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1. Compression ignition
2. Spark ignition
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1. Premixed compression ignition

2. Low temperature combustion

3. Homogeneous charge compression ignition
4. Premixed Charge Compression Ignition
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Figure 1- The strategy of coupling AVL Fire and detailed chemical kinetics[32]
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Table 1- The specifications of the engine [33]

Item Specification
Type Daedong 11hp,Single cylinder, water cooled, four-stroke
Bore (mm) 92
Stroke (mm) 95.5
Displacement (cc) 630
Compression ratio 17.1
Intake valve opening (CAD bTDC) 20
Intake valve closing (CAD aBDC) 47
Exhaust valve opening (CAD bBDC) 35
Exhaust valve closing (CAD aTDC) 14
Number of valves 2
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Table 2- Specifications for the port and common-rail injection system [35]

Items Common-rail injection system PFI injection system
Number of holes 8 5
Hole diameter (um) 120 -
Spray angle 120 -
Injection pressure (bar) 600 3
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Table 3- Diesel and gasoline fuel properties [33]

Items Diesel Gasoline
Chemical formula C12-C25 C4-C12
Cetane number 52.1 -
Octane number - 93
Density (gr/mL) 0.845 0.745
Low Heating Value (Mj/kg) 42.8 435
Latent heat of vaporization (kJ/kg) 301 314
Viscousity (Mpa.s) 3.995 0.567
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Figure 2- Computational grids at TDC
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1. Port fuel injection
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Table 4- grid independence studies

CA° 4000 mesh | 5000 mesh | 6000 mesh | 7000 mesh | CA° | 4000 mesh | 5000 mesh | 6000 mesh 7000 mesh
-20 15.53792 15.55416 15.60328 15.57048 1 31.6636 31.60896 31.80528 31.75008
-19 16.24688 16.29344 16.31584 16.28128 2 31.638 31.57416 31.72672 31.70096
-18 16.93048 16.99712 17.0008 16.96336 3 31.4416 31.37416 31.50544 31.49448

-17.5 17.25992 17.31816 17.33696 17.3004 4 31.10656 31.03784 31.1584 31.15744
-17 17.61872 17.636 17.69664 17.66272 5 30.65048 30.58296 30.70024 30.70648
-16 18.3728 18.35904 18.4556 18.41848 6 30.0888 30.02496 30.1456 30.15768
-15 19.16336 19.16344 19.24704 19.20504 7 29.4356 29.37896 29.5104 29.52808
-14 19.98296 20.00232 20.07176 20.02864 8 28.70464 28.65992 28.81424 28.8396
-13 20.82368 20.85336 20.91632 20.87048 9 27.90952 27.8844 28.094 28.14312
-12 21.67088 21.70408 21.7676 21.7188 10 27.06368 27.07368 27.53576 28.1192
-11 22.50832 22.54336 22.60944 22.55776 11 26.1808 26.28432 28.47992 30.46408
-10 23.3236 23.36016 23.42912 23.37488 12 25.27624 26.09896 31.81056 35.14128
-9 24.10504 24.14296 24.21472 24.15816 13 24.37464 27.67056 35.70888 37.30224
-8 24.84072 24.87728 24.9544 24.8956 14 23.5488 31.2724 38.0436 39.5292
-7 2551872 25.55616 25.63616 25.57528 15 23.28536 34.83976 39.14224 39.89035
-6 26.12736 26.1656 26.24912 26.18568 16 24.04872 37.32568 39.03648 39.47812
-5 26.65784 26.69728 26.79656 26.72128 17 25.7884 37.89336 38.37176 38.5817
-4 27.1272 27.17184 27.40832 27.23472 175 27.26368 38.09968 38.00824 38.09804
-3 27.74216 27.792 28.3316 28.0136 18 28.38832 37.91296 37.48704 37.49566
-2 28.69544 28.77488 29.648 29.1496 19 29.7272 36.9872 36.204 36.11596
-1 30.05096 30.18856 30.98584 30.55056 20 30.81496 35.91056 34.88752 34.7247
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Figure 3- A comparison of the measured and calculated in cylinder pressure and RoHR and NOx emission[33]
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Figure 4- Process of heat release in RCCI mode [34]
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Reducing fuel consumption and emissions, as well as increasing the power and efficiency, have always been
important in IC engines researches. Due to the positive effects of adding water to the inlet fuel-air mixture
through the manifold of a low-temperature engine, the effect of the temperature of water added to the low-
reactivity fuel in an RCCI engine with gasoline-diesel dual-fuel has been investigated. The water temperature
varies between 20 °C and 60 °C. Water is substituted for gasoline with different mass-ratios; so that the
reduction of fuel will be equal to the amount of water added. For numerical simulation, the AVL-Fire was
used as a coupled with the detailed chemical kinetics code. For validation, numerical results are compared
with similar experimental data. The results show that by increasing the mass-ratio of the replaced water up to
10%, the in-cylinder pressure and temperature as well as the NOx increase significantly; but with an increase
in mass-ratio to 15%, a decreasing trend is seen. With the increase in the mass-ratio to 20%, it will again lead
to an increasing trend; however, at this mass-ratio, the in-cylinder temperature, and the NOx have not
increased significantly, despite the increase in power characteristics. Then, considering the mass-ratio of
20%, the evaluation of water temperature increasing shows an improving trend; so that the maximum average
in-cylinder pressure is increased and leads to a slight increase in the IMEP. Also, due to the increase in
combustion quality, CO is significantly reduced, as well as the ISFC is reduced up to 2%.

Keywords: RCCI, Water injection, Water temperature, Indicated mean effective pressure, Fuel consumption
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