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Figure 1- Zone configuration in multi-zone model
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Table 1- CFR engine specifications

Displacement Volume (Lit) 0.612
Bore x Stroke (mm) 114.3x82.6
Connect Rod. (mm) 24
Compression Ratio 16~22
IVO(CA, aTDC) 10
IVC(CA, aTDC) 214
EVO(CA, aTDC) 500
EVC(CA, aTDC) 15
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Table 2- Main components of the engine hardware

1 Intake air mass flow meter

2 Intake air pulsation damping barrel
3 Throttle valve

4 Intake heater

5 RG injector

6 Intake plenum

7 Fuel injector

8 CFR engine

9 Intake valve

10 Exhaust valve

11 Exhaust back pressure valve

12 To the building exhaust system
13 EGR pipe, insulated and water cooled
14 EGR valve
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Table 3- engine operating conditions

Engine Speed (rpm) 800
Compression Ratio 21.5
Equivalence Ratio 0.275
Internal EGR 7.108
External EGR 0
Initial Pressure (MPa) 0.12
Intake Temperature (K) 413.15
Wall Temperature (K) 400
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Figure 7- Effect of RG blend on pressure trace
( EGR=30% «Ns=1200rpm «CR=21 T, =413.15 «¢=0.377)
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Figure 8- Effect of RG blend on maximum in-cylinder pressure
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Table 4- Thermodynamic properties of CNG and hydrogen

Properties CNG Hydrogen
Chemical formula CH, H,
Auto-ignition temperature (K) 923 858

LHV (MJ/kg) 50 119.93
Density (kg/m’) 0.862 0.08
Molecular weight (gr/mol) 16.043 2.016
Flame speed (m/s) 0.45 2.65-3.25
Diffusivity in air (cm?/s) 0.16 0.61
Octane number 120 130
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Figure 9- Effect of RG blend on SOC
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Figure 10- Effect of RG blend on in-cylinder pressure vs. volume
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Figure 12- Effect of RG blend on indicated power
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Figure 13- Effect of RG blend on thermal efficiency
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Figure 14- Effect of RG blend on rate of heat release
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Figure 16- Effect of RG blend on Nox emission
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Homogeneous Charge Compression Ignition (HCCI) engines due to reduction of NOx and soot emission and
also their high flexibility in using different fuel blends, are suitable substitute for conventional diesel engines.
Control of combustion initiation is the main challenge in using these engines. However, the use of natural gas as
a clean fuel has always been an attractive choice for many numerical and experimental researchers. Due to high
octane number of natural gas, this fuel is resistant to auto-ignition; so in order to improve ignition timing, some
additives should be supplied. In this study, the effects of added reformer gas (0.75H,-0.25CO) on natural gas

combustion have been investigated using a multi zone thermodynamic model. Studies have been performed on
the CFR engine. Also, probability distribution function for initial temperature stratification and the effects of
residual gas in the engine is considered. Some important parameters such as factors affecting start of
combustion, output power, efficiency, and engine emissions have been investigated. The results show that the
added synthetic gases can be an appropriate candidate for ignition timing control. Added inlet synthetic gas has a
negligible effect on power and IMEP, but causes advanced ignition and increases heat release rate. With
increasing heat release rate and maximum temperature, the thermal efficiency will be decreased and NOx
production will be increased.

Keywords: HCCI engine, Multi-Zone model, Natural gas, Temperature stratification, Reformer gas
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