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ABSTRACT 

In the case of engine bearings, pressure in a cylinder 
is necessary for the analysis of lubrication. In this 
study, a cycle simulation of gasoline engines has 
been developed to predict the pressure in the cylinder 
under the wide range of engine operation. In the cycle 
simulation, intake and exhaust processes are included 
and combustion process is calculated with flame 
propagation based on burning velocity. Here, the 
equation of ignition delay and the equation of burning 
velocity were determined with experimental results of 
a gasoline engine over wide A/F ratio. The pressure in 
the cylinder over the engine cycle is introduced into an 
elastohydrodynamic lubrication analysis of a con-rod 
bearing to calculate the load on the bearing in addition 
to the inertia force. Orbital movement, minimum film 
thickness, and power loss in the bearing were 
estimated over the wide range of engine operation. 
This method is useful to clarify the effects of the 
design and operation parameters of engines on the 
lubrication of bearings without experimental pressure 
data.  

INTRODUCTION 

Pressure in a cylinder over engine cycle is necessary 
for the analysis of tribology. In the ordinary cases, if 
possible, the pressure in a cylinder over engine cycle 
is measured experimentally (1), (2). However, 
experimental apparatus and work upon an engine are 
necessary for measuring the pressure in a cylinder. 
The pressure in a cylinder changes with design and 
operation parameters of an engine so that there is no 
universality on the measured pressure. 

It is well known that a cycle simulation is useful to 
estimate pressure in a cylinder and users can easily 
change design and operation parameters. 
Combination between the cycle simulation and a 

tribology model is necessary to clarify the relation 
between engine dynamics and tribology.  

In this study, a cycle simulation model of gasoline 
engines has been developed to predict the pressure in 
a cylinder under the wide range of engine operation. 
In the cycle simulation, intake and exhaust processes 
are included and combustion process is calculated 
with flame propagation based on burning velocity. 
Here, the equation of ignition delay and the equation 
of burning velocity were determined with experimental 
results of a gasoline engine over wide air fuel ratio, 
A/F. The pressure data obtained from the cycle 
simulation of gasoline engines are introduced into 
tribology model. In this case, the tribology model is an 
elastohydrodynamic lubrication analysis of a con-rod 
bearing.   

Loads on the bearing were calculated with the 
pressure in the cylinder over an engine cycle in 
addition to the inertia force. Orbital movement, 
minimum film thickness, and power loss in the bearing 
were estimated over the wide range of engine 
operation.  

NOMENCLATURE  

A : area                                     [m2] 
A/F : air fuel ratio 
b : bearing width, namely length              [m] 
cp : specific heat at constant pressure           [J/(kgK)] 
cv : specific heat at constant volume            [J/(kgK)] 
C0 : radius of basic circle of bearing clearance      [m] 
Cb : coefficient of burning velocity     [m2.25s-0.5K-1.5kg-0.25] 
Cm : mean piston speed                  [m/s] 
Cs : flow coefficient at intake and exhaust system 
[C] : compliance matrix of bearing deformation    [m/Pa] 
D : diameter of cylinder                        [m] 
Ex,  Ey : x and y components of eccentricity of journal [m] 
h : specific enthalpy including heat of formation    [J/kg]  

film thickness                             [m] 
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where Tu u� and u�  are temperature, density, and 
viscosity of unburned gas respectively. Subscript 0 
expresses the standard values. �  is proportional to 
engine speed squared, n2. Viscosity of air at 653[K] is 
used for 0�  and other standard values are included 
in the coefficient, Cb. In the present study, the Cb is 
expressed by the following equation based on the 
experimental results of a single cylinder engine with a 
disc shape combustion chamber. The Cb is 
determined in comparison between the mass fraction 
burned obtained from analysis of the experimental 
pressure and that obtained from the cycle simulation. 
The comparisons are shown in Fig. A1 in Appendix 
A1. 

The Cbs determined with the experiment are 
compared with those calculated with Eq. (13) in Fig. 4.  

EGR or residual gas in the cylinder could be 
considered using the partial pressure and density of 
fresh mixture in Eqs. (10) and (12). Effect of stroke of 
engines could be considered as the mean piston 
speed, therefore n is modified with 
n=n0(STROKE[mm]/85). n0 is the engine speed of 85 
[mm] stroke engine used in the experiments. 

Comparisons of the calculation with the cycle 
simulation and the experimental results are shown in 
Figs. A2 through A5 in Appendix A2.  

HEAT TRANSFER 

Heat loss to wall dQw is expressed with the area of 
wall, Aw, by                    (14). � � dtTTAQd wwww �
 �

At an intake and an exhaust ports, heat transfer 
coefficient of heat loss to wall is according to Tazaka 
and Matuoka (4). In the cylinder, Woschni’s equation (8) 
is used for heat transfer coefficient of heat loss to wall. 
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where Cm is mean piston speed [m/s], pm is pressure 
under motoring, p0 and T0 are pressure and 
temperature at standard volume, V0, and Vs is stroke 
volume respectively. C1=2.28 and C2=3.24 10-3 
[m/(sK)] under compression and expansion strokes 
and C1=6.18 and C2=0 [m/(sK)] under intake and 
exhaust strokes. In the case of burned gas, wall area, 
Aw, is the contact area of spherical burned zone and 

chamber wall. In the case of unburned gas, wall area, 
Aw, is difference between total chamber wall and area 
of burned gas. Therefore heat loss to wall can be 
calculated for each burned and unburned zones 
respectively.  
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Fig. 4   Cb, Experiment vs. Equation (13).  

LUBRICATION MODEL OF CON-ROD 
BEARING 

Lubrication model of journal bearing is according to 
the elastohydrodynamic, EHD, lubrication model of 
con-rod bearing reported by Ozasa et al.(1),(9). Model 
of journal bearing is shown in Fig. 5. The x, y, z and 
�  are the abscissa, the ordinate and the transversal 
coordinate on the con-rod, and the angular coordinate 
on big-end bearing respectively. The Reynolds 
equation,  
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   (16), 
is solved in the p>0 region. In the case of a big-end 
bearing, the hydrodynamic pressure and shear stress 
in the p>0 region equilibrate with the load assuming 
that the moment of force on the small-end bearings is 
zero. The load in the x and y directions, Wx and Wy, 
are expressed by 
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 (17). 

Friction is estimated with integrating shear stress over 
the film region. The shear stress is expressed by  
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2     (18). 

Tangential velocity of journal surface relative to 
bearing surface, U, must be calculate considering 
engine speed and angular movement of con-rod. The 
load, Wx and Wy are calculated from inertia force 
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