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1. Direct injection compression ignition
2. Particulate traps
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1. Catalytic converters
2. Thermal converters
3. After treatment

4, HCCI

5. PCCI

6. RCCI
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1. Manifold
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1. Single cylinder oil test engine
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Table 1- Engine specifications [29]

Displacement [Lit] 2.44
Bore [mm] 137.2
Stroke [mm] 165.1
Con. Rod Length [mm] 261.6
Compression Ratio 16.1:1
VO [°PATDC] 335
IVC [°ATDC] -143
EVO [PATDC] 130
EVC [PATDC] -355
Swirl Ratio 0.7
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Table 2- Direct-injector specifications

Number of holes 7
included Angle [°] 148
Hole Diameter [mm] 0.141
Injection pressure [bar] 500-600

1. Port Fuel Injection
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Table 3- CONVERGE sub-models used in CFD simulations

Spray Atomization KH-RT Reitz [31]
Vaporization Frossling Correlation Amsden et al. [32]
Turbulence RNGk—¢ Han and Reitz [33]
Droplet Collision No time counter (NTC) Schmidt and Rutland [34]
Combustion SAGE Senecal et al. [35]
Wall film formation O’Rourke O’Rourke and Amsden [36]
Combustion mechanism REN [37]
NOx mechanism Extended Zeldovich [38]
Soot mechanism NSC-Hiroyasu [39]
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1. Solidworks

2. Converge CFD version 2.3.5

3. Kelvin-Helmholtz/Rayleigh-Taylor
4. No Time Counter
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Figure 1. Geometry and grid of the combustion chamber’s sector
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Table 4- Engine specifications

Diesel Syngas
Engine Speed [rev/min] 1300 1300
SOI [°PATDC] -10 -10
Equivalence Ratio 0.36, 0.43, 0.50, 0.58 0.43
Substitution Ratio [% Energy] 0 20-40-60
Fuel Energy [J] 5100 5100
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Figure 2- Validation for Cylinder pressure and HRR for CDC, (a)®=0.36, (b) ©®=0.43, (c) ®=0.50, (d) ®=0.58
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Figure 3- Validation for Cylinder pressure and HRR (a) syngas 20%, (b) syngas 40%, (c) syngas 60%
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Table 5- Validation for soot emissions

Compression Ratio | experimental (gr/kgf) | This work (gr/kgf) | | Substitution Ratio [% Energy] | experimental (gr/kgf) | This work (gr/kgf)
0.36 0.19 0.2207 0 0.30 0.3085
0.43 0.30 0.3085 20 0.10 0.0967
0.50 0.57 0.5834 40 0.04 0.0372
0.58 1.26 1.1663 60 0.01 0.0143
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Table 6- Syngas components (all units are in vol. %)
Simulated Syngas Fuel 1[48] Fuel 11 [47] Fuel 111 [47]

H, 50 13.40 5.10 38.10
CO 50 14.10 13.40 28.10
CH, - 1.20 1.80 8.60
CO, 9.50 22.00 22.20

N, 61.70 57.70 -
C,H,4 - - 3.00
C,Hs 0.10 - -
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Figure 4. Cylinder pressure and heat release rate, (a) syngas = 20%, (b) syngas = 40%, and (c) syngas = 60%
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Figure 5- a) Cylinder Bulk Temperature, b) Maximum Local Temperature
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Table 7-Trend of emissions (gr/Kwh)

Soot Simulated Syngas Fuel | Fuel 11 Fuel 111
CDC* 0.058 0.058 0.058 0.058
20% syngas 0.023 0.063 0.106 0.054
40% syngas 0.011 0.078 0.163 0.84
60% syngas 0.005 0.126 0.305 0.98
NOXx Simulated Syngas Fuel | Fuel 11 Fuel 111
CDC 2.8 2.8 2.8 2.8
20% syngas 3.7 1.7 1.0 3.1
40% syngas 3.8 0.8 0.2 2.7
60% syngas 5.2 0.6 0.06 3.4
CO Simulated Syngas Fuel | Fuel 11 Fuel 111
CDC 33 33 33 33
20% syngas 14.2 18.0 28.3 11.6
40% syngas 28.7 40.6 82.0 271.2
60% syngas 41.2 74.0 188.1 40.49
UHC Simulated Syngas Fuel | Fuel 11 Fuel 111
CDC 15 15 15 15
20% syngas 0.7 2.6 5.1 2.5
40% syngas 0.5 5.0 12.5 4.9
60% syngas 0.1 5.7 18.4 7.2

* Conventional Diesel Combustion
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Effect of the composition of syngas derived from biomass gasification on
performance and emission characteristics of a diesel-syngas RCCI engine
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Syngas, mainly composed of hydrogen and carbon monoxide, is a suitable candidate for RCCI engines. In the
present effort, the impact of syngas with different compositions, on the performance and emissions of a RCCI
engine, at constant input energy, has been numerically investigated. For this purpose, three different types of
syngas are selected to compare with the simulated one which contains solely H2 and CO. Using these kinds
of syngas compared with simulated one, results in less NOx in expense of more other emissions and less GIE.
The ratio of hydrogen mass to the mass of other combustible species has a direct relation with maximum
pressure and temperature, gross indicated efficiency (GIE) and NOx and a reverse relation with other
pollutants. Syngas type | with a 78% reduction in NOx and a 11.7% reduction in GIE compared to
conventional diesel and a 3.6% increase in exergy destruction compared to simulated syngas is the best
alternative syngas in all cases.

Keywords: RCCI Engine, Low Temperature Combustion, Pollution, Syngas
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