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Abstract

Diesel engine emissions such as CO, NOx, THC and smoke were evaluated while the engine running with re-formulated Palm Oil Methyl Ester (POME) blended fuel. The fuel was re-formulated by additional additive and blending agent in order to get better atomization during blending process. A multi cylinder diesel engine was operated from 1000 rpm to 2500 rpm with 50% load, full throttle opening and fueled by three (3) types of fuel blends which containing 20% vol POME and 1% vol to 5% vol of additive. The additive is the combination of blending agent additive, ester stabilizer and anti-oxidation additive. The result shown that by presence of additive the emissions were decreased generally, especially for NOx and CO emission showed favorable result for POME blended additive fuel. Therefore, by re-formulating POME-diesel blended fuel could reduce poisonous gases from diesel engine combustion. In addition, the use of blended additive by proper composition is capable to increase the stability of the fuels as well as produce better combustion.
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1. Introduction
Concern about long-term supplies of conventional hydrocarbon based fuels and the growing awareness of the environmental consequences of increasing exhaust emissions products from automobile internal combustion engines and other energy converting devices have motivated the search for suitable alternative fuels and more environmentally friendly systems. 

Biodiesel from Palm Oil commonly known as Palm Oil Diesel (POME) or Palm Oil Methyl Esters (POME) consists of methyl esters of Crude Palm Oil (CPO) or Crude Palm Stearin (CPS) prepared from reaction with methanol using a suitable catalyst.  Laboratory evaluation of these esters has been carried out including the determination of cetane number and the results indicate that palm diesel could perform better than petroleum diesel. This find out by results obtained in stationary engine tests and field trials [1]. The physicochemical properties of palm oil diesel (POME) or palm oil methyl ester were measured in various investigations [2-6]. Malaysia has abundant biodiesel source based palm oil and going to utilize this particular fuel intensively due to their palm plantation and production growth significantly [7]. 
Another study was conducted related to palm oil methyl ester usage in Yanmar TF80 and Isuzu 4FB1 diesel engines [8,9] showed when fuelled with POME, the output differed only marginally compared to that of conventional diesel. The fueling rate and the specific mass fuel consumption for both engines were both higher with POME by approximately 15 - 20 percent as compared with conventional diesel. The brake specific energy consumption, of both engines was found to be similar, with POME having a slightly lower thermal efficiency over conventional diesel. In a study of dynamic combustion events in Ricardo engines [3] at 2.5 bar brake mean effective pressure POME was shown to give ignition delay periods of between 1 and 2 degrees (crank) earlier than conventional diesel from low to high speeds, which under high load (5.5 BMEP) palm oil gave an ignition delay 1 degree shorter than when run on diesel. This indicated its readiness to burn more rapidly after injection than diesel.

Exhaust gas emissions were measured on various engines [4,5,7], with POME the percentage of carbon dioxide although negligible,  was higher compared to conventional diesel due to better combustion. The hydrocarbon (HC) emissions were similar or less than diesel when used in the diesel engine indicting the suitability of both fuels to the engine injection system by producing the required fuel atomization.

Masjuki et al. [4] measured exhaust emission when using POME (palm oil methyl ester) and its emulsions in an indirect injection diesel engine. Emulsification was effective in reducing the emissions level for CO, CO2, HC, NOx, SOx and smoke particulars. It also reduced the smoke particulate size marginally and exhibited lower exhaust gas temperature. Tribological evaluation of POME was made and found elsewhere [5,6] that POME corroded and weared the engine components due to contains oxygen. Hence, it can be stated that oxygen in POME is a problem for engine components that might be resolved.

	Analytical test
	Unit
	D100
	B20
	B20+2% Additive
	B20+5% 

Additive

	Sulfur Content
	%wt
	0.1
	0.032
	0.032
	0.04

	Flash Point
	0C
	98 

@ 930C
	98

@920C
	90

@920C
	96

@920C

	Pour Point
	0C
	15
	12.2
	13.5
	13.5

	Conradson Carbon Residue
	%wt
	0.14
	0.03
	0.09
	0.02

	Higher Calorific Value
	MJ/kg
	45.800
	45.582
	44.977
	45.150

	Density @ 150C
	Kg/L
	0.833
	0.826
	0.827
	0.831

	Cetane Index
	-
	53
	58.3
	58.3
	57.94

	Viscosity @ 40 0C
	cST
	4
	4.28
	4.35
	4.4


In this investigation the common composition of biodiesel blends has been used (20% POME with 80% conventional diesel). The fuel blends were also reformulated by additional the antioxidant and ester-stabilizer additive to resist the wear concentration and was assumed could improve engine performance as well. The objective of this investigation is to evaluate the effect of re-formulated POME blended with additive on engine performance, emissions with the variation of engine speed and load. Many researchers over the world already confirmed the special purpose of using additive on diesel fuel or lubricant such as to reduce engine wear, to improve cetane number and also to reduce exhaust emission [8,9]. Therefore, additives have been use extensively to improve the characteristics of fuel that affects to engine performance and efficiency.
2.  Experimental Set-up and Procedure
2.1.1. Fuel preparation and properties
The experiment was done by using four types of fuels which is 100% conventional diesel as a baseline, 20% POME blended diesel and 20% POME blended 2% and 5% additive respectively. In this experiment, the additive percentages are in % vol base which is the combination of anti-oxidant and ester stabilizer additive in the same proportion each other. The fuel samples were analyzed for their properties and tabulated in Table.1.
2.1.2. Test procedure and data collection
Engine performance and emission tests were conducted at Heat Engine Laboratory of Mechanical Engineering department, University of Malaya. An Indirect injection diesel engine will be operated for each fuel sample as described earlier. The ISUZU 4FBI – 4 cylinder indirect injection diesel engine coupled with dynamometer was used in this study. The engine was fully connected with test bed and computer data acquisition system. The test bed fully connected to CADET-10 data acquisition software, which engine data’s parameter will record. 

The engine was operated based on SAE Recommended Practice (J1349 JUN90). However, engine will be running on 1000 to 2500 rpm with increasing the rpm every 500-rpm for 50% load. Exhaust emission such as CO, NOx and THC was measured for every rpm step. 

Schematic diagram of experimental set-up are showed as below:
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 Fig. 1 Experimental Set-Up Scheme

Table.1 Fuel samples properties

3. Results and Discussions
3.1 Brake Power and Fuel Consumption


Fig.2 shows the increasing of brake horse power over engine speed. At relatively speed, POME with 5% additive shows improvement from base fuel D100 and POME 20. The explanation for this phenomenon is due to the ability of additive to enhance combustion which is turn improves engine power. However, at lower speed the blended fuels with additive and POME-diesel blends shows lower brake power compared to conventional diesel. At this stage all of blended fuels shows slightly slow to reach power limit which is produced by conventional diesel. This is may be due to by additional additive and POME, the fuel structure was also changes and it’s also affects to fuel properties which in turn to influences combustion particularly at low speed.
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Fig.2 Brake Power vs. Engine Speed

Figure 3 shows the variation of specific fuel consumption for every fuel tests. Generally, specific fuel consumption result is affected by load, specific gravity of fuel and fuel heating value. Fig.3 shown that B20 with 2% additive indicates best fuel consumption compared to other fuels. B20 with 2% was consumed less fuel when engine running at low speed and high speed as well. However, B20 with 5% additive shows the increasing of fuel consumption slightly linear to engine speed. This is an advantage for B20+5% which is consumes comparable fuel but produce highest brake power (Fig.2). The explanation behind lowest fuel consumption of POME-Diesel blended additive is probably due to the high oxygen content from POME. Moreover, the combination of additive also produces better fuel lubrication and enhances injection system. Some of additive contents might be reacts with other fuel components which is successfully improves engine combustion.
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Fig. 3 Brake Specific Fuel Consumption vs. Engine Speed

3.2 Exhaust Emissions

Fig.4 illustrated the variation of HC concentration in ppm with speed. It shows that unburned hydrocarbon emission reduced when engine fueled with POME blended fuels. Especially by using 2% additive in blended POME-Diesel successfully reduced hydrocarbons. This is due to, with 2% additive, the blended fuel can ignite in proper time, which helps to burn completely due to more oxygen content in blended fuel. Furthermore, the additive functions are reducing carbon in fuels which resulting combustion that occurs in engine can burn completely in a correct ratio fuel-air mixture.

 The ester stabilizer additive also expected has different function as detergent which is could clean-up the engine parts and enhances combustion process. Performance of additives percentages showed that no significant differences in terms of their ability to reduce HC emission.
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Fig. 4 Hydrocarbon Emission vs. Engine Speed

The NOx concentration versus engine speed is illustrated in Fig.5. It was found that NOx concentration decrease with increasing additive in blended fuels due to production of a low combustion temperature in comparison to ordinary diesel. However, when engine running with POME without additive, NOx was increased significantly for every speed increased. This is confirmed that the additive blends have strong ability to reduce NOx, especially thermal NOx which is normally as combustion products. 
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Fig. 5 Nitrogen Oxide Emission vs. Engine Speed
Carbon monoxide is formed during the combustion process with rich air-fuel mixtures and when there is sufficient oxygen to fully burn all the carbon in the fuel to CO2. Diesel engines are not a significant source of carbon monoxide, because they use excess air (around 1.8 x stoichometric) to combust the supplied fuel. Figure.5 shows that the concentrations of CO for blended fuels with using additive are greatly decrease and mostly constant with increasing engine speed. This means, by using additive it helps engine burn completely. Husnawan et al [10] also noted that the effects of additive on exhaust emission. However, the additive has good function as carbon reducer and helps reduce CO emission. Other worker has also dealt with the effects of using additive on flame and combustion temperature [9,10]. The authors noted that, additives could reduce flame temperature, which affect to NOx and unburned hydrocarbon (HC) emission.
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Fig. 6 Carbon Monoxide Emission vs. Engine Speed

4. Conclusions

A number of conclusions can be derived about all the results gained from this investigation. They are describing as follow:
1. Blended 20% pome with diesel and by additional of additives generally performed better for the engine in terms of performance and exhaust emissions compared to pome-diesel blends and conventional diesel fuel. This is due to the fact that, the additive can helps in improving the engine performance.
2. In term of exhaust emissions analysis, by using 5% additive in pome-diesel blended fuel shows the best performance. In overall test, 15 and 7.5 percent blended palm olein with additive fuel shows a good result for exhaust emissions analysis especially in co and NOx emissions and for 7.5 percent slightly higher emitted pollution such as HC.
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