line, six-cylinder compression
ignition engine, with a compression ratio of 17.1, was modified to become a single-cylinder spark ignition engine. The
coefficient of the variation of indicated mean effective pressure(COVivip) was limited within 5 % at 1800 rpm for full and
part load conditions. The maximum load was obtained under a stoichiometric air-fuel ratio(AFR) condition, while high
efficiency could be achieved at the lean operating condition. The maximum load increased with a higher H, and CO
composition of syngas. Moreover, the lean operating condition was expanded, and the highest efficiency operating condition
was moved to a relatively leaner operating region. In the case of 15 % Ha, 15 % CO, and 70 % CO,, stable engine operation
was ensured under full and part load conditions with low calorific value syngas. However, the lean operation region was
reduced, and there was a deterioration in the engine’s gross indicated thermal efficiency(ITE,).

Key words : High compression ratio( 2.9} 5 H]), Single cylinder spark ignition engine('tH 715721715 &} ol %), Syngas(3}
#J 7}2~), Hydrogen(5=4~), Low calorific fuel(#] %< & 1 7)

Nomenclature ITE, : net indicated thermal efficiency

AFR . air-fuel ratio WOT : wide open throttle
COVimer : coefficient of variation of indicated mean

effective pressure LME
IMEP,  :gross indicated mean effective pressure 71538 g2 917 2ATFE vl = GFA7E A st
IMEP,  :net indicated mean effective pressure I Qith olof W A et A AR89 A4S V|vto 7 3=
ISCO : indicated specific carbon monoxide A7 3l B o] =r}eta k. A TAE =49
ISNOx :indicated specific nitrogen oxides st E Eele E7EAE Hal, vk /i
ITE, : gross indicated thermal efficiency 2 eb7} 3] vlo] Quj s 7hAE) S8 Eol BAke 4 3,1
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Table 1 Fuel properties

Item Unit Fuel A | Fuel B
H> 30 15
Composition CO % 25 15
CO; 45 70
Density keg/Nm® 1.23 1.58
Low heating value MJ/Nm’ 6.08 3.34
Stoichiometric air-fuel ratio - 1.38 0.58
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Table 2 Engine specification

Item Specification
Engine type Single cylinder, spark ignition,
Displacement [L] 1.842
Bore x stroke [m] 0.123 x 0.155
Compression ratio [-] 17.1:1
Open: 18 CAD bTDC
Intake valve timing
Close: 34 CAD aBDC
o Open: 46 CAD bBDC
Exhaust valve timing

Close: 14 CAD aTDC

Data Acquisition
R —— S
BBTBI R E
namomet Combustion
Analyzer

Air
Compressor

Air Flow
Meter

Intake
Surge Tank

ECU PC

Exhaust
Gas
Analyzer

Single-cylinder

AVL AMA i60

Lambda
Sensor

o
MAP Encoder
Sensor

Pressure Transducer

Fig. 1 Schematic diagram of syngas engine setup
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Table 3 Uncertainties of parameters

Parameters Data uncertainty [%o]
Indicated mean effective pressure +0.5
Indicated thermal efficiency +0.7
Indicated specific NOx +1.5
Indicated specific CO +1.5

Table 4 Engine operating conditions

Fuel A Fuel B
Engine speed [rev/min] 1800
Engine load WOT | WOT, IMEP, 0.3 MPa
Excess air ratio [-] 1.0 - 3.1 1.0 - 2.1
Spark timing [CAD aTDC] | Maximum Brake Torque(MBT)
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Fig. 2 IMEP, and COVmgp along different excess air ratio
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Fig. 3 Fuel flow and mixture energy with composition ratio
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Fig. 5 NOx emission along different excess air ratio
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Fig. 6 CO emission along different excess air ratio
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