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                                                                        ABSTRACT
Scarcity of the known petroleum fuels boost the utilization of the biofuels for the various application, diesel engine one of them, but these engines are limited by the PM and NOx emission. There are various techniques used to achieve the clean and efficient combustion.  Fuel modification is one of them.  Emergence of the biofuels is as a renewable fuel, more environment friendly, production of lower GHG, with more chance to boost the local economy and sourcing etc.  Various biofuels explored by the various researchers across the globe in the form fuel blends or as a fuel. This review paper explores the effect of various types of biofuels their utilization in terms of blends or as a fuel, their effect on the combustion emission, noise and vibration characteristics and recent advances in this area especially for the diesel engines. Based on the critical analysis of the this review it can be concluded that there is too scope in the area of utilization of the biofuels with  advanced combustion technologies to achieve the limits prescribed in various emission norms by the worldwide  authorities.
Keywords: GHG, PM, NOx, combustion, emission, noise and vibration.
I. Introduction
 Current engine research is accelerated by the demand of clean and efficient combustion technologies. So as to achieve this various techniques like use of advanced  emission reduction systems, changes in the engine design and operating parameters , advanced incylinder combustion strategies, optimization of the existing systems etc.  Amongst all of these utilization of the biofuels is one them. Advantages of the biofuels are concern, it is renewable, and has capacity to reduce the GHG emission, lower toxicity, biodegradability etc.   Amongst all the biofuels biodiesel is one of them, Biodiesels are miscible with the petroleum fuels completely, which allows blending of theses fuels in any proportions. Biodiesels are methyl or ethyl esters of fatty acids made from the ediable or non edible vegetable oils or the animal fats.  These fuels can be used neat or blended in the existing diesel engines. Biodiesels can be produced with different feed stocks.
    The results of previous researches that showed the effects of vibration and noise on the machine have brought about an interesting topic to be studied by various researchers around the world. This study aims to analyse the impact of vibration and noise on the engine when using different fuel mixtures and engine loads. This analysis includes various fuels as well as the machines used in the experiment. Fuel properties are also analysed based on the volume of ratios used. 

II Biodiesel 
       Based on the availability of oil, calorific value, kinematic viscosity and cetane number, Neem oil and Jatropha oil is selected for biofuel preparation and experimental analysis. Various blending combinations of dual biodiesel i.e. BB 10 (Diesel 90%, Jatropha biodiesel 5% and Neem biodiesel 5% by volume), BB 20 (Diesel 80%, Jatropha biodiesel 10% and Neem biodiesel 10% by volume), BB 40 (Diesel 60%, Jatropha biodiesel 20% and Neem biodiesel 20% by volume), BB 60 (Diesel 40%, Jatropha biodiesel 30% and Neem biodiesel 30% by volume) , BB 80 (Diesel 20%, Jatropha biodiesel 40% and Neem biodiesel 40% by volume) and BB 100 (Diesel 0%, Jatropha biodiesel 50% and Neem biodiesel 50% by volume), are prepared. (11)

A  Transesterification
   Transesterification  was used to create biodiesel samples. Methanol, sodium hydroxide, and preheated oil were combined, and the reaction mixture was stirred at 60 _C for 90 minutes. The unprocessed methyl ester was then held at the separation funnel for 8 hours before being separated with glycerine. Warm water was used to wash the separated crude methyl ester numerous times until the water was clear. The drying process took place at 110 _C for 1 hour. Finally, methyl ester underwent filtering to remove minute contaminants from the fuel. Steps in the manufacturing of biodiesel were also depicted in Figure 1.                                                     
                              [image: ]

                                              Fig 1 Biodiesel production steps [9]
  
III.Properties of Biodiesel
   The characteristics of biodiesel can be distinguished, including density, calorific value, viscosity, cloud, pour, and flash point.Fuel mass flow rate is significantly impacted by density. Fuel atomization and penetration into the combustion chamber are both dependent on density, which should be kept as low as feasible. The lowest density, 810 kg/m3, is found in the methyl ester of neem oil. Because it impacts gasoline flow, volatility, and usability in cold climates, the cloud point of fuel should be low. Lowest cloud point for jatropha oil methyl ester was found as 3 °C. Fuel's limited application in cold climates is due to its lower pour point. Rice bran oil methyl ester's reported lowest pour point is -2 °C, whereas palm oil methyl ester has a high pour point of 11 °C. The flash point of biodiesel is typically two to three times that of diesel. According to the greatest flash point for jatropha oil methyl ester is 184.5 °C. Compared to diesel, biodiesel has a higher viscosity. Cottonseed oil has the lowest viscosity, at 4.2 cSt, and karanja oil methyl ester has the highest at 5.6 cSt. The comparative analysis of the characteristics of various biodiesels is shown in Table 1. A fuel's calorific value affects combustion's thermal efficiency, fuel consumption, and exhaust emissions. Biodiesel has a propensity for having a lower heating value. Rice bran has a calorific value of 42.2 MJ/kg, which is comparable to diesel. [47].Some experts looked into the studies on the vibration and loudness of diesel engines. The lowest vibration was measured by with B20 and B40, and the maximum vibration was measured with B15 and B30 [35]. Additionally, they looked into engine vibration under both pre- and post-service settings; they discovered that post-service there was a considerable improvement in root mean square values. [24].

Table1. Lists the fuel characteristics of mixes of low-sulphur diesel, and  biodiesel. [9][image: ]
         
Based on fuel parameters such calorific value, cetane number, fire and flash point, viscosity, and density, the engine characteristics and, consequently, fuel quality are established. Table 2 provides an illustration of the distinct characteristics of cottonseed, jatropha, and karanja oil. [13]


Table 2: Pure diesel-Biodiesel properties [13]
         [image: ]

IV. Combustion characteristics
       Combustion characteristics involved cylinder pressure, heat release rate, ignition delay (ID), combustion duration (CD), maximum pressure rise rate, brake-specific fuel consumption (BSFC), and brake thermal efficiency (BTE).

A. In-cylinder pressure
The cylinder pressure of MFOME blends namely B10, B20, and B40 were found to some extent more tham conventional diesel. The leading cause for this higher cylinder pressure was that the MFOME blends having eminent cetane number and being more oxygen quantity in the MFOME blends.
Also, the accumulation of fuel was more during the ignition delay period when running with MFOME blends Hence, the CP value rises higher than the conventional diesel fuel [21]
 
            [image: ]
                               Figure 2: Variation in CP with crank angle [21]

          All seven mixes' combustion properties, including cylinder pressure, A/F Ratio, integrated heat release, and heat balance sheet, were examined. Figure 8 illustrates the relationship between cylinder pressure fluctuation and engine crank angle under full load. It is observed that the pressure patterns for all mixes are remarkably comparable under full load conditions. The maximum pressure for the B15n5 mix was 48.1 bar, as opposed to 41.4 bar for diesel. Due to the higher ignition delay recorded for B40n5 compared to B15n5, which had the least ignition delay period, the lowest cylinder pressure achieved was 43.22 bar under full load conditions. [7]
         The maximum in-cylinder pressures for the alcohol blends appeared to be higher than the pure gasoline, to  obtained peak pressure values at 2500 rpm and no load are 6bar, 5.94 bar, 5.9 bar, 5.7 bar, 5.53 bar, and 5.34 bar, respectively. Peak pressure values for iBM15, iBM10, M20, M15, M10, and G100 at 2500 rpm, 50% load, and 4.6 bar IMEP are 27.07bar, 25.6bar, 23.49bar, 20.63bar, 19.61bar, and 18.78 bar, respectively. This is related to the increasing amount of fuel delivered into the combustion chamber and the combustion chamber's volumetric efficiency [3].
            The difference of cylinder pressure (CP) in opposition to crank angle with pure diesel and blended JKC6.66D80 fuel at  different injection  timings  (IT)  is  maximum  load  conditions.  The  fixed  210bar  injection pressure  has  been  maintained  at  the  time  of  the  injection  process.  The  JKC6.66D80  had  a  comparatively  low cylinder pressure level in comparison to diesel and the variability of gas pressure in maximum load condition is also soft  as  the  injection  timing  is  advanced,  as  the  engine  noise  is  normal.    The  maximum  cylinder  pressure  was obtained  at  78.92  bar  for  diesel  injected  at  230 btdc,  and  76.99  bar  for  JKC6.66D80  fuel  injected  at  250 btdc.  The ignition delay phase was improved and the engine ran smoothly as the injection timing was advanced to 250 btdc rom  230 btdc.  The  graph  shows  that  the  impact  of  superior  injection  timing  at  250 btdcon  engine  output  with blended  JKC6.66D80  fuel  is  very  significant.  From  the  test  outcomes,  the  values  of  CP  for  Diesel-230 btdc, JKC6.66D80-210btdc, JKC6.66D80-230btdc, JKC6.66D80-250btdc and JKC6.66D80-270btdc were obtained 78.2, 74, 75.99, 76.99 and75bar respectively for maximum load conditions. In comparison with other injection timings, the IT at 250btdc with JKC6.66D80 fuel have the highest cylinder pressure of 76.99 bar. The proper mixing of fuel and air can lead to better combustion and oxidation, as a result releasing high heat and chemical energy leading to high cylinder  pressure.  The  outcomes  are  comparable  to  the  tendency  which  is  stated  by  [13]

B. Heat release rate 
 Figure 3 (a) shows the disparity of RoPR concerning to crank angle . and the peak RoPR was depicted in Fig. 3(b) at dissimilar injection pressures. Commencing this analysis, it can be distinguished that the RoPR of MFOME blends was noticed somewhat advanced than that of conventional diesel owing to superior combustion efficiency resulted owing to elevated cetane number for MFOME blends. It was evident that the similar trends were sustained for all the test fuel blends of MFOME and pure diesel towards higher injection pressures. The cause behind this increase in RoPR was owing to elevated combustion pressures resulting from superior atomizationand vaporization of fuel particles. 
 	RoPR of conventional diesel fuel, B10, B20, and B40 be 4.19 bar/degree, 4.57 bar/degree, 4.68 bar/degree, and 4.28 bar/degree at an injection pressure of 180 bar, 4.217 bar/degree, 4.603 bar/degree, 4.779 bar/degree, and 4.384 bar/degree at 200 bar, and 4.23 bar/degree, 4.61 bar/degree, 4.72 bar/degree, and 4.34 bar/degree at 220 bar respectively. Among all the test samples, B20 has demonstrated higher RoPR at an injection pressure of 220 bar. [21]
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                   Figure 3 (a) :Variation in RoPR with crank angle [21]
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Figure 3 (b): Variation in peak RoPR at different injection pressures [21]

         This investigation kept the ignition timing and engine speed constant, it  has been discovered that the heat release rate of alcohol blends is higher than that of gasoline. At 5Nm and IMEP 4.6 bar, the HRR for gasoline, M10, M15, M20, iBM10, and iBM15 is 4.36 J/CAD, 6.37J/CAD, 6.59J/CAD, 7.51J/CAD, 8.03J/CAD, 10.29 J/CAD, respectively. At no load conditions, the values are 1.46 J/CAD, 1.558 J/CAD, 1.6259 J/CAD, 1.596 J/CAD, 1.636 J/CAD, respectively. Compared to other oxygenate blends and gasoline, the most considerable heat release rate is recorded with iBM15. The increased hydrogen abstraction and radical production rate lead complete combustion and peak heat release earlier. (3)
Integrated heat release at full load conditions. The integrated heat release rate was observed minimum at B30n5 blend and maximum at B5n5 blend. For other blends, trends are almost similar to diesel. Figure 11 shows the heat balance sheet at full load condition for all the blends and diesel. From B5n5 to B15n5 blends, heat equivalent to brake power is higher than diesel as more oxygen is available for complete combustion. The complete combustion of these blends releases more heat hence shows higher exhaust gas heat loss. It is also seen that unaccounted heat loss is higher for B25n5 and B30n5 blends [7]
The effect of injection timing in heat release rates (HRR) with load for JKC6.66D80 fuel at full load conditions is represented in Fig. 15. For the duration of the ignition delay, the HRR initially showed some small negative values. It is due to loss of heat through the walls of cylinder as well as the cooling effect of the vaporization of blended JKC6.66D80 fuel. When the combustion process begins, conversely, the HRR becomes optimistic. At 250 btdc the heat release rate for blended JKC6.66D80 fuel injection timing is inferior to Diesel-230 btdc. It may be ascribed to JKC6.66D80's lower calorific value and insufficient atomization, resulting in a weak fuel-air mixture. The combustion performance improves as the injection timing is improved from 230 btdc to 250btdc. As a result, increasing the ignition delay by early injecting fuel allows additional time for mixing of air fuel, facilitating reactions of pre-combustion for vaporization .Reducing the injection timing to 210 btdc from 230 btdc results in a decrease in heat release rate and temperature, which is attributed to a reduction in combustion delay, which causes excessive fuel and air mixing. The HRR values for Diesel-230 btdc, JKC6.66D80-210 btdc, JKC6.66D80-230 btdc, JKC6.66D80-250 btdc and JKC6.66D80-270 btdc were found to be 65.23, 57.36, 62.92, 63 and 58.36 J/0crank angle at full load. The highest HRR for JKC6.66D80 blended fuel injection timing at 250 btdc is 63 J/0 crank angle in comparison with other IT related to the same fuel. [13]
The peak heat release rate shifts occur closer to TDC for ethanol blends. This shows that the attainment of peak heat release rate is faster with ethanol concentration. The maximum heat release rate increases with an increase in load and with an increase in ethanol concentration up to 30% ethanol and diesel .The use of oxygenated fuel enhances the combustion for all the stable fuel blends and has faster laminar flame speed than that of diesel and is the cause for the increase in sudden heat release rate. [48]






C. Rate of Pressure rise

[image: ]
Fig. 4:. Rate of pressure rise variation with the crank angle at full load conditions with different IT. [13]

The effect of injection timing(IT) in the rate of pressure rise (RPR) with the crank angle for JKC6.66D80 fuel at maximum load conditions is represented in Fig. 4. The advanced IT at 250 btdc for JKC6.66D80 blended fuel resulted in higher RPR when compare with standard 230 btdc. Diesel has the highest CHRR as compared to blended fuel JKC6.66D80, which is ascribed to the JKC6.66D80's lower calorific value, volatility, and high viscosity. Moretime is required for blending air fuel properly when the IT is superior to 250 btdc, resulting in improved combustion efficiency and a faster rate of pressure rise. The curve falls to lower levels after the peak pressure is reached. The cylinder pressures indicate an increased phase, similar to other biodiesels, which corresponds to the advanced injection time [13]The rate of pressure rise test outcomes for Diesel-230 btdc, JKC6.66D80-210 btdc, JKC6.66D80-230 btdc, JKC6.66D80-250 btdc, and JKC6.66D80-270 btdc were found to be 9.89, 7.52, 8.6, 9.05, and 7.6 bar/crank angle respectively at full load conditions. The RPR for JKC6.66D80 blended fuel with leading injection timing of 250 btdc is 9.05 bar/crank angle, in comparison to diesel with normal injection timing of 230btdc. The modern timing of injection simplifies enhanced flame front and fast combustion process of the accurate mixing of fuel-air which attains higher cylinder pressure. [13]

V. Vibration Characteristics of  biofuelled I C Engine
Measuring system, accelerometer and microphone
    	 SoundbookTM universal portable measuring equipment with SAMURAI v2.6 software from SINUS Messtechnik GmbH was used to record acoustic and vibration data. The software's sound level meter (SLM) satisfies the Class 1 SLM requirements of IEC 60651, IEC 60804, and DIN EN 61672-1:2003 standards and is capable of double integration of the time signal as filtering in accordance with ISO 10816, ISO 7919, and ISO 2954 standards. enabling measurements with the frequency weightings A, C, and Z simultaneously. To monitor the vibration even at high frequencies, a triaxial ICP_ accelerometer with 1.02 mV/(m/s2) sensitivity and a measurement range of 4905 m/s2 was mounted on the engine block. Data were gathered in three orthogonal test engine locations.
The x, y, and z axes (longitudinal, lateral, and vertical) were used to analyze the time and frequency domains. The results were expressed as RMS value since this is the most accurate way to evaluate vibration level (it provides an amplitude value by taking the wave's temporal history into account). 
RMS value calculate
RMS value was presented in Eq. (1). aw (m/s2) represents the weighted acceleration and T represents measurement time. [24]
[image: ]-------------1
Total vibration acceleration (atotal) is the value to show combined acceleration of vertical (ax), lateral (ay) and longitudinal (az). It was calculated by the formula given in Eq. (2).
[image: ]------------------2
Time and frequency domain signal  
Sunflower, canola, and corn oil were employed as the primary ingredients in this study to create biodiesel. Test fuels included pure low-sulfur diesel (D100), 80% diesel with 20% sunflower biodiesel (SB20), 60% diesel with 40% sunflower biodiesel (SB40), 40% diesel with 60% sunflower biodiesel (SB60), 20% diesel with 80% sunflower biodiesel (SB80), 80% diesel with 20% canola biodiesel (CaB20), 60% diesel with 40% canola biodiesel (CaB60), 20% diesel with 80%
Examples of the vibration acceleration spectrum characteristic of the SB100@1500 rpm are shown in Fig. 5. The first columns of the figures are the x-axis data, the second columns are the y-axis, and the final columns are the z-axis. The test engine's spectrum may also be distinguished by a large resonance zone and overlapped on worn-out auxiliary equipment with various types of clearances. [24]
[image: ]

Figure 5: Time and frequency domain signal of the engine that fuelled with SB20 at 1500 rpm [24]

 Time domain and vibration acceleration spectrum characteristics Method  of  for Vibration of the engine :
         Time domain and vibration acceleration spectrum characteristics of some experiments at x-y-z axes were presented in Figs. 4 when the diesel engine was fuelled with D100-NG15 at 1500 rpm, First column belong to data of x-axis which is primarily effected by torque variation and conversion of linear motion to rotational motion at crankshaft, second column represents y-axis which mostly characterizedby auxiliary equipment and the last column represents zaxis.The vertical primary z-axis vibration data was affected by the upward and downward piston movement. [24] 
   The engine block was used to collect vibration data throughout the tests. The data for each experiment were captured for 10 seconds at a sampling frequency of 51.2 kHz. The findings of the experiment showed that the most dominating frequencies were two times the engine running speed because the engine pistons' upward-downward motion caused the maximum vibration. Since the experimental engine is a four-stroke, four-cylinder diesel engine, the dominant frequencies were found to be 40 Hz for 1200 rpm, 50 Hz for 1500 rpm, 60 Hz for 1800 rpm, 70 Hz for 2100 rpm, and 80 Hz for 2400 rpm at the z (vertical) direction. Despite the fact that dominant frequencies were unaffected by fuel type or CNG flow rate, fuel blends had an impact on RMS values.

   	 In this study, the engine was experimentally fuelled with seven different fuels (D100, SB20, SB40, CaB20, CaB40, CoB20, CoB40), while two different hydrogen flow rates (H3, H6) were added into the intake air. The engine was then subjected to vibration characteristics analyses. Under no load conditions, the engine was ran at engine speeds of 1200 rpm, 1500 rpm, 1800 rpm, 2100 rpm, and 2400 rpm.
To meet the EN 14214 biodiesel standard, up to 40% by volume of biodiesel fuels were added to low sulfur diesel fuel. Diesel and biodiesel fuel characteristics and standards (EN 590 and EN 14214, respectively) are discussed.
      	 For each experiment, the engine block's vibration data was collected for 10 s at a sample frequency of 51.2 kHz. Previous research demonstrated that a variety of factors, including the movement of the piston-crank mechanism, input from the timing gear system, fittings of the engine inputs transmitted from the motor body, flow of cooling factor, inlet and outlet gases, inlet and outlet of fuel through injector, inertia of cam unit's parts, impacts of head's parts, and inlet and outlet gases, affected the vibration of internal combustion engines. [26].
       	   Time and frequency spectra at the longitudinal, lateral, and vertical axes of the experiment engine. The figures showed the SB40-H6 time and frequency spectrum at 2400 rpm for sampling under various engine running conditions, fuel types, and H2 flow rates. Due to the engine's firing frequency, it is obvious that the dominant frequency is twice as fast as the engine's operating speed. The conversion of linear motion into rotational motion on the crankshaft was the source of the largest RMS value at the z axis and the rise in RMS values at the x axis.The main effect of auxiliary equipment is vibration acceleration at the y-axis.
           
               When the test engine was fueled with sunflower biodiesel, the acceleration of vibration increased with engine speed.Fig. 6 shows the engine block vibrating between 1200 and 2400 revolutions per minute. The dominating frequency was discovered to be double the engine running speed because upward and downward piston movement is the main source of engine vibration. Additionally, other factors that may influence engine vibration include burning pressure, input from the timing gear system, engine fittings, inputs transmitted from the motor body, flow of cooling factor, inlet and outlet gases, inlet and outlet of fuel through injectors, inertia of cam unit's parts, and impacts of head's parts.
  	 The values of atotal increased with the engine speed  increase of due to the increment of inertia forces such as crank rotation speed. The average of engine vibration (atotal) decreased by 1.72%  for SB20, 2.38%, for SB40, 2.28 %for SB60,4.60%, for SB80 and 2.80%  for SB100 respectively when compared with D100. When the test engine was fueled with sunflower biodiesel,  vibration acceleration increased with engine speed shown in figure .6

 .                               [image: ]
              Figure.6 atotal versus engine speed when the engine fuelled with SB  biodiesel[24]
This study examined the impact of different biodiesel fuels on the vibration levels of a CI engine. The engine was tested with low sulphur diesel, sunflower , canola  and corn biodiesel blends. The results showed that as the biodiesel ratio increased  that’s  vibration decreased. [24]
To determine the impact of each test fuel, the variability of the RMS value was evaluated. The findings showed that higher inertia forces caused an increase in engine block vibration with engine speed. It is important to emphasize that vibration of the engine block was reduced with increasing CNG flow rate when using each test fuel. At engine speeds of 1200 rpm and 1800 rpm, 20% biodiesel blends increased vibration acceleration compared to regular diesel fuel, but they decreased vibration acceleration at other engine speeds without the addition of CNG. While the vibration of 40% of the biodiesel was raised at 1800 rpm and 2100 rpm engine speeds and decreased at other engine speeds. At a high engine speed (2400 rpm), the primary differences between D100 and biodiesel mixes were measured. This may be caused by fuel characteristics and their impact on cylinder combustion, including peak pressure rise rate, combustion length, and ignition delay [24]. The greater oxygen content of biodiesel in comparison to normal diesel fuel may result in a reduction in ignition delay.When percentage of  NG  increases acceleration increases [9].       
      Experimental the engine was fuelled with 7 different fuels  meanwhile two different hydrogen flow rate (H3, H6) was added into the intake air. The engine was run at 1200 rpm under no load condition. The analyses indicated that vibration of the engine was significantly affected by engine speed. atotal values of the engine with different fuels and H2 flow rate . According to these results, vibration acceleration decreased by increasing biodiesel ratio into the blend. The average decrement was found out as compared to D100. This decrement may be due to extra oxygen contamination of biodiesels which result with better combustion quality. H2 addition was further decreased engine vibration acceleration when it was fuelled with each test fuels. Vibration acceleration was decreased by 1.44% and 3.52% with D100; 2.2% and 3.7% with SB20; 0.86% and 1.94% with SB40; 1.53% and 2.59% with CaB20; 0.32% and 1.36% with CaB40; 1.08% and 2.92% with CoB20; 1.44% and 2.76% with CoB40 by adding H3 and H6 gases, respectively into the intake air [26]
        Vibration studies show that methane supplementation reduces the intensity of vibration and suppresses the frequency spectrum of combustion noise, especially at higher loads. The engine load affects the participation of methane in the combustion process, with methane supplementation reducing mean effective pressure at lower loads and increasing it at higher loads .For methane energy share enhancement, the combustion noise spectrum shows narrower frequency range. The application of methane in diesel engine also reduces the ringing intensity level of vibration. The engine vibrations however reduced with addition of  methane at all load conditions. Gaurav Tripathi et al [20] . 
    	 This study looked into the vibration characteristics of  diesel engine running on rice bran biodiesel and n-butanol additive. Seven biodiesel blends had their engine characteristics assessed at various loads while running at constant speed and compared to diesel fuel.
   Vibration Characteristics of the Engine Head and Crankshaft Bearing the root mean square vibrations measured at the crankshaft bearing and cylinder head in a vertical, horizontal, and axial  direction at full load condition respectively. Since in the experimental setup engine is mounted vertically, the vibration recorded on the engine cylinder head in vertical and horizontal direction rightly reflects the combustion trend of the engine. All the biodiesel blends have been carefully monitored to detect the combustion frequencies and vibration amplitudes by fast Fourier transformer [7]
     	 The vertical vibrations at the cylinder head that were measured show that all of the blends' vibration amplitudes fall within the expected range. The B10n5 and B15n5 blends had the lowest vibration amplitude of 16.7 m/s, but the B05n5 blend's crankshaft bearing in the horizontal position had the highest vibration amplitude of 20.32 m/s. The vibration amplitude for all of the blends was within the expected range, according to the overall vibration pattern at the crankshaft bearing. Diesel, B5n5, B30n5, and B40n5 blends, which have greatest vibration amplitudes at the cylinder head and are above 46 m/s, while blends B10n5, B15n5, and B20n5 have the lowest vibration amplitudes, respectively.
       	 Analysis of vibrations for the Karanja Biodiesel Engine vibration levels for several test fuels in the vertical, longitudinal, and lateral directions of the pistonic motion. Engine vibration levels in the longitudinal direction didn't alter considerably with fuel changes for a given load. Both KB20 and KB100 have relatively equal amounts of lateral vibration, with KB100 having somewhat higher vibrations. Diesel combustion produced the fewest lateral vibrations of any of the test fuels. The same variables mentioned before are responsible for the KB20's higher vibrations. However, more in-depth research is necessary due to the KB100's substantially stronger vibrations.. [40]
      	Vibration of direct injection VCR diesel engine fuelled with Mesua ferrea oil methyl ester blends. The RMS velocity for diverse injection pressures was depicted .The RMS velocity of conventional diesel fuel, B10, B20 and B40 were noticed as 8.45 m/s, 7.85 m/s, 7.35 m/s, and 8.02 m/s at an injection pressure of 180 bar, 7.94 m/s, 7.07 m/s, 6.41 m/s, and 7.12 m/s at 200 bar, and 7.45 m/s, 6.85 m/s, 6.35 m/s, and 7.22 m/s at 220 bar respectively. The RMS velocity of B20 was found less at an injection pressure of 220 bar. [21]
     	   Vibration Analysis of the Engine Using Biofuel Blends shown in Figures 7 are experimental results showing vibration effects when using a mixture of biodiesel fuel with diesel, where the highest vibration amplitude is found in the B50 fuel with an engine load at 100 Nm lower by 35% as compared to pure diesel. While at machine loads reaching 200 Nm 300 Nm with fuel B100, the vibration amplitude was found to be higher up to 11% and 19% than diesel. [ 32]


                           [image: ]
                                              Figure. 7. Vibration for different load [32 ]

Table 3. Effect vibration on the engine using fuel blends [32]
	Fuel 
	vibration
	Result 

	Ethanol-Diesel 
	Decrease 

	In comparison with pure diesel, the blended fuel (D94E6) can increase RMS and vibration kurtosis in engine blocks by 4.75% and 7.75%.

	Diesel-Biodiesel 
	Decrease 

	The correlation coefficient   R values for vibration and sound pressure  are an average of 0.784 and 0.741 

	Diesel-Biodiesel-Hydrogen 
	Decrease
	The addition of gas will reduce vibration, whereas the injection of H2 will affect the sound pressure.

	Ethanol–Gasoline 

	Decrease 

	The use of ethanol - gasoline fuels can reduce  engine vibration and noise; this decrease is due to higher latent heat values. 

	Ethanol-Methanol 

	Decrease 

	The vibration amplitude decreases by about 1,500 Hz by using a fuel  mixture of parentage and speed  increase  



VI.  Noise characteristics of  biofuelled I C Engine
       SPL  of the engine was also increased by increasing engine speed shown in fig.8. Average sound pressure level found slightly lower than that of low sulphur diesel fuel with 0.6 dB[A]for SB20, 0.5 dB[A] for SB40, 0.7 dB[A] for SB60, 0.8 dB[A]for SB80, and 0.6 dB[A] for SB100 respectively. Decrement of sound pressure level may be related with the decrement of engine vibration. Therefore, parallel to decrement trend of engine block vibration, sound pressure level was also decreased by biodiesel addition.
                              [image: ]
          Figure . 8 SPL  versus engine speed when the engine fuelled with SB (sunflower) biodiesel[24]
  	  Noise characteristics  analyses of an unmodified C I  engine fuelled with low sulphur diesel and biodiesel blends with hydrogen addition this studied sound pressure level of the engine was compared according to A-weighted which is similar to perceived by the human ear.. By using biodiesel the SPL  of the engine averagely decreased by 0.6 dB(A), 0.5 dB(A), 0.3 dB(A), 0.4 dB(A),0.2 dB(A), and 0.4 dB(A), for SB20, SB40, CaB20, CaB40, CoB20, and CoB40, respectively compared with  D100, whereas higher engine speed significantly increased the noise of the engine. Addition of H2 lowered the sound pressure level slightly (0.1 dB(A) for both H3 and H6 additions, that of H0). 
     The total noise level was measured from 1 m away from the engine. The overall noise trends for all of the test fuels. It is clear that the features of the total noise are the same as those of the exhaust noise. But the total amount of noise is louder than the noise from the exhaust. This can be explained by the following three things:
• In the set-up for the trial, the exhaust gas goes through a long pipe and a silencer in a closed room. Through an open pipe, the noise from the blocker could be heard outside the room. So, both the silencer and the big pipe were making vibro-acoustic noise. This noise spread through the room, and the microphone that was measuring overall noise picked it up. This extra noise that was released added to the total noise.
• Signals of total noise are based on measurements made with a microphone placed inside the room. So, the microphone caught the total amount of direct and reflected sound. This made more noise from the engine as a whole.
 • The total noise level also included noise from mechanical parts and the alternator. Figure 13 also shows that standard diesel is the test fuel with the least amount of noise. It is also mentioned that, for a given test fuel, noise levels increased quickly with increasing engine load at low loads and tended to stay the same at higher loads. A trend like this is the same as the one for noise from exhaust and burning. [38]
     	  Experiments showed that, compared to normal diesel fuel, sunflower and Canola biodiesels made the test engine quieter and less shaky. When natural gas was added, the prices went down even more.
The engine's SPL The outside sound field of a diesel engine is mostly made up of noises from gas flow, burning, and mechanical parts. A-weighted SPL of the trial engine when it was fueled with diesel, biodiesel, and CNG were shown for engine speed of 1200 rpm. Based on the results of the tests, it was seen that the vibration of the engine block increased with engine speed, which led to a large rise in SPL.
        	Introduction of CNG lowered SPL of the engine by 0.2 dB(A), 0.3 dB(A), and 0,3 dB(A) with D100; 0.2 dB(A), 0.3 dB(A), and 0.5 dB(A) with SB20; 0.3 dB(A), 0.5 dB(A), and 0.5 dB(A) with SB40; 0.2 dB(A), 0.4 dB(A), and 0.6 dB(A) with CaB20; 0.3 dB(A),0.3 dB(A), and 0.5 dB(A) with CaB40, for NG5, NG10, and NG15, respective to NG0. Since SPL related with engine body vibration and combustion noise, decrement at engine vibration have caused to decrement of SPL of the engine with CNG addition. [9]
      	Karanja Biodiesel was mixed with fuel in a diesel engine.  The amounts of noise made by combustion for each test fuel. At all load levels, KB20 made a bit more noise than natural diesel and KB100 when it burned. KB20 is 22% thicker than mineral diesel, but it only has 2.5% oxygen in it.   The RMS values of all the outside noise that a microphone measured. This noise comes not only from the burning of fuel, but also from other parts of the engine. The figure shows that, up to 60% load, the total noise level of KB20 and mineral diesel was almost the same. But when the KB20 is under more stress, it makes less noise. Also, KB100 was the noisiest of the three fuels that were tested. These results were a little different from those about burning.[40] 
       	 The  noise of MFOME mixes changes at different injection pressures.It was noticed that the noise level of MFOME mixes was not as loud as that of regular diesel. The reason was that the biodiesel burned more efficiently because it had a higher cetane number and a lot of air. Because of this, there was less knocking coming from the combustion chamber. So, there was less noise coming from the burning. B20 was the fuel that made the least noise out of all the ones that were tested. The injection pressure went up, the noise level went down, no matter what test fuel blends were used. At higher input pressures, the better combustion was due more to faster fuel vaporization, but the biodiesel blends themselves have good combustion properties. So, syringe pressure had a little less of an effect on noise. 
        The RMS velocity of pure diesel, B10, B20 and B40 be perceived as 34.94 dB(A), 34.08 dB(A),33.87 dB(A), and 34.82 dB(A) at an injection pressure of 180 bar, 34.14 dB(A), 33.25 dB(A) 33.04 dB(A), and 34.12 dB(A) at 200 bar, and 33.32 dB(A), 32.36 dB(A), 32.14 dB(A), and 33.19 dB(A) at 220 bar respectively.The lower noise was noticed at an IP of 220 bar intended for B20 [21]
             Figures 9 are the results of experiments that show how noise changes when diesel fuel is mixed with biofuel fuel.When diesel fuel is used, the average value of noise is 21.2%, which is much higher than the value for a fuel mixture of B20 and 200 Nm load. At a load of 300 Nm, B50 and B20 fuels make about 18% more noise than diesel fuel. So, diesel fuel is better than biofuel in general, when the machine load is 100 Nm. 
This piece looks at how noise affects internal combustion engines that use a mix of biofuels. The study shows that biodiesel blend fuels and ethanol-gasoline mixes are likely to make engines quieter than pure diesel. The properties of gasoline, biodiesel, ethanol, and methanol, among other fuels, are also talked about. The main focus of the experiments is on diesel and biodiesel fuel. The results show that biodiesel fuel can slightly lower noise and vibration compared to diesel. Using alternative fuels like ethanol and methanol blends has also been shown to reduce engine noise and shaking. But the cost of alternative fuels and the lack of government backing make it hard for people to switch to them [32].

[image: ]
                                      Figure. 9. Noise for different load [32 ]
   
7. Conclusion
 	The study examined how biodiesels and additives affected engine vibration, noise, and combustion.     The best substitute for petroleum-based diesel is renewable, oxygenated biodiesel made through transesterification of vegetable oil. The best way to lower the cost of producing biodiesel is through the transesterification process. 
   	The different researchers have shown the positive results of engine  vibration and noise  characteristics when fuelled with the biodiesel blends such as cottonseed oil, rice bran oil, palm oil, rapeseed oil, jatropha oil and soybean oil, compared with diesel. Biodiesel blends shows the  Vibration acceleration and SPL of the engine significantly increased with engine speed.
Vibration acceleration values further reduced with H2 gas addition into intake air.
Compared to conventional diesel fuel,noise  and vibration acceleration were improved by biodiesel blend usage.
Averagely, compared to low sulphur diesel fuel, vibration and noise decrement was observed with biodiesel usage.
The dominant frequency was regardless of fuel type. It significantly affected by engine speed due to upward and downward piston movement.
    The study focuses on the combustion characteristics, vibration, and noise levels of the engines when fueled with biodiesel blends. The results show that the biodiesel blends, particularly B20, improve combustion efficiency compared to conventional diesel fuel. Higher injection pressures further enhance combustion and reduce vibration and noise.
So it is concluded that  for duel fuel strategy, there is still scope for further research for combined effect of various parametric combinations to analyse the above stated characteristics by using various blends of conventional and alternative fuels.
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Table 1: Pure diesel- Biodiesel properties

Properties Diesel Jatropha Karanja Cottonseed (C) | ASTM

) (K) Standard
Density(Kg/m?3) 830 901 910 881 ASTMD287
Flashpoint(°C) 53 67 192 156 ASTMD93-58T
Viscosity@40°C (CST) 2.09 5.70 11.15 6.43 ASTMDA445
Cetane number 49 46 54 41 ASTMD613
Firepoint(OC) 56 89 209 164 ASTMDS3-58T
Calorific Value(KJ/Kg) 42991 36460 37682 40731 ASTMD4809

Table 2: Blended Properties of diesel-Biodiesel

Properties Diesel JKCSD85 JKC6.66D80 JKC8.33D75 JKC10D70 ASTM
‘ Standard

Density(Kg/m?) 830 840 842 847 850 ASTM
} D287
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Fig. 17. Rate of pressure rise variation with the crank angle at full load conditions with different IT.

The effect of injection timing(IT) in the rate of pressure rise (RPR) with the crank angle for JKC6.66D80 fuel at
maximum load conditions is represented in Fig. 17. The advanced IT at 25° btdc for JKC6.66D80 blended fuel
resulted in higher RPR when compare with standard 23° btdc. Diesel has the highest CHRR as compared to blended
fuel JKC6.66D80, which is ascribed to the JKC6.66D80's lower calorific value, volatility, and high viscosity. More
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MATLAB. Parameters which were selected as input in order to
estimate outputs should be determined according to correlation
coefficients between them. Therefore, all proper predictors which
have higher correlation coefficients were selected to define each
of predicted values. Since density, cetane number, kinematic vis-
cosity, and gross heating value have strongly affected combustion
characteristics which directly related to noise and vibration of a

Table 2
Fuel properties of the test fuels.

variable(s) in form of [23]:

Y=a(Xy)(X3)... (X7) (4)

where Y is dependent variable, 8, to f, and aq, to a, are equation
parameters and X; to X, are independent variables.

Test fuels Density (kg/l) Cetane number

Kinematic viscosity at 40 °C (mm?/s)

Gross heating value (cal/kg) Flash point (°C)

D100 0.837 59.3 27
SB20 0.844 56.5 3.1
SB40 0.854 53.6 34
SB60 51.1 3.7
SB8O 49.0 4.1
SB100 445 4.5
CaB20 56.9 32
CaB40 54 3.5
CaB60 51.8 38

50

46

45857 745
44246 101.5
43,430 106.5
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