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Abstract- Emulsion of water diesel has been used in a sitydieder water cooled four stroke diesel enginab&t
emulsionsare produced using water in the ratio of 5, 10at8 20% by volume in diesefween 80 and Span 80
with a HLB balance of 8 are used as surfactantulsions are prepared in a mechanical homogeaigbe speed of
3000 rpm for duration of 25 minute¥he experimentation is carried out using singleinchdr diesel engine
equipped with data acquisition system. An AVL Dsganalyser and AVL smoke opacity meter has beed tse
measure the exhaust emissions. Experiments anedaut at a constant speed of 1500 rpm from nd toafull
load for all fuel specimengCombustion characteristics such as rate of presisege net heat release rate, brake
specific fuel consumption, brake thermal efficiersg recorded for pure diesel and various emulsiBnsission
parameters such as NOx, CO, HC, &0d smoke opacity aadso measured. The results shows increase in the ra
of pressure rise, net heat release rate consegyuentjer delay period, however increase in perforoeaand
reduction in emissions takes place using emulsfiied
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1 INTRODUCTION

Diesel engines dominate over other engines pressure environment and a high boiling temperature
transportation, heavy industries and agricultuesdtars fuel in enhancing smoke reduction [9]. So wateiselie
due to economy and part load efficiency. On theiot emulsions are particularly suitable for applicason
hand, conventional Cl diesel engines produce highiesel engines, where a non-volatile fuel is usetdj
emissions of nitric oxides (NOx), carbon monoxidénigh pressure exists in cylinder, and smoke is @ma
(CO), carbon dioxide (C£, unburned hydrocarbon problem [10].
(HC), smoke and other harmful compound [1]. Many Many experiments were conducted in diesel
efforts have been made to find the solution to éheengine using water diesel emulsion as a fuel [1]l-12
emissions. As Government is implementing strictarger water ratio in the fuel results in longenitgn
emissions norms, the emissions reduction is a majdelay and high premixed combustion phase which
research objective. Emulsification is one of thehmds effects in weakening the luminous flame. This dffec
to reduce Cl engine emissions without making anseduces the peak temperature and pressure in the
modification in the engine design. In water dieselliffusion controlled combustion phase and leadsato
emulsion the presence of water vapor has a beakficlower level of NOx emission [13].The 20-25% water
effect on the rate of heat release and reduces thetio in diesel is optimum for minimum amount
pollutants emission. The presence of water vapor of NOx and BSFC [14-15]. Emulsified fuel improves
reactants influences the physics and chemicalikmef the specific fuel consumption and thermal efficignc
combustion. During combustion, water reduces théue to the reduction in heat losses [16].
flame temperature and changes the chemical The present work is focused to establish the effect
composition of the reactants which subsequentlgn the combustion, emission and the performanca of
control the NO formation and soot oxidation [2-6].single cylinder direct injection diesel engine @swater
Emulsification process mixes immiscible materialgliesel emulsion in the ratio of 5%, 10%, 15% ané620
like water and oil, and maintains a temporaryHenceforth, the current investigation is dedicated
suspension reducing their particulate sizes. Adogrd establish the use of the water diesel emulsionhen t
to the types, viscosities, particulate size, contjwrs combustion, performance and emission charactegistic
and the temperature emulsion returns to a two-ehasf a direct injection single cylinder diesel.
mixture [7-8]. A theoretical study on the combustiaf
emulsified fuel favors the combination of a high



International Journal of Research in Advent Technology, Vol.3, No.2, February 2015

E-1SSN: 2321-9637

2. EXPERIMENTATIONSDETAIL
Single-cylinder Direct Injection (Dwater-
2.1 Use of emulsified fuel cooled diesel engine used for experimentation is
equipped with data acquisition system to analyse th
For preparing emulsion of differentmgmounds performance and combustion characteristics using
having different properties a surfactant or bindinglifferent fuel specimens. The schematic layout o t
substance is needed. In this experiment mixturgpain experimental setup is shown in Fig.1. Engine
80 and Tween 80 are used as surfactant. Mixture specifications are listed in Table 1. Exhaust eiviss
prepared by both surfactants with a HLB balance afre measured by an AVL Di-gas analyser i.e. carbon
8.Pure diesel with a cetane index of 47 is used toonoxide, carbon dioxide, hydrocarbon and oxides of
prepare emulsified fuel. Complete process ofitrogen. The AVL smoke opacity meter is used to
preparation of emulsified fuel is discussed inisectest measure the smoke opacity. AVL Di-gas analyser
fuel and methods. (model AVL Di-gas 4000 light) and smoke opacity
meter (model AVL 437) used are shown in Fig. 2 and
2.2 Experimental appar atus

Fig. 2.AVL Di-gas analyser Fig.3. AVL smoke opacity meter
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The experiments are performed at a constant rgeeds results. Each test is conducted by flushing out the
of 1500 rpm with a fixed compression ratio of 1715t previous fuel then putting the new fuel to mainttie
constant injection timing of 2%efore top dead center. accuracy of the results. During the tests, thamaters
Results are obtained by varying the loads from 8% such as brake thermal efficiency, brake specifiel fu
100% load and repeated three times for all kinfuef consumption, cylinder pressure rise rate, and heat
specimens in order to increase the reliability e$tt release rate are recorded on the computer andzackly

Table 1 Engine specifications

Type Kirloskar makgsingl_e_cyli_nder Four stroke
direct injection
Nozzle opening pressure 200 -205 bar
Bore x Stroke 87.5*110 mm
Compression Ratio 175:1
Cubic capacity 661 cc
Rated Power Output 5.2 KW (7HP) at 1500 rpm
Dynamometer Eddy current, water cooled
Data acquisition system NI USB-6210,16 bit,250 kS/s

2.3 Test fuels and methods

Four specimens of emulsified fuels in theoraf with a HLB balance of 8.Four specimens of fuels
5%, 10%, 15% and 20% by volume of water in diesgdrepared in this study are shown in Fig. 5, possgss
were prepared in this study. Diesel fuel used @miork pure diesel and 5%, 10%, 15%, 20% by volume of
has a cetane index of 47. Surfactant mixture ipgned  water in diesel. Mechanical Homogeniser (shown in

fig.4) is used to make the emulsion.
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Fig. 4 Mechanical homogenizer

by volume with an HLB balance of 8 to provide sbita
Fig. 5 Samples of water diesel emulsions by raftig%, water diesel emulsion [17-18]. It is added into fhee
10%, 15% and 20% of water in diesel diesel (78% by volume). Now mixture of surfactanta
For preparing emulsion of different compounds hgvindiesel are mixed with mechanical homogeniser at a
different properties a surfactant or binding substais speed of 3000 rpm for 20-25 minutes. Simultaneously
needed. The conventional surfactants used in thidys required percentage of water is added continuottsly
are span 80 (sorbitan monooleate) hydrophobic imake emulsions. The emulsion thus obtained is @tkck
nature and Tween 80 (polyxyethylene sorbitafor stability Table 2 shows the properties of the test
monooleate) hydrophilic in nature. The surfactanfuels along with their stability period.
mixture is prepared by mixing the two surfactartts 2
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Table 2 Tested fuel Properties and stability period

Properties of METHOD | UNITS| (PD)0%W| 5%W | 10%W 15%W 20%W
emulsions
H 0,
Der}itg/%z)o C | ASTMD7042 | glcc | 0.83101] 083755 084643  0.85317 6768
API
Density@15°C | ASTM D7042 | g/cc | 0.83227| 0.84118  0.85002  0.85674 6818
(Kgm®)
Kinematic
Viscosity@40°C | ASTM D7042 | Cst 2.72 3.15 3.34 3.632 4.829
(Cs)
Specific | AqTM D445-12 - 0.83009| 0.83905  0.84794  0.85470 €226
gravity@20°C
Flash point (°C) | ASTM D92 oC 58 60 62 63.5 65
Firepoint °C) | ASTM D92 oC 71 71.5 72 75 76
Calorificvalue | ASTM D240 MJ 42.9 41.5 40 39.2 38.1
Cetaneindex | ASTM D4737 47 46 45 44 42
Stability Period - Days Stable 7 7 6 5

3. RESULTSAND DISCUSSIONS effiency and emission characteristics such as gxafe
Pure dieselwater diesel emulsions by ratio of 5%,nitrogen , carbon dioxide ,carbon monoxide,
10%, 15% and 20% of watare investigated regarding hydrocarbon and smoke opacity are analyzed and

combustion, performance and emission aspéotshe discussed.

combustion part, pressure rise in the cylinder,thea
release rate are analyzethe performance parameters3.1 Combustion analysis

such as brake specific fuel consumptions, brakerthle

10
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In the combustion aspect of water diesel sion| rate of pressure rise and heat release ratel@ted against
the crank angle.
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Fig.6 Rate of pressure rise graph for pure diéfél, 10%, 15% and 20% water in diesel
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the enhanced premixed combustion resulted by longer
ignition delay [19] The observed net heat release rate
for 15% water diesel emulsion was 79 J/deg. in
Eomparison to 62 J/deg. for pure diesel (as shawn i
Fig. 7). Noise level observed in the case of 20% water
in diesel is high and engine operation is alsosnebdoth
nough. Longer ignition delay period in water diese
Stulsion aggravate this

Rate of pressure rise in the cylinder for pure alies%,
10%, 15% and 20% water in diesel are shown in Eigu
6. It is observed that rate of pressure rise in tHmdgr
for 15% water in diesel is high compared to puesdi.
It is increased as the ratio of water in the fypdcmen
increasedlt is also observed that net heat release ra
also increased as the ratio of water in the fuetspen
increased as compared to pure diesel; it may beadue
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3.2 Performance and emissions water emulsified diesel may also be attributed to
formation of a finer spray due to rapid evaporation
3.2.1 Variation of Specific fuel consumption withabl the water. Longer ignition delay contributes tosgar
Variation of specific fuel consumption (SHG) the more fuel burning in premixed combustion and
pure diesel and different emulsions are shown ¢n & suppression of thermal dissociation due to lower
SFC decrease with engine loads considering tloylinder average temperature. Brake specific fuel
emulsion (diesel water) as total fuel. It shows tBBRC consumption observed at full load is 0.30 kg/kWkdr
decreases as engine load increases, this is dfextto 20% water diesel emulsion, whereas it is 0.32 far t
that more water works as fuel as more water tagases pure diesel.
of diesel in burning process. The reduction in SHB

1.4
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1.2 4 Qe 5% water in Diesel
——-w-—— 10% water in Diesel
——-—--  15% water in Diesel
_. 10+ \ — —& —  20% water in Diesel
= \
2
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=
g
2
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0.2 T T T T T T
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Load %
Fig. 8 Variation of SFC with Load
3.2.2 Variation of brake thermal efficiency withatb diesel emulsion is used, and this is due to the tfeat

boiling point of water is less than the diesel, iso
Fig. 9 shows the effect of emulsified fuel tre evaporates first and give birth to micro explosamd
brake thermal efficiency. The maximum brake thermaecondary atomization of fuel, subsequently inéngas
efficiency of 28.6 % is achieved when 15 % watethe extra power from combustion of each fuel pbatic

13
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Fig. 9 Variation of Brake Thermal Efficiency witlrohd
3.2.3 Variation of NOx with load the charge due to the evaporation of water, and the

cylinder average temperature following injectiondan
The variation of NOx with engine load usingoefore ignition becomes lower due to the water., NO
different fuel specimens is shown in Fig. 10. Itisar concentration increased at higher load due to the
that as the water in diesel is added, the exhausbnversion of nitrogen to NO at high gas tempeeahyr
temperature decreases as the heat is absorbedeby dbmbining with Q to form NOx [20]. It is observed that
additional water, which subsequently decrease @& N NOx produced at full load by 5%, 10%, 15%, 20%
as it is the product of reaction of nitrogen witkygen water diesel emulsion and pure diesel is 410ppm,
at higher temperature. The latent heat of watdrasibl  400ppm, 400ppm, 390ppm and 428ppm respectively.
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Fig. 10 Variation of NOx with Load
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3.2.4 Variation of Carbon dioxide with load justification for complete combustion of fuel inseaof
emulsions compared to pure diesel Fig. 11 illustahe

Carbon dioxide reflects complete combustidn acomplete trend of variation of Carbon dioxide for
fuel. Combustion of emulsified fuel shows incregsin different fuel specimens at different loads.
trend with the increase of percentage of wategivés
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Fig. 11 Variation of Carbon dioxide with Load
3.2.5 Variation of Carbon monoxide with load observed that when the load is increased CO

concentration increases for all the samples ana pur
Carbon monoxide is a result of incomplete combustio diesel. It is also observed that when the loaddsgased
It has been observed that emission of CO increaghs CO concentration increases for all the fuel spensne
increase in volume of water in the emulsion. Thi€O produced by 5%, 10%, 15% and 20% water diesel
happens because water helps in micro explosionedf f emulsion is significantly more compared to puresdie
and more oxygen supplied by the added water.diss as shown in the Fig. 12.
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Fig. 12 Variation of Carbon monoxides with Load
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3.2.6 Variation of HC with load emulsion due to reduction in gas temperature and
incomplete combustion. The magnitude of HC observed
HC is produced when fuel move to the exhausit full load by 5%, 10%, 15% and 20% water diesel
without doing the work or not getting proper oxygen emulsion and pure diesel is 17ppm, 14ppm, 16ppm,
burning. Fig. 13 has shown the variation of HC witH9ppm and 11ppm respectively.
load. It is observed that HC increased, with wdiesel

35

30 4 VE —@&——  Pure Diesel
\ o 5% water in Diesel
\\ ——-%-——  10% water in Diesel
——v-—-  15% water in Diesel
25 A \\\ — & — 20% water in Diesel
Y

20 1
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15 4

10 4

0 20 40 60 80 100 120
Load (%)

Fig. 13 Variation of HC with Load

significantly [21]. Increase in the oxygen content
3.2.7 Variation of Smoke with load meeting with the fuel enhanced the combustion aatk

produce less smoke in case of water diesel emulsion
Smoke is the result of incomplete combustion. Tinjuel compared to pure diesel. The smoke opacity for
unburned particles mostly carbon soot collectedhin 20% water diesel emulsion is 12% whereas it is130),
exhaust produce smoke. As combustion is improved ¢ and 22% for 5%,10%,15% water diesel emulsion and
the water diesel emulsion, smoke is reduced pure diesel respectively (shown in Fig. 14).
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Fig. 14 Variation of smoke with Load
4. CONCLUSIONS 6) Hydrocarbon emissions shows increasing trentl wit

On the basis of the experimental results investijatn emulsified fuel as compared to diesel. Lowest HC
single cylinder direct injection diesel engine gspure produced by pure diesel is 11ppm however it is ésgh
diesel and emulsified fuel with different ratioswéter of 19ppm when using 20% water diesel emulsion. When
the following conclusions are drawn: the load increases HC emissions are higher for rwate
2) Rate of pressure rise in the cylinder for 15%ewa diesel emulsion.

diesel emulsion is high compared to pure dieseis It 7) Carbon monoxide emissions increase with increase
also observed that net heat release rate for thatio of water in emulsified fuel. However carbon
5%,10%,15% and 20% water diesel emulsion is higtioxide shows increasing trend with emulsified fdak
compared to pure diesel; it is due to the enhancéd uniform combustion.

premixed combustion resulted by longer ignition.

3) The brake specific fuel consumption was obseteed  The test results revealed that water diesellson
decrease with water diesel emulsion. Result shiwass t (up to 20% water by volume in diesel) can be used a
specific fuel consumption at full load is 0.30 Kg/kr  fuel in diesel engine with no engine modification.
for 20% water diesel emulsion, whereas it is 0B31, Although there is scope of using higher percentaige
0.30 and 0.32 for 5%, 10%, 15% and pure diesel. water diesel emulsion, but it can be optimized kegp
4) The brake thermal efficiency of emulsified fuelin view the losses of engine.

increases with increase in water concentrationhia t

emulsion at all the loads. The brake thermal effjeat
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