COMBUSTION PROCESS OF DIRECT INJECTED WATER-COAL MIXTURE IN DIESEL ENGINES 
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ABSTRACT

A carbon powder containing small molecules about 10 – 20 micrometers dissolved in water is good fuel for applying in large capacity engines in electrical plants. Aqueous emulsion of coal has possibility of good cooling of injectors and has also good lubricity. The paper gives necessary information about obtaining of water-coal emulsion, its physical properties and technical realization of fuelling system. Initial experimental tests indicate a higher thermal efficiency of engine fuelled by water coal emulsion than engine fuelled by diesel oil and also gas turbine driven by gas from coal gasification technology. Combustion of coal in piston engines differs from that in the boilers. The injected pulverized coal with water forms a mixture flowing into the cylinder through the injector nozzles. The nozzles should have higher diameter than for diesel oil. For that reason usually the DICEengines (direct injection coal engine) have higher cylinder capacity [1]. The injection of the mixture occurs at high temperature of the compressed air.

When a CWS (coal water slurry) drop gets in a hot combustion chamber there is immediate warm-up of the drop surface and water evaporation from the drop surface. Inside the drop there is gradual warming and as the temperature is increasing the moisture evaporates from the interior of the drop [2]. The process of water evaporation can be described by the following equation:
H2O = {H2O}







(1)
At high temperature, which still increases there is the process of thermal destruction (pyrolysis) of organic matter on the surface of CWS drop, accompanied by release of volatile substances. The molecules of coal quickly are destroyed and go into volatile as CO, CO2, CH4, H2 and N2, because bituminous coal and lignite contain those substances. The following equations describe the release of volatile substances:

CO + 0.5 O2 = CO2






(2)

CH4 + 2 O2 = CO2 + 2 H2O




(3)

H2 + 0.5 O2 = H2O






(4)

Combustion of coal molecules in existence of water occurs in another way due to heat evaporation of water, which decreases gas temperature. Coal undergoes the gasification process and direct oxidation. The processes can be written as follows:

C + 0.5 O2 = CO






(5)

C + H2O = CO + H2






(6)

C + O2 = CO2







(7)

Combustion of surfaces of coal molecules takes place together with water evaporation. Coal injection parameters determine an excess air ration in the cylinder. During injection process the coal molecules transfer into volatile form due to high temperature and small diameter. Technical problems of CWS were not considered (flow through the nozzles). 

3D simulation of mixture injection and combustion processes were carried out in Ansys Fluent [3]. Engine work is assesses on the base of pressure course in the cylinder. In DICE engine at assumed injection parameters maximum of pressure reaches value 120 bars at 7 deg CA ATDC (Fig. 1). Such high pressure induces also a high mean indicated pressure. Simulation of engine work was carried out at air excess ratio λ=1.5. Temperature of the cylinder charge is presented in Fig. 2. At the first stage of coal injection temperature of the charge fluctuates because of water evaporation. 
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Fig. 1. Cylinder pressure in DICE engine



Fig. 2. Charge temperature in DICE engine

Temperature of the charge during injection of the water-coal mixture is presented in Fig. 3 at 12 deg BTDC at the moment of fuel ignition. Formation of CO2 (Fig. 4) indicates on flame propagation and development of combustion process.
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Fig. 3. Temperature in cylinder at 348 deg CA


Fig. 4. CO2 mass fraction at 398 deg CA
Combustion of coal takes place together with water evaporation and at high temperature a gasification process is observed. Combustion process begins in the fuel jet shortly after beginning of fuel injection. Proportion of carbon mass to liquid water mass should be higher as possible but enough for lubrication of injector
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