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Abstract: - In nowadays there are an increased number of cars and
vehicles, which run on gasoline or diesel fuel. As a result of this is
the production of air pollution. There are several many types of air
pollutant. These include smog, acid rain, the greenhouse effect and
holes in the ozone layer. Some of these pollutants can be created by
human activities, such as cooking, smoking, car emissions,
smokestacks and other industrial inputs into the atmosphere and
other by atmospheric conditions, such as the wind and rain. This
work examines the effect of water vapour in gas emissions in Diesel
engine. It includes the background and the calculation of an
adequate supply of water vapour in the exhaust pipe, the operating
principles of the Diesel engine, nozzles and the basic principles of
spraying. It also includes the process of setting up the experimental
setup and the execution of our experiments. Finally the diagrams
that derived from the experimental measurements of the quantities
of air pollutants, with water vapour and without, are presented, and
their description, their analysis, general conclusions and our
suggestions for further investigation.
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I. INTRODUCTION

The atmospheric conditions such as the wind, rain, stability
affect the transportation of the air pollutant. Furthermore,
depending on the geographical location temperature, wind
and weather factors, pollution is dispersed differently. For
instance, the wind and rain may effectively dilute pollution to
relatively safe concentrations despite a fairly high rate of
emissions. In contrast when atmospheric conditions are stable
relatively low emissions can cause buildup of pollution to
hazardous levels. While the climatic conditions change
continuously, it was taken measures worldwide for the
reduction of pollutant substances that emanates from the
engines of internal consumption. For many years the
continuous pollution of atmosphere from damaging particles
that are owed in the first place in transports has led to the
phenomenon of greenhouse. For this reason, European Union
has taken binding decisions on the countries-member
regarding to the emissions of gases of greenhouse. The
exhausts that are produced by a Diesel machine are NO, CO,
HC and smoke as well. NO, CO and uninflammable
hydrocarbons HC, are dangerously for the environment while
the smoke is dangerous mainly for the human health [1,2].
The first pollutant that it was measured in the automobile
industry in the decade of 1970 is CO. It combines with
oxygen in the atmosphere and forms dioxide of coal (CO,).
Despite the fact that CO, is not toxic, it becomes harmful for
the atmosphere when it meets bigger concentrations than
regular. When the quantity of dioxide of coal that exists in the
atmosphere is bigger than it should be, then plants cannot

absorb it and change it to oxygen [3,4]. As a result, the
balance of nature is disturbed, leading to the “phenomenon of
greenhouse”, which is a complicated process by which the
earth is becoming progressively warmer. Gases like carbon
dioxide, methane, ozone and other gases build up in the
atmosphere and absorb that heat that used to reflect out into
space. Also the monoxide of coal (CO) causes the death as it
is colourless, odourless, tasteless, that binds the hemoglobin
of blood and thus prevents the transport of blood in the webs.
The monoxides of nitrogen (NO) acting catalytic via a line of
photochemical reactions contribute in the production of
ozone in the low layers of atmosphere.

NO+0O, - NO, + 0,

NO, +O0 - NO+ 0,

Besides the photochemical smog, it causes the acid rain as
well. The uninflammable hydrocarbons (HC) contribute to a
great degree in the form of ozone, which it constitutes the
main source of photochemical smog. Hydrocarbons are
emitted to the atmosphere from the incomplete combustion of
the fuels and also from the evaporation of the fuels. Some
hydrocarbons such as benzene and butadiene are toxic and
can cause cancer to humans. Finally smoke is in the general
category of air pollutant transfer and thus it is considered
dangerous in the lungs and generally in human health, mainly
when molecules are less than five micrometers in diameter.
Under these circumstances molecules are not filtered from the
respiratory system [5,6,7,8,9,10,11].

At this paper is examined how the water vapors effects the
gas emissions (smoke, CO, HC, NO) in a four stroke diesel
engine.

II. INSTRUMENTATION AND EXPERIMENTAL
RESULTS

For the tests used four-stroke air cooled diesel engine, with
one cylinder, named Ruggerini type RD-80, volume 377cc
with one cylinder and max power 8.2hp/3000rpm. The engine
was connected with a centrifugal water pump.

The engine functioned under different rounds and conditions.
Spraying of water made by injector (beck) which it was
connected with a pump. During the measurements it was
recorded apart from the content of exhaust in smoke, CO,
HC, NO, and the water supply, the consumption of fuel, the
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gas emissions temperature in the exit of evaporation before

and afterwards the injector of spraying of water.

During the experiments, it has been measured, the %,CO the
HC(ppm), the NO(ppm), the % smoke, the water supply, the
fuel consumption, the gas emissions temperatures
(evaporation before and afterwards the injector of spraying of
water) and the rounds of engine. The measurement of
rounds/min of the engine was made by a portable tachometer
(Digital photo/contact tachometer) named LTLutron DT-
2236. Smoke was measured by a specifically measurement
device named SMOKE MODULE EXHAUST GAS
ANALYZER MOD 9010/M, which has been connected to a
PC unit. The CO and HC emissions have been measured by
HORIBA Analyzer MEXA-324 GE. The NO emissions were
measured by a Single gas analyzer SGA92-NO. The
experimental layout appears in the following figures:
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Figure 1. Experimental layout
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Figure 2. Layout of exhaust with the injector (beck)
internal.

The main aim of the measurements was to find out the effects
of water vapors in the gas emissions. Initially, we made
measurements without spraying of water and then with
simultaneous spraying of water, in order to compare the
results.

In both cases the measurements were made under 1000, 1500,
2000, 2500 rpm and then without interrupting the operation
of engine were continued descending on 2000, 1500, 1000
rpm. In every round we stopped for 3 minutes and afterwards
we continued in the next round.

Simultaneously we made measurements of water supply in the
diesel engine and the consumption of diesel. When the
measurement of spraying of water finished, we reduced to
zero the meters and then followed the measurements without
spraying. During the whole experiment the spraying of water
was made by 4 bar pressure. It can be noticed that the water
supply was 1.15 lit/h. It is bigger enough from the supply that
we calculated that it needs for the maintenance of gas
emissions temperature over 100°C, particularly for the lower
rounds of engine.

With this particular supply on 1000 and 1500 rpm we will not
have full water vaporization, as part of it will remain liquid. It
is possible that on 2000 and 2500 rpm will potentially
become better mixture of water and gas emissions, as will

become water vaporization completely.



INTERNATIONAL JOURNAL OF SYSTEMS APPLICATIONS, ENGINEERING & DEVELOPMENT

Issue 1, Volume 6, 2012

3000

2500

2000 -
£
E_1500

1000

500 -

0 T T T T

0 200 400 600 800 1000 1200 1400 1600

sec
Figure 3. The rpm variation
— Temperature Before Beck = RPM

© 300
L4
& 250
i
2 200 D00 1,006
S |aomp [ 1500 Hﬂ%mﬂ
[} 2000
@ 150
g
g 100
g 50
E
1]
F oo

0 200 400 600 800 1000 1200 1400 1600

sec

Figure 4. Gas emissions temperature before beck, without
spraying of water, in relation to time in seconds and rounds in
rpm.

-+ Temperature Before Water - RPM

350

300

250

200

2500

p

1000

1500

2000

150

I

Temperature Before Water C

0 200 400 600 800 1000 1200 1400 1600

Sec

Figure 5. Gas emissions temperature before beck, with
spraying of water, in relation to time in seconds and rounds in
rpm.
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Figure 6. Gas emissions temperature after beck, without
spraying of water, in relation to time in seconds and rounds in
rpm.
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Figure 7. Gas emissions temperature after beck, after spraying
of water, in relation to time in seconds and rounds in rpm.
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Figure 8. The percentage (%) of smoke emissions, without
spraying of water, in relation to time in seconds and rounds in

rpm.
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Figure 9. The percentage (%) of smoke emissions, with
spraying of water, in relation to time in seconds and rounds in

rpm.
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Figure 10. The percentage (%) of CO emissions, without
spraying of water, in relation to time in seconds and rounds in

rpm.
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Figure 11. The percentage (%) of CO emissions, after
spraying of water, in relation to time in seconds and rounds in

rpm.
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Figure 12. The HC-ppm of gas emissions without spraying of
water in relation to time in seconds and rounds in rpm.
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Figure 13. The HC-ppm of gas emissions with spraying of
water in relation to time in seconds and rounds in rpm.
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Figure 14. The NO-ppm of gas emissions without spraying of
water in relation to time in seconds and rounds in rpm.
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Figure 15. The NO-ppm of gas emissions with spraying of
water in relation to time in seconds and rounds in rpm.
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Figure 16. The average mean value of gas emissions
temperature before injector (beck) with and without spraying
of water, in relation to rounds in rpm.
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Figure 17. The average mean value of gas emissions
temperature after injector (beck) with and without spraying of
water, in relation to rounds in rpm.
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Figure 18. The average mean value of smoke % emissions
with and without spraying of water, in relation to rounds in
rpm.
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Figure 19. The average mean value of CO % emissions with
and without spraying of water, in relation to rounds in rpm.
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Figure 20. The average mean value of HC-ppm emissions
with and without spraying of water, in relation to rounds in
rpm.
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Figure 21. The average mean value of NO-ppm emissions
with and without spraying of water, in relation to rounds in

rpm.

From figure 4, it can be noticed that the gas emissions
temperature before beck and without spraying of water at
1000rpm is 140°C, then at 1500rpm is increased at 150 °C. As
the rounds increase at 1500 and 2500rpm, the temperature is
increased progressively at 200°C and 290°C respectively.
While the experiment is continued, the engine rounds are
decreased at 2000, 1500 and 1000 rpm, the temperature is
decreased progressively and falls again at 150 °C.

In figure 5, it can be seen that the gas emissions temperature
before beck and with spraying of water at 1000 rounds is
round to 140 °C, then at 1500 rpm increases to 150 °C and as
engine rounds increase to 1500 and 2500rpm the temperature
is increased progressively at 210°C and 300 °C respectively.
While the experiment is continued, the engine rounds are
decreased at 2000, 1500 and 1000 rpm, the temperature is
decreased progressively and falls at 120 °C.

In figure 6, it appears that the gas emissions temperature after
the beck and without spraying of water at 1000rpm is 90°C,
then at 1500rpm is increased to 120°C and as the rounds
increase to 1500 and 2500rpm, the temperature is increased
progressively at 150°C and 210°C respectively. While the
engine rounds are decreased at 2000, 1500 and 1000rpm, the
temperature is decreased progressively and falls again at
90°C.

In the following figure, it seems that the gas emissions
temperature after the beck with spraying of water, at 1000rpm
is 50°C, then at 1500rpm is increased to 55°C and as the
rounds increase to 1500 and 2500rpm, the temperature is
increased progressively at 75°C and 210°C respectively.
While the engine rounds are decreased at 2000, 1500 and
1000rpm, the temperature is decreased progressively and falls
again at 50°C. The sudden increase of temperature after 2000
rpm is due to the fact that the water supply is 4 bar, lower
from the supply that we needed in order to keep the
temperature near to 100°C. However, we didn’t increase the
water supply at 2500rpm because we wanted to keep the same
conditions in all engine rounds during the experiment.

In figure 8, it can be seen that the percentage of smoke in gas
emissions without spraying of water at 1000 rpm is near to
15%, then at 1500rpm decreases to 6% - 7%, at 2000rpm
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increases to 10% - 15%, at 2500rpm increases to 25% - 35%
and then at 2000rpm decreases to 9% - 10% and at 1500 and
1000rpm is near to 7% - 8%.

At figure 9, the percentage of smoke in gas emissions with
spraying of water, at 1000rpm is near to 10%, then at
1500rpm decrease to 9%, at 2000rpm sudden increase to 25%
and gradual decrease near to 10%. At 2500 rpm increase to
44% and fall to 25% - 30% and then again at 2000rpm fall to
12% - 13% and at 1500 and 1000rpm is round to 11% - 12%.
In figure 10, the percentage of CO in gas emissions without
spraying of water at 1000, 1500, 2000rpm is between 0.03%
and 0.04%. At 2500rpm the percentage of CO vary from
0.04% to 0.05%.

In figure 11, the percentage of CO in gas emissions with
spraying of water, vary from 0.03% to 0.04% at 1000 rpm. At
1500 rpm the percentage of CO is 0.04%, at 2000 rpm is
0.03% - 0.04%, but at 2500rpm the percentage increases to
0.04% - 0.05%. Afterwards, at 2000 and 1500rpm the
percentage is between 0.03% - 0.04% and finally at 1000rpm
it is mainly at 0.03%.

In figure 12, it can be seen the HC content in gas emissions
without spraying of water. It can be noticed that there is a
gradual of HC content while the number of engine rounds is
increased. Thus in the 1000 rpm the content begins at 20ppm
and reaches at 40ppm. At 1500rpm increases to 60ppm, at
2000rpm increases to 70ppm and at 2500rpm increases to
75ppm where it stables until 1500rpm and then decreases to

65ppm at 1000rpm.

In figure 13, it is observed that there is a gradual increase of
HC in gas emissions while the rounds of engine are increased,
when spraying of water. Specifically, at 1000rpm the content
of HC in gas emissions starts at 30ppm and goes to 55ppm.
At 1500ppm increases to 68ppm, at 2000rpm goes up to
78ppm and at 2500 rpm it abruptly goes up to 100ppm in
where it is constant until 1500rpm. Finally at 1000rpm drops
to 95ppm.

From figure 14 it can be seen that the content of NO
emissions without spraying of water at 1000rpm is 550ppm —
600ppm, at 1500rpm goes down to 400ppm, at 2000rpm goes
even more down to 350ppm and at 2500rpm reaches to
300ppm. At 2000rpm the content of NO remains to 300ppm,
at 1500rpm increases to 400ppm and finally at 1000rpm goes
up to 610ppm. While the number of engine rounds is
increased the content of NO is decreased.

In figure 15, it appears that the content of NO emissions when
we spraying of water at 1000rpm is round to 550ppm, at
1500rpm goes down to 400ppm, at 2000rpm goes even lower
to 350ppm, at 2500rpm drops to 250ppm — 300ppm. Then at
2000rpm the content of NO is still near to 250ppm — 300ppm
as well as it is at 1500rpm and finally at 1000rpm goes up
progressively to 550ppm — 600ppm. It can be said that when
spraying of water the content of NO is decreased while the
number of engine rounds is increased.

In figure 16, it can be seen that temperature in both
experiments (with and without spraying of water) is increased

progressively from 140 C° at 1000rpm up to 270°C at
2500rpm for the experiment without spraying of water and up
to 290°C - 300°C for the experiment with spraying of water.
Then in both experiments the temperature fell progressively
once again to 140°C at 1000rpm.
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From figure 17, it can be concluded that the temperature after
beck goes up progressively. At 2000rpm the temperature in
the experiment with spraying of water is lower than the one
without spraying of water. After 1500rpm the temperature
difference exceeds 50°C and maintains until the end of
2000rpm, in where both temperatures goes up and equate to
200°C at 2500rpm. Then both temperatures fall progressively
and mainly the temperature in the experiment with spraying
of water is lower regarding to the other one without spraying
of water. In the end of the experiment their difference reaches
once again 50°C at 1000rpm.

In figure 18, the percentage of smoke in 1000rpm is higher
than in 1500rpm for both experiments (with and without
spraying of water). In the experiment with spraying of water
the percentage of smoke is lower than the one without
spraying of water. As the number of engine rounds increases,
the percentage of smoke in gas emissions is increased
progressively up to 30% in case of spraying of water and up
to 27% without spraying of water at 2500rpm. Then as the
number of engine rounds is decreased, the percentage of
smoke is decreased as well. Concluding, it can be mentioned
that the percentage of smoke in gas emissions is higher in the
experiment with spraying of water than this without water,
with the exception of 1000rpm.

In figure 19, it appears that the percentage of CO in all
rounds is almost the same for both experiments (with and
without spraying of water). It is remarkable the fact that the
percentage of CO is near to 0.03% at 1000rpm, then it goes
up to 0.04% at 1500rpm, then goes down to 0.03% at
2000rpm and again goes up to 0.045% at 2500rpm. At
2000rpm goes down to 0.03%, then it goes up to 0.04% at
1500rpm and finally goes down to 0.03% at 1000rpm.
Summarizing, it can be said that spraying of water has no
influence in the percentage of CO in gas emissions.

In figure 20, the HC content in gas emissions increases
progressively as the number of engine rounds is increased and
time passes as well. Also it has been observed that HC
content in gas emissions in the experiment with water is
higher than the one without water. As the number of engine
rounds is increased, the difference of HC content in gas
emissions in both experiments is increased as well. From
1000rpm till 2000rpm the difference is near to 3 — 4ppm and
at 2500rpm the difference goes up to 20ppm, in where it
remains till the end of the experiment.

Finally, in figure 21 it is observed that NO content in gas
emissions decreases as the number of engine rounds is
increased, by reaching the minimal value in 2500rpm. Then it
goes up as engine rounds goes down. Initially there was no
big difference of NO content in gas emissions among the two
experiments (with and without spraying of water). However,
after 2500rpm there is a difference of 20ppm, which it goes
up during the experiment and reaches 200ppm at 1000rpm.
At the end of the experiment, it has been noticed that NO
content in gas emissions is lower in the case of the
experiment with spraying of water.

III.CONCLUSION

By taking into consideration all the above, it can be
understood that water vapor affects gas emissions.
Specifically affects the following[12]:
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(2]

[3]

[4]

[3]

(6]

[7]

(8]

Gas emission temperatures after spraying of water have
big difference specifically on lower engine rounds, in

where temperature might be over 50 C“ lower regarding
to gas emissions temperature without spraying of water.
Smoke percentage goes down only at 1000rpm in case of
spraying of water regarding to smoke percentage without
spraying of water. But in all other engine rounds the
percentage is increased.

As it can be seen from figures 10 & 11, there is no
significant difference among diagrams regarding to the
percentage of CO before and after spraying of water.
Therefore it can be assumed that spraying of water does
not influence CO percentage.

After spraying of water, HC content in gas emissions has
been increased in all rpm

NO content in gas emissions is lower in case of spraying
of water regarding to the one without spraying of water.
This difference is bigger when the engine loads at higher
rpm.

The consumption of fuel remains stable during the
experiment of spraying of water in relation to the one
without spraying of water.
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