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Abstract. The problem of the improvement of parameters of maintenance of medium speed diesel engines is
described in the publication. The most rational way of solving this problem is the performing of calculational
research by using modern programs of mathematical modelling. At the initial stage of the research the approba-
tion of interapplication of computer programs with a different level of elaboration for the optimisation of the
main indexes of medium speed diesel engines (fuel economy, reliability, emission of harmful components in
exhaust gases) is performed. The investigated efficiency of separate motor methods was applied for diesel en-
gines 6VDS 48/42 AL-2 which are widely spread in the fleet of Lithuania. For the performance of further inves-
tigations the indirect criterion which estimates the phase of kinetic combustion and emission of nitric oxides is
offered.
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1. Introduction

Large majority of the diesels fleets operating in
Lithuania, including engines of ships, consists of die-
sel models made in 1980-1990 [1, 2]. The parameters
of their fuel economy are significantly lower than of
modern diesels and this determines a high level of op-
erational costs and lower profitability of sea carriage
of goods. The leaders of diesel engine manufacturers
(MAN B&W, Wartsila, Sulzer, Mitsubishi, MaK,
Pielstick, Caterpillar) have achieved a high level of die-
sel engine technical — economical parameters [3, 4].
The ecological parameters require not less attention
and first of all the emission of nitric oxides which is
regulated by VI Annex of convention MARPOL 73/
78 stated by IMO on 5% of October 98 [5].

All leaders of diesel engine manufacturers meet
the requirements of emission of nitric oxides from
1990 without the ratification of the mentioned annex.
The sanctions of penalty are applied in territorial
waters of several Scandinavian countries and the USA
for the vessels which power plants don’t meet the re-
quirements of VI Annex of convention MARPOL 73/
78. For the named reasons the analysis of the improve-
ment of operational parameters of ship diesels must
be complex regarding fuel economy, toxicity of ex-
haust gases and parameters of diesel reliability. This
mission can be carried out by universities, including

the Maritime Institute of Klaipeda University asso-

ciated with the training of specialists in this field and

solving the tasks of maintenance of diesel engines.

The rational way of solving this task and reduc-
ing the input of time and finance is to pursue the cal-
culating research applying modern PC programs of
mathematical modelling. The criteria of reliability of
the obtained results would be a local experiment on
the ship under operational conditions. Such experi-
ment would be the source of initial data for the har-
monizing of a mathematical model.

The results of an initial stage of the researches
are reviewed in this publication. The objectives of the
research were:

* the evaluation of the effectiveness of complex
application of programs of mathematical mod-
elling using the limited amount of experimental
data of operational and working parameters of
medium speed diesel engines;

* the evaluation of the possibilities of improvement
of fuel economy and of reducing of NO, emis-
sion applying the motor methods influencing the
parameters of regulating and indicated work.
The object of the research was the diesel 6VDS

48/42-L2 made in 1989 by the company SKL. Motor

GmbH (Germany). The choice was determined by

the fact that these diesels were used as the main en-
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gines on the ships of the company AB “Lisco Baltic
Service” which was the leader of the carriage of sea
goods in Lithuania.

The total installation power of engines of this type
was 31,8 MW or almost 35 % of total power of all
main engines of ships of the company in 2004.

2. Formation of mathematical models of the object of
research

The often practise of calculation research of pa-
rameters of diesels is jointly application of several
mathematical models which differ by the level of
elaboration of the applying object by the structure and
implemented mathematical methods of solving the al-
gorithm [6]. The higher reliability of results and va-
lidity of made solutions is achieved in such way. The
analogical approach in this work is conditioned by the
limited possibilities to perform the experimental mea-
surements of parameters of a diesel under operational
conditions for the formation of initial data for a math-
ematical model. The deficit of initial data for the
higher level of mathematical models is solved by par-
tially applying the results of modelling with the lower
level of mathematical models with a relatively small
amount of initial data.

The application of modern multizone mathemati-
cal models is purposeful in the subsequent stages of
the research regarding a big amount of experimental
data of the indicated characteristics of a diesel for
harmonizing of a mathematical model with the ob-
ject of research. The application of the approbated
calculating methods based on unizone models regard-
ing the working process and ecological parameters is
technically profitable for the tasks of operational char-
acter.

The following computer programs were used in
this work:

*  “Characteristics” — intended for the calculation
of operating characteristics of a diesel and inte-
gral parameters of a working process;

*  “IMPULS” - intended for the modelling of in-
ner characteristics, effective and indicated pa-
rameters of a diesel;

*  “RVJA” —intended for the synthesis of indicated
program of a diesel and for the calculation of
emission of nitric oxides with reference to the
characteristics of indicated work;

*  “TOXIC” - intended for the modelling of for-
mation of dynamics of parameters of toxicity in
exhaust gases and for the evaluation of their fi-
nal meanings.

The principle of mathematical modelling of NO,,
C H_, CO and smokiness in this work is based on

phenomenological basis and empirical coefficients
that allow achieving a good congruence of experimen-
tal and calculating results from the point of view of
the engineer.

The first model “Characteristics” is based on the
method of little increases [7]. The expressions of con-
tinuing processes in the cylinder of a diesel engine
and adjacent systems are given in the confirmation of
the simple linear equations. The functional depen-
dences of continuing processes in the cylinder of a
diesel engine and adjacent systems are given in the
confirmation of the simple linear equations. The di-
rect coherence between the increase of output param-
eter of a diesel engine and the increase of an inde-
pendent variable influencing it are determined in such
confirmation:
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where:

X, = &% | X = (X — X0 ) Xio —relative increase of
an independent variable;

& =4y ! Yjo=(Y;~Yjo)! Yjo - relative increase
of searching meanings; Aj and bj — coefficients of
the influence of increase for searching meanings of
independent variables; index "Q' corresponds to
primary meanings.

As an example, the change of a coefficient of ef-
ficiency of indicated work (when rotations and den-
sity of air before a cylinder of a diesel are constant n,
p, = const) is expressed by the function of param-
eters of a diesel:

Ar]i = Kania + Ksr]iAE + K/\niAA > (2)

where:

Aa,As,AX - relative increases of independent

variables;

Kani +Kegi -Kapi —coefficients of a,€ and A influence

on the coefficient of efficiency of indicated work 1; .
Coefficients of influence are determined gener-

alizing results of more wide tests of diesel engines.
The system of equations is solved for each inde-

pendent variable in such priority:

* the determination of the influence of digital
meanings of primary data Xc.Yjo on coefficients
Ajand bj;

* the calculation of the meanings of right side of
the equations for given relative increases Ox, ;

* the determination of radicals of the systems of
equations;

* the calculation of new meanings of variables by
formula
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Yj =VYjo(1+0y).

The analytical description of processes in the sys-
tems of a diesel engine is based on dependencies of
classical theory of internal combustion engines speci-
fied by the results of experimental research. The physi-
cal processes in the diesel engine and its adjacent sys-
tems are considered quasi-stationary. Made assump-
tions ensures the precision of calculations.

The second model “IMPULS” is based on digi-
tal mathematical modelling of an indicated process
of a turbo-piston engine [8]. Mathematical model is
described by the system of differential equations in-
cluding equations of expression of the law of stability
of energy and mass and parameters of condition of
gases in a cylinder of a diesel engine:

odT _ 1 dg, , dQ, dM 7V, CdM, . dM,
=—(Q. =W _T— -Nph+j, —n-

% cvM(Q dp d¢ “ d¢ 360 P07 d¢ 'm d¢ &)

OdM g o, dM, _dM,,

odg  “dp dp d

UpV = MRT

O

0

where: Q;(dg, /d$) — quantity of heat released at the
combustion of a cyclical portion of fuel; dQ,,/d¢ —
heat transferred to walls of a cylinder of a diesel engine;
in(dM, /d¢),i,(dM,/d¢)- entered and released
quantity of heat during the process of the exchange of
gases in the cylinder; dM ,,dM ,, — elementary mass of
fresh air and exhaust gases; M —mass of work material
in the cylinder of a diesel engine.

The first and second equations of the systems are
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differential and the first line under the given primary
conditions. These equations are solved by applying
computer mathematics methods under the schemes
of final differences (Euler, Runge-Kuro etc.).

The solving of the first equation allows determin-
ing the array of values of temperature (T;) of a work-
ing body of an engine in the function of angle of rota-
tion of crankshaft. The array of meanings of pressure
(Pg) of a working body is calculated using the third
equation and on its basis with the use of the second
equation the integrated parameters of the indicated
work such as: average indicated pressure and specific
indicated fuel consumption are determined.

Separate components of equations (dg,/d¢, dx/d¢,
dQ,/d¢ etc.) are determined solving the systems of
equations. Function dx/d¢ is the basic and evaluates
the law of heat released in a cylinder of an engine. Re-
liability of the results of mathematical modelling of pa-
rameters of processes of the diesel engine largely de-
pends on the correctness of the mentioned function.
The example of the results of mathematical modelling
of characteristics of an indicated process is shown in
Fig 1.

Substantial feature of the third model “RVJA” is
its orientation to the solving of the tasks related with
the research of processes of low and medium rota-
tions of diesel engines [9]. This feature is used for the
formation of a model of calculation of the extraction
of heat (longer time of heat release), the determina-
tion of the effect of appliance of emulsion of water-
fuel, the change of a number of cetane of fuel and
other meanings.
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Fig 1. Results of mathematical modelling of characteristics of an indicated process (dependences of pressure and temperature of
work body and heat producing) using program “IMPULS”
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The calculation of the emission of nitric oxides is
based on the interdependence between dynamics
(de’yo,/dd) of NO_ formation and release of heat (dx/
d¢) that is determined practically and theoretically.
The application of this model for the calculation of
emission of nitric oxides for diesels MAN B&W, Sulzer
etc. allowed achieving good congruence of experimen-
tal and calculated results.

The results of experimental and calculating re-
search of harmful indexes of diesel engines of me-
dium and high speed that are obtained in Bauman
Moscow State Technical University and Altai State
Polzunov Technical University are generalized in the
model “TOXIC” [10].

The results of the calculation of indexes of re-
gime of nominal power of diesel 6VDS 48/42 AL-2
are presented in Table 1. Obviously, the precision of
the obtained results is very high in the case of their
comparison among themselves and with the techni-
cal data of diesel engines given by their manufactur-
ers. A relative error of the determination of the main
parameters (P, Tg, b_,n;) of a diesel engine doesn’t
exceed = 1,5 % and this ensures the conformability
of the requirements of precision of determination of
parameters on stand tests regarding the existing stan-
dards.

The congruence of the calculaed and experimen-
tal data for a wide range of load (P, =1,6 + 0,4 MPa)
and the rotation (n = 500 + 350 min™!) of engines are
principally important for the solution of practical tasks.
Meanings of calculations of specific fuel consumption
b, and its error (Ab) from actual data of a manufac-
turer are presented in the field of universal character-
istics b, = f(P_,n) (Fig 2). The meaning of Ab doesn’t
exceed =2 g/lkWh or 1,0 % in range of 75 % of average
effective pressure and 30 % of rotation .

Positive results of approval ensure their further
reasonable application in this work.

3. The analysis of the effectiveness of motor methods
for the optimisation of a work process of a diesel en-
gine

The motor methods are applied for the optimi-
sation of characteristics of the indicated process of a
diesel engine and intermediate adjustment for the
improvement of operational parameters of profitabil-
ity, ecology and reliability. Motor methods widely used
in the practise of improvement and modernisation of
diesel engines are:

* the optimisation of the main constructive and
regulating parameters (a phase of fuel injection,
a phase of apportionment of gases etc.);

* the optimisation of the parameters of air charge
(a degree of increase of pressure, temperature
of charged air) and their adjustment with the
main constructive parameters;
the intensification of a process of fuel injection
increasing the injecting pressure of fuel (increas-
ing the speed of a plunger of high pressure pump,
the application of systems of pump-injector or
accumulatory systems with electronic devices of
regulation, for example, Common rail);

* theinjection of water directly into a cylinder with
fuel (injection into a inlet manifold, injection di-
rectly into cylinder at the cycle of suction, the
application of emulsion of water-fuel);

* the application of recirculation of exhaust gases:
external - from the exhaust manifold to suction
manifold by a by-pass valve, internal - ensuring
the recirculation of exhaust gases by the retarda-
tion of the phase of closing an exhaust valve.
The limits of the effectiveness of the mentioned

methods are wide and the methods are successfully

used in practice. As an example the generalized data
of company MaK of a manufacturer of medium speed

diesel engine in Germany are presented (Table 2) [11].

Table 1. Collation of parameters of mathematical modelling and experimental tests of diesel 6VDS

Data of diesel Results of modellin Reative error

manufacturers| “IMPULS’ “Characteristics’ “RVJA" AS, Y%
n, min’ 500 500 500 500 0
Pe, KW 2650 2635 2650 2650 -0,6
Pie, MPa 1,59 1,58 1,59 - -0,6
Pui, MPa - 1,81 1,79 1,84 +1,35
o - 2,08 1,94 2,07 +3,2
T, K 818 802 828 - +15
T, K 668 695 727 - +4,0
Prax, MPa 11,8-1,0 11,8 11,8 11,8 0
A - 1,45 1,56 1,60 +4,6
be, ¢/(kWh) 206 206 203 - +0,7
i - 0,477 0,467 0,472 +1,0
Nm - 0,875 0,888 0,875 +0,7
€ noxs WK g fuel - - - 59,7 -
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Fig 2. Collation of parameters of mathematical modelling and technical documentation of diesel 6 VDS 48/42 AL-2

Table 2. Results of mathematical modelling of parameters of diesel 6 VDS 48/42 AL-2

The point of working regime

1 2 3 4 5 6
Pre, MPa 1,59 1,08 0,43 0,363 1,40 1,00
be, 9/KWh 205,5 2155 263 2255 205,8 215,0
Abe, g/kWh -0,5 -1,5 -2,0 +4,5 +1,09 +2,0
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As a rule substantial improvement of fuel
economy and ecology at the realization of one of the
methods requires a lot of time and financial expenses.

The real efficiency of motor methods depends
on the features of organisation of the indicated pro-
cess of a researched diesel engine and the level of
perfection of constructive and regulating parameters.
For the mentioned reasons before choosing the
method of perfection of a concrete diesel engine it is
necessary to perform purposive research of the effi-
ciency of motor methods.

The results of the research of parameters of a
diesel 6VDS are examined in this publication. The
evaluation of the efficiency of the reduction of spe-
cific fuel consumption and emission of nitric oxides
for the optimisation of the constructive and regulat-
ing parameters and parameters of a turbocharger sys-
tem is presented.

3.1. Optimisation of a compression ratio and
phases of fuel injection

Increasing of compression ratio € positively in-
fluences the improvement of fuel consumption on the
basis of cycles of thermodynamics, because a thermal
coefficient of useful effect is expressed by the equa-
tion: 1-1/e™, (n—index of polytrope of compression).
This process is attending by the increase of typical
temperature of a cycle under equal other conditions.
This increase influences the increase of NO, emis-
sion, the increase of maximal pressure of cycle P_
the increase of mechanical stress of parts of a cylin-
der-liner group. The increase of the compression ra-
tio of the diesel engine VDS 48/42 AL-2 from 12,5 in

regular complete up to 14, that can be really per-
formed in practise, reduces the specific fuel consump-
tionby 2 %, P increases ~ by 10 %. NOx emission
is not increased, but decreases by 1,5 ~ 2 %.

It is explained that at a low enough initial level
of the compression ratio, its increase up to 14 (~
17 %), increases the temperature of an air charge dur-
ing the stroke of compression. In its turn this influ-
ences the duration of the period of induction and re-
duces dynamics of a cycle, which determines the re-
duction of the phase of kinetics combustion X; from
0,55 to 0,47 + 0,48, during which, as it is known [12,
13], the largest amount of NO, is formed (see chap-
ter 3). For preventing the increase of P, the increase
of € should be performed according to the reduction
of an angle of the start of fuel injection that is, the
reduction of the angle of advance of fuel injection ¢,;
on purpose of keeping the condition P, = const. Re-
duction of (IJki on 4° of crankshaft rotation from the
basic level with the increase of up to 14, ensures P
= const and be = const, reduces NO, emission with
exhaust gases ~ 10 %, from 59,7 g/(kg fuel) to 55 g/
(kg fuel). In Fig 3 the collation of diagrams of the
indicated process with regular regulation and with
optimised meanings of € and ¢ki is presented.

Typical increase of pressure and the temperature
of air and the reduction of ¢,. determine the reduc-
tion of the duration of period of induction ¢, on 2° of
crankshaft rotation.

Conditional index of X; reduction from 0,55 to
0,43 is the reduction of a degree of increase of pres-
sure A. Under performed condition of P_, = const
and increased pressure of end of cycle P, parameter
A reduces from 1,55 to ~ 1,33 (Table 3).

Variant MNox?

Pc = 84.93 bar
Pz =116.68 bar
188 I T LAM =1.3729
=155 Tnax =1684 K
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HIF =18.4 bar
PUI = 385.4 kW
GI =186.4 g/kWh
EFF =47.1 »
58 AL =2.82
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eNOx = 55.4 g-/kgf
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»*xx To continue press [ ENTER ] ===
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Fig 3. The collation of diagrams of indicated process with regular regulation and with optimised meanings of & and ¢ki
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Table 3. Efficiency of the reduction of emission of nitric oxides by the application of motor methods on the data of

company MaK
Effect of NO, reduction, %
No | Motor method 0 10 20 30 40 50 60 70 80 90 100
1 Regular regulation of a diesel
" | engine

2. | Increase of compression ratio

Intensification of fuel

3 | injection

4 Recirculation of exhaust
" | gases

5 Injection of water into a

cylinder of adiesel

Combination of recirculation

6. | of exhaust gases and injection

of water into a cylinder of a
diesel

3.2.Optimisation of air charge pressure and the
phase of fuel injection

The increase of the degree of air charging (Py)
is an effective means of improvement of parameters
of fuel economy of a diesel engine and its boost on
average effective pressure. At the increase of P, con-
structive and regulating means directed on ensuring
of allowable level of P are simultaneously used.
Until recently basic of them were: the reduction of
compression ratio to a level ensuring a reliable start
of a diesel engine (with a traditional system of one-
step pressurization) and below (at uses of auxiliary
systems of start, for example Hyperbaric or others).

However, the reduction of temperature of a
working body in the cylinder at a stroke of compres-
sion (at the presence of intermediate cooling of su-
percharging air) is negatively reflected on the increase
of the period of induction, the increase of phase of
kinetic combustion and as result — the emission of
NO.,.

Successes in the improvement of parameters of
systems of injection of fuel in 90 years has allowed
not only to keep, but also to increase a little the level
of € at pressurization of diesel engines [11, 12].
Through the increase of pressure of injection and re-
ductions of its duration the opportunity has appeared
to stabilize P owing to the reduction of phase of a
fuel injection without losses of fuel economy of diesel
engine and at the reduction of €’

In the volume of the performed research the ef-
ficiency of complex optimisation of € and ¢, is appre-
ciated.

Formal realization of the method is related with

these operations which are following one by one:

1. Modelling of the increase (series in 3+4 re-
gimes of diesel work) of supercharging pressure Py
in the range which can be really performed in prac-
tice, when the meaningsb,, P, €'\, are determined
under condition of ¢,, = const.

2. Step-by-step reduction (34 times) of ¢,
meanings from regular meanings and for each of them
repeated calculations of the first item.

3. Determination of regimes (P, meanings) with
basic level of P and adequate b, and €’ mean-
ings from array of the achieved results on the basis of
graphic rearrangements for each series of work re-
gime on the second item.

The example of such calculation and processing
for diesel engine 6VDS 48/42 AL-2 is presented in
Fig 4. The increase of charging air pressure was in-
vestigated in the diapason from 0,26 MPa up to 0,315
MPa (~ 21 %). It is achievable in practice at the
change of the standard turbine of turbocharger for
new with a smaller effective cross-section of orifice of
the apparatus on ~ 15 %.

The effect of the second method of reduction of
€' Noy 18 signally less in collation with the first described
method. The Increase of inflation pressure from 0,26
MPa up to 0,28 MPa with the reduction of an angle of
advance of fuel injection ¢,; from 11° of crankshaft
rotation to 7° of crankshaft rotation at same time,
gives the reduction of €'y, not more than 4 + 5 %
and for diapason P, >0,28 MPa emission of NO, is
stabilized on the level of 57+57,5 g/(kg fuel).

The achieved results could be explained by the
conditional less level of emission of NO, in diesel en-
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Fig 4. Optimisation of the pressure of air charging and phase of fuel injection of diesel type 6VDS 48/42 AL-2

gines of type 6VDS 48/42 AL-2. The Effectiveness of
the influence of an angle of advance of fuel injection
for the reduction of emission of NO, is appreciable
when ey, 214 + 15 g/kWh [11].

The emission of nitric oxides ey, is ~ 12 g/kWh
for the investigated level of formation and in regular
regulation of an object. For the mentioned reasons
the reduction of dynamics of phase of kinetic com-
bustion under the reduction of ¢,; practically only
compensates the increase of emission of NO, caused
by the increase of temperature of flame causing the
increase of the amount of oxygen in the excess charge
of air.

4. Generalized dependences of the parameters of an
indicated process

The large positive experience of the application
of generalized integral indexes of cycle (q, €, A, Ty,
P etc.) is obtained at the optimisation of parameters
of the indicated process for the fuel economy. Their
registration by dimensionless complexes (P /Py;
P . /P..XT/350 etc.) enables to present visually the
directions of optimisation on the mentioned param-
eters [7, 8].

Also there are enough successful theoretical de-
cisions and analogous methods of the realization in
practice in the area of thermal stress [14]. The Method
uses the limited amount of arguments which registra-
tion is fully performed directly in the object - diesel
engine of the ship. For this reason the further im-

provement of the mentioned method from the point
of evaluation of emission of NO, was accepted as pur-
poseful in this research also. On the basis of experi-
mental and theoretical work of many scientists [12,
13, 15] the relation between the emission of nitric
oxides €', and relative quantity of heat X, released
in a stage of kinetic combustion is determined and
analyzed.

The determination of a relative quantity of heat
X, is separate investigation based on the modelling
of indicated diagram. The large amount of data is
necessary for the correct realization of this investiga-
tion. At the determination of a physically reasoned
relation between a relative quantity of heat X, and
integral parameters of a cycle there is a comfortable
mathematical apparatus for the determination of the
dependence of emission of NOx on the integral pa-
rameters €', =f(q, €, A, Ty, Py...).

5. Relation between a relative quantity of heat X, and
the parameters of an indicated process

The relative quantity of heat X released in a cycle
up to the moment when the maximal pressure of a
cycle P (9p,,.,) is achieved without including of
losses in walls of the cylinder and work of gases from
its rather small meaning from the beginning of com-
bustion ¢_ up to ¢p, . is determined by the equation
of the first law of thermodynamics:

AQPmaX = QPmaX _Qc :CVTPmax de _chcGair’(4)
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where:

Op max>Q. — quantity of heat given for a work-
ing body in the cylinder according to the moments
dpmax and @, kJ; c,,c, - specific heat of charge of

exhaust gases and air, kJ/kg fuel; Tp T — tempera-
ture of charge of gases and air , K; G4,G,;, —mass of
charge of gases and air at typical moments, kg.

According to the allowable assumption of an ini-
tial phase of kinetic combustion , when ¢, = ¢, and
Gy =Gy, (4) equation is altered as follows:

AQPmax = chairTc (Vc /VPmax)[)‘ _(Vc /VPmaX )] 9(5)

where:
Vpmaw Ve — Working capacity of a cylinder at the

moments Op, . and §_.

After the insertion in the equation (5) of mean-
ings V_and V,_ . expressed through capacity of the
cylinder and adequate compression ratio, we receive
the equation:

AQp max = C&yGair Te(€c =D /(Epmax =1 %
[A=(ec =D /(epmax — D],

where:

(6)

€pmax,Ec — compression ratio at the moments

¢P max and ¢c~
Meanings €. =€p .« » and equation are trans-
formed as follows:

AOpmax =€y GuirTe (A =1). (7
By using dependence Gair = G; | L
(L, — stoichiometric constant) we achieve:

AQp max =€y Gf aLoTk Enl_l()‘ - 1) ’ 3

1 i e et
. ]
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b | AR A s, =203 ]

where:

Gy - cyclic portion of fuel, kg; T¢ - tempera-
ture of beginning of compression, K; a - real coeffi-
cient of excess of air; n; —index of polytrope of com-
pression.

Relative quantity of heat X, (Xp,,,.) released in
the cylinder up to the moment of ¢p . , is deter-
mined by the dependence:

X1(Xpmax) = D0p max / Gy = ,aLgTe™ ™ (A =1). (9)

Multivariational results of the performed calcu-
lations showed that the influence of made assump-
tions could be evaluated by the constant multiplier K
without substantial influence on the final result at al-
teration of equation and X (X,,...) = KXH, where
H = aT e""! (A - 1) - complex index of working pa-
rameters. The results of analytical interrelations
X,=f(a, g, A, Ty, Py) are applied for series of high
speed diesel engines of company “Motoren Und
Turbinen Union” - V396TC4 [15] and for the object
of this investigation, medium speed diesel engine
6VDS 48/42 AL-2 (Fig 5). For diesel engine
8V396TC4 the data of experimental research were
used, where the measurements of emission of NOx
were performed. For diesel engine 6VDS 48/42 AL-2
the results of mathematical modelling of their para-
meters were used.

The relation close to linear between X and com-
plex index H = aT, €™ (A - 1) and its coefficient of
correlation R? = 0,9026 was determined. In a wide
range of change of P__, n, constructive and regulat-
ing parameters (Py, ¢,;, €) dependences €’y =f(H)
are determined and their coefficients of correlation
are: for diesel 8V396TC4 - R? = (,8982, for diesel
6VDS 48/42 AL-2 - R? = (,8715. A wide range of the

Xy

X, (RE=0000025)

SV S2WT ALY |

BVIRET Y

HeoTg = dE-1)

Fig 5. Fragments of approbation of the results of analytical interrelations X,=f(a, €, A, Ty, Py) of diesel engines V396TC4 and
6VDS 48/42 AL-2 O - X, (6VDS 48/42 Al-2), A - & \ox (8V396TC4), @ - &, (6VDS 48/42 Al-2)
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change of criterion H is: for diesel 8V396TC4 - from
420 up to 870, for diesel 6VDS 48/42 AL-2 - from
1020 up to 2330. The change of X, didn’t exceed ~
16 % and it was ~ 4 times less than the change of H.
As a result the achieved proportion of the changes
AH/AX,=4,0 what meets one of the main requirements
Ax/Ay >> 1,0 choosing the indirect criterion for x
function from y.

The achieved result gives the opportunity to
evaluate the influence of the main constructive and
regulating parameters of a diesel engine on the emis-
sion of nitric oxides and solving of tasks of the im-
provement of diesel indexes. As an example, the ad-
dition of universal characteristic of diesel with iso-
metric dependence H=f(P_,n) allows to harmonize
the characteristics of power aggregate and propeller
not only with the evaluation of specific fuel consump-
tion b_, but with the emission of nitric oxides €'y,
also.

The data of this research have shown that for the
reduction of specific fuel consumption and the emis-
sion of nitric oxides for diesel 6VDS 48/42 AL-2 the
transfer of work of a diesel engine in the zone of low
revolutions is expedient: the reduction of rotations
by 10 % ensures the reduction of emission of NOx ~
by 5 %.

6. Conclusions

1. There is performed approbation of the
interapplication of computer programs with a differ-
ent level of elaboration for the optimisation of the
main indexes of medium speed diesel engines (fuel
economy, reliability, emission of harmful components
in exhaust gases).

2. The investigated efficiency of separate mo-
tor methods is applied for the types of diesel engines
6VDS 48/42 AL-2 which are widely spread in the fleet
of Lithuania. It is determined that the optimization
of compression ratio, phase of fuel feeding and pa-
rameters of a system of pressurization of air allows to
reduce by 5 + 10 % of emission of nitric oxides at the
preservation of parameters of fuel economy and reli-
ability at the same level.

3. For the performance of further investigations
the indirect criterion H = aT, €""! (A - 1), which es-
timates the phase of kinetic combustion and emission
of nitric oxides and displays the interrelation of the
indicated parameters of a diesel is offered. Its suc-
cessful adaptation for a wide range of regimes of speed
and load for diesel types 8V396TC4 and 6VDS 48/42
AL-2is performed. Coefficients of correlation of func-
tional dependences X,e’yo, =f(H) are R* = 0,87 +
0,90 and this gives the opportunity of their reason-
able application for further research.
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