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Summary:

In this note we have made a model of a normally aspirated diesel engine with six cylinders, by using AVL-BOOST software produced by the AFL firm from Graz. We determined the performances of the mentioned engine by using a number of input data regarding engine dimensions, initial conditions of pressure and temperature, on the boundaries of the system. We have analyzed the influence of the heat release characteristic, based on the single Vibe function. As a result, we got the indicated pressure diagram, which we compared to an experimentally measured pressure within the cylinder. We also analyzed cylinder temperature and influence of single Vibe function on it. 
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INTRODUCTION  
Process of engine simulation with mathematical model represents a very important and almost mandatory operation in the technological process of engine design. Improving the functionality of highly developed technical products, such as internal combustion engines, is only possible if the physical processes that occur at the surface and in the inside of the engine can be thoroughly explained and quantified.
For purposes of this paper, a model was designed and a simulation of a six-cylinder normally aspirated engine was carried out, using the software tool AVL-BOOST. For the approximation of the rate heat release a single Vibe function was used, as well as for evaluating the effects of shape parameter m of single Vibe function on effective pressure, temperature and engine power.
MODEL
A model was made for a naturally aspirated six cylinder engine. Constructive characteristics for this engine are shown in the following table.
Table 1 The basic structural information required to create engine model
	Experimentally measured power at 2200 rpm
	132 kW


	Cylinders
	6

	Cylinder diameter
	123 mm

	Cylinder volume
	9,9760 dm3

	The degree of compression
	18:1

	Rod length
	260 mm

	Engine speed
	2200 rpm

	Firing order
	1-5-3-6-2-4

	Length of intake pipe
	700 mm

	Diameter of intake pipe
	60 mm

	Length of the exhaust pipe
	700 mm

	Diameter of exhaust pipe
	60 mm

	Intake valve seat diameter
	53,8 mm 

	Exhaust valve seat diameter
	44,1 mm

	Static angle of pre-injection
	23 deg



Engine model, made by using software tool AVL BOOST, is shown in the following figure.
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Fig.1 Four-stroke diesel naturally aspirated engine model. Labels on the engine model: SB- systems border, MP-measurement point, C-cylinder, J-junction, numbers are intake and exhaust pipes 

Fig. 1 shows one-dimensional model of in-line engine, which was used to carry out the thermodynamic calculation. It can be concluded that the engine model is very simple.
Global parameters are defined in the model framework:
· The choice of the working properties of matter
· The number of revolutions of crankshaft
· Fuel Type
· Cylinder properties
· Environmental conditions
· The order of ignition in the cylinders
· Friction in the engine

After the global parameters, the parameters for each of the elements that make the model were defined. The largest number of defined parameters is related to the cylinder. Rate heat release, heat transfer model and movement of intake and exhaust valves are defined in the cylinder.
When defining the characteristics of heat release, there are a number of available approximate functions. As noted above, for the purposes of this study Woschni model of heat transfer and single Vibe functions were used.
A number of short junction pipe were used for the modeling of the intake and exhaust manifold. At the same time the restrictions in form of given lengths and diameters of intake and exhaust manifold, which leads from the system boundary to the cylinder, were respected.
The model was designed with the assumption that the parameters in all the cylinders are equal, because the values ​​entered for the first cylinder were used for the calculation of parameters in all six cylinders.
2.1 BASICS OF MATHEMATICAL MODEL  
The calculation of the thermodynamic state of the cylinder is based on the first law of thermodynamics:



The variation of the mass in the cylinder can be calculated from the sum of the in-flowing and out-flowing masses:

Where:
	           
	change of the internal energy in the cylinder
	
	crank angle


	  
	piston work
	
	enthalpy of blow-by


	
	fuel heat input
	
	blow-by mass flow

	
	wall heat losses
	
	mass element flowing into the cylinder

	
	enthalpy flow due to blow-by
	
	mass element flowing out of the cylinder

	
	mass in the cylinder
	
	enthalpy of the in-flowing mass

	
	specific internal energy
	
	enthalpy of the mass leaving the cylinder

	
	cylinder pressure
	
	evaporation heat of the fuel

	

	cylinder volume
	
	fraction of evaporation heat from the cylinder charge

	
	fuel energy
	
	evaporating fuel

	
	wall heat loss
	
	



 Together with the gas equation

Where:
	
	gas constant
	
	cylinder temperature



establishing the relation between pressure, temperature and density, equation for the in-cylinder temperature can be solved using a Runge-Kutta method. Once the cylinder temperature is known, the cylinder pressure can be obtained from the gas equation.
The Vibe function is often used to approximate the actual heat release characteristics of an engine: 





 Where:
	
	total fuel heat input 
	
	cylinder temperature

	
	start of combustion
	m
	shape parameter

	
	combustion duration
	a
	Vibe parameter a = 6.9 for complete combustion


ANALYSIS OF THE RESULTS  
Results shown in graphs are obtained after simulating six cycles of engine operation. Because of the equal conditions prevail in all engine cylinders, the results for the other cylinders are identical, yet phase-shifted.
In this paper, the diagrams of rate heat release, cylinder pressure and cylinder temperature are presented. Results are shown for three values ​​of the shape parameter of single Vibe function, parameter m. All results are shown in function of crankshaft angle.
Figure 2 represents heat rate release functions approximated by the single Vibe function, with different shape parameters m. Crank angle of combustion duration Δα = 74 deg and Vibe parameter a = 6.9 for complete combustion, are held constant.

 
Fig. 2 Cylinder Rate Heat Release 

By analyzing diagram in Figure 2 it can be clearly seen that the rate heat release curve is approximated with function which generally takes the form of a triangle. By increasing the parameter m the maximum of rate heat release function increases. For small changes in parameter m function gradient does not change much.


Fig. 3 Cylinder pressure change

With pressures in Fig. 3, a very sharp gradient in increase and pressure drop can be seen. Maximum pressure of 97 00000 Pa or 97 bar for the value of the parameter m = 0.15, can also be seen. One can also see an excellent superposition of the experimentally obtained pressure and the pressure obtained for the parameter m=0.25. These functions have their maximum pressures in the value of 93 bar. The lowest pressure value in the value of 88 bar was obtained for m = 0.4. 
With no pressure oscillations it can be concluded that the burning is normal and there is no knock combustion.

 
Fig. 4 Cylinder temperature change

With increasing pressure temperature rises in the cylinder and reaches its maximum of 2400K, a few degrees of crankshaft after reaching the maximum pressure. It may be noted that different values ​​of the parameter m, that is, the different Rate Heat Release of single Vibe approximations have negligible temperature impact.
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Approach to modeling of thermodynamic processes in the IC engine covers processes that have a direct impact on engine energy indicators. Aspects of the influence of hydrodynamic and dynamic characteristics of the fuel supply here are simplified as a constant input data required for calculation.
Comparing the cylinder pressure diagram under the value of m = 0.25 and a diagram of pressure resulting from the experiment, it can be concluded that the model is quite good because the pressure in both cases is approximately 93 bar.
 The pressure diagram clearly shows that the shape parameter m of the single Vibe has a large impact on the cylinder pressure, while its influence on the cylinder temperature is rather small.
The modeled engine is compression ignition engine, so the question can be raised in aspect of choosing the right Vibe function. Specifically, for the purpose of this paper a single Vibe function was used, which realistically describes the process of combustion in spark ignition engine. It would be necessary to make the same calculation with double Vibe function.
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