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ABSTRACT 
This paper presents a detailed mathematical model of a Turbocharged Diesel Engine 8M 453C MAK of cutter suction 

dredger mashour and its governor set in the Suez Canal authority. The developed mathematical model is then employed 

to investigate the system performances both in steady state and transient. The simulation results are checked and the 

model is verified using experimental data in case of steady state condition. Simulation runs in order to examine the 

diesel engine behavior in a variety of operating conditions. Various control scenarios for improved engine operation and 

efficient running closer to MCR under varies load conditions are investigated. The analysis of the results is established 

to show features of model and is defined safe operating conditions, in particular those of the turbocharging system. The 

analyses and the model can be used in finding better design characteristics and in expert operating systems which can 

analyse different conditions of the system and offer optimum operating conditions in order to prevent unwanted 

occurrences. By the aid of MATLAB/SIMULINK, the model is running out and the components library has created. 

The main conclusive points from the simulation model that it shows that the main reason for exhaust gas temperature 

increase is the reduction of air mass flow rate through the engine. Also it is found that air cooler, exhaust port and 

exhaust duct and turbine inlet flow area reduction affect on the exhaust gas temperature level.  

NOMENCLATURE 

A            area [m
2
] 

i            revolutions per cycle 

Kp           proportional gain 

KI           Integral gain 

Kd           Derivative gain 

m         Mass flow rate [kg/sec] 

N            Rotational speed [r.p.s] 

Pb           Break power    [watt] 

P I           Indicated power [watt] 

pr           pressure ratio 

p            pressure[bar]   

Q           torque [Nm] 

R           gas constant [j/kg.k] 

rc            compression ratio 

Vdis        displacement volume of engine [m
3
] 

T           temperature [k] 

t            time [sec] 

v           velocity [m/s] 

Xr         fuel rack position 

Zcyl       Number of engine cylinders 
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 [rad/sec]    ω         Engine angular velocity         

        Density   [kg/m
3
]         

T        Turbine flow coefficient 

p         Pressure drop [bar] 

           Effectiveness 

          Efficiency 

m
        Mechanical efficiency 

rel
        Relative efficiency 

vol
        Volumetric efficiency 

         Proportion of the chemical energy of the fuel 

contained in the exhaust gas. 

 

Subscripts 

a          air 

AF      air filter 

AC      air cooler 

atm      ambient 

b          brake 

C         compressor 

Cd        discharge coefficient 

comb   combustion 

cyl       cylinder 

Comp   compressor 

eff        effective 

exh       exhaust 

eng       engine 
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ep        exhaust pipe 

eq        equivalent 

f           fuel ,friction factor 

GB       Gear box 

Geo      geometric 

HL        fuel lower heating value         

inl         inlet 

 i            indicated 

 I           polar moment of inertia 

M         maximum 

O          initial condition 

P           propeller 

sw         sea water 

Sh        shaft 

TC       turbocharger 

 tur        turbine 

w         cooling water 

Abbreviations 

MCR   maximum continuous rating     

BMEP   brake mean effective pressure   

IMEP    Indicated mean effective pressure 

FMEP   friction mean effective pressure 

BSFC     brake specific fuel consumption 

1. INTRODUCTION 
The diesel engines is a type of internal combustion 

engine, more specifically it is a compression ignition 

engine, in which the fuel is ignited solely by the high 

temperature created by compression of the air-fuel 

mixture. Semin [1] Study on computational modeling of 

four stroke, 8-cylinder inline direct injection diesel 

engine is presented. The engine specification is shown in 

table [1]. 

The engine with known specification is being modeled 

using Matlab Simulink. The operational parameters of 

the engine such as power, torque, specific fuel 

consumption and mean effective pressure which are 

dependent to engine speed are being discussed. The 

procedures of work present in the following paper are 

shown as flow chat in figure1. 

The validation in transient state of the turbocharged 

diesel engine model MAK 8M 453C carried out for 4 

stroke propeller engine present in Ref. [6]. The steady 

state results validation with the experimental works 

carried out at varies engine operating conditions. 

The whole engine system is divided into several 

functional blocks. The sub-models of individual blocks 

and the dynamic model of engine system are established 

according to engine working principles and experimental 

data of the engine modeled. Some empirical equations 

describing the performance of engines are proposed to 

simplify the modeling.A diesel engine model with 

differential equations to calculation the engine crankshaft 

and turbocharger speeds is used for the modeling of the 

Diesel engine. The diesel engine is modeled by 

considering the processes occurring in its parts. The 

engine parts that have been taken into consideration are 

shown in figure 2, the engine cylinders, which are 

connected between the engine inlet manifold and the 

engine exhaust manifold. The engine turbocharger which 

consists of the compressor and the turbine connected in 

common shaft. The engine air cooler, which is located 

after the compressor in order to cool the hot air exiting 

the compressor.  

The equations presented below are from the general 

understanding of the engine model thermodynamically 

and dynamically. 

2. MODELING OF DIESEL ENGINE 
In this section, the mathematical model of the 

turbocharged diesel engine encountered its components 

is developed. 

2.1. Model Descriptions 
The principle of modelling the system and different 

parts is introduced. Based on thermodynamic, dynamics 

and fluid dynamics phenomena equations. All works are 

based on these principles. This part is defined with steps 

in the time domain, as the final model is simulated per 

cycle, which is more convenient. With this introduction 

it is easier to understand the modelling process, because 

as we model it in per cycle, the transfer due to units and 

steps makes the calculations more complicated. 
With the availability of detailed technical data, the 

engine model is more realistic. The classic dynamic 

behavior includes inertia of the diesel engine and 

turbine-compressor system as the main parts. For other 

subsystems the dynamic behavior is mainly based on the 

thermodynamic and fluid dynamic behavior. The 

cylinder model is the most important part. It explains the 

combustion process inside the cylinder and calculates 

important operating parameters such as the output power 

mean effective pressure, break torque, revolution speed, 

etc. The design and layout of the engine is typical of 8 

inline cylinder four stroke diesel engine with an inertial 

load in the form of a flywheel, and variable load in the 

form of an electrical generator. To vary the electrical 

load a load control voltage is used. 

There are several assumptions about parameters and 

processes in this subsystem with which the simulation 

results are near by the realistic situation. The dynamic 

behaviour of the turbine and the compressor systems are 

very complicated. The performance map of the turbine 

and the compressor system is a common tool used in the 

modelling. Though the performance map is available 
from the manufacturer, unfortunately, for different 

engines such a performance map may be different  
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Figure1: Flow chart of present work procedures of modelling and measurement. 

 
 

Figure 2: Turbocharger engine parts considered in 

model 

The performances are approximated by constants at 

operating points in the equations of turbocharger model 

to simplify the model. 

The performance map of the turbine and the 

compressor system brings the disadvantage that there is 

no general accurate model applied in a wide field due to 

variation of operation point in each compressor [13]. A 

general assumption is used to explain its dynamic action. 

Load control is achieved by loading in the AC generator 

connected to the engine this is varying the amount of fuel 

injected each cycle while the airflow at a given engine 

speed is essentially unchanged. So the governor and the 

fuel pump system are a necessary part. 

A Sankey diagram representing the various energy 

flows through a modern diesel engine, is reproduced in 

Figure.3 The figure represents a turbocharged engine and 

an indication is given of the kind of interaction between 

the various heat paths as they leave the cylinders after 

combustion. Heat released from the fuel in the cylinder is 

augmented by the heat value of the work done by the 

turbocharger in compressing the intake air [4]. 

 

Table 1.Engine Specification 

 

This is apart from the turbocharger’s function in 

introducing the extra air needed to burn an augmented 

quantity of fuel in a given cylinder, compared with what 

the naturally aspirated system could achieve. It is the 

objective of the marine engineer to keep the injection 

settings, the air flow, coolant temperatures (not to 

mention the general mechanical condition) at those 

values which give the best fuel consumption for the 

power developed [4]. 

Engine Specification 

MAK  8M453C Engine Type 

8 Number of cylinders 

320mm Bore 

420mm Stroke 

2650 kw -3600 Hp Brake power(MCR) 

500 rpm Engine Speed(MCR) 

1 ABB 

VTR 304-11 
Turbocharger units 
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The engine ratings usually indicate the highest power 

at which manufacturers expect their products to give 

satisfactory of power, economy, reliability and durability 

under service conditions [2]. 

 

Figure 3: Typical Sankey diagram for turbocharger 

engines [4]    

The importance of the diesel engine performance 

parameters are geometrical properties, the term of 

efficiency and other related engine performance 

parameters. A practical engineer wants to run an engine 

at all is to achieve a desired output of useful work, which 

is, for our present purposes, to drive a ship at a 

prescribed speed, and/or to provide electricity at a 

prescribed kilowattage.To determine this power he must, 

therefore, allow not only for the losses mentioned above 

but for the friction losses in the cylinders, bearings and 

gearing (if any) together with the power consumed by 

engine-driven pumps and other auxiliary machines. 

In the diesel engine geometries design, diesel engine 

compression ratio is the displaced volume or swept (Vd) 

and clearance volume (Vc) divided by minimum cylinder 

volume (Vc). 

The diesel engine compression ratio as below: 

C d
c

C

V V
r

V
                                                                     (1) 

 The power delivered by the diesel engine is the 

product of torque and angular speed. Diesel engine 

power definition as, 

  2
eng E

P N Q
                                                            (2) 

Every engines efficiencies defined by Ganesan [3]. 

Indicated thermal efficiency ( ith) is the ratio of 

indicated power (Pi) to the input fuel energy. 

 

ith
f L

Pi

m H
                                                        (3)             

   

                                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 4: Concept of the turbocharged diesel engine 

model with parameters. 

Brake thermal efficiency ( bth) is the ratio of brake 

power (Pb) 

 b
bth

f L

P

m H
                                                       (3) 

Mechanical efficiency ( m) is defined as the ratio of 

brake power (Pp) or delivered power to the indicated 

power (Pi) or power provided to the piston and it can also 

be defined as the ratio of the brake thermal efficiency to 

the indicated thermal efficiency.  

output at crankshaft

output at cylinders
b

m

p

Pi
                     (4) 

Relative efficiency or efficiency ratio ( rel) is the ratio 

of thermal efficiency of an actual cycle to that of the 

ideal cycle; the efficiency ratio is a very useful criterion 

which indicates the degree of development of the engine.  

 
Actual thermal efficiency

Air - standard efficiencyrel
                           (5) 

The one of the very important parameters which 

decides the performance of four-stroke engines is 

volumetric efficiency, where four-stroke engines have 

distinct suction stroke and therefore the volumetric 

efficiency indicates the breathing ability of the engine. 

The volumetric efficiency is the volume flow rate of air 

into the intake system divided by the rate at which the 

volume is displaced by the system. The normal range of 

volumetric efficiency at full throttle for SI engines is 

80% to 85% and for CI engines is 85% to 90% [3]. 
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/ 2
a

vol
a dis eng

m

V N
                                                               (6) 

The other related engine performance was Mean 

effective pressure (mep), Engine Brake Torque, Brake 

Power and brake specific fuel consumption.  

Brake Mean Effective Pressure is a good parameter for 

comparing engines with regard to design or output 

because it is independent of both engine size and speed. 

If brake work is used, brake mean effective pressure is 

obtained [7]. 

4
E

dis

Q
BMEP

V
                                                                (7) 

Engine Brake Torque: Torque is a good indicator of an 

engine’s ability to do work. It is defined as force acting 

at a moment distance [7, 12]. 

 

4
dis

E

V BMEP
T                                                         (8) 

Brake Power: Power is defined as the rate of work of 

the engine. If n = number of revolutions per cycle and 

Neng= engine speed, then brake power is expressed as Eq. 

(10) [7, 6, 13].  

 

 2b E eng E engP Q Q N                                         (9) 

* * * *eng

b P cyl

N
P L A Z BMEP

i
                          (10) 

Brake Specific Fuel Consumption: Brake power gives 

the brake specific fuel consumption [7, 6, 13]. 

f

b

m
BSFC

P
                                                                         (11) 

The measure of an engine’s efficiency which will be 

called the fuel conversion efficiency is given by 

Heywood [2]: 

heat converted into useful work

total heat suppliedf
 

f
f L

P

m H
                                                                (12) 

In engine testing, both the air mass flow rate, ma and 

the fuel mass flow rate, mf are normally measured. The 

ratio of these flow rates is useful in defining engine 

operating conditions as air/fuel ratio (A/F) and fuel/air 

ratio (F/A).  

The air mass flow rate is calculated using the 

following equation, which has been derived according to 

the quasi-one dimensional consideration in an orifice 

with subsonic flow [6]:  

 ,inl

a eqd exh inl

a inl

f
p

p pcm A
R T




                         (13) 

Where: 
12

2
,

1

exh

inl

exh exhf

inl inl

p pp

p p p



 








 




 
 

 
       
  
 
 

   
   
   

 [5. 1] 

 

In the case of four-stroke engines, the following 

amount, which accounts for the mass flow rate due to the 

air pumping of the engine, must be added to the 

respective one derived by applying equation [6]: 

 

, 120pump vol a inl d engm V N                                         (14) 

The engine brake mean effective pressure is calculated 

by subtracting the friction mean effective pressure from 

the indicated mean effective pressure. The indicated 

mean effective pressure is calculated using the rack 

position, the maximum indicated mean effective pressure 

of the engine and the combustion efficiency, which in 

turn is regarded as function of air to fuel ratio 

[6],combustion efficiency are approximated using 

manufacturer sea trial with help of equ.16: 

,maxr comb
IMEP X IMEP                                                (15) 

The friction mean effective pressure is considered 

function of the indicated mean effective pressure and the 

engine crankshaft speed [6]: 

 

1 2fo f fFMEP IMEPN engk k k                                 (16) 

Where fok , 1fk , 2fk  are constants. 

For the calculation of the fuel mass flow rate, the 

variation of the mass of injected fuel per cylinder and per 

cycle vs. fuel rack position must be provided as input. 

Thus, for each value of rack position, the fuel mass flow 

rate is calculated by: 

, / 2f cyl f cy engm Z m N                                                    (17) 

2.2. Engine Cylinder Model 

The energy balance applied on engine cylinders gives: 

   , ,a inl f L a f exhp a p exhcomb exhc cm T m H m m T       (18)  

In order to calculate the engine shaft and the 

turbocharger shaft speeds as in equations (20),(26), 

which are derived by applying the angular momentum 

conservation in the engine shafting system and the 

turbocharger shaft respectively. The equations (7), (34), 

(18), (17) required for the calculation procedure of 
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engine speed and turbocharger speed equations [6, 14, 

13]. 

The air and gas properties, the fuel lower heating 

value, the discharge coefficient and the correction factor 

for the exhaust gas temperature are considered to be 

constant. The pressure and temperature of the air 

contained in the inlet manifold are calculated by 

modelling the compressor and the air cooler.  

GBeng eng psh GB

E GB sh P
dt

Q QidN
I I I I

  


  

                                        (19) 

In the case where engine modelling is only of  interest, 

i.e. the propeller and ship models will not be used, the 

propeller torque, required in eq. (20), is calculated 

according to the propeller law through the engine 

maximum continuous rating (MCR) operating point, as 

follows [13,12] . 

 
2

p engP
Q Nk                                                                            (20) 

2

,,p MCRMCR engeng
Q Nk                                            (21) 

2.3. Modelling of Engine Governor 
The speed control of engines is intimately associated 

with the origins of control theory. These are many 

examples in the ancient times of devices that could be 

said to incorporate feedback or regulation, and most 

basic control textbooks will have some discussion of the 

ancient origins of feedback mechanisms. The main 

purpose of the governor is to regulate the position of the 

engine fuel servo in order to maintain an engine speed 

equal to a reference setting. The governor system is 

composed of two separate parts: the speed regulating 

function and the fuel actuating function [2].A PID 

(proportional-integral-differential) engine governor 

model was chosen and implemented in MATLAB 

Simulink environment. According to that, the following 

equation is used for the calculation of the engine rack 

position: 

 
, 0

t

r r o p i d
N

d N
Ndt

dtx x k k k    


         (22) 

Where 
ord eng

N N N  is the difference between the 

ordered engine speed and the actual engine speed. The 

engine governor model is depicted in figure 5. As it is 

shown in that figure, an engine torque limiter has also 

been incorporated in the engine governor model. Its 

function is to limit the engine governor rack position to a 

predetermined maximum value depending on the engine 

speed, in order to protect the engine integrity during fast 

transients or over speed. 

Electronic governors used nowadays are mainly PID 

control based. From simulation or operational 

experiences a set of optimal PID gains are selected and 

switching between different sets of PID gains is carried 

out according to the actual operation conditions, thus 

achieving better performance than mechanical hydraulic 

governors which basically have fixed gains. 
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Figure 5 Engine governor modeled as PID Controller 

 

On the other hand electronic governors based on fuzzy 

control and optimal control; however control algorithms 

are expected to get complicated. 

2.4. Turbocharger Model 
In order to identify the engine model. The model 

should also be accurate enough to predict engine 

behaviour under operational conditions. Many 

researchers have been done to simulate the engine 

dynamic behaviour in order to simulate the dynamic 

performance of engine. To model the engine 

performance required information such as turbocharger 

maps, torque generation efficiency, geometric and 

dynamic characteristics of engine are collected from the 

manufactures' catalogue for ABB turbocharger and MAK 

engines [16]. 

Turbocharger model comprises compressor, turbine 

and interconnecting shaft. There are different methods 

for modelling the dynamic performance of turbochargers. 

In this simulation a simple yet accurate model is used. In 

order to compress the inlet air, mechanical energy is fed 

to compressor; the required mechanical torque is 

calculated using the following formula: 

 

   2a pa c a TcComp
C T T NQ m  

                                             (23) 

The turbine wheel delivered torque is given by: 

 

   , 2exh exh tur dpexh TCturQ C Nm T T                     (24) 

Exhaust gas mass flow rate through the turbine is a 

function of turbine pressure ratio and turbine shaft speed. 
Also the turbine efficiency is a function of air flow Mach 

number and turbine shaft speed [6]. 

The rotational acceleration of the turbo shaft is derived 

through Newton’s second law describing the power 

transfer within the turbocharger as follows. [11-14] 

 

 



 

47 
 

tur CompTC

TC
dt

Q QdN
I




                                                    (25) 

Where Itc is the rotational inertia of inter connecting 

shaft.By applying the mass balance in the engine, as well 

as by using the quasi-one dimensional consideration for 

calculating the exhaust gas mass flow rate through the 

turbine [6].Equation (27) is used for subsonic flow and 

equation (28) for sonic flow: 

 , ,
,exh

exh a f tur eff etur d exh

e exh

f
p

p pm m m A
R T

  
                         (26)
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exh a f tur eff

e exh e e

p
m m m A

R T




 





  


 
 

 

                           (27) 

The mass of fuel injected can be defined as a function 

of relative fuel rack position:  

 

,f f MCR r
m m X                                                                        (28) 

2.5. Gas Turbine Model 
The gas turbine constitutes one of the two main parts 

of the turbocharger. It is driven by exhaust gas from the 

exhaust manifold and is itself the power source of the 

compressor through the turbo shaft connection. 

 The turbine effective flow area is derived from the 

turbine geometric area and the turbine flow coefficient, 

which, in turn, is considered function of the turbine 

pressure ratio [6]. 

, ,tur eff t geotA A                                                                        (29) 

 With    2

0 1 2t t tt t tr rp pk k k                                  (30) 

Using the turbine efficiency definition equation and 

after some manipulation, the following equation is 

derived for the calculation of the temperature of the 

exhaust gas exiting turbine [6]: 

 
 

1

,
1 1

,

e e

t d exh t tur d exhp pT T
 


  

    
  

  

         (31) 

The turbine efficiency is taken as a function of the 

turbine pressure ratio, or alternatively of the turbine 

velocity ratio. The pressure after the turbine is calculated 

using the pressure increase of the exhaust piping system: 
2

2, 2

ep exh

tur d a ep a

epep

f m
p p p p

A
   

                   (32) 

2.6. Air Filter Model 
The main task of the air filter is to separate the 

incoming air from rough particles. It also has noise, 

pressure and temperature reducing functions. The 

temperature change through the air filter is proportional 

to the air flow ma as follows, where Taf is the air 

temperature within the air filter, Tamb the air temperature 

outside the engine and kaf a constant [11]. 

amb
T T
AF AF a

K m                                                 (33) 

2.7. Air Compressor Model 
The compressor is usually modeled using its 

performance map. However, in marine applications, 

where it can be assumed that the engine is loaded 

according to the propeller law, the compressor operating 

points lay on a single curve, which can be represented by 

the following equation: 
2 1C TCrcP Nk                                                         (34) 

The compressor efficiency can also be assumed 

constant, or for greater accuracy, its variation with 

turbocharger shaft speed can be taken into account. Thus, 

the compressor exiting air temperature is calculated 

using equation [36], which has been derived using the 

compressor efficiency definition [6]. 

 1
1 1a a

C a CrcpT T
 


  

    
  

                      (35) 

2.8. AIR COOLER MODEL 
The air cooler is modeled in a rather simple way 

compared to the turbocharger, based on experimental 

data from the engine shop trials. The pressure drop and 

the effectiveness are given as functions of the mass flow 

rate through it [8] as follows, 
21

AC a
k m                                                                      (36) 

The pressure drop in the air cooler is calculated by [6] 

as,  
2

2

2
2 2

AC a C a

ACAC

ACC

V
f R T mp f

p A


  

                                                     (37)  

It can be approximated according to [7, 12] as, 

  
2

AC Pac ak mP                                                    (38) 

Where kpac is a constant 

The temperature of air exiting air cooler, which is 

equal to the inlet manifold temperature, is calculated 

using the air cooler effectiveness and the temperature of 

the air cooler coolant medium [6,13,15]. 

 inl C C WT T T T                                                    (39) 

Where is the  effectiveness defined as [7] 

, ,

, ,

in a a out

a in w in

T T

T T
                                                    (40) 
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The air cooler effectiveness can be also modeled as a 

function of the air mass flow rate [6]: 

2

0 1 2AC AC a AC ak k m k m   
                                            (41) 

The pressure of the air contained in the inlet receiver is 

calculated by: 

inl C AC C a AC
p p p pr p p    

                           (42) 

The proportion of the chemical energy of the fuel 

contained in the exhaust gas is considered linear function 

of the engine mean effective pressure [6] as, 

10
BMEPk kz z                                                     (43) 

The exhaust gas pressure in the exhaust manifold, the 

turbine inlet total pressure is assumed to be equal to the 

exhaust receiver pressure [8]. 

Pexh =Pamb+ Pback                                                                 (45) 

Where Pback is t he back pressure. 

2

back exh exhP a m
                                                      (46) 

Constant aexh is estimated from the constants 

determination procedure using the exhaust Back pressure 

values reported in the engine shop trials [9]. 

3. VALIDATION OF MODEL 
PARAMETERS USING EXPERIMENTAL 
MEASUREMENTS 

The activities have been performed one or several 

times during the process, which is described 

schematically in figure1. The process started with study 

of theory and earlier works. After the first reading phase, 

the design of the measurement setup was done and the 

measurements started. Then, the measured signals were 

analyzed and if necessary, the designs of the 

measurement setup were changed. In parallel to the 

design of the measurement setup and the measurement, 

the modeling activity started and was followed by the 

implementation. The implemented model was then 

validated and, furthermore, the results were analyzed. If 

the result was good enough, the process was ended and if 

the result was not to satisfaction, the procedure was 

repeated from the study or modeling phase until 

satisfaction. Measurements were performed in a diesel 

engine. Signals from sensors specially installed. Data 

from sensors were collected by the measurement system. 

The quantities measured were pressure, temperature, 

engine speed, brake power and turbocharger speed. The 

measurement is carried out using different devices. The 

same signal is measured using two different devices to 

ensure the measurement is right and to match the two 

reading. Comparison of the reading is carried out in 

pressure and temperature measurements to ensure the 

measured signals are correct. 

4. CONCLUSION 
In this paper model has been designed for assessing the 

quality and reliability of the diesel engine system under 

aggravated conditions. The model consists of 

components whose mathematical descriptions have been 

derived from basic laws of mechanics, thermodynamics, 

dynamics and fluid dynamics, mutually correlated by 

flows for the transfer of mass and energy. The numerical 

model has been implemented on the computer using the 

application MATLAB 2008– SIMULINK. By applying 

some modifications and entering appropriate parameters, 

the proposed simulation model can be applied to any 

diesel engine system with a turbocharged four-stroke 

diesel engine with. Comparison of calculated results 

obtained from the model with shop trial data, its ability 

to predict engine behavior accurately is confirmed. The 

model manages to predict the behavior of the various 

engine subsystems as well, while the most encouraging is 

its ability to predict adequately the exhaust gas 

temperature, which is generally recognized to be one of 

the most difficult engine parameters to predict. 

From the simulation model it is show that the main 

reason for exhaust gas temperature increase is the 

reduction of air mass flow rate through the engine 

Also it is interesting to see that air cooler, exhaust port, 

and exhaust duct and turbine inlet flow area reduction 

affect the exhaust gas temperature level. Furthermore, it 

is observed that various faults may cause the same 

overall effect on the engine. The simulation model 

provides valuable information in this direction making it 

possible to distinguish various faults and to develop a 

database concerning their effect on engine performance. 

This process is extremely faster and has a lower cost 

compared to the experimental methods used by various 

manufacturers. We believe that it is important for marine 

diesel engines. Furthermore, since the simulation model 

used in the present work is a general one, the proposed 

method can also be extended to other types of diesel 

engines.  

In this paper the simulation model has been applied for 

analyzing a diesel engine of generator system consisting 

of a four-stroke turbocharged diesel engine. The model’s 

examination shows a close correspondence between the 

designed and the measured engine’s performance for 

stationary operating points in a wide load range from 5 

% to 110 %. In addition to referential environment 

conditions. It adequately predicts the engine speed 

response and in that respect, it can be reliably used in the 

engine speed control design process. In order to represent 

with acceptable accuracy the turbocharger shaft speed 

response during fast transients. Thus, for advanced 

engine speed control, turbocharger such a model should 

be carefully treated. The engine physical processes are 

more accurately represented since this approach includes 

the more detailed modeling of the engine. In that respect, 
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the model gives better predictions for the engine 

operating parameters response during fast transients. 

Finally, it can also be used for educational purposes, in 

order for the students. 
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Figure 7. Comparison of simulation results to experimental data: steady state performance for 8M MAK 453C 
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Figure 8. Transient results of engine simulation for MAK 8M 453C at 60%load 
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Figure 9. Transient results of engine simulation for MAK 8M 453C at 50%load 
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Figure 10. Transient results of engine simulation for MAK 8M 453C at 85% load.
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