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ABSTRACT

The paper presents results of experimental tests being continuation of the research project described in the

preliminary report [4]. The tests were carried out on a ship diesel engine supplied with marine diesel oil,

and the oil and rape oil methyl esters mixed in different proportions. In the tests special attention was paid

to influence of combustion of the mixtures on exhaust gas content, including its noxious components,
as well as on possible changes of indicated working parameters of the engine.
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INTRODUCTION

In [4] the authors presented an analysis of possible applica-
tion of alternative fuels to ship diesel engines. As it results
from the subject-matter literature on the state of research in
this area, for diesel engines possible application of mixtures of
diesel oil and vegetable oil esters is most seriously considered.
In European conditions it first of all concerns the mixture con-
taining from a few to a dozen or so percent of rape oil esters
(RME). Though many tests have been performed, their results
are often contradictory, as they have been carried out in very
different conditions (different types of diesel engines tested
under different loading). Therefore has been emphasized ne-
cessity of carrying out tests under constant rotational speed.
Simultaneously no report concerning application of alternati-
ve fuels in question to ship diesel engines can be found. For
this reason the authors were encouraged to undertake the labo-
ratory tests satisfying the above mentioned premises.

LABORATORY TESTS
Object of tests

The tests were carried out with the use of the one-cylinder,
two-stroke, crosshead supercharged diesel engine which is an
element of the test stand already used for the previous investi-
gations on emission of exhaust gas noxious components, pre-
sented by the authors in [1, 2, 3].

The test stand makes it possible to load the engine both
with torque and rotational speed. During operation of the engi-
ne its most important working parameters, including those elec-
tronically indicated, can be recorded. An applied analyzer al-
lows to investigate exhaust gas content.

To supply the engine during the tests in question the mari-
ne diesel oil (MDQO) and its mixtures with rape oil esters (RME)
of the following proportions, were prepared :

2 5% of RME in MDO
2 10% of RME in MDO.

The MDQ was of the density of 831 kg/m3, and the RME
of 883 kg/ms. As a result of the mixing the biofuel of the den-
sity of : 833 kg/m3 in the first case, and of 836 kg/m3 in the
second case, was obtained. Detail properties of the marine die-
sel oil and the above specified mixtures were given in [4].

Test program

The tests were carried out within the broad range of engi-
ne’s loading, namely : at 25, 40, 50, 60, 70, 80 % M/M;, and
for constant rotational speed of the engine, set twofold : at 220
rpm and 320 rpm.

Ata given rotational speed and successively set loads, were
realized measurements of the engine’s working parameters and
its exhaust gas content during combusting by the engine : the
MDO alone, and the two above specified mixtures (i.e. 5 %
RME in MDO, and 10 % RME in MDO).

The results obtained from the tests when supplying the en-
gine with the MDO alone was assumed the reference point for
determination of influence of combustion of the MDO/RME
mixtures on the engine’s working parameters and its exhaust
gas content.

Test results and their analysis

The test results are presented in Tab.1 and 2, and the chan-
ges of values of selected working parameters of the engine,
and of exhaust gas content are graphically shown in Fig.1+10
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Tab. 1. Test results — exhaust gas content and values of selected working
parameters of the engine in function of loading level and kind of fuel,
at the constant engine speed of 220 rpm

Tab.2. Test results — exhaust gas content and values of selected working
parameters of the engine in function of loading level and kind of fuel,
at the constant engine speed of 320 rpm
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for different loads, three kinds of the applied fuels, and a given
rotational speed set constant.

Analysis of the results indicates a noticable influence of
combustion of the used MDO/RME mixtures on the engine’s
working parameters and its exhaust gas content against those
obtained during combusting the MDO alone.

Within the entire range of the set loads and for both rotatio-
nal speeds of the engine (220 and 320 rpm) a small drop of the
maximum combustion pressure ppax , namely by about 3%
only (see Fig.1 and 2), can be observed. Simultaneously, a small
increase of the respective angle of occurrence of pyax , measu-
red from the top dead centre (TDC) of engine’s piston, (in Tab.1
and 2 this is the quantity 0pyax), can be observed. The pheno-
menon may reveal a somewhat longer time of combustion pro-
cess of the applied biofuels against that of the MDO alone.

Also, the mean indicated pressure p; drops to a small de-
gree only. A more distinct drop, by about 3% on average, can
be observed during running the engine on the mixture (MDO +
+ 10%RME) at the engine’s speed of 220 rpm, and by about
4% on average at the speed of 320 rpm (see Fig.3 and 4). The
small drop of p; resulted also in a small increase of the specific
fuel oil consumption f.. However in some cases the changes
exceeded the measurement error limits only insignificantly.

During the tests the course of pressure in the engine’s in-
jection system was recorded. Regardless of a kind of fuel, chan-
ges of the pressure for both the engine’s speed were small. It is
not possible to state a.o. any significant influence of the tested
fuels on change of the maximum injection pressure pmax.in
(see Fig.5 and 6).
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On the basis of the exhaust gas analysis it can be stated that
combustion of MDO with 5% addition of RME caused on ave-
rage the drop of NOy content by over 6%, and that during com-
busting the MDO with 10% addition of RME the drop on ave-
rage exceeded 8% (see Fig.7 and 8). However ambiguous are
changes of CO content in exhaust gas. As, depending on engi-
ne’s load, both either a distinct increase or a drop of CO con-
tent in exhaust gas, can be observed. For instance, in the case
of using both the mixtures at 220 rpm engine speed the drop of
CO content in exhaust gas exceeded 15% at the load levels of
40 and 70% M/M; , but at the load levels of 25, 50, 60 and 80%
M/M; the increase of CO content in exhaust gas by a few to
a dozen or so percent see Fig.9 and 10) was observed.

Explanation to Figs 1+10 :
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Rys. 1. Maximum combustion pressure p,y in function of engine load for
different kinds of fuel at constant engine rotational speed n = 220 obr/min



6 1200
° % ''1000
—_ S
SR — S 00
s 5
5 3 £ 600
g 8
a2 & 400
1 : Z 2001 I
0 Engine load [%)] 0 Engine load [%]
20 30 40 50 60 70 80 20 20 30 40 50 60 70 80 90
Rys. 2. Maximum combustion pressure p,, in function of engine load for Rys. 7. NOy content in exhaust gas in function of engine load for different
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Rys. 3. Maximum mean indicated pressure p; in function of engine load for Rys. 8. NO,. content in exhaust gas in function of engine load for different
different kinds of fuel at constant engine rotational speed n = 220 obr/min kinds of fuel at constant engine rotational speed n = 320 obr/min
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Rys. 4. Maximum mean indicated pressure p; in function of engine load for Rys. 9 CO content in exhaust gas infuncjtion of engine load for dzj’ferent
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Rys. 5. Maximum fuel injection pressure pyayx in in function of engine load for Rys. 10. CO content in exhaust gas infun.ction of engine load for different
different kinds of fuel at constant engine rotational speed n = 220 obr/min kinds of fuel at constant engine rotational speed n = 320 obr/min
" CONCLUSIONS
5 30 B— + Running the engine on the MDO/RME mixture made the
= pressures pn.x and p; dropping — especially when using
£ op MDO/10% RME fuel — at simultaneous maintaining the
é engine’s speed and torque load constant. It shows that com-
= 0 bustion of the fuel proceeded mildly. Most probably, the
Engine load [%] comb.ustlon proceeded more.orderly and less dynamically
0 . ; than in the case of combustion of MDO alone. It can be
20 30 40 50 60 70 80 90 explained by the greater cetan number of RME relative to
Rys. 6. Maximum fuel injection pressure pyqy. iy in function of engine load for that of MDO. The increase of cetan number makes the igni-
different kinds of fuel at constant engine rotational speed n = 320 obr/min tion-lag shorter and the work of the engine ,,soft” , i.c. at
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a more moderate increase of combustion pressure. The de-
scribed probable course of combustion process led to only
a small rise of specific fuel consumption.

The observed , however small, drop of NO, content seems
to confirm the thesis on a more moderate course of combu-
stion process of the fuels containing esters. It may go to
show that the maximum combustion temperature was so-
mewhat lower.

The ambiguous changes of CO content in exhaust gas are
difficult to explain in the present phase of the research. It is
known that the excess air factor of diesel engines highly
varies along with engine’s loading. It is favourable that for
MDO/RME mixtures CO content in exhaust gas signifi-
cantly drops at high engine’s loads : namely at n =220 rpm
it starts to occur beginning from 75%, and at n = 320 rpm
from 70% rated load. It goes to show that the loss due to
incomplete combustion appears lower, which indirectly
confirms the above formulated theses. This is especially
important for ship diesel engines which usually operate
under 80+100% rated load.

Lack of important differences between values of the maxi-
mum fuel injection pressures should be justifed positively,
as it shows that a little greater viscosity of RME against
that of MDO does not detrimentally influence operation of
fuel injectors.

In the light of the above presented analysis and resulting
conclusions it seems reasonable to continue the tests with
the MDO/RME mixtures which would have even greater
content of the esters.

NOMENCLATURE

CcO

carbon monoxide

CO,  — carbon dioxide

°CSR - crank angle [deg]

f, — specific fuel consumption
M — set torque of engine

—

K gines.
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C onferen ces
SemEko 2004

For already three years the SemEko scientific meetings
have been organized by Prof. L. Piaseczny, Head of Me-
chanic-Electric Faculty, Polish Naval University, within
the frame of activity of Maritime Technology Unit, Sec-
tion of Transport Means, Transport Committee, Polish
Academy of Sciences.

In the last year two seminars of the kind had place
during which the following papers were presented :

* Camless electro-magnetic timing gear for four-stroke
combustion engine — by K. Zbierski (L6dZ University
of Technology)

Optimization problems of control of piston combustion
engines — by Z. Chtopek (Warsaw University of Tech-
nology)

and two papers prepared by J. Pielecha
(Poznan University of Technology) :
* [nvestigations of emission of noxious components con-
tained in exhaust gas during starting the engine

* On possible lowering NO, emission from diesel en-

/

*
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M,
NOy
0,
P;
Pmax

P max,in

T
Q,

rated torque of engine

nitrogen oxides

oxygen

i(MIP) — mean indicated pressure

— maximum combustion pressure

— maximum fuel injection pressure

Top Dead Centre of engine piston

— angle of p,,x occurrence — measured as crank angle
relative to TDC

DC

p max
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C onference —

Z IM Closing the 2004-year activity

On 4 November 2004 members of the Marine Techno-
logy Unit (acting within the Transport Technical Means
Section, Transport Committee, Polish Academy of Scien-
ces) met in Maritime University of Szczecin to held its
plenary scientific session.

During the scientific part
of the meeting two papers were presented :

* Ship routing on oceans — by B.Wisniewski (Maritime
University of Szczecin)

* Ultimate strength analysis of ship hull — by M.Taczata
(Technical University of Szczecin)

After discussion on the presented papers the Unit's
members adopted the report on the Unit's activity in 2004,
presented by Prof. Jerzy Girtler (Gdansk University of
Technology), the Chairman of the Unit, as well as some
proposals to the program of the Unit's activities in 2005
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