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A physical model of energetic processes in a diesel marine generator set
The paper presents a physical model of energy related processes taking place in a diesel marine generator set. The development of a
physical model was preceded by an analysis of the design structure of the investigated object and the flow of parameters among the
functional modules of the model object. The above was completed by developing of functional and topological models. Only their analysis allowed the development of the proper physical model.
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1. Introduction
According to the requirements of the SOLAS convention [12], each vessel must be equipped with at least two
sources of electrical energy. In most of the cases these are
marine generator sets composed of a medium or high-speed
combustion diesel engine and a synchronous generator.
Majority of engines used to power the generators are designs of, as we call it, low diagnosability, which means
there are no easily measurable parameters providing clear
information on the engine technical condition. Such engines
are operated according to hourly service life that assumes
a renewal of subassemblies after a precisely determined
period of operation. A much more advantageous strategy is
the engine maintenance based on its technical condition,
according to which the maintenance is carried out based on
intermittent or continuous measurements of the diagnostic
parameters. To this end, works are underway to develop
non-invasive (without impact on the engine design structure) methods of assessment of the technical condition of
low diagnosability piston engines. The physical model of
a marine generator set presented in the paper is a preliminary stage in the development of the method of assessment
of the engine condition based on the measurement of interphase voltages of the coupled generator. The starting point
in the conducted investigations was the assumption that the
engine condition has significant impact on the fluctuation
of its speed, hence the rotor of the synchronous generator.
Therefore, any change in the angular velocity (during the
engine work cycle) results in a deformation of the curve of
the interphase voltage.
The first stage of the investigations related to the processes occurring in the energy generating devices, in this
case the engine-generator assembly, is the preparation of
the research plan. It is most often presented as an algorithm
containing all forecasted stages of the research [1, 4]. The
adopted plan has been presented in Fig. 1.
The presented diagram of the research has been divided
into two main stages. The first one includes the development of a mathematical model of the engine powering the
generator and the second one, the development of the mathematical model of the engine- generator assembly.
Such an approach to the problem results from the complexity of the modeled processes and the fact that the model
validation in the case of the investigated marine generator
sets is practically impossible. This is due to the low diag-
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nosability of the engines under analysis (these engines are
not fitted with indictor valves).
The stage of modeling of a marine engine is composed
of the following elements: research object (referred to as
real object), physical model, mathematical model and
a computer program. The real object was the marine engine
of high diagnosability (four stroke piston diesel engine
fitted with indicator valves). A physical model was developed for this engine covering selected engine processes.
The physical model constitutes a basis for the development
of the mathematical model, whose equations are implemented in the computer program. The mathematical model
is validated based on a comparative analysis of the obtained
results of the model and empirical investigations. It was
assumed that these investigations should be carried out for
different states of technical worthiness (the same for the
model and the real object) i.e. full and partial worthiness
[5]. The performed comparative analysis of the results allows a modification of the model equations until assumed
adequacy is reached. The obtainment of sufficient adequacy
denotes completion of the first stage and initiation of the
second one.
The second stage, i.e. the development of the mathematical model of the marine generator set consists in expanding
the model from stage one by equations describing the operation of the synchronous generator. Similarly to the first
stage, the equations of the mathematical model allow the
extension of the computer program (developed following
the first stage). The validation of the mathematical model is
performed through a comparative analysis of the results
obtained in the empirical research (active experiment) and
the results of modeling for various conditions of worthiness
of the generator engine. If the model adequacy is lower than
the assumed one, the equations are modified until the desired adequacy is reached. All results (obtained in the model and the experimental research) for the marine generator
set are stored in an ‘engine condition-symptom’ database,
which should in the future allow an identification of the
engine technical condition based on the generator interphase voltage measurements.

2. Physical model of the energetic processes
occurring in marine engines
According to the definitions available in the subject literature [7, 8], a physical model is a concept of theoretical
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reproduction of phenomena and processes occurring in the
modeled object (real object). It covers a set of assumptions
defining a certain simplified representation of an object of
the model analysis and contains all the relevant quantitative
and qualitative relations.
According to the above definition, each physical model
involves a simplification of reality. The extent of the simplifications depends on subjective and objective factors.
The objective factors are the current state of knowledge, the
possibility of identification of all the processes and phenomena occurring in the object and the ability to describe
them with appropriate qualitative and quantitative relations.
The subjective factors are the needs and the technical conditions of the realization of the model analysis of the investigated object. Therefore, majority of models has far reaching simplifications of reality, limited to processes and
phenomena that are significant from the point of view of
the researcher [7, 8].
The development of a physical model is always preceded by an analysis of the design and principle of operation
of the research object. Particularly significant is the determination of the mutual relations among the components of
the modeled object. Such an analysis can be carried out by
COMBUSTION ENGINES, 2018, 175(4)

developing a functional and a topological model. The functional model presents the flow of signals (parameters)
among the components of the design structure of a marine
engine. The topological model (presented in the form of
a graph) presents mutual relations among individual parameters of the engine operation. Both models aim at incorporating significant (from the point of view of the researcher)
features of an object while in the case of the less significant
ones, simplifications or omissions are applied.
2.1. Functional model
The functional model presents the flow of signals (parameters) among the components of the structure of the
modeled object.
The functional model of the engine-generator assembly
presented in Fig. 2, has been developed for the investigations related to the influence of the technical condition of
the engine on the curves of the generator interphase voltages during a work cycle. The assumed designation of the
model has determined its detail level and the modeling
range of individual components and processes. In the presented model the fundamental subassemblies have been
included (functional modules) of high significance for the
engine operation:
11
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Majority of the functional models (except voltage regulator, engine speed regulator, bearing nodes, rotating and
reciprocating masses) can accumulate mass of the flowing
medium and its energy. The rotating masses accumulate
mechanical energy, thus playing the role of kinetic accumulators.
Additionally, each of the engine components can accumulate thermal energy generated during combustion of fuel
inside the cylinders and that resulting from friction. Besides, in the functional model the 'flow' of individual physical parameters (signals) among the functional modules was
presented. In the case of flow components, these are mass
flows of the thermodynamic medium, its temperature, pressure, individual gas constant, specific heat, etc. In terms of
the heat exchange between the thermodynamic medium, the
components of the model design structure and the surroundings (cooling water, air and lubricating oil) these are heat
flows or, in the case of cooling water and oil, these are
mass and temperature flows at the inlet and outlet from the
cooled component.
The model assumes a generator with a voltage regulator.
They were modeled as components generating the moment
of resistance. Additionally, rotating and reciprocating com12

ponents of the crank-piston assembly were included in the
model. Due to their mass and moment of inertia, they have
a significant influence on the values of the fluctuation of
the angular velocity of the generator rotor as a function of
crankshaft angle. When developing the functional model,
the authors also included components influencing the
course of the engine processes (engine speed regulator and
bearing nodes). Further in the research, the bearing nodes
were omitted, as they introduced certain inertia effects to
the engine processes. Their impact, however, (if operative)
was miniscule. All engine processes are time dependent.
The authors decided to take a quasi-static approach in the
model, which means that all dynamic processes are treated
as a sequence of consecutive steady states.
The input parameters for the functional model of a marine engine are the parameters of the ambient air such as:
temperature T , pressure p , individual gas constant R and
humidity φ . Mass flow of air gets to the intake duct m .
Then, the medium of the parameters: mass flow m ,
temperature T
and pressure p
flows to the compressor SPR, where it is compressed to reach the parameters:
m Ł , p Ł and T Ł . The air parameters at the outlet from
the compressor are the input parameters of the intercooler
CHŁ. Inside the intercooler, a heat exchange takes place
between the air and the cooling water. The parameters of
the cooling water at the inlet to the intercooler are: mass
flow m and temperature T . The cooling water at the
outlet from the intercooler has the parameters m
and
T . The mass flows of water at the inlet and outlet from
the intercooler are identical m = m . The air at the
outlet from the intercooler (at the inlet to the cylinders) has
the following parameters m , p , and T . In the entire air supply system, the value of the individual gas constant is steady and equals R . A mass flow of fuel m
is
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fed to the cylinders. Its value depends on the engine speed
regulator REG. The input parameters in the case of the
modeled engine speed regulator are: air pressure at the
outlet from the intercooler p Ł and the angular velocity of
the crankshaft ω. The cylinder walls and the cylinder head
are cooled with water. The parameters of the cooling water
at the inlet to the cylinder area are mass flow m
and
temperature T , while at the outlet it is m
and T .
The mass flows of water at the inlet and outlet are the same
m
= m . The parameters of the medium in the cylinders are: mass m , temperature T and pressure p . The
output parameters from the cylinders are the exhaust gas
mass flow m , its temperature T and pressure p . The
medium with these parameters flow to the turbine of the
turbocharger through the exhaust gas intake duct KDS. The
parameters of the medium at the exhaust gas outlet from the
duct KDS, being the output parameters to the turbine are:
exhaust gas mass flow m , temperature T and pressure
p . The output parameters from the turbine are: torque M
and angular velocity of the rotor ω . Additionally, exhaust
gas of the mass flow m , pressure p and temperature T
flows out of the turbine. The medium from the turbine
passes to the exhaust outlet channel KWS, from which it
gets to the atmosphere. Additionally, in the case of a turbocharger, its torque and angular velocity have direct impact
on the parameters of the air fed to the intercooler. Another
group of output parameters in the cylinder section (piston
rod-crankshaft) are the mechanical parameters such as
crankshaft angular velocity ω and torque M . These are
the input parameters for the synchronous generator. The
output parameters from the synchronous generator are interphase voltages as a function of crankshaft angle U ,
U ,U
and moment of resistance M being the input
parameters for the cylinder sections of the engine. Additionally, in the model, the authors included the influence of
the rotating components (mass of the crankshaft and the
rotor of the synchronous generator). The reciprocating
components have much less significant impact on the fluctuation of the crankshaft angular velocity. They were included in the OTSS engine module.
2.2. Topological model
Another type of model used in the analysis of the dynamics of a combustion engine is a topological model that
includes the flow of the thermodynamic medium and the
kinematic relations among the components of the engine
design structure. This model is made by reproducing the
functional model in a topological space o defined as [2, 3]:
τo = "X, %

(1)

where: X – finite set of vertexes including the elements of
the design structure of the modeled object (in this case
KDP, S, CH, REG, SC, AP, T, KWS, G, O) and the parameters describing its thermal flow properties (temperature,
pressure, medium mass flow, engine speeds, efficiencies
etc.). Additionally, it presents the mechanical parameters
such as angular velocity, torque and resistance, Θ – topology determined in set X by overlaying binary relations in the
topological space, understood as relations among the analyzed subcomponents and parameters of the condition of
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the thermodynamic medium as well as parameters of the
structure of the subcomponents with particular stress on the
energy efficiencies of the processes.
The functional properties of a real object make a finite
set of pairs "X, % of the topological space that can be presented in the form of a finite digraph G(X, ), i.e. elements
of the set of vertexes X = {xi} combined with the elements
of the set of relations
= {θj}. This graph shows which
vertexes are mutually related as well as the type of those
relations.
The construction of a topological model is performed in
three fundamental stages [2]. The first stage includes a selection of the significant properties of the object functioning and
reproducing them on a diagram through graph vertexes. The
second stage consists in determining of the cause and effect
relationship among the functional properties of the object that
results from its principle of operation. In the third stage,
a validation of the model and its potential supplementation is
performed (determination of the detail level).
Based on the presented functional model (Fig. 2), a topological model was developed (Fig. 3). In this model, the
authors distinguished the fundamental components of the
engine design structure (red) and the efficiency of the processes occurring in flow machines (blue). Additional parameters of the engine processes were marked white. The
figure presents the relation between the vertexes of the
graph showing the analyzed components of the design
structure of the engine-generator set. The diagram of the
mutual relations was supplemented with mass flows of the
thermodynamic medium. They can be determined based on
other parameters describing the energy state of an engine:
− The mass flow of air fed to the engine is constant for the
compressor, intercooler and the combustion chambers:
m
= m Ł = m . Its value can be expressed as
a function of volume of the combustion chamber V ,
cylinder volume efficiency ' , air density ρ , engine
speed n and number of engine strokes s.
m

=V ∙

'

∙ρ

,

∙-

(2)

− The fuel mass flow m
is a function of engine speed
regulator r, position of the fuel rail l, engine speed n and
charging pressure p .
m

= f"r, l, n, p

%

(3)

− The exhaust gas mass flow is constant for the combustion chamber and the exhaust gas outlet. It is described
. Its value is a sum of the
by the relation: m = m
value of the air mass flow m
and the fuel mass flow
m .
m

=m

=m

+m

(4)

The presented topological model of the marine generator composed of a diesel engine and a synchronous generator allows determining mutual relations among individual
components of the assembly. In this model, analogically to
the functional model, the input parameters are: temperature
T , pressure p , individual gas constant R and intake air
humidity φ . The air feeding the engine goes to the intake
duct KDP where its pressure drops ∆p . From the duct,
13
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the air goes to the compressor, at the outlet of which it has
the parameters: m Ł , p Ł and T Ł . The compressor has
the compression rate π and efficiency ηeS. Similarly to the
functional model, the heat exchange in the intercooler CH
was allowed for along with the pressure drop in the intercooler ∆p Ł . The air from the intercooler goes to the engine cylinders SC. The cylinders are also fed with fuel mass
flow m that depends on the engine speed regulator setting R + PP and the fuel system AP. The air mass flow
feeding the cylinders m
and the mass fuel flow m
determine the excess air coefficient . The function of the
excess air coefficient is the engine speed ω and the amount
of heat released following the process of combustion.
Knowing the material properties and the thickness of the
cylinder liners, cylinder heads and piston crowns, it is possible to determine the amount of released heat to the water
that cools the cylinders. From the cylinder section, flows
the exhaust gas of the mass flow of m and parameters
such as: temperature T and pressure p . The exhaust gas
feeds the turbine of the turbocharger T through the exhaust
inlet duct. In the turbine, the energy of the exhaust gas is
converted into torque M and rotor speed ω . After leaving
the turbine, the exhaust has the mass flow m
, temperature T
and pressure p
. Then it goes to the exhaust
gas outlet duct KWS, for which the flow resistance
was allowed for. The exhaust gas from the outlet
∆p
(KWS) goes to the atmosphere. As a result of the conversion of chemical energy into heat inside the cylinders, the
gas force is generated whose consequence is the torque M
and the crankshaft angular velocity ω . Both the torque
and the engine speed are the output parameters from the
cylinder section. These are the input parameters for the synηeS
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2.3. Physical model
Based on the performed logical analysis of the design
structure, a physical model was developed. It generally
characterizes the mutual relations between the analyzed
components of the design structure of the research object.
Depending on the designation, such a model can be developed as zero-, one- or multi-dimensional [7, 8]. In simple
applications, usually zero-dimensional models are used,
where the only independent parameter is time and the outstanding parameters are its functions. Adopting a zerodimensional model greatly simplifies the mathematical
equations describing the said relations. Another type of
models is a one-dimensional model, in which the independent variables are time and one geometrical dimension.
Such an approach to modeling complicates the mathematical relations but allows analyzing the processes occurring,
for example, during the flow of a fluid through a channel.
One-dimensional models are often used during the analysis
of the wave phenomena in the flow channels of combustion
engines [6]. Higher groups of models allow a multidimensional (two or three) determination of the flow of a medium
allowing for such phenomena as turbulence. Due to their
complexity and a great number of calculations, these models are very time consuming and solving them is a great
challenge even for contemporary computers (great amount
of time and computing power) [8].
.
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− moment of resistance applied to the engine being the
consequence of the load from the generator U, I = f"α%
(allows calculating the fuel mass injected into the cylinder during a work cycle),
− cylinder intake air pressure p
= f"α%,
− fuel calorific value W ,
− fuel temperature T ,
− cylinder cooling water temperature T ,
− heat conductance parameters of materials used for the
pistons, cylinder liners and cylinder head,
− thickness of the piston crown, cylinder liner and cylinder head,
− moment of inertia of the rotating and reciprocating
masses.
The output parameters are:
− pressure curves inside the engine cylinders p
= f"α%
− temperature curves inside the engine cylinders T
=
f"α%
− engine speed curves as a function of crankshaft angle
ω = f"α%,
− curves of the interphase voltage as a function of crank,U
,U
= f"α%.
shaft angle U
The proposed physical model has been presented in Fig.
4 [10, 11].

A physical model of thermodynamic and mechanical
processes constitutes a foundation for the development of
the mathematical model containing balance equations that
allow determining the parameters (both thermodynamic and
mechanical) selected in the physical model. Balance equations contained in the model can be solved with computer
software, which is often referred to as the simulation or
numerical model. In practice, the software only allows
a quick solution of the equations included in the mathematical model.
In the conducted research, it was assumed that the developed models must allow introducing modifications to the
engine technical condition. It will allow using them in the
widely understood diagnostics. The introduction of the
modification to the engine technical condition allows simulating known and identifiable malfunctions that may occur
in a real object.
In the adopted physical model the input parameters are:
− dimensions of the crankshaft-piston assembly,
− intake and exhaust valve lifts as a function of crankshaft
= f"α%,
angle h6
− dimensions of the intake and exhaust valve poppet and
valve face,
− injector opening angle α ,

Exhaust channel

p0, T0 , R0, φ0

.
mSP,TSP,pSP,
RSP,χSP=f(α)

MT, ωT

pCHŁ, TCHŁ
CH

S

Atmosphere

RSP2,χSP2=f(α)

.

pDOL, TDOL

RDOL , φDOL

mSP2,T SP2,pSP2,

KDP

.
mWYL, TWYL,
pWYL

T

RCHŁ, φCHŁ
.

ST2,mT2

VSC2, RSC2, χSC2=f(α)
FOK2=f(α)

QCYL2

.
mSC2, TSC2, pSC2, RSC2 , χSC2,=f(α)
pp

MWK2=f(α)

MoWK=f(α)
Crankshaft Jk1,mk2
……………………………………………………………………………
……….………..…………………………………………………………
……………………………………………………………………………

.
mPALj=f(α )

.
mCYLj TCYLj pCYLj RCYLj, χCYLj=f(α)

Cylinder n

mSCj

STj ,mTj

.

.
mSCj, TSCj, pSCj, RSCj, χSCj,=f(α)

Resistance
receivers

.

pCHŁ

REG

ω =f(τ)

r

AP

MWK n=f(α)
MoWK=f(α)

U1-2

Crankshaft Jk1,mk2

pp

Crankshaft
mass
m WK

MWK=f(α)

FG2 =f(α)

FOK2=f(α)

VSCj, RSCj,χSCj=f(α)

M oMP=f(α)

QCYLj

U3-1

m SC2

QODB

Cylinder 2

.

U2-3

.
mCYL2, TCYL2, pCYL2, RCYL2, χCYL2=f(α)

pp

MWK1=f(α)
MoWK =f(α)

Crankshaft Jk1,mk2

FG2 =f(α)

Geometry of piston and crankshaft
Geometry of timing gas and air

.
mPAL2=f(α )

.
mSC1, TSC1, pSC1, RSC1, χSC1=f(α)

VSC1, RSC1, χSC1=f(α)
FG1 =f(α)

QCYL1

ST1,mT1

FOK1 =f(α)

.

Gas inlet channel

mPAL1=f(α ) Cylinder 1
.
mSC1
mCYL1,TCYL,pCYL1,RCYL1,χCYL1=f(α)

MWK=f(α)
MoP=f(α)

mP
Diesel
generator
with voltage
control unit

Coupling
mechanism
m MP

Fig. 4. Physical model of the marine generator set

COMBUSTION ENGINES, 2018, 175(4)

15

A physical model of energetic processes in a diesel marine generator set

The physical model of the marine generator set was developed in order to ensure high universality, i.e. to allow
modeling of processes occurring practically in any marine
engine powering a generator. In order to ensure the universality of the model, the following assumptions were adopted:
− the model applies to a four stroke diesel engine,
− the number of cylinders is 1–8,
− it is possible to freely modify the cylinder firing order,
− the engine is turbocharged, if not turbocharged, the
intake air parameters feeding the cylinders p , T ,
m ,
correspond to the parameters of ambient air
p ,T ,m , ,
− it is possible to modify the injection angle,
− it is possible to modify the timing system parameters
(intake and exhaust valve opening and closing angles,
valve lifts and their dimensions),
− it is possible to modify all dimensions related to the
piston-crankshaft assembly, valve poppet and valve
face.
All components of the model are zero-dimensional, i.e.
the independent variable is time. The first model component is the air intake duct, from which the input parameters
are the parameters of ambient air. From the intake channel
the air goes to the compressor, at the outlet of which it has
. In the case of an
parameters: p Ł , T Ł , R Ł and
Ł
unsupercharged engine, it is assumed that the parameters
are p Ł = p = p , T Ł = T = T , R Ł = R =
R
and
= . Obviously, the individual gas constant
Ł
for air depends on its processing, hence R = R
=
R Ł=R
=R
= ⋯ = R : . The air flowing out
of the compressor goes to the intercooler, at the outlet of
and
. Other
which it has parameters: p , T , R
components are the engine cylinders that can accumulate
mass of the thermodynamic medium, which is denoted by
mass m . Significant input parameters of the cylinders
(except those already mentioned) are the fuel m
and air
m
mass flows. The air mass flow is a function of charging pressure, air temperature, its humidity, intake valve
opening and closing angle and cylinder capacity m
=
f;p , T , ρ , V , α 6 , α66 <. The fuel mass flow
directly depends on the setting of the engine speed
m
regulator REG, the engine speed ω and the charging pressure p Ł . Another group of input parameters are the dimensions of the piston-crankshaft assembly, intake and
exhaust valves opening and closing angles as well as the
injection advance angle. When modeling the cylinder sections of the engine, the masses of the piston, the pivot and
the attributed part of the connecting rod were taken into
account (marked as m ). These are reciprocating masses.
Rotating masses were also included in the model (crankshaft with an attributed part of the connecting rod, clutch,
generator rotor). In order to calculate the pressure of the
gasses, it was necessary to calculate the surface area of the
piston crown S . The gas-dynamic output parameters from

the cylinders being at the same time the input parameters to
the outlet duct are the exhaust gas pressures p and temperatures T , exhaust gas mass flows m and the isentropic exponents
. Additionally, the authors included in the
model the impact of the pressure counteracting the outflow
of gasses from the cylinders p and the dynamic of the
reciprocating and rotating components. To this end, the
authors considered the distributions of mass of selected
components of the engine design structure. This was particularly the case for the piston and the pivot performing the
reciprocating motion, the connecting rod performing
a combined reciprocating and rotating motion and the
crankshaft performing the rotating motion. The combined
motion of the connecting rod was considered as reciprocating motion of a mass determined with the weight system of
the head of the connecting rod with the attributed mass,
while the rotating motion pertained to the foot of the connecting rod with the outstanding mass [9]. When building
the model, forces generated as a result of the exhaust gas
pressure on the piston crown F as well as forces acting on
the piston through the connecting rod F were allowed for.
Also, the inertia forces of the piston-connecting rod assembly I were allowed for in the model. In the model, it was
assumed that all masses and moments of inertia of the suspended mechanisms are treated globally and are attributed
to the mass and moment of inertia of the crankshaft.
The torque from the crankshaft is transferred to the rotor
of the generator M . The generator acts on the engine
with its moment of resistance M . When modeling the
generator, the authors assumed that the only rotating mass
is the mass of the rotor m . The generator, being a synchronous device, generates alternating three-phase voltage
of the frequency of 50 Hz (corresponding to the double
frequency resulting from the engine crankshaft revolution).
Majority of generators used in the marine sector has two
pairs of poles for each of the phases. Loading the generator
with current receivers results in a flow of current of the
voltage U and intensity I . Due to the fact that receivers
have resistance, the power collected from the generator can
be expressed as a product of voltage and current. The consumption of power from the generator is a source of load
for the engine with the moment of resistance M .

3. Conclusions
The physical model of the processes occurring in the
marine generator set presented in the paper constitutes
a basis for the development of a mathematical model of
energetic processes of a diesel engine powering a synchronous generator. Further research is related to the development of mathematical models of a diesel engine, the assessment of its adequacy based on the comparison of the
model and the experimental results as well as the design
and assessment of the adequacy of the mathematical model
of the engine-generator assembly.

Nomenclature
m
M
16

mass
torque

m
n

mass flow
engine speed
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Nr
p
R
T

engine speed setting
pressure
individual gas constant
temperature

U
χ
ω
τo

voltage
polytropic exponent
angular velocity
topological space

Abbreviations and indexes
0
1-2
2-3
3-1
CHŁ

applies to parameters of the atmosphere
applies to the voltage between phases 1 and 2
applies to the voltage between phases 2 and 3
applies to the voltage between phases 3 and 1
intercooler, applies to the air at the inlet to the
intercooler
CYL
applies to the parameters of air fed to the cylinders
DOL applies to the intake parameters
KDP
intake duct
KDS
exhaust intake to the turbine
KWS exhaust outlet
OP, OP1, OP2 applies to the moment of resistance of the
receiver
OTSS marine piston combustion engine
PAL
applies to fuel
REG
engine speed regulator

Sp
Sp2
SC
SPR
T
w1
w2
wc1
wc2

applies to the parameters of exhaust fed to the
turbine of the turbocharger
applies to the exhaust gas flowing out of the turbine of the turbocharger
applies to the parameters of the medium inside the
cylinders and at their outlet
compressor
turbine
applies to the parameters of water at the inlet to the
intercooler
applies to the parameters of water at the outlet to
the intercooler
applies to the parameters of water fed to cool the
cylinders
applies to the parameters of water extracted after
cooling the cylinders
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