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ABSTRACT 

 
Various methods are proposed in literature for the engine faults detection, based on the combination of simulation models 

with measured engine data. In order to be effective, these methods must be based, in author’s opinion, on detailed, reliable 

and validated simulation models, able to predict the faulty engine performance, by reproducing its actual work conditions. 

This is particularly important in case the simulator is used for the diagnosis of faults or for the engine maintenance staff 

training.  

The aims of the paper are: firstly, to verify the suitability of the author’s diesel engine model to be used for the faults simu-

lation; secondly, to analyse and compare the influence of the engine governor logic on the performance alterations of a 

faulty four stroke turbocharged marine diesel engine.  

The adopted diesel engine simulation model is based on a two-zone cylinder combustion scheme, which allows a detailed 

calculation of the thermodynamic processes inside the cylinders. The thermodynamic study of the in-cylinder phenomena 

is combined with a simulation of the behaviour of the turbocharger, of the intake and exhaust systems (intercooler, mani-

folds, etc.) and of the fuel pump.  

The engine faults analysed in the paper, selected on the basis of indications given by the engine maintenance staff and 

drawn from bibliography observations, are related to the fuel injection system and to the exhaust manifold behaviour. 

The reported analysis and the presented results, relative to the engine performance variation as a consequence of the simu-

lated faults (at different intensity levels), show the validity and the flexibility of the used diesel engine simulator in predict-

ing fault situations. In particular the simulated engine working parameters present a different variation depending on the 

adopted engine governor logic. 

 
 
1 INTRODUCTION  

The turbocharged diesel engines, thanks to their higher 

efficiency, power density, lifetime and lower cost in com-

parison with other thermal engines, are the most widely 

used prime movers in the ship propulsion plants. There-

fore it is very important, for the safety and economy of the 

navigation, to ensure a perfect efficiency of these engines, 

including their auxiliary systems, by means of suitable 

techniques directed to the prevention and detection of en-

gine faults. Various methods are proposed in literature for 

the diesel engines faults detection and diagnosis. Among 

the many available papers and the few considered in this 

study [1-14], two basic approaches are substantially used 

for marine diesel engine fault diagnosis, the mainly statis-

tical methods [1-4] and those based on diesel engine simu-

lation models [5-14], these last more recent and probably 

more useful today. 

This second approach, to which also our paper is re-

ferred, requires the availability of a detailed, reliable and 

validated diesel engine simulation model, including also 

the engine auxiliary components (turbocharger, fuel 

pump, etc.). In fact the ability of the model to reproduce 

the effective engine working conditions is very important 

as far as faults prediction and maintenance staff training 

are concerned. 

From the literature analysis it is observed that in a few 

cases (for instance [11]) the diesel engine faults simula-

tion is based on the hypothesis of engine running at con-

stant fuel pump setting and engine speed (condition that 

can be verified in an engine test bench). In practical situa-

tions, typical of ship propulsion plants, the engine work-

ing conditions correspond to the hypothesis of engine 

running at constant torque and speed. This last hypothesis 

is assumed in [5,13,14] for the prediction of marine diesel 

engine faults by means of simulation models. 

The aims of the paper are: firstly, to verify the suitabil-

ity of the author’s diesel engine model to be used for the 

faults simulation; secondly, to analyse and compare the 

influence of the engine governor logic on the performance 

alteration of a faulty four stroke turbocharged marine die-

sel engine. As regards this last aspect, two governor logics 

are considered in particular: constant engine torque and 

speed (typical of a ship sailing at a constant speed in calm 

sea) and constant fuel pump setting and engine speed (that 

can be assumed in an engine test bench) 

The adopted diesel engine simulation model, already 

presented and validated in previous papers [15-21], is 

based on a two-zone cylinder combustion scheme, which 

allows a detailed calculation of the thermodynamic proc-

esses inside the cylinders. The thermodynamic study of 

the in-cylinder phenomena is combined with a simulation 

of the behaviour of the turbocharger and of the intake and 

exhaust systems (intercooler, manifolds, etc.). A filling 

and emptying method is adopted in each engine compo-

nent. The calculation procedure has been validated by 
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comparisons with experimental data obtained from the 

engine Manufacturer. In this study the model is applied to 

the simulation of the four stroke Wärtsilä 8L46A marine 

diesel engine. 

The engine faults analysed in the paper (at different in-

tensity levels) are related to the fuel injection system and 

to the exhaust manifold behaviour. The considered faults 

have been selected on the basis of indications given by the 

engine maintenance staff and drawn from bibliography 

observations.  

In order to verify the suitability of the developed simu-

lator to be used for the detection of engine faults, the re-

sults of the simulations, regarding the shifting of impor-

tant engine parameters from their corrected values, have 

been compared with indications given by the engine main-

tenance staff. 
 
 
2 DIESEL ENGINE MODEL 

 
The mathematical model developed by the authors for 

the simulation of medium speed, four stroke turbocharged 

marine diesel engines has been presented in a previous 

paper [15]. Here only a brief description of the used 

methodology is given. For a more detailed explanation the 

interested reader is referred to [15,20]. 

The diesel engine model is developed, in modular 

form, in SIMULINK
 

[22] (MATLAB


 Toolbox) lan-

guage. Each block consists of a set of algebraic and dif-

ferential equations describing the subsystem behaviour. 

The overall diesel engine model includes the following 

main modules: 

1) cylinder 

2) intercooler and air receiver 

3) exhaust gas receiver 

4) turbocharger 

5) fuel pump. 

A filling and emptying approach is applied to each 

block. A real gas model is used for the fluid properties 

calculation. Specific internal energy and enthalpy are as-

sumed to be functions of both temperature and fluid com-

position. 

2.1 CYLINDER MODULE 

An ‘actual cycle’ two zone combustion calculation 

scheme is adopted for the in cylinder phenomena simula-

tion. Assuming the crank angle (ϑ) as the independent 

variable, the piston displacement from the TDC is calcu-

lated from geometrical considerations as [23]: 
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The inlet air mass (Ma) in the cylinder is given by: 

 

Ma = ρi V ηv                               (2) 

where ρi is the fluid density in the air receiver. 

The air compression process is determined by the en-

ergy equation: 
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where the inlet and outlet masses (mi and mo) are in this 

application put equal to zero. 

In order to evaluate the heat flow term in the previous 

equation, the convective gas-cylinder wall heat transfer, in 

the calculation step (dϑ), is determined as follows: 

 

dQw = h Aw (Tg - Tw) dt                      (4)                                                    

 

where the convective heat transfer coefficient (h) is ob-

tained as indicated in [24] and the heat transfer area (Aw) 

is expressed as function of the piston position (x) defined 

in equation (1). 

The ignition delay angle (ϑid) is given by [25]: 
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When the combustion process starts, the cylinder vol-

ume is split into two parts, a burning zone and a non burn-

ing one. At each calculation step (dϑ), the heat released 

(dQf) by the combustion process is given by: 

 

dQf = Mf dxb Hf                               (6) 

 

where Mf is the total mass of fuel injected in the cycle and 

dxb is the fuel fraction burned during the calculation step 

(dϑ), this last determined by means of the Wiebe equation 

[24] : 
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where the combustion angle length (∆ϑ) is evaluated by 

means of the mass flow rate across the injector holes [26]: 
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In the burning zone, the inlet air mass term (dMi), in 

the energy equation (3), is evaluated as function of the 

fuel mass burned (dMb) during the current calculation step 

(dϑ): 

dMi = dMb αs Kexc                                            (9) 

  

where the air excess term (Kexc) is imposed on the basis of 

data reported in literature [27]. 
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With reference to the burning zone, the heat transfer 

between the fluid and the cylinder wall is computed by 

means of the Annand equation [23]: 

 

dQw = Ab [Kcon k/B Re
Kre

 (Tg - Tw) + Kra (Tg
4
 - Tw

4
)] dt (10)                         

 

which includes the effect of both convection and radia-

tion. In the non burning zone only the convective heat 

transfer between fluid and cylinder wall is considered. 

The heat transfer between wall and coolant fluid is com-

puted, therefore the cylinder wall temperature is deter-

mined. 

The work done onto the piston in the energy equation 

(3), for each calculation step (dϑ), is evaluated as: 

  

dW = pcy dV                            (11) 

 

where pcy is the mean cylinder pressure (pressure balance 

is assumed between burning and non burning zone) during 

the step (dϑ), and dV is the cylinder volume change in the 

same step. 

From the application of the energy equation (3) to the 

burning and non burning zones, the fluid temperature in 

each zone is determined. Hence, by means of the perfect 

gas state equation, applied to burning and non burning 

zones, and taking into account the constraint: 

 

VT = Vb + Vub                          (12) 

 

the cylinder pressure (pcy in equation 11) is determined. 

The new pressure value is compared with the pressure 

value used before in equation (11); then a trial and error 

procedure is used to seek the final pcy value.   

The described calculation scheme is repeated for each 

crank angle (ϑ). 

2.2 INTERCOOLER AND AIR RECEIVER MODULE 

These two components are grouped into a single block. 

The air cooling effect is simply computed by the expres-

sion: 

 

To = Ti - E (Ti - Tcoo)                   (13)                                                   

   

where the heat exchanger efficiency (E) is kept constant 

[15]. 

The pressure drop of the whole set is evaluated as fol-

lows: 

∆pia = Kpia m
2
                       (14) 

 

The mass and energy accumulation in the control vol-

ume is considered, respectively, with the continuity equa-

tion: 
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and with the energy equation (3). 

2.3 EXHAUST GAS RECEIVER MODULE 

In this module the effect of blow-down through the 

exhaust valve is considered, by calculating the average 

inlet temperature in the receiver with the equation [29]: 

 

Ti ex = Ti [1 - ((kg -1)/kg) (1 - po/pi)]           (16)                                      

 

This block is treated in a very similar way to the air 

receiver module, i.e. by applying the continuity (15) and 

energy (3) equations. The pressure drop in the exhaust gas 

receiver is determined with an equation analogous to (14). 

2.4 COMPRESSOR MODULE 

A steady state compressor map given by the Manufac-

turer is employed in 2D matrix form. 

Compressor pressure ratio (β = po/pi) and isentropic 

efficiency (ηC) are evaluated as functions of the corrected 

volume flow rate: 

a
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T

T
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and of the corrected rotational speed: 
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2.5 TURBINE MODULE 

The turbine block is very similar to that used for the 

compressor. 

A turbine steady state map is also in this case given in 

2D matrix form, flow rate and efficiency being functions 

of the expansion ratio (εT = pi/po) and of the kinematic ra-

tio (ut/co). By the dynamic equation: 
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the turbocharger shaft speed is determined. 

2.6 FUEL PUMP MODULE 

The approach adopted for the simulation of the fuel 

pump is the same reported in [19]. The fuel pump block 

gives, as output variables, the fuel mass injected in the 

cylinder at each cycle (Mf, eq. 6) and the fuel injection 

pressure (pin , eq. 8). Both variables, assumed to be func-

tions of the engine rotational speed (nE) and of the fuel 

rack position (frp), are evaluated by means of two 2D ma-

trices. 

2.7 ENGINE TORQUE 

The friction loss is calculated as described in [15], hence 

the torque delivered by the engine shaft is determined in 

terms of brake mean effective pressure (b.m.e.p.) by 

means of the expression (in case of four stroke engines): 

 

π4

1
 )( = E Vb.m.e.p.Q                  (20) 
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3 MODEL APPLICATION AND VALIDATION 

 
The diesel engine model has been applied to the simu-

lation of the Wärtsilä 8L46A, an eight cylinders medium 

speed four stroke diesel engine, specifically developed for 

ship propulsion plants applications, whose main character-

istics at Maximum Continuos Rating (MCR) are: 7240 

kW of brake power at 500 rpm. 

The model validation has been obtained by comparing 

simulation results with sea trials data supplied by the ship 

owner and by the engine manufacturer, referred to steady 

state working conditions. 

As shown by the data reported in table 1, the mis-

matches between simulation and reference data are ac-

ceptable for all of the monitored parameters, particularly 

at high engine load and speed. 

As further engine model validation,  Figure 1 shows the 

comparison between calculated results and reference val-

ues relative to cylinder pressure and combustion heat, ver-

sus crank angle, at 90 % of the engine MCR. As it can be 

seen from the figure, the confidence level is very good. 
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Fig. 1 - Cylinder pressure and heat release prediction 

validation. 

 

The results of the validation, carried out for different 

working conditions, confirm the suitability of the model to 

be used for the performance decrease prediction of the en-

gine when running under faulty conditions. 

 

 

4 SIMULATION OF DIFFERENT ENGINE GOV-

ERNOR SETTINGS 

 

As said before, a purpose of this study was to verify the 

influence, on the faulty engine behaviour,  of two different 

governor logics: constant engine torque and speed and 

constant fuel pump setting and engine speed. 

In order to simulate these different working conditions, 

two different models have been developed. 

4.1 CONSTANT ENGINE TORQUE AND SPEED 

GOVERNOR LOGIC  

This governor logic is typical of the constant speed 

ship sailing in calm sea. The SIMULINK simulator 

scheme corresponding to this situation is shown in figure 

2.  

 
Fig. 2 – Constant engine torque and speed governor logic. 

 

 The figure shows the layout of the connections be-

tween the main blocks of the simulator. The DIESEL EN-

GINE module, already described, calculates the engine 

torque(QE). The engine speed (nE) is determined by solv-

ing equation (19) in the SHAFT DYNAMIC module, where 

the input variable brake torque (Qbr in the figure) comes 

from the BRAKE block, whose output (ship propeller 

torque) is determined by the simple equation: 

 

Qbr = Kp np
2
                           (21) 

 

where the propeller rotational speed (np) is deduced from 

the engine speed by means of a reduction constant. 

The GOVERNOR module compares the actual engine 

speed (nE) with the requested speed (‘nE_req’), received as 

input from the GOVERNOR SETTING block, and, in order 

to minimize the difference, determines, as output variable, 

the fuel pump rack position (rack), entering as input vari-

able in the FUEL PUMP module.   

In this engine governor scheme, therefore, the required 

engine speed is obtained acting on the delivered engine 

torque. When the diesel engine works in faulty conditions, 

with consequent delivered torque variation, the corrected 

value of this last variable is restored (in order to maintain 

the required engine speed) by the engine governor. It is 

important to observe that this governor logic maintains the 

engine power to a constant value. 

The GOVERNOR module reproduces the main func-

tions of the engine governor typically installed in ship 

propulsion plants, generally working according to a three 

terms (PID) control action [20]. 

4.2 CONSTANT FUEL PUMP SETTING AND EN-

GINE SPEED GOVERNOR LOGIC 

This diesel engine governor logic (that can be assumed 

in an engine test bench), is reproduced in the SIMULINK 

simulator scheme shown in figure 3. 

 
Fig. 3 – Constant fuel pump setting and engine speed gov-

ernor logic. 
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The component modules shown in figure 3 are the 

same as in figure 2, with the only exception of the GOV-

ERNOR and BRAKE modules, whose characteristics will 

be described below. 

According to this scheme the diesel engine is not directly 

governed, because the fuel pump rack position (‘rack’ 

variable in figure 3) is put to a constant value. So, an en-

gine torque (QE) variation caused by engine faults deter-

mines a torque unbalance in the engine shaft, involving an 

engine speed (nE) variation. 

In the governor scheme of figure 3 the engine speed is re-

stored to the correct value (nE_req) by varying the brake 

torque (Qbr in figure). This correction is determined by the 

GOVERNOR module action, that changes the brake torque 

setting value (Qtic) entering as input variable in the 

BRAKE block. 

The GOVERNOR module is very similar to that previ-

ously described, with the difference that in this case the 

governed variable is the brake torque (Qtic) instead of the 

fuel pump rack position (rack). It is to be observed that in 

this case the governor logic does not maintain the engine 

power to a constant value. 

The brake torque (Qbr) is determined in the BRAKE block 

as linear function of the inlet variable (Qtic), by means of 

the simple equation: 

 

Qbr = KB Qtic                            (22) 

 

5 SIMULATED ENGINE FAULTS AND RESULTS 

 
The simulated diesel engine faults have been selected, 

among the many realistically conceivable, in accordance 

with the considered diesel engine maintenance staff indi-

cations and by collecting information from the available 

bibliography [11,23,26,29]. The considered breakdowns 

refer to the fuel injection system and to the exhaust mani-

fold. The engine faults (at different intensity levels) are 

generated by adding a perturbation or multiplying for a 

constant value the engine simulator variable related to the 

considered fault. 

By imposing constant values of the setting parameters 

(‘nE_req’ in the constant engine torque and speed governor 

logic simulator of fig. 2, ‘nE_req’ and ‘rack’ in the constant 

fuel pump setting and engine speed governor logic simu-

lator of fig. 3), transient situations are simulated, in order 

to obtain, at the end of the transient behaviour, a steady 

state work condition. This last corresponds to a speed of 

98.5% and to a power of 95% of the MCR conditions for 

the engine working without faults. 

The results of the engine faults simulation are pre-

sented in the following figures, where the percent varia-

tion of the considered variable is displayed and compared 

with its value obtained when the engine is running without 

faults. The engine performance variations are shown for 

different intensity levels of the breakdowns. 

5.1 FUEL INJECTION START CRANK ANGLE ER-

ROR 

As known, the fuel injection start crank angle has a 

strong effect on the diesel engine performance. In the en-

gine simulator the correct value of this parameter is de-

termined, by means of a SIMULINK 2D table, as function 

of engine speed and load. For the fault simulation an error 

in the fuel injection start crank angle has been assumed, 

ranging in a -6 to +6 degrees shifting interval.  

Figure 4 shows the results of the considered fault simu-

lation in case of constant engine torque and speed gover-

nor logic, while figure 5 shows the analogous results in 

case of constant fuel pump setting and engine speed gov-

ernor logic. 

By comparing the cylinder pressure versus crank angle 

variations (figures 4a and 5a) it can be deduced that the 

difference in the assumed engine governor logic produces 

an appreciable effect on the results only in case of start in-

jection error of +6 degrees. The analysis of the analogous 

data obtained for the cylinder temperatures (figures 4b 

and 5b), does not show any appreciable difference be-

tween the two cases. 

On the contrary, the results obtained for some engine 

parameters (figures 4c and 5c), show interesting differ-

ences according to the adopted engine governor logic. As 

example the engine Brake Specific Fuel Consumption 

(BSFC), when the error in the start injection crank angle is 

negative, increases more in the case of constant engine 

torque and speed governor logic, than in the other case. 

Instead, when the error in the start injection crank angle is 

positive, the behaviour is about the same in the two cases.  

Similar considerations can be expressed also for the 

variables displayed in figures 4c and 5c, that is for cylin-

der air mass flow variation and turbocharger (TC) speed.  

The effects of the considered fault and of the engine gov-

ernor logic adopted are confirmed in the analysis of the 

working point shift shown in the turbocharger compressor 

map (figures 4d and 5d). 

The analysis of pressure and temperature variations in 

different engine components, as a consequence of the con-

sidered fault and governor logic, is reported in figures 4c 

and 5c, showing a similar behaviour even if with some 

differences in the calculated values. Only in the case of 

exhaust gas receiver temperature a substantial difference 

is observed between the two different engine governor lo-

gics, when the start injection error assumes a negative 

value (shifting of different sign in the two cases of figures 

4c and 5c).  

The results shown in figure 4 are in agreement with the 

qualitative indications given by the engine maintenance 

staff. 

5.2 EXHAUST MANIFOLD FAULT 

This damage, considered of particular concern by the 

engine maintenance staff, consists in a pressure loss in-

crease in the pipes connecting the exhaust manifold with 

the turbine of the turbocharger, loss caused by dirt or 

breakdowns in the pipes. As a consequence, the inlet tur-

bine pressure has a reduction, proportional to the damage 

intensity. 

In the developed model this fault is simulated by an in-

crease of the exhaust manifold-turbine pipe pressure loss 

coefficient (Kpia) in equation (14). This coefficient as-

sumes increasing values until the turbine inlet pressure is 

the 70% of its value without fault. The analysis of the  
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Fig. 4a – Cylinder pressure vs. crank angle. 

 
Fig. 4b - Cylinder temperature vs. crank angle. 

 
Fig. 4c – Engine parameters. 

 
Fig. 4d – Compressor map and working points. 

 

Fig. 4 - Fuel injection start crank angle error – 

Constant engine torque and engine speed 

governor logic simulation, results. 

 
Fig. 5a – Cylinder pressure vs. crank angle. 

 
Fig. 5b - Cylinder temperature vs. crank angle. 

 
Fig. 5c – Engine parameters. 

 
Fig. 5d – Compressor map and working points. 

 

Fig. 5 - Fuel injection start crank angle error – 

Constant fuel pump setting and speed 

governor logic simulation, results. 
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Fig. 6a – Cylinder pressure vs. crank angle. 

 
Fig. 6b - Cylinder temperature vs. crank angle. 

 
Fig. 6c – Engine parameters. 

 
Fig. 6d – Compressor map and working points. 

 

Fig. 6 – Exhaust pipe fault – 

Constant engine torque and engine speed 

governor logic simulation, results. 

 
Fig. 7a – Cylinder pressure vs. crank angle. 

 
Fig. 7b - Cylinder temperature vs. crank angle. 

 
Fig. 7c – Engine parameters. 

 
Fig. 7d – Compressor map and working points. 

 

Fig. 7 - Exhaust pipe fault – 

Constant fuel pump setting and speed 

governor logic simulation, results. 
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simulation results of this damage (reported in figures 6 

and 7) is more simple than the previous one. 

The simulation results presented in figure 7, relative to 

the engine working conditions determined by a constant 

fuel pump setting and speed governor logic, show a pro-

gressive increase of both pressure and temperature in the 

exhaust gas receiver (see figure 7c), when the fault inten-

sity increases. 

The other engine parameters (with the exception of the 

BSFC), do not present significant variations (see figure 7). 

This fact is confirmed by the results displayed in figures 

7a, 7b and 7d, where it can be observed that the consid-

ered fault does not change substantially the working con-

ditions of both cylinder and turbocharger. 

The engine power instead undergoes a reduction, con-

sequence of the cylinder pumping loss increase due to the 

exhaust gas receiver pressure variation. In figure 7c this 

fact is put into evidence by the BSFC increase, because, 

with the here adopted governor logic, the engine working 

is characterized by constant fuel mass flow conditions. 

When the same fault is simulated with the engine run-

ning conditions determined by a constant torque and 

speed governor logic, the engine variables undergo more 

significant variations, as put into evidence in figure 6. 

With this governor scheme in fact the engine is running at 

constant power, so in order to compensate the engine 

power loss, consequent to the considered fault, the gover-

nor increases the fuel mass flow, determining in this way 

a variation of the engine working conditions. This fact is 

testified by the results shown in figures 6a and 6b, relative 

to cylinder pressure and temperature variations induced by 

the fault, and is confirmed by figure 6d, showing the 

compressor working point variations consequent to the 

considered fault. 

Analogous considerations can be expressed by analys-

ing the results presented in figure 6c, relative to the varia-

tion of other engine parameters. 

Also for this fault, as for the previous one, the simula-

tion results obtained assuming a constant engine torque 

and speed governor logic are in good agreement with the 

qualitative indications given by  the diesel engine mainte-

nance staff. 

 

6 CONCLUSIONS 
 

In the paper a complex and reliable simulation model 

describing a four stroke turbocharged marine diesel en-

gine, developed by the authors and already presented in 

previous publications, is applied to the simulation of two 

typical engine faults: fuel injection start crank angle error 

and exhaust manifold damage. 

The main goals of the study, that is to verify the suit-

ability of the author’s diesel engine model to be used for 

the faults simulation and to analyse and compare the in-

fluence of the engine governor logic on the performance 

alterations of a faulty marine diesel engine,  appear to be 

reached.  

The presented simulation results, concerning the con-

sidered faults, are in good agreement with the (qualitative) 

indications given by the diesel engine maintenance staff, 

in particular when the diesel engine running conditions 

are determined by a constant engine torque and speed 

governor logic (typically adopted in case of ship naviga-

tion at constant speed). 

The analysis of the faulty engine simulation results 

shows clearly the great influence of the engine governor 

logic on the engine performance alterations. This confirms 

the author’s opinion that, for a reliable prediction of the 

diesel engine faults by means of computer simulation, it is 

very important that the simulator is able to reproduce the 

effective engine working conditions. 

The great number of output data (only few of them re-

ported in the paper) made available by the computer code, 

applied to the evaluation of engine performance altera-

tions in case of breakdowns, makes the developed diesel 

engine model a useful tool for the diagnosis of faults or 

for the engine maintenance staff training. 
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NOMENCLATURE 

 
A  cylinder area  

co  isentropic expansion velocity 

CN cetane number 

d  injector hole diameter   

e  error 

h  thermal conductivity  

H  specific enthalpy 

Hf  fuel lower heating value  

kg  ratio of specific heats 

K  constant 

J  inertia of rotor 

l  connecting rod length 

m  mass flow rate 

M  mass 

n  rotational speed 

p  pressure 

P  power 

Q  torque 

Q  heat 

r  crank radius 

Re  Reynolds number 

t  time 

T  temperature 

ut  turbine rotor tip speed 

U  specific internal energy 

V  volume, displaced volume 

V’  volumetric flow rate 

W  work 
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x  piston displacement from TDC 

xb  fuel mass burned fraction 

α  air/fuel ratio 

∆  difference 

η  efficiency 

Φ  heat flow 

ω  angular velocity 

ϑ  crank angle  

ρ  density 

 

Subscripts 

 

a  ambient, advance 

b  burned, burning zone 

c  corrected 

con convective 

coo coolant 

cy cylinder 

C  compressor 

E  engine 

ex exhaust gas receiver 

exc excess 

f  fuel 

fo  formation 

i  inlet 

id  ignition delay 

ign ignition 

in  injector 

o  outlet 

p  propeller 

Q  torque 

ra radiation 

ref reference 

T  turbine 

ub unburning zone 

v  volumetric 

w  wall 
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PROPULSION PLANT VARIABLES ENGINE LOADS 

Engine power mismatches                   [% MCR] 100 90 85 75 50 25 

Engine speed                                      
 
 [% MCR] 100 96.6 94.8 90.8 79.4 66 

 MISMATCHES 

Specific fuel consumption         mismatches
 
[%] -0.1 0.3 0.3 0.7 1.9 -3.1 

Turbocharger speed                   mismatches [%] 0.7 -1.4 -1.3 -2.7 -4.6 -6.4 

Outlet compressor temperature  mismatches [%] 1.8 -2.7 -2.9 -3.3 -4.9 -3.7 

Inlet cylinder pressure        
 
      

 
       pc-pexp [bar] 0.15 0.15 0.21 0.23 0.32 .41 

Inlet cylinder temperature        
 
 mismatches [%] 1.0 0.6 0.7 0.1 -1.1 -2.5 

Inlet turbine pressure                        pc-pexp [bar] -.05 0.01 0.11 0.22 0.32 0.39 

Inlet turbine temperature        
 
   mismatches [%] -0.8 -0.4 -0.9 1.9 2.2 -1.4 

Outlet turbine temperature         mismatches [%] 0.3 1.9 2.9 3.1 3.4 2.4 

Maximum cylinder pressure              pc-pexp [bar] -0.08 -2.2 -3.1 -3.4 -4.6 -3.6 

 

Tab. 1 – Steady state engine conditions, comparison between reference and simulation results. 
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