Journal of KONES Internal Combustion Engines 2002 No. 1-2 ISSN 1231 - 4005

RESEARCH OF OPERATION OF A DIESEL ENGINE
WITH SUPPLEMENTARY ETHANOL FEED

A. Pikunas, J. Grabys, S. Pukalskas, R. Pecelitinas

Vilnius Gediminas Technical University
J.Basanaviciaus Str.28, LT-2009 Vilnius, Lithuania
phone: +370 260 36 97, fax: +370222 55 51
e-mail: Alvydas.Pikunas@ti.vtu.lt
j.grabys@aiva.lt
Saugirdas.Pukalskas@ti.vtu.lt
Robertas.Peceliunas@ti.vtu.lt

Abstract

Technical characteristics of the engine tested, schematic view of the equipment used in testing ethanol effect on
diesel engine, dependence of heat energy consumption on torque of the engine and the amount of ethanol,
dependence of heat energy consumption on torque of the engine and the amount of ethanol with n = 1950 r.p.m. and
with n = 2200 r.p.m, the dependence of the optimal amount of ethanol on the engine speed n and torque of the
engine are presented in the paper.

1. Introduction

The problem of developing the alternative kinds of fuel is urgent all over the world, since
the traditional ones can hardly meet the ever — growing demand, as well as causing environment
pollution. Most suitable alternative kinds of fuel for diesel engines may be considered vegetable
oil or fuel obtained from the animal fat, because their characteristics are similar to those of
common diesel oil.

The rape grown in Lithuania could be a perfect source for producing the fuel, however, the
introduction of production technology requires large investments, which Lithuania can not afford
at the moment. The alternative way could be the use of other biological fuels, such as ethanol [1,
2, 3], which is obtained from agricultural products abundant in Lithuania. Moreover, its
production does not require large investments.

The present paper describes tests carried out with diesel engine fed with ethanol (in addition
to diesel oil) supplied by various systems. Various ways of supplying ethanol are well — known
[4], being widely investigated in 1980 — 1990. In some cases, diesel oil is supplied by a
commonly used system, while ethanol is injected into the cylinders by a similar system provided
with high-pressure fuel pump and injectors. Another case is when ethanol is fed via carburettor
into the air sucked by an engine, while the portion of diesel oil injected by a commonly used
system ignites the mixture [5, 6]. Tests were based on two main models. First, the engine was
tested in various operation modes, with the invariable amount of ethanol supplied. Second, the
engine operation mode was constant, while the amount of the supplied ethanol varied.

Present investigation was based on varying both the mode of engine operation and the
amount of ethanol supplied. A major goal was to determine the optimal quantity of bioethanol,
ensuring most economic operation of an engine in a particular mode.
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2. Investigation methods

Tests were carried on in the laboratory of internal combustion engines by using the turbo
diesel engine of the car Audi — 80. Technical characteristics of the engine are given in Table 1.

Table 1.
Technical characteristics of the engine tested
Characteristics Description
type of engine 17z
volume V;, cm® 1896
compression ratio ¢ 19.5
power P, kW 66 (4000 min'l)
torque M,, Nm 180 (2000...2500 min™")
cylinder diameter D, mm 79.5
piston stroke S, mm 95.5
idle speed, r.p.m. 780...860

In Fig. 1, a diagram of test equipment is presented. The engine is connected to the testing
bed of electric motors 12. In testing, fuel consumption 5,6 was determined by weight approach,
while the amount of air consumed 4 was found by variable pressure difference method. Ignition
pressure in the engine cylinders was measured by piezoquartz pressure sensor 13, the
temperature of combustibles and the air — by thermocouples 1, while the determining of smoking
was based on photometric absorption principle.
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Fig. 1. Schematic view of the equipment used in testing ethanol effect on diesel engine:
1 — diagnostic facility AVL DiScope 865 for measuring thermocouple voltage; 2 — electronic chronometer;
3 — equipment for supplying ethanol; 4 — equipment for measuring air consumption; 5 — scales for
measuring alcohol consumption;, 6 — scales for measuring diesel oil consumption; 7 — cooling liquid
thermometer, 8 — fuel analyser AVL DiSmoke; 9 — pulse generator; 10 — personal computer; 11 — 12V
storage battery; 12 — engine testing bed KU — 5543, 13 — piezokwartz pressure sensor; 14 — diesel oil
injection timer, 15- engine speed/position sensor
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Ethanol was injected into the air sucked by the engine with the help of electromagnetic
injector 3, controlled by pulse generator 9, while frequency was controlled by personal computer
10. The composition of ethanol is given in Table 2.

Table 2.
Compression of denaturated ethyl alcohol
Components Quantity by volume, %
absolute alcohol 92.1
water 2.6
aldehyde, methyl and other admixtures 0.3
A 95 — grade petrol 5.0

A special testing plan has been made to reduce the number and duration of tests, as well as
efforts and tools used. A complete three — level factorial plan 3* has been selected, because it
allows the modelling of curved surfaces of the echo function, as well as facilitating the
investigation of square relationship between the surface and each of the factors (at the 3 — d
level). However, the above plan requires to make more tests. The levels of factors and variation
intervals are given in Table 3.

Table 3.
Levels of factors and variation intervals
Levels Variation
Factors .
-1 0 +1 intervals
engine speed 7, r.p.m. 1700 1950 2200 250
torque M, Nm 34,49 69,18 103,87 34,69
amount of ethanol By, kg/h 0 0,75 1,5 0,75

Note: the operation mode of an engine, most typical of city traffic, has been chosen

The optimal amount of ethanol needed for an engine operating in various modes was
determined by stating the dependences of heat energy consumption and their optimization.

Relative heat consumption by the engine g. (MJ/(kW-h)) was calculated according to
the formula:

_Hd‘Bd+HS.BS
- P

e

9. (1)

where H,; H; — lower heat generation level of diesel oil and ethanol, MJ/kg;
B4, B — expenditures of diesel oil and ethanol, kg/h;
P, — engine power, kW.

3. Discussion of results

Graphical representation of the heat energy consumption by the engine operating in all the
modes investigated was provided on the basis of statistical processing of data obtained in the
tests performed (see Fig. 2, 3 and 4).
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Fig. 2. Dependence of heat energy consumption q, on torque of the engine M and the amount of ethanol B,, with
n=1700r.p.m.
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Fig. 3. Dependence of heat energy consumption q, on torque of the engine M and the amount of ethanol B,, with
n=1950r.p.m.
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Fig. 4. Dependence of heat energy consumption q, on torque of the engine M, and the amount of ethanol B,, with
n=2200r.p.m.

Thus, the dependence of the consumption ¢. on the torque M, and engine speed n of
the engine was expressed mathematically as follows:

q, = —3,4467-106,8579-107 - M +1,6667-107 - M? —8,3106 - B, + 6,3256 - B? —

91,6199-10°-n- M, —507,1813-10" - n-M? +36,5981-10° -n* - M, —

967,6084 107 -n- B} +397,9746 10 - n* - B, + 60,116 107 - M, - B, — (2)
57,3388-107° - M- B> —918,5742-10° -M?*- B, +214,3919-10°° - M2 . B> -

5,3052-n +21,3255-10 - n—3,06-107°.

Then, the above dependence was optimized for various modes of engine operation by
minimizing the function values. In this way, it was found that the optimal amount of ethanol fed
as additional fuel be written as follows:

By op =—6,8053+8,1376-107 -n—2,2869-10° - n* +0,2917- M —3,0962-10 - M — 3)
0,3097-107 - n- M, +3,2871-107° -n- M? +87,9469-10"° - n* - M, —0,9261-10" - n* - M2 .

In Fig. 5, this function is graphically represented.

Fig. 5 allows us to realize major principles of ethanol (B,) feeding. It is clear that the higher
the engine load M;, the smaller the amount of ethanol supplied. This is accounted for the fact that
under low loads the excess — air/fuel ratio « of the engine cylinders is rather high. The effect of
engine rotations n on By ,, 1s insignificant, slightly increasing in the modes of maximum engine
loading M.
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Fig.5 The dependence of the optimal amount of ethanol By ., on the engine speed n and torque M, of the engine

4. Conclusions

1. The engine consumes the smallest amount of heat energy ¢, = 9.13 MJ/(kW-h) when making
1700 r.p.m. engine speed, its torque being 69.18 Nm, and the amount of ethanol fed reaching
26% of the total amount of fuel used. This relationship is expressed by the equation (2).

2. The tests have shown that the highest amount of ethanol (0.90 — 0.95 kg/h) can be supplied
when the torque of the engine reaches 50 — 60 Nm (not taking into account the number of
engine speeds). This makes 42 — 47% of the total amount of fuel used.
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