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Abstract: Noise is a pollutant by the combustion 

process that may have direct effect upon surrounding 

environment. In this study, noise measurements were 

taken for multi cylinders, four stroke Fiat engine 

converted to run as dual fuel engine on diesel and 

gaseous fuels of liquefied petroleum gas (LPG) and 

natural gas (NG).  

The study focused on the influence of some operating 

parameters. These parameters included: engine load, 

pilot fuel injection timing, pilot fuel mass, and engine 

speed. It was found that using LPG as the main fuel 

in duel fuel mixture exhibits higher engine noise 

compared to NG or neat diesel. The results showed 
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that advancing injection timing from optimum ones 

increased engine sound pressure levels. 

Keywords: duel-engine, LPG, NG, noise, injection timing, pilot 

fuel mass, engine speed. 

 

1. Introduction 

In contrast to spark-ignition engines the combustion of diesel 

engine is regarded as being very regular and stable. This is 

confirmed by observations of the cylinder pressure signal on an 

oscilloscope. However, it has been shown that a detailed analysis of 

the diesel combustion process reveals significant variations from 

cycle to cycle resulting in combustion noise variations [1].  

Noise is a pollutant by the combustion process that may have 

direct effect upon surrounding environment. It may cause 

immediate annoyance and physiological change [2]. Combustion 

noise occurs in two forms, direct and indirect. Direct noise is noise 

generated in and radiated from a region undergoing turbulent 

combustion. This is caused by a temporal fluctuation in the 

aggregate heat release of the reacting region. This overall 

fluctuation, while small, exists and generates pressure waves. The 

indirect noise is generated downstream of the combustion region 

due to interactions between streamlines of different temperatures. 

Depending on the device, either direct or indirect noise may be 

dominant. Noise is transmitted throughout the engine block as 

vibration, which can cause audible noise to the human ear at a 

different spectrum of frequencies [3 & 4].  

Other than airflow and mechanical noise, combustion noise is 

known to be a main source of noise. This is particularly true for 

engines that use high compression ratios and the combustion 

pressure rise is fast. One of the main factors that are known to 

affect the combustion noise is the pressure rise rate during 

combustion. It has also been shown that the maximum rate of 
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pressure rise is directly proportional to the sound pressure level in 

decibels observed in the main chamber of the diesel engine [5 & 6]. 

Considerable efforts have been applied to have smoother and 

less noisy diesel engines, and works have been published in relating 

the diesel engine combustion noise to the engine operating and 

design parameters [7 & 8]. However, the combustion noise data for 

the dual fuel engine that utilizes diesel as pilot fuel and gaseous 

fuel is lacking [9 & 10]. Therefore, it was considered necessary to 

research the resulted noise of the dual fuel engine that was not 

covered before. In the present study an attempt is made to relate the 

combustion noise to the operating parameters for the dual fuel 

engine as compared to a 100% diesel case. The noise levels are 

measured and analyzed at different engine loads, engine crankshaft 

speeds, pilot injection angle, and different pilot mass quantity. The 

noise data is also compared, at the same conditions, with the diesel 

engine noise. 

This work aims to evaluate the effects of duel fuel mode 

operation on engine noise levels at variable engine parameters. 

Conventional Iraqi produced gases (LPG & NG) were used in this 

study to provide improved knowledge of the combustion 

phenomena in gas fueled internal combustion engines. 

 

2. Experimental Setup 

Experimental apparatus of engine under study is direct injection 

(DI), water cooled four cylinders, in-line, natural aspirated Fiat 

diesel engine whose major specifications are shown in Table 1. The 

engine was coupled to a hydraulic dynamometer through which 

load was applied by increasing the torque. The cylinder pressure 

was obtained by a Kistler piezoelectric sensor type 6125A, the 

output of the pressure transducer was amplified by a Kistler charge 

amplifier type 5015A (Yokogawa: GP-IB). The schematic diagram 

for the engine test rig is shown in Fig. 1. 



Operational parameters 
influence on resulted noise…  

Miqdam Tariq Chaichan,          
Dina Saadi Muneam 

Issue No. 35/2015 

 

Journal of Al Rafidain University College              189              ISSN (1681 – 6870) 

 
 

Table 1, Tested engine specifications 

Engine type 4cyl., 4-stroke 

Engine model TD 313 Diesel engine rig 

Combustion type DI, water cooled, natural aspirated 

Displacement 3.666 L 

Valve per cylinder Two 

Bore 100 mm 

Stroke 110 mm 

Compression ratio 17 

Fuel injection pump Unit pump 

26 mm diameter plunger 

Fuel injection nozzle Hole nozzle 

      10 nozzle holes 

      Nozzle hole dia. (0.48mm) 

      Spray angle= 160
o
 

      Nozzle opening pressure=40 Mpa 

 

The engine is converted to run on dual fuel by introducing the 

gaseous fuel, LPG and NG in the present work, in the intake 

manifold by a simple, low cost air-gas mixing device, designed as 

shown in Fig. 2, was used to mix LPG or NG with inlet air during 

suction stroke. The gas is introduced at a pressure slightly higher 

than atmospheric pressure. Fig. 3 shows a photographic picture of 

the testing rig.   

In this work the diesel fuel used was Iraqi Al-Doura refinery 

production with cetane No. 49.6, the LPG fuel produced from Al-

Taji Gas Company; consist of ethane 0.8%, 11.47 isobutane, 62.8% 

propane and 24.45% butane. NG used was produced from Iraqi 

Northern Gas Company; consist of 88.23% methane, 9.21% ethane, 

2.15% propane, 0.15% isobutane, 0.17% n. butane and 0.03% 

pentane. 

The engine is equipped for measurements of the operating 

parameters and combustion noise data. The liquid fuel flow rate is 

measured by recording the time required for 200ml of fuel to be 
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consumed. The gaseous fuel flow rate is measured by using an 

orifice meter connected to electronic partial pressure transducer that 

is connected to a digital pressure meter. Overall sound pressure was 

measured by precision sound level meter supplied with microphone 

type 4615, as appears in Fig. 4; the devise was calibrated by 

slandered calibrator type pisto phone 4220. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1, Schematic Diagram for the Engine Test Rig 

 

Experiments have been carried out after running the engine for 

some time until it reaches steady state and oil temperature is at 

70°C, and cooling water temperature is at 80°C. 

Combustion pressure cyclic data is presented for diesel and dual 

fuel (using LPG or NG as main fuel independently) against the 

tested engine operating parameters. The engine operating 

parameters have been varied at the following levels: 
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Fig. 2 The Cross Sectional Drawing of the Mixer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Photographic Picture of the Testing Rig 
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1) Type of fuel included pure diesel fuel (base case as normal 

diesel engine), dual fuel of diesel + LPG or NG. 

2) The engine load was varied from 0.5 to 80 N m. 

3) The pilot diesel fuel injection timing was varied from 20 to 

45
o
 BTDC in steps of 5

o
. 

4) The pilot diesel fuel relative mass md (at constant mass of 

gaseous fuel admitted, mg) from (md/md+mg) of 18–42%. 

5) The engine speed was varied from 1000 to 2500 rpm. 

 

The experimental error is evaluated according to reference [11]. 

The maximum uncertainty in any quantity is calculated as the error 

divided by the average reading of the quantity. The maximum 

uncertainties in engine speed, torque, diesel proportion 

(md/md+mg) are 2.5, 3.35 and 2.76%, respectively. The 

combustion pressure has been measured by the piezoelectric 

pressure transducer and then converted as pressure from the 

calibration data.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4, Overall Sound Pressure Used In Tests 

The microphone was located at a height equal to that of the 

exhaust outlets of the engine being measured and 1.5 meters from 

the centre of the measurement lane. In practice the actual location 

will vary from this and the lab walls. The nominal axis of 
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maximum sensitivity of the microphone was directed towards and 

perpendicular to the engine. It was supported by a device not 

providing excessive acoustic reflection. In all cases the position, 

direction and mounting arrangement of the microphone was 

recorded. 

The purpose of this work is to focus on the attention of the 

combustion noise for the dual fuel engine, particularly on the 

phenomenon of combustion noise variations. The effects of some 

operational parameters were studied. These parameters were the 

duel fuel type, engine speed, and pilot fuel injection timing and 

pilot fuel mass percentage in the fuel. 

The following equations were used in calculating engine 

performance parameters: 

1. Brake power 

   
      

       
       

 

2. Brake mean effective pressure 

 

        
    

     
        

3. Fuel mass flow rate 
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3. Results and Discussion 

 

Effects of torque and fuel type  

The effects of fuel type on engine noise data is illustrated in Fig. 

5, for the three fuels used: pure diesel fuel as single fuel case, dual 

fuel using LPG as main fuel, and dual fuel using NG as main fuel. 

These results are taken at constant engine parameters of 1500 rpm 

and optimum injection timing (OIT). 

The figure shows the variation of noise levels with the load for 

the three fuels. The load is found to increase the noise level for the 

single fuel diesel engine as well as the dual fuel cases using either 

LPG or NG. However, it may be noticed that the noise level is 

highest for LPG than that for NG, and then the pure diesel fuel 

gives the lowest value. It is clear that LPG combustion produces the 

highest maximum pressure followed by NG then diesel fuel. 

 It has been shown by reference [12] that the ignition delay 

period of propane (the main constituent of LPG)–diesel–air mixture 

is longer than methane (the main constituent of NG)–diesel–air 

mixture and this is longer than the value for pure diesel–air 

mixture. When propane is used in dual fuel engine it exhibited 

longer delay than methane and diesel due to the differences in the 

associated changes in temperatures during compression, changes in 

preignition energy release, external heat transfer to the 

surroundings and the contribution of residual gases. 

For diesel engine running on diesel fuel the noise level is 

decreasing with load (or increasing the mass of fuel injected) while 

it increases with load for the gaseous fuels. This implies that for 

diesel engine, on increasing the load the mass of fuel injected 

become bigger and the flame may become bigger and propagate 
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smoother. While for dual fuel engine with gaseous fuels as main 

fuel, increasing the load means increasing the mass of gaseous fuel 

while keeping the mass of diesel pilot fuel constant. The increase in 

the mass of gaseous fuel caused a variation in the gas– air mixture 

distribution especially at the start of ignition.  

 

Effect of engine speed 

The effect of engine speed on combustion noise is depicted in 

Figs. 6 to 9 for dual fuel and diesel engines running at different 

speeds. Generally, as the engine speed increases, the combustion 

pressure rise for most of the output loads.  

It has been concluded by Moffat [11] that increasing the engine 

speed has resulted in a decrease in the ignition delay period of the 

dual fuel mixture which results in a decrease in the pressure rise 

rate as a result the noise levels were reduced. It has also been 

shown by Imoto [7] that the combustion noise decreased when the 

engine speed increases.  

In this study, the pressure rise rate in the combustion chamber 

of DI diesel engine was measured and related it to the sound 

pressure level (SPL) in decibel (dB). It has shown a reduction in 

noise levels as the engine speed increased. Figures 6 to 8 give the 

behavior of each fuel alone, while Fig. 9 illustrates the three fuels 

behaviors at 2500 rpm (High engine speed). In general, engine 

noise levels increase from low to medium loads then it reduce for 

high loads. Engine noise level relatively increases from low to 

medium speeds, and then it reduced for high speeds. Compared to 

other fuels (in Fig. 9) LPG still resulting in higher noise levels at 

maximum speed.  

 

 

 



Operational parameters 
influence on resulted noise…  

Miqdam Tariq Chaichan,          
Dina Saadi Muneam 

Issue No. 35/2015 

 

Journal of Al Rafidain University College              196              ISSN (1681 – 6870) 

 
 

Effect of pilot fuel injection timing 

Fig. 10 illustrates the effect of injection timing of pilot diesel 

fuel on the noise levels of the dual fuel engine running on LPG or 

NG as main fuel at 1500 rpm and middle load.  

The effect of injection timing when advancing the pilot fuel 

injection results in an increase in ignition delay period of the fuel 

which in turn will lead to the combustion of large diesel fuel mass 

or bigger flame to propagate at higher speed. This may have caused 

the combustion to start earlier and the maximum pressure to 

increase resulting in higher noise levels.  

This may be attributed to the increase in ignition delay of the 

diesel fuel, since the liquid fuel is injected earlier in lower air 

pressure and temperature. The longer delay period would result in 

higher pressure rise rate. With the presence in gaseous fuel in the 

mixture, any advance in pilot injection would result in longer 

ignition delay period and the pressure rise rate is expected to 

increase.  

Middle injection timing of about 30o to 37.5oBTDC caused 

lowest SPL as seen in Fig. 10. Retarding injection timing caused 

high pressure rates resulted in higher SP levels.  

 

The effects of pilot fuel mass percentage 

Fig. 11 illustrates the effects of pilot fuel mass on the sound 

pressure levels. It may be seen that the noise levels increased as the 

mass of pilot fuel (or md/ (md+mg)) increased. This include a 

greater energy release on ignition, correspondingly improved pilot 

injection characteristics, a larger size of pilot mixture enveloped 

with a greater entrainment of the gaseous fuel, a larger number of 

ignition centers requiring shorter fame travels, higher rates of heat 

transfer to the unburned gaseous fuel–air mixture and an increased 

contribution of hot residual gases.  
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The combustion noise first increased with increasing the mass 

of pilot fuel. The employment of a large pilot fuel quantity can lead 

to successful flame propagation and, consequently, leads to 

increasing the pressure rise rate which leads also to the knocking 

early. This indicates that using a greater pilot fuel quantity to 

enhance the combustion process at low loads, will lead to 

increasing the tendency to knock at high loads.  

However, more increase of pilot fuel mass (higher than md/ 

(md+mg) of 30%) leads to a decrease in the pressure rise rate. 

Increasing the mass of pilot fuel in the mixture means using less 

mass of the gaseous fuel which in turn may lead a decrease in the in 

the ignition delay period of the mixture. Also using more pilot fuel 

produces bigger and bigger initial flame which propagate easier 

with less pressure rise rate. 

 

4. Conclusions 

 

This work presents practical measurements of the pressure 

sound levels variation of a four cylinders DI Fiat engine working on 

dual fuel mode of diesel and LPG and compared to diesel-NG and 

pure diesel fuel. From the study carried out the following 

conclusions may be drawn: 

 The observed values of the combustion noise in dual fuel 

engine are strongly dependent on the type of gaseous fuels 

used and their concentrations in the cylinder charge. 

 Dual fuel engine using LPG as main fuel exhibits higher 

combustion noise than that using NG. 

 Advancing the injection timing of the pilot diesel fuel for 

dual fuel engine using LPG as main fuel resulted in an 

increase in the combustion noise. Injection timing of about 

30 to 37.5
o
 BTDC resulted in the least combustion noise. 

 Increasing the mass of pilot diesel fuel (from 17.5 to 30%) 

resulted in an increase in the combustion noise, while more 
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increasing (from 30 to 45%) resulted in reducing 

combustion noise. 

 Increasing the engine speed resulted in a decrease in the 

combustion noise. 

 

References 

 

[1] Michael L T, Richard J A and Christopher M A, ―Neural 

network-based diesel engine emissions prediction using in-

cylinder combustion pressure‖, SAE No. 1999-01-1532, 

1999. 

[2] Harrison M, ―Vehicle refinement, controlling noise and 

vibration in road vehicles‖, SAE International SAE ISBN 

0768015057, 2004. 

[3] Selim M Y E, ―Effect of engine parameters and gaseous fuel 

type on the cyclic variability of dual fuel engines‖, Fuel, vol. 

84, pp: 961–971, 2005. 

[4] Bacria V and Herisanu N, ―Considerations upon the noise 

generated by some diesel engines used in agriculture‖, 

Research Journal of Agricultural Science, vol. 41, No. 2, 

2009. 

[5] Selim M Y E, ―Pressure–time characteristics in diesel engine 

fueled with natural gas‖, Renewable Energy, vol. 22, pp: 

473–489, 2001. 

[6] Yajima Y and Nakashima K, ―New measuring technique of 

cylinder pressure spectrum and its application to combustion 

noise reduction—time–frequency analysis of combustion 

excitation using wavelet transform analysis, technical 

notes‖, JSAE Rev 1998; vol.19, pp: 277–282, 1998. 

[7] Imoto K, Sugiyama S and Fukuzawa Y, ―Reduction of 

combustion induced noise in IDI diesel engine (1st report, 

target of cycle and low noise combustion)‖, Trans JSME, 

Part B vol. 63, No. 605, pp: 329–35, 1997. 



Operational parameters 
influence on resulted noise…  

Miqdam Tariq Chaichan,          
Dina Saadi Muneam 

Issue No. 35/2015 

 

Journal of Al Rafidain University College              199              ISSN (1681 – 6870) 

 
 

[8] Reno N, ―A comparison of green and conventional diesel 

bus noise levels‖, NOISE-CONV 2007, October 22-24, 

2007. 

[9] Stanislav B and Jorge M, ―The development of gas (CNG, 

LPG and H2) engines for buses and trucks and their emission 

and cycle variability characteristics‖, SAE paper No. 2001-

01-0144, 2001. 

[10] Flowers D, Aceves S M, Martinez-Frias J, Smith J R, Au 

M, Girard J and Dibblem R, ―Operation of four-cylinder 

1.9L propane fueled homogeneous compression ignition 

engine: basic operating characteristics and cylinder-to-

cylinder effects‖, SAE paper No.2001-01-1895, 2001. 

[11] Moffat R J, ―Describing the uncertainties in experimental 

results‖, Exp, Therm. Fluid Sci.; vol. 1, No. 1, pp: 3–17, 

1988. 

[12] Karim GA and Liu Z, ―The ignition delay period of dual 

fuel engines‖, SAE paper No. 950466, 1995. 
 

Notations 

 

BMEP brake mean effective pressure   (kN/m
2
) 

bp Brake power          (kW) 

CR compression ratio 

CA crank angle                                                    
o
BTDC degree before top dead centre 

dB Decibel                 

DI direct injection  

IT Injection timing                   (
o
BTDC) 

LCV Lower calorific value           (kJ/kg) 

LPG Liquefied petroleum gas 

N engine speed                       (rpm) 

NG Natural gas 

T engine torque                      (kN.m) 

Vsn swept volume                      (m
3
) 
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Fig. 5, The Effect of Load on Noise Levels for Variable Fuels 

at Constant Engine Speed and Optimum Injection Timing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6, The Effect of Load on Noise Levels for Diesel Fuel at 

Variable Engine Speed and Optimum Injection Timing. 
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Fig. 7, the Effect of Load on Noise Levels For Duel Fuel 

(Diesel+NG) At Variable Engine Speed and Optimum Injection 

Timing 

 

 

 

 

 

 

 

 

 

Fig. 8, the Effect of Load on Noise Levels For Duel Fuel 

(Diesel+LPG) At Variable Engine Speed and Optimum Injection 

Timing 
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Fig. 9, The Effect Of Load On Noise Levels For Variable 

Fuels At Constant High Engine Speed And Optimum 

Injection Timing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10, The Effect Of Pilot Fuel Injection Timing On Noise 

Levels For Variable Fuels At Constant Engine Speed. 
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Fig. 11, The Effect Of Pilot Fuel Percentage On Noise Levels 

For Variable Fuels At Constant Engine Speed. 
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 الوستخلص

يَنِ ىيضىضبء اىْبحجت عِ الأحخزاق أُ حؤثز حأثيزا ٍببشزا عيى اىبيئت اىَحيطت، 

وفي هذة اىذراست أخذث قيبسبث ىيضىضبء اىْبحجت عِ اسخخذً ٍحزك ٍخعذد 

الاسطىاّبث، رببعي الأشىاط ّىع فيبث، حىّر ىيعَو مَحزك بىقىد ثْبئي، يعَو بىقىد 

 اىذيشه واىغبس اىْفطي اىَسبه. 

است عيى حأثيز بعض اىَخغيزاث اىخشغيييت ، وحخضَِ هذة اىَخغيزاث رمشث اىذر

حَو اىَحزك، حىقيج حقِ اىىقىد اىذىييي، مخيت اىىقىد اىذىييي وسزعت اىَحزك. بيْج 

مىقىد أسبسي في خييظ اىىقىد اىثْبئي  (LPG)اىْخبئج أُ اسخخذاً اىغبس اىْفطي اىَسبه 

أو وقىد اىذيشه  (NG)ىىقىد اىطبيعي يعطي ضىضبء ٍحزك أعيى ٍِ حبىت اسخخذاً ا

بَفزدٓ. مَب أظهزث اىْخبئج أُ حقذيٌ حىقيج حقِ اىىقىد اىذىييي عِ اىخىقيج الأٍثو يزفع 

  ٍسخىيبث ضغظ اىصىث.
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