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Abstract 12 

In the present study, the results of an investigation on a Perkins A63544 direct injection diesel 13 

engine using water-diesel emulsions (2, 5, 8 and 10% by volume of water) are reported. The 14 

engine was run at different engine speeds ranging from 1400 to 1900 rpm for power and torque 15 

analysis with steps of 100 rpm. In order to evaluate noise emissions, four engine speeds (1600 16 

to 1900 rpm with steps of 100 rpm) and four engine loading conditions (25, 50, 75 and 100%) 17 

were selected. No change in engine components and systems was made. Two factors 18 

completely randomized design was used for statistical analysis of the effects of engine speeds 19 

and fuel blends on the engine power and torque. According to the analysis of variance, engine 20 

speeds and fuel types had statistically significant effects at 1% probability level (P < 0.01) on 21 

the average values of the engine power and torque. Adding water to neat diesel fuel, was 22 

beneficial to increase engine power and torque significantly due to combustion efficiency 23 

improvement, but the lower calorific value of the emulsion reduced engine power and torque 24 

at higher water concentrations. The presence of water in neat diesel fuel generally increased 25 
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ignition delay and engine noise emissions. Emulsion combustion at higher speeds didn't show 26 

higher sound pressure levels than neat diesel, which may be due to the decrease in heat release 27 

rate during combustion process. The 2% water-diesel emulsion increased power and torque 28 

output significantly without increasing engine noise emission. So, it showed a good potential 29 

to be considered as an appropriate alternative to neat diesel fuel. 30 

Keywords 31 

Water-Diesel emulsions; engine noise emission; engine power; engine torque. 32 

Nomenclature PTO      power take-off  

NIOSH     the United States National 

Institute for Occupational Safety and Health 

FFT       Fast Fourier Transform  

P           engine sound pressure (Pa) 

DI     direct injection  prms       root mean square sound pressure 

(Pa) 

PM     Particulate Matter  pcool     Cool Edit sound pressure 

MF       Massy Ferguson  LA      overall sound pressure level (dB(A)) 

E0       neat diesel fuel Lp       sound pressure level (dB(A)) 

E2       2% water and 98% diesel  p0     reference pressure (20× 10−6 Pa) 

E5       5% water and 95% diesel  

E8    8% water and 92% diesel 

E10 10% water and 90% diesel 

Lpi       sound pressure levels at band-center 

frequencies of 1/3rd octave frequency band 

(dB(A)) 

HRR      heat release rate  τ         time interval of measurement 

UHC        Unburend Hydro Carbon NOx       nitrogen oxides 

ANOVA     analysis of variance  

 33 

1. Introduction 34 
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Diesel engines are efficient and economic power sources that are widely used in several 35 

industries. However, their noise is louder than spark ignition ones and it may be, in some cases, 36 

a big concern in many applications [1]. Previous research studies showed that human beings 37 

are affected mentally, physically and socially by excessive noise levels [1-3]. In account of the 38 

excessive noise threats on humans, NIOSH developed regulations in order to restrict the 39 

duration of human noise exposure. It defined exposure to a 85 dB(A) noise level for 8-hour/day 40 

or exposure to 88 dB(A) noise level for 4-hour/day as one noise dose [4]. Humans could be 41 

exposed to more than one noise dose per day and it was recommended to reduce noise levels 42 

below 80 dB(A), although some countries are promoting noise reduction and control programs 43 

to lower noise levels below 75 dB(A) [1]. 44 

In diesel-powered vehicles and equipments, the engine is the main source of noise [5-6]. For 45 

that reason, researchers have devoted significant efforts to mitigate diesel engine noise. The 46 

combustion noise was the main part of the diesel engine noise [7]. Ghaffarpour and Noorpoor 47 

[8] used split injection technique in automotive DI diesel engines to control combustion noise 48 

by directly acting on the source. Combustion noise may also be affected by the type of fuel. 49 

Nguyen and Mikami [9] found a decrease in combustion noise at late diesel fuel injection 50 

timings with 10% vol. hydrogen addition to the intake air. Transient performance of a diesel 51 

engine and the overall combustion noise radiation was evaluated using bio-fuels and minor 52 

effects were reported [10]. 53 

The stringency of international regulations on exhaust emissions are pushing researchers to 54 

investigate alternative fuels to reduce their pollution. In the last two decades, water-diesel 55 

emulsions have been studied with the aim of to solving the ‘‘PM-NOx trade-off’’ [11, 12]. The 56 

results of those investigations also revealed that water-diesel emulsions could be used in diesel 57 

engines without changing pumps and injectors [13]. Recently, two comprehensive reviews 58 

were published about the application of emulsions and water in diesel emulsion [14, 15]. 59 
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Debnath et al. [14] concluded that surfactans or surface reacting agents are needed for emulsion 60 

preparation and for having a good emulsion for diesel engine, the agent should have low 61 

Hydrophilic/Lipophilic Balance value. SPAN 80 and TWEN 20 with the quantity range from 62 

0.2 to 5% (by vol.) are commonly used for emulsion prparation. They also reported that 63 

ultrasonic agitator yielded more stable emulsion than menchanical mixer. Emulsion spray has 64 

a little higher penetration than diesel. According to ithnin et al. [15] the majority of the studies 65 

reported thermal efficiency increment and combusion efficiency improvement using water in 66 

diesel emulsion. Generally there were no improvement in brake power, torque and specific fuel 67 

consumption when the total amount of diesel fuel in the emulsion is compared with that of the 68 

neat diesel fuel. Emulsion combustion increased UHC and CO and decreased NOx and 69 

particulate matters.  70 

A mixture of two or more normally immiscible liquids is defined as an emulsion. Sufficient 71 

stirring of the liquids in presence of an emulsifying agent is necessary to produce a stable 72 

emulsion. Chemical reaction rates can be enhanced by using the high power ultrasonic 73 

technique [16]. The ultrasonic irradiation to a solution periodically forms cavitation bubbles. 74 

Those bubbles grow and collapse impulsively during the adiabatic compression. These 75 

phenomena result in formation of hotspots, high speed micro-jets, micro-streaming and 76 

generation of a shockwave. Therefore, the ultrasonic technique can be used to prepare water-77 

diesel emulsions [17–20].  78 

Using water-diesel emulsions in diesel engine could cause additional momentum on the 79 

injection jet and consequently an improved mixing of fuel, air and tiny water particles. 80 

Furthermore, additional momentum leads to micro explosions, which further enhance fuel 81 

atomization [21]. 82 

Investigation of engine performance using water-diesel emulsions showed comparable torque, 83 

power and thermal efficiency for 5% and 10% water-diesel emulsions [22]. The results of a 84 
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study revealed that the water-diesel emulsion produces less output power as compared to neat 85 

diesel fuel. However, at higher engine load, the engine efficiency obtained using the 10% 86 

water-diesel emulsion is comparable to that using neat diesel fuel [13]. The calorific value of 87 

water-diesel emulsions with a high percentage of water is much lower than with neat diesel, 88 

thus releasing a smaller amount of heat in the cylinders, with the consequence of a smaller 89 

power output [23].  90 

The experimental results indicated that the ignition delay increases by using water-diesel 91 

emulsions [24–26]. The vaporization of water releases its latent heat and slows down the 92 

gradient of temperature in the droplet (physical delay) and, at the same time, reduces the fuel 93 

concentration (chemical delay) [26]. The increase of 0.2 ms in ignition delay was reported for 94 

water-diesel emulsion compared to neat diesel fuel [27]. As ignition delay increases, more time 95 

is available for evaporation and mixing and more fuel is burnt during the combustion process, 96 

which leads to an increase in the rate of heat release. Enhancing the reaction rate of diesel fuel 97 

improves combustion efficiency [22, 27, 28]. 98 

Simpler and less sophisticated diesel engines are widely used in mass transportation, heavy 99 

industries and especially agricultural sectors because they offer better fuel to power conversion 100 

efficiency than spark ignition types. But unfortunately most of the diesel engines for those 101 

applications are not of the newest technology, even though they are one of the major pollution 102 

contributors (especially NOx) to present time. Water in diesel emulsion usage spreads around 103 

the world to decrease diesel engine pollution without needing to engine modifications. 104 

Studying the effect of emulsions in those engine technologies is important since it may 105 

represent a low cost method to improve emissions in them. Also, in many cases (especially in 106 

agricultural practices), human activity near diesel engine is needed for a long period of time. 107 

So, regarding to high noise and exhaust emission of these types of diesel engines, harmful 108 

impact of their noise effect on human beings (mentally, physically and socially) is so worrying. 109 
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But there is to limited information concerning noise emission of a DI diesel engine using water-110 

diesel emulsions at part loads and varying engine speed. From this motivation the aim of this 111 

study was to investigate a MF 399 tractor engine power, torque and noise emission at different 112 

engine loads and speeds, without any modification in engine systems and using different 113 

percentages of water in emulsions. 114 

2. Materials and methods 115 

The neat diesel used in this study was purchased from a gas station in Tehran, Iran. Its 116 

characteristics were depicted in Table 1. A 400 W, 20 kHz horn-type piezoelectric ultrasonic 117 

transducer (UP400S made by Hielscher Ultrasonics GmbH) was used for the emulsification 118 

process. 2% vol. Span 80 (Sorbitane monooleate) was added into the diesel fuel-water mixture 119 

solution in order to improve its stability. The water-diesel fuel emulsions were 2% water and 120 

98% diesel (E2), 5% water and 95% diesel (E5), 8% water and 92% diesel (E8) and 10% water 121 

and 90% diesel (E10). The important specifications of the emulsions such as density, kinematic 122 

and dynamic viscosity and pour point were measured. 123 

Table 1. Neat diesel fuel characteristics 124 

Properties Unit Neat Diesel 

Calorific value MJ/kg 42.75 

Pour point ºC −12 

Flash point ºC 58 

Cloud point ºC −4 

Density @ 15 ºC Kg/L 0.841 

Cetane number --- 51.3 

Sulphur wt% 0.7 
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Ash wt% 0.008 

Kin viscosity at 40 ºC  cSt 3.1 

Ramsbottom carbon 

residue 

wt% 0.06 

 125 

The schematic diagram of the engine testing setup is shown in Fig. 1. The power, torque and 126 

speed of a MF-399 tractor engine were measured by an eddy current dynamometer (NJ-127 

FROMENT Σ5model, ±0.1 kW accuracy for power measurement, ±0.1 Nm accuracy for torque 128 

measurement and rotational speed measurement accuracy of ±1 rpm). The specifications of the 129 

tractor engine used to carry out the tests were depicted in Table 2. The engine warmed up before 130 

the experiments. The dynamometer was connected to PTO shaft of the tractor through special 131 

coupling. The tractor engine power, torque and noise emissions were measured using water-132 

diesel emulsions at four different load conditions (25%, 50%, 75% and 100% load) and at six 133 

different engine speeds from 1400 rpm to 1900 rpm. 134 

 135 

Fig. 1. Engine testing setup 136 
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Table 2. Perkins A63544 DI diesel engine specifications 137 

Iran tractor manufacture CO Manufacture 

direct injection Combustion system 

6 Number of cylinder 

16:1 Compression ratio 

98.6 × 127 Bore × stroke 

5.8 L Cylinder volume 

110 hp (82 kW) Maximum power at 2300 rpm 

376 N m Maximum torque at 1300 rpm 

 138 

A sound measurement test site was prepared and maintained according to SAE J1074 sound 139 

measurement standard [29]. To verify the data of sound level meter, they were compared with 140 

A-weighted overall sound pressure levels. So, engine sound pressure in time domain was 141 

recorded with Cool Edit Pro software. For correct conversion of analog signals to digital ones, 142 

data sampling rate must be at least two times of maximum frequency according to Nyquist 143 

criteria [30]. Human audible frequency ranges from 20 to 20000 Hz, so the sampling rate of 144 

software has been set at 48000 Hz. The duration of measurements was 10 seconds with three 145 

replications, so for each measurements the mean of 480000 samples were obtained. 146 

The test area consisted of a flat open space free from obstacles and the effect of signboards, 147 

buildings and hillsides for at least 15 m from longitudinal center line of tractor and 148 

dynamometer. The wind speed was 11 km/h which satisfied standard recommendation. The 149 

background noise was 68.1 dB(A) (Fig. 2), so it can be neglected. A schematic diagram of the 150 

test area was shown in Fig. 3. The detailed specifications of the instruments for sound 151 

measurement were given in Table 3. 152 
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 153 

Fig 2. 1/3rd octave band frequency domain signal of background noise 154 

 155 

Fig. 3. A schematic diagram of the experimental setup 156 

Table 3. Specifications of the instruments 157 

Name of the 

instrument 

Model Accuracy/ 

Resolution 

Range/Capacity Sensitivity 

Prepolarized 

condenser 

microphone 

- - 10 Hz-20 KHz 50 mV Pa-1 

Sound level 

meter 

HT 157- class 

1-Italy 

0.1 dB 24-140 dB - 
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Cup 

anemometer  

Lutron AM- 

4220 

0.1 m/s 0.9- 35 m/s - 

Digital 

thermometer  

Testo Germany 0.1 ºC -10 to 50 ºC - 

 158 

The HT 157 sound level meter calibration processes were done with its calibrator before and 159 

after data gathering. The calibrator signal was 94 dB with 1 kHz frequency which was shown 160 

in Fig. ..... The smae graph was obtained before and after measurements. According to the 161 

manual of sound level meter, the calibrator sound pressure is equal to 1 Pascal. So for having 162 

sound pressure signal of the engine and regarding to Fig. 4., the values of the software: 163 

p = 
Pcool

610 × 0.707
 

(1) 

The measurements were done in linear scale but according to the standard and as the A-scale 164 

is widely used as a single measurement of possible hearing damage, annoyance caused by 165 

noise, and compliance with various noise regulations, sound pressure levels were converted to 166 

A-weighting using suitable filter. 167 

 168 

Fig. 4. Calibrator signal in time domain 169 

The obtained signal in time domain could not reveal much information (Fig. 2). Therefore, the 170 

recorded digital data in time domain, p, were converted to frequency domain using a developed 171 

FFT computer program and the narrow (Fig. 5) and 1/3rd octave band frequency sound pressure 172 
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levels were obtained. Due to un-smoothed nature of narrow and 1/3rd band frequency curves, 173 

comparing the data for different conditions is not so easy. So LA were derived from 1/3rd band 174 

signal in frequency domain using these equations [31]: 175 

𝑝𝑟𝑚𝑠 =  √
∫ 𝑝2𝑑𝑡

𝜏

0

∫ 𝑑𝑡
𝜏

0

 176 

𝐿𝑃 = 10 log (
𝑝𝑟𝑚𝑠

2

𝑝0
2 ) 177 

LA = 10 log (∑ 10𝐿𝑝𝑖/10𝑛
𝑖=1 ) (2) 

 

(a) 
 

(b) 

Fig. 5. (a) Time domain engine sound pressure and (b) Narrow band frequency domain signal 178 

of engine using E10 at full load condition. 179 

The effects of engine speeds and fuel blend types (independent variables) on the engine power, 180 

torque and noise emission (dependent variables) were analyzed using the two factors 181 

completely randomized design. 182 

Furthermore, the Duncan’s multiple range test was used to evaluate the significant difference 183 

between the mean values of measured engine power and torque with the change in engine speed 184 

and fuel blend type. For evaluating noise emissions, in addition to engine speeds and fuel blend 185 

types, the effect of engine loading condition was studied too. Common letters were used when 186 

no significant difference at 1% probability level was found between the mean values. 187 
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3. Results and discussion 188 

3.1. Emulsions specifications 189 

The kinematic viscosity, dynamic viscosity, pour point and specific gravity of the fuel blends 190 

of the different emulsion types and neat petro-diesel were given in Table 4. As presented in 191 

this table, the kinematic viscosity, dynamic viscosity and density of the blends increased with 192 

increasing water percentage in emulsions. Similar results for viscosity [32, 33] and density [34] 193 

were reported in other studies. The presence of water in diesel fuel decreased pour point 194 

considerably but there was no difference among the four emulsions. 195 

Table 4: The E-Series fuel blends specifications 196 

Fuel Specifications E0 E2 E5 E8 E10 Accuracy 

Kinematic viscosity at 40 ºC (cSt) 3.1 3.2 3.7 4.0 4.1 ±0.1 cSt 

Density (kg/L) 0.841 0.846 0.851 0.855 0.859 ±0.001 kg/L 

Dynamic viscosity (cP) 25.90 26.73 31.32 33.77 35.56 ±0.01 (cP) 

Pour point (ºC) -12 - 42 - 42 - 42 - 42 ±1 ºC 

 197 

3.2 Engine Power 198 

Fig. 6 showed the variations of the engine power versus engine speed with different water-199 

diesel emulsions. It can be seen that the power increased with the increase in engine speed for 200 

all the emulsions. There were more differences between engine power for the various fuel 201 

blends at higher engine speeds which verified the increase of water addition effect at higher 202 

speeds [35]. The regression analysis showed the second order polynomial relationships with 203 

very high coefficient of determination between engine power and its speed for all the fuel 204 

blends. 205 
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 206 

Fig. 6. Engine power output for different fuels Vs engine speed. 207 

According to the results of ANOVA, the engine speed and fuel blend type parameters had a 208 

significant effect on the engine power. Fig. 7 revealed the results of comparing mean values of 209 

the engine power versus engine speeds and fuel blend types using Duncan’s multiple range 210 

tests. The engine power increased significantly at 1% probability level when the engine speed 211 

increased. This could be due to the power stroke increment per unit time. 212 

Adding 2% water to neat diesel fuel significantly increased the engine power output (P < 0.01). 213 

Qi et al. [36] attributed this increase to the effect of micro-explosions which promoted better 214 

atomization and formation of air–fuel mixture. So, a more combustible air–fuel mixture could 215 

be burned in the premixed combustion phase, which resulted in higher peak cylinder pressure 216 

and higher power output. 217 
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 218 

Fig. 7. The effect of engine speed and E-Series fuel blends on the engine power. Means with 219 

same letter are not significantly different. 220 

Further increasing the water fraction in diesel fuel to 10 % vol., caused the engine power to 221 

decrease by 2%. This reduction could be attributed to a lower fuel calorific value [23] which 222 

overcomed the benefits of water-diesel emulsion. Therefore, adding a low percentage of water 223 

to fuel could yield a higher engine power. There was no significant difference (P < 0.01) 224 

between mean values of engine power for E8 and E10.  225 

3.3 Engine torque 226 

Fig. 8 shows the mean values of the engine torque versus engine speed with different water-227 

diesel blends. The regression analysis on the experimental measurements of engine torque as a 228 

function of engine speed for each fuel blend showed a polynomial relationship with very high 229 

coefficient of correlation. The maximum engine torque was related to E2. Like engine power, 230 

the increase in engine torque using E2 could be due to micro explosion process which resulted 231 

in simoltaneous additional braking of the droplets, so the droplets evaporation surface increases 232 

and the mixing of the burning fuel in air improves [36]. Alahmehr [34] also reported higher 233 

torque for emulsion with low percentage of water than neat diesel. 234 
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It is noted that when the engine speed increases, mean values of engine torque decreases. This 235 

is in agreement with Alahmehr [34] who found that at higher engine speeds, due to the frictional 236 

loss and shortening the time of intake stroke, the engine cylinder cannot be fully charged, which 237 

causes a reduction of both the engine volumetric efficiency and the engine torque. So it could 238 

be concluded that depending to the engine type, the diesel quality and the type and amount of 239 

surafctant, up to certain amount of water in emulsion micro explosion phenomena can yield 240 

higher output power and torque than neat diesel. 241 

 242 

Fig. 8. Engine torque output for different fuels at varying engine speeds. 243 

Duncan’s multiple range tests to compare the mean values of the engine torque versus the 244 

engine speed (Fig. 9) showed similar results. It could be noticed that the engine torque did not 245 

change significantly (P < 0.01) with the increase in engine speed up to 1700 rpm. Similar trends 246 

was reported by Hassan-beygi et. al [37] which evaluated this engine fuelled by biodiesel-diesel 247 

blends. 248 

Similarly to what was found for the engine power, ANOVA showed that engine speed and fuel 249 

blend type parameters had a significant effect at 1% probability level (P < 0.01) on the engine 250 

torque. From Fig. 6, it can be seen that adding water to neat diesel fuel up to 5% does not 251 
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change the engine torque significantly. Although the calorific value of E5 was definitely lower 252 

than E0, the larger amount of oxygen content of the added water facilitated a more complete 253 

combustion process. So, mean values of the engine torque did not decrease significantly (P < 254 

0.01). A further increase in the water percentage up to 8%, reduced the engine torque (P < 0.01) 255 

of about 1.4%, compared to the E5 fuel blend. No significant difference was found between E8 256 

and E10. Alahmer et. al [22] and Alahmer [34] attributed the decrease of torque with the increase 257 

in water percentage to the higher pressure on the piston caused by the steam evaporation during 258 

the compression stroke at the initial steps of the combustion process. 259 

 260 

Fig. 9. The effect of engine speed and E-Series fuel blends on the engine torque. Means with 261 

same letter are not significantly different. 262 

3.4 Engine noise emission 263 

Good consistency was found between measured engine sound pressure level using Cool Edit 264 

Pro and sound level meter (Fig. 10) which verified the reliability of the latter. 265 

Overall engine sound pressure level variations versus different engine speeds were shown in 266 

Fig. 11. For all fuel blends, overall sound pressure levels generally increased with the increase 267 

of engine speed from 1600 to 1900 rpm, which is normal in agricultural equipments [38, 39]. 268 

a a
a

a

b

b

ab

a

b

c
c

340

345

350

355

360

365

370

1400 1500 1600 1700 1800 1900 E0 E2 E5 E8 E10

T
 (

N
m

)

Engine speed (rpm)
Fuel blends



17 

 

The highest and lowest noise emission was found for E10 at 1900 rpm and for E2 at 1600 rpm, 269 

respectively. Combustion of diesel showed highest and lowest noise emission at 1600 rpm and 270 

1700 rpm, respectively. In 1800 rpm there were no significant difference between all fuel 271 

blends. 272 

 273 

Fig. 10. 1/3rd octave band frequency domain signals of diesel engine fueled with E10 at full 274 

load condition.  275 

 276 
Fig. 11. Engine noise emission for different fuels at varying engine speeds 277 
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The operation of engine with neat diesel featured minimum sound pressure levels at lower 278 

engine speeds. At higher speeds, these differences did not exist and some blends showed lower 279 

noise emission than neat diesel. These could be due to lower HRR of emulsions at higher speed. 280 

At lower speed, due to having higher ignition delay, a longer time was available for emulsion 281 

to mix with air which led to higher HRR [13] and resulted in a more powerful and louder 282 

combustion. As the engine speed increased, emulsion fuel had less time to form a flammable 283 

mixture, therefore, it showed a lower peak HRR at higher engine speed [13] which countracted 284 

the effect of ignition delay increment. 285 

Duncan’s multiple range tests to compare mean values of the engine noise emission versus 286 

engine speeds, fuel blend types and engine load were shown in Fig. 12. Its Results were in 287 

agreement with Fig. 11, where noise emissions increased significantly (P < 0.01) with the 288 

increase in engine speed. 289 

The presence of water in diesel increased physical and chemical ignition delay and led to higher 290 

noise emission [26] but it can be seen that except for E2 and E10, there was no significant 291 

difference between noise emissions of fuel blend types. Comparing to neat diesel, operating 292 

the diesel engine with E2 did not increase engine noise emission. So, higher engine power and 293 

torque output by using E2, could introduce it as an appropriate fuel blend for using instead of 294 

neat diesel. 295 
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296 

Fig. 12. The effect of engine speed, E-Series fuel blends and engine load on the engine noise 297 

emission. Means with same letter are not significantly different. 298 

Significant increases in sound pressure level (P < 0.01) were found as engine loading was raised 299 

from 25 % to 75%, but at full load condition noise emission decreased significantly (P < 0.01). 300 

The significant increase in sound pressure level from 25 % to 75 % load may be due to higher 301 

thermal efficiency which helps to have more powerful and louder combustion. 302 

It was reported that thermal efficiency increases when increasing engine load until 75% but 303 

with further increase in engine load there is no such increase in thermal efficiency [40]. On the 304 

other hand with increase in engine load, ignition delay showed constant decrease until full load 305 

[41]. Since thermal efficiency impact for engine loading condition higher than 75 % was 306 

negligible, the decrease in sound pressure level with the increase in engine load may be due to 307 

the ignition delay decrement.  308 

Conclusions 309 

The conclusions drawn from this research work are as follows: 310 
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1. The effects of fuel blend type and engine speed parameters were significant on the engine 311 

power and but no such effects were found for engine torque. 312 

2. A larger amount of oxygen from added water facilitates a more complete combustion 313 

process. So, adding water to neat diesel fuel up to 5% does not change the engine torque 314 

significantly.  315 

3. Generally, the presence of water increased ignition delay and engine noise emission. 316 

4. For the E2 fuel blend, with the highest engine power and torque, noise emission did not have 317 

significant difference with neat diesel. So, it could be suggested as an appropriate alternative 318 

for neat diesel fuel. 319 

5. Lower peak HRR at higher engine speed led to weaker and more silent combustion for 320 

emulsions than neat diesel which counteracted the effect of ignition delay increment. 321 

6. Thermal efficiency increase from 25 % to 75 % engine load may lead to more powerful and 322 

louder combustion. 323 

7. Sound pressure level reduction from 75 % to 100 % engine load may be due to the effect of 324 

ignition delay decrement. 325 

Acknowledgment  326 

The authors would like to express their gratitude to the University of Tehran and Tarbiat 327 

Modares University Bioenegy Research Center authorities for their full support. 328 

References 329 

[1] Crocker MJ, Ivanov NI. Noise and vibration control in vehicles. St- Peterburg, Russie: 330 

Interpublished Ltd.; 1993. 331 

[2] Irwin JD, Graf ER. Industrial Noise and Vibration Control.1st ed. London: U.K.Prentice-332 

Hall, Inc, 1979. 333 

[3] Roth OL, Field LH. Introduction to Agricultural Engineering. 2nd ed. New York: Van 334 

Nostrand Reinhold, 1991. 335 



21 

 

[4] NIOSH. 1998. Criteria for a recommended standard occupational noise exposure revised 336 

criteria National Institute for Occupational Safety and Health, U.S. Department of Health and 337 

Human Services, Publication No. 98–126, Washington D.C., USA. 338 

[5] Hassan-Beygi SR, Ghobadian B, Kianmehr MH, Amiri chayjan R. Prediction of a Power 339 

Tiller Sound Pressure Levels in Octave Frequency Bands Using Artificial Neural Networks. 340 

Int J Agric & Biol Eng 2007;9(3):494–8. 341 

[6] Hassan-Beygi SR, Ghobadian B, Amiri chayjan R, Kianmehr MH. Prediction of a Power 342 

Tiller Sound Pressure Levels Using a Back Propagation Algorithm. J. Agric. Sci. Technol 343 

2009;11:147–60. 344 

[7] Ghobadian, B. A parametric study on diesel engine noise. Unpublished PhD diss. Roorkee, 345 

India: Roorkee University, Department of Mechanical and Industrial Engineering.1994. 346 

[8] Ghaffarpour MR, Noorpoor AR. A numerical study of the use of pilot or split rate injection 347 

to reduce diesel engine noise. Proc Inst Mech Eng Part D J Auto df mob Eng 348 

2007;221(D4):457–64. 349 

[9] Nguyen TA, Mikamim M. Effect of hydrogen addition to intake air on combustion noise 350 

from diesel engine. Int J Hydrogen Energy 2013;38:4153-62. 351 

[10] Rakopoulos CD, Dimaratos AM, Giakoumis EG, Rakopoulos DC. Study of turbocharged 352 

diesel engine operation, pollutant emissions and combustion noise radiation during starting 353 

with bio-diesel or n-butanol diesel fuel blends. Applied Energy 2011;88:3905−16. 354 

[11] Musculus PPB, Dec JE, Tree DR, Daly D, Langer D, Ryam TW, et al. Effects of water 355 

fuel emulsions on spray and combustion processes in a heavy-duty DI diesel engine. SAE 2003-356 

01-3146; 2003.  357 

[12] Anna L, Magnus S, Savo G, Ingemar D. Reduction of soot emissions from a direct 358 

injection diesel engine using water-in-diesel emulsions and micro emulsion fuels. SAE 2007-359 

01-1076; 2007. 360 



22 

 

[13] Alam Fahd E, Wenming Y, Lee P, Chou S, Yap C. Experimental investigation of the 361 

performance and emission characteristics of direct injection diesel engine by water emulsion 362 

diesel under varying engine load condition.Appl Energy 2013;102:1042–49.  363 

[14] Debnath BK, Saha UK, Sahoo N. A comprehensive review on the application of emulsions 364 

as an alternative fuel for diesel engines. Renew Sustain Energy Rev 2015;42:196–211. 365 

[15] Ithnin AM, Noge H, Abdul Kadir H, Jazair W. An overview of utilizing water-in diesel 366 

emulsion fuel in diesel engine and its potential research study. J Energy Inst 2014;87:273–88. 367 

[16] Gouvêa DP, Bareio VDO, Bosenbecker J, Drawanz BB, Neuenfeldt PD, Siqueira GM, 368 

Cunico W. Ultrasonics promoted synthesis of thiazolidinones from 2-aminopyridine and 2-369 

picolilamine. Ultrason Sonochem 2012;19:1127–31. 370 

[17] Liu X, Wu J.Acoustic microstreaming around an isolated encapsulated microbubble. 371 

Acoust Soc Am 2009;125:1319–30. 372 

[18] Lauterborn W, Ohl CD. Cavitation bubble dynamics. Ultrason Sonochem 1997;4:65–75. 373 

[19] Tezel A, Mitragotri S.Interactions of Inertial Cavitation Bubbles with Stratum Corneum 374 

Lipid Bilayers during Low-Frequency Sonophoresis Biophys J 2003;85:3502–12. 375 

[20] Wolloch L, Kost J.The importance of microjet vs shock wave formation in sonophoresis. 376 

J Control Release 2010;148:204-11. 377 

[21] Armas O, Ballesterosa R, Martosb FJ, Agudeloc JR. Characterization of light duty diesel 378 

engine pollutant emissions using water-emulsified fuel. Fuel 2005;84:1011–8. 379 

[22] Alahmer A, Yamin J, Sakhrieh A, Hamdan MA. Engine performance using emulsified 380 

diesel fuel. Energy Convers Manage 2010;51:1708–13. 381 

[23] Liang Y, Shu G, Wei H, Zhang W. Effect of oxygen enriched combustion and water–382 

diesel emulsion on the performance and emissions of turbocharged diesel engine. Energy 383 

Convers Manage 2013;73:69–77.  384 



23 

 

[24] Hsu BD.Combustion of water-in-diesel emulsion in an experimental medium speed diesel 385 

engine. SAE Pap 1986,860300. 386 

[25] Wang CH, Chen JT. An experimental investigation of the burning characteristic of water-387 

oil emulsions. Int Commun Heat Mass Transf 1996;23:823–34. 388 

[26] Selim MYE, Ghannam MT. Combustion study of stabilized water-in-diesel fuel emulsion. 389 

Energy Sources, Part A:Recover Util Environ Eff 2009;32:256–74. 390 

[27] Sheng H, Chen L, Wu C. The droplet group micro-explosions in W/O diesel fuel emulsion 391 

sprays, SAE Pap 1995, 950855. 392 

[28] De Vita A. Multi-cylinder D. I. diesel engine tests with unstabilizedemulsion of water and 393 

ethanol in diesel fuel. SAE Pap. 1989, 890450. 394 

[29] SAE J1074. Engine Sound Level Measurement Procedure.2000. 395 

[30] Oppenheim AV, Schafer RW, Buck JR. Discrete-time signal processing. Vol. 2. 396 

Englewood Cliffs: Prentice-hall, 1989. 397 

[31] Raichel DR. The Science and Applications of Acoustics, second ed., Springer, 2006. 398 

ISBN. 399 

[32] Ithnin AM, Ahmad MA, Abu Bakar MA, Rajoo S, Yahya WJ. Combustion performance 400 

and emission analysis of diesel engine fuelled with water-in-diesel emulsion fuel made from 401 

low-grade diesel fuel. Energy Convers Manage 2015;90:375–82. 402 

[33] Attia AMA, Kulchitskiy AR. Influence of the structure of water-in-fuel emulsion on diesel 403 

engine performance. Fuel 2014;116:703–8. 404 

[34] Alahmer A. Influence of using emulsified diesel fuel on the performance and pollutants 405 

emitted from diesel engine. Energy Convers Manage 2013;73:361–9. 406 

[35] Nadeem M, Rangkuti C, Anuar K, Haq MRU, Tan IB, Shah SS. Diesel engine 407 

performance and emission evaluation using emulsified fuels stabilized by conventional and 408 

Gemini surfactants. Fuel 2006;85(14–15):2111–9. 409 



24 

 

[36] Qi DH, Bae C, Feng YM, Jia CC, Bian YZ. Combustion and emission characteristics of a 410 

direct injection compression ignition engine using rapeseed oil based micro-emulsions. Fuel 411 

2013;107:570–7. 412 

[37] Hassan-beygi SR, Istan V, Ghobadian B, Aboonajmi M. An experimental investigation of 413 

Perkins A63544 diesel engine performance using D-Series fuel. Energy Conversion and 414 

Management, 2013;76:356-61. 415 

[38] Sugg CW. Noise Characteristics of Field Equipment. ASAE, 1987.Paper No.87-1598. St. 416 

Joseph, Mich. 417 

[39] Meyer RE, Schwab CV, Bern CJ. Tractor Noise Exposure Levels for Bean-bar Riders. 418 

Trans. ASAE 1993;36:1049-56. 419 

[40] Acevedo-Gamboa HR, Flórez-Serrano EG. Particle matter from a diesel engine fueled 420 

with Jatropha curcas oil biodiesel and ultra-low sulphur diesel. CT&F 2012;5;83-92. 421 

[41] Sahoo PF, Das LM. Combustion analysis of jatropha, karanja and polanga based biodiesel 422 

as fuel in a diesel engine. Fuel 2009;88:994–9. 423 


