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1. Low Temperture Combustion
2. Reactivity controlled compression ignition
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1. C14H30 (Tetradecane)
2. Kelvin-Helmholtz (KH)
3. Rayleigh-Taylor (RT)
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Table 2- Operating conditions of RCCI engine[49] Table 1- Engine system specifications[49]
) s é; Engine displacement (L) 2.44
Operating conditions 2 Q Q Bore (mm) 137.2
=~ e e Stroke (mm) 165.2
Syngas substitution ratio (% energy) 0 20 40 Connecting rod length (mm) 261.6
CO to H2 vol. ratio in syngas (%) 50-50 50-50 IVO (CABTDC) 335
IMEP (bar) 9 IVC (CABTDC) -143
Engine speed (RPM) 1300 EVO (CA BTDC) 130
IMAP(bar) 17 E\gc _(fAt_BT(D)C) ?)575
wirl ratio (- .
0,
ECR (%) 0 Compression ratio (-) 16.1
DIT(CA BTDC) 10
Equivalence ratio (-) 0.43
Fuel energy per cycle (J) 5100
[Far-]les gw Slakin - Jous
Table 3- Fuels specifications[30,49]
Fuels Chevron Diesel Hydrogen gas Carbon Monoxide gas
Chemical Formula CH1.825 H2 CO
Cetane number 53 - B
Octane number 830.9 140 106
Density (g/L) - 0.09 1.14
Minimum ignition energy (MJ) 20 0.02 <0.3
Flame velocity (m/s) 1.26 2.7 0.19
Lower heating value (MJ/Kg) 43.193 119.96 10.11
Specific heat capacity (kJ/kg. K) 2.24 14.31@300k 1.04@300k

1. Horiba analyzer
2. AVL 415S smoke meter
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Figure 2- Schematic representation of engine fuel systems layout (a) pure diesel combustion, (b) diesel-syngas combustion[49]
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Figure 3- Comparison between experimental and numerical mean pressure and heat release rate for three different baseline engine
operating conditions (a) pure diesel combustion, (b) diesel-syngas combustion 20%, and (c) diesel-syngas combustion
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Table 4- Piston bowls geometry specifications[43]

Piston Bowls Wide-shallow Stock (baseline)
Bowls shape ]
Bowl diameter (mm) 130 94
Bowl depth (mm) 140 18
Bore to bowl diameter ratio (-) 1.05 1.46

&8s G3lw dd Jolpo 18 Jgu
Table 5- Numerical simulation steps

Fuel quantit
Bowls shape Operating conditions SOBEHZD(CC)A S(;!I_ID(CC)A at First(l ;Tjecti)(/)n

25

Pure diesel 10 40 20
55
. 25

Stock (baseline) Diesel+syngas 20% 10 40 20
55
25

Diesel+syngas 40% 10 40 20
55
25

Pure diesel 10 40 20
55
] 25

Wide-shallow Diesel+syngas 20% 10 40 20
55
25

Diesel+syngas 40% 10 40 20
55
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English Abstract

Numerical study of the simultaneous impacts of pilot fuel injection timing
and piston bowl geometry in a RCCI engine with diesel\syngas fuel
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This numerical study the simultaneous impacts of diesel direct injection timing (pilot injection at 25-40-55
Crank Angle (CA) Before Top Dead Center (BTDC) and main injection at 10 BTDC), combustion chamber
geometry (re-entrant (baseline), and wide-shallow chamber), and applying syngas, 20% and 40% of total
energy per cycle, in a heavy-duty off-road RCCI engine. This numerical research is conducted using
CONVERGE computational fluid dynamic code. The SAGE combustion model was used coupled with a
detailed chemical kinetic mechanism consist of 72 species and 360 reactions. The results showed that
increasing the syngas to diesel ratio up to 40% caused the combustion speed increased compared to the
baseline pure diesel combustion and the start of combustion occurred near the top dead center. Also use of the
wide-shallow combustion chamber along with diesel injection at 55 CA BTDC at diesel- 40% syngas
combustion operating condition significantly reduced the maximum pressure rise rate compared to other
combustion conditions. Additionally, at this combustion condition emissions of Nitrogen Oxides (NOXx), soot
and Hydro-Carbons are 17.18, 0.015, 0.1 g/kg of fuel which are decreased by 63.5%, 96.5% and 80.2%,
respectively, compared to the baseline pure diesel combustion. However, the use of syngas increased the
emission of carbon monoxide.

Keywords: RCCI combustion, piston bowl, pilot injection, Diesel injection timing, Syngas
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