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Rezumat. Modelul matematic reprezint , într-o accep iune nepreten ioas , o încercare de descriere cât mai real  
a unui proces sau fenomen aflat într-o dezvoltare temporal  indiferent de tipul de fenomen avut în vedere; 
modelarea are drept scop eviden ierea pe cale analitic  a unor aspecte de fine e dificil de intuit sau chiar 
imperceptibile. Totodat , matematica pune la dispozi ia cercet torului modalit i i metodologii de analiz  care s  
permit  o explica ie pertinent  a cauzelor i efectelor unor astfel de aspecte fenomenologice mai pu in cunoscute. 
Cuvinte cheie: motoare cu ardere interna, camp de teperatura, solicitari termice. 

Abstract. The mathematical model is, in an unpretentious sense, an attempt to describe as really as possible a 
time- developing process or phenomenon regardless of the type of phenomenon envisaged; modeling aims to 
analytically highlight some difficult – to-see or even imperceptible issues. At the same time, mathematics makes 
available to researchers analysis methods  and methodologies able to provide a meaningful explanation of both 
causes and effects of such less known phenomenological aspects. 
Keywords: internal combustion engines, field of temperature, thermal stresses. 

 
1. INTRODUCTION 

Current vehicles are equipped with complex 
power units, consisting of several functional 
elements interacting during operation. Each of 
these elements has certain static and dynamic 
properties which determine the operation of the 
engine as a whole. 

The functional components of the engine result 
by adapting some adjustable parameters such as: 
cooling agent temperature, overcharge  pressure, 
etc. In this case, the engine will be analyzed as an 
object adjustable acc.to the adopted parameter by 
the method of automated systems and not in 
classical/conventional terms. 

As functional elements it can be mentioned: the 
engine itself, the intake manifold, fuel system, 
electronic equipment , overcharge system. In the 
function scheme of the engine assembly, to each 
element corresponds a functional link that includes 
the type of that element and their mutual influences.  

From this perspective the internal combustion 
engine can be viewed as a complex technical 
system, and the presence of an automation element 
turns it into an automatic control loop system [1]. 
The complexity of a system is related to the system 
size (no. of items, weight, etc.) number of 
connections between elements, the degree of 
interdependence, etc.  

Considering this conventional criterion, systems 
fall into the following categories : 

- simple system ; 
- complex systems; 
- large systems 

To belong to the class of large systems, a 
system must meet several conditions: 
- the component parts to form a coherent whole, to 
perform a complex operation int order to optimize 
a criterion (or more criteria) efficiently – a 
condition satisfied by internal combustion engines 
(i.c.e.); 
- to contain a large number of identical or different 
elements, interconnected through a large number 
of connections; 
- to operate in a complex manner, meaning that the 
functional influence of each factor on the whole 
system is nonlinear 

The complexity of the operation is highlighted 
by the existence of many reverse connection or 
reaction circuits that are intertwined inside the 
system. 
The system behavior depends on the action of a 
number of random external factors, whose 
occurrence and evolution are unpredictable. 
- to contain elements with self-adapting 

properties for the control of variable parameter 
objects 
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Although automated, part of the system functions 
should be performed by humans. 

The control parts of the subsystems must be 
organized as a hierarchical system. 

These features, though basic, fail to capture all 
aspects and sides of the i.c.e.under all operation 
regimes. 

In the most general form, the basic operation 
scheme of a system includes :  

- the controlled process,  
- the control equipment,  
- the management equipment. 

To this scheme other activities may be added 
such as: system development and modernization, 
activitiesparticularly important in the life of a 
system [1]. 

Elaboration of a system ends with many 
experiments and complex testing during which the 
parameters characterizing the systems operation 
are strictly monitored. We can say that i.c.e. belong 
to this category of systems. 

 

2. THE NEED OF MODELING AND 
SIMULATING A TECHNICAL SYSTEM 

The life of engine production and testing cycles 
can be greatly reduced by computer simulation, 
thus  eliminating expensive prototypes and 
experimental tests are big consumers of resources, 
money and time. 

Nowadays, most applications cover certain 
areas, fluid mechanics, finite element analysis, etc. 
many of these specific tools being already used in 
vehicle design to anticipate the detailed behavior in 
running condition of the various elements, but few 
are able to achieve system-level simulation to 
monitor the vehicle  behavior  the power 
generation and transmission and the pollutants 
exhaust. 

Because the system dynamic performance 
(acceleration, the system response, 
maneuverability, maximum load) and the emission 
of pollutants are points of interest to users of motor 
vehicles, it is necessary to develop analysis and 
simulation tools to meet specific requirements. 

A simulation program of pollutants reduction 
systems in injection of spark ignition engine may 
have several advantages:   

- testing of various models is readily possible  
- within the same model it could be tested 

different types of components to retain the optimal 
variant. 

- many sources of experimental errors could be 
eliminated because the test is carried out based on 
very high repeatability, although it is admitted that 

the simulation can not fully replace the practical 
experience 

- it is relatively easy to use. 
Simulation allows a broader approach to the  

working hypotheses, in the sense that it can be 
made for the worst situations, which actually might 
be difficult to replicate and would result in 
damages. Knowing the dynamic behavior of 
mechanical, thermodynamic, electrical components 
of i.c.e. is essential, therefore the tools chosen for 
simulation  must be able to simulate the transit 
behavior (transitional regimes) of each component 
and the engine system as a whole. 

It is possible a mathematical description of the 
dynamic behavior of the engine and its  exhaust 
emissions using ordinary linear/nonlinear differential 
equations. Several computer simulation programs 
(Matlab, System Build, Easy 5, Mathcad and others) 
are able to solve systems of ordinary linear/nonlinear 
differential equations  that can be further  used to 
generate simulation od a running spark ignition 
engine. 

Before an engine system can be simulated, each 
component must be described using differential 
equations 

Then the components must be corrected into the 
desired shape and the external influences (road 
characteristics, accelerator position, load, etc.) 
must be specified. 

The system can be solved by a variety of 
numerical methods as defined by the simulation 
program.  

Finally, the results can be displayed in graphical 
tabular form and data analysis can be performed [2] 

Even if a simulation can predict the correct 
answer (response) of spark ignition engine the 
summary draft  of the simulation could  render the 
program useless , unless it has several qualities: 

- ability to quickly change the operating 
conditions of spark ignition engine anticipating the 
engine response to these changes 

- ability to easily test different versions of 
engines to compare the different effects they have 
on the overall behavior of the motor vehicle  

- ability to understand the simulation without 
the need to know details of each component; 

- ability to add new modules if a new 
mechanism or a new modeling method for an 
existing facility is found 

- ability to do simulations on your computer, 
within a reasonable interval of work; 

- ability to easily change the model fidelity and 
accuracy of a mechanism (element, subsystem) 
knowing that a more accurate model leads to 
increased working time. 
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3. MODELS OF THERMAL NETWORKS  

Thermal network models, using resistors and 
capacitors, are very useful for rapid and efficient 
estimation of conduction, convection and radiation 
heat transfer processes in engines [3]. 

Using a thermal network, the significant 
resistances to heat flow, and the effects of 
changing material thermal conductivity, thickness, 
and coolant properties can be easily determined. A 
simple four node series network, which includes 
convection and conductivity is shown in Figure 1. 

 

 
Fig. 1. 

where: 
Tg  [K] – gas temperature 
Tc  [K] – cylinder wall temperature 

g [W m-2 K-1] - heat transfer coefficient  
 [W.m-1 K-1] - working fluid thermal conductivity. 

This is an illustration of steady state heat 
transfer from engine cylinder gas to the coolant. 
This series path is composed of convection through 
the coolant liquid boundary layer. The cylinder gas 
boundary layer insulates the cylinder wall from 
high temperature cylinder gases.  

Thermal networks are primarily used for 
convection and conduction heat transfer, as the 
radiation heat transfer equation needs to be 
linearized to conform to resistance model. 
Using Fourier’s equation, the conduction 
resistance is: 

L

A
Q

T
condR     (1) 

And using Newton’s equation, the convection 
resistance is: 

1

A
Q

T
convR     (2) 

4. THERMAL STRESSES IN THE 
CYLINDER HEAD 

The level of the temperatures in the cylinder 
head is important for to determine the field of 
temperature in the cylinder head, in the admision 
area, in the exhaust area and in the area between 
the inlet/outlet valve [4]. 
A comparative study was carried out on a spark- 
ignition engine supplied with gasoline and a 
mixture of gasoline – ethanol [5], [6].  

 
Fig. 2.  Cross section at admission area 

 
Fig. 3.  Cross section at exhaust area 

 
The temperature measuring points in the inlet, 

outlet valves and the bridge between the valves are 
given in the figures 4, 5. 
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Fig. 4. Temperature in the cylinder head at admission area [0C] 

Fig. 5. Temperature in the cylinder head at exhaust area [0C] 
 
 
The measured temperatures are inputs to the 
ANSYS program to determine the temperature 
field, thermal stresses and deformations due to the 
temperature difference in the cylinder head wall 
[5] as they are shown in figures 6, 7.[7] 
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Fig. 6.  Field of temperature at the admission area 

 
 

 
Fig. 7.  Field of temperature at the exhaust area 

 
 
From the data analysis the following conclusions 
are reached: 
- The temperatures measured when the engine is 
fueled with 5% ethanol - 95 % gasoline E5 are 
equal to the temperatures taken when the engine is 
fueled with gasoline only. 
- The temperatures recorded when 10 % ethanol - 
90 % gasoline E10 is supplied to the engine are 
lower than in the case of the classical gasoline 
supplying.  

5. CONCLUSIONS 

The methods of controlling the thermal stress 
level are dependent on the factors which determine 
this level. A definite permissible level of thermal 
loads corresponds to specific designs of parts, to 
the material used and cooling conditions.  

The more recent computation finite element 
programs have implemented thermal finite 
elements too. For the purpose of this paper, use 
was made of the ANSYS program which contains 
20 types of elements for the heat transfer out of 
which the types of "thermal elements" were used 
for preset nodal temperatures, axial- symmetric 
solid, thin plate, three- dimensional solid.  

Using these elements the piston and cylinder 
head were investigated in terms of thermal steady 

conditions and the temperature field, heat flow 
thermal stresses and displacements along different 
directions were obtained 
From what has been shown it is clear how the 
thermal loads can be reduced.  
 Besides the use of cooled constructions which 
make possible an appreciable lower temperature of 
cylinder head, particularly of its critical zones, or 
heat insulating coatings aid in reducing the 
temperature and temperature gradients of parts, the 
use of unconventional fuels could be a solution in 
reducing the temperature in the parts.  
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