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Abstract. Each mixture of fuel and gas has a different flame speed. Gas will only burn at a suitable percentage of air and produce different exhaust gas opacity, opacity is a ratio of the rate of light absorption by smoke expressed in units of percent. This study aims to theoretically analyze the relationship between the flammability limit and the variation of fuel which has a different setana number associated with the exhaust gas opacity value of the engine performance test equipment. The machine performance test equipment used is the L300 engine. The methodology used is the testing of exhaust gas opacity using the Koeng OP-201 opacity meter and theoretically analyzed its relationship with the bio solar, dexlite and pertamina dex flame limits. The results of this study found that bio solar has an upper flame limit of 6.65%, a lower flame limit of 0.53%, and an average opacity value of 12.1%. Dexlite has an upper limit of 6.70%, a lower limit of 0.53%, and an average opacity value of 10.5%. Pertamina dex has an upper limit of 6.68%, a lower limit of 0.53%, and an average opacity value of 9.21%.
1.   Introduction

A combustion that occurs in diesel engines is different from gasoline engines. Diesel engines start combustion by utilizing heat from compressed air. The combustion process that utilizes heat from compressed air, makes diesel fuel must be able to mix with air. In reality, the occurrence of a flame can be achieved if there is a mixture of oxidizing and supporting fuel. There is a range of fuel and oxidizing mixtures that can cause a flame. This range is the range of the lower limit of flammability and the upper limit of flammability or better known as the lower and upper flammability limits.

Pertamina as BUMN that processes energy sources in Indonesia issues three types of diesel fuel, namely bio solar, dexlite, and pertamina dex.
Combustion will produce exhaust gas or emissions. The fuel used also affects the exhaust gas produced. The dominant element in diesel engine exhaust gases is SO2 and C which cause smoke density. To measure the exhaust gas content, measuring devices are needed so that the type and amount are known. The measuring instrument commonly used is the opacity meter.
2.   Methodology

To achieve the objectives of this study, we propose a methodology, and the methodology consists of steps for how we develop the system.


Fig. 1. Specification of Combustion Speed Analysis and Opacity Testing
2.1.   Specification of  Combustion Speed Analysis
The chemical equation for the burning of any hydrocarbons in general
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Chemical equation of combustion of hydrocarbons with oxygen
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 = Diesel fuel
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 = Cetane (Hexadecane)
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 = alpha-methylnapthalene
· Biosolar, cetane 48% + alpha-methylnapthalene 52%

· Dexlite, cetane 51% + alpha-methylnapthalene 49%

· Pertamina Dex, cetane 53% + alpha-methylnapthalene 47%
Reaction of diesel fuel combustion in general
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Reaction of bio solar combustion
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Bio solar composition
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Air is generally assumed to consist of two main components; oxygen and nitrogen with compositions as in Table (1)
Tab. 1. Components of air
	Element
	Volume Percentage
	Mass Pecentage
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	21
	18,78
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	79
	70,83


Possibility 1
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Possible, because 70,6% ≤ 70,83%

Possibility 2
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Not Possible
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Residual fuel = 1 – 0,1878 – 0,706 = 0,1062

Composition of new fuel
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Table (2) explains the upper and lower flame limits of diesel fuel

Tab. 2. Flame limits of diesel fuel
	Element
	Upper limit
	Lower limit
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	0,4
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Upper limits
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Reaction of dexlite combustion
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Dexlite composition
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Possibilty 1
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Possible, because 71,8% ≤ 72,07%

Possibilty 2
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Not possible
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Residual fuel = 1 – 0,191 – 0,718 = 0,091

Composition of new fuel

[image: image72.png]



[image: image74.png]


 

[image: image76.png]


 

Upper limits
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Reaction of Pertamina Dex combustion
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Pertamina Dex composition
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Possibility 1
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Possible, because 72,7% ≤ 72,91%

Possibility 2
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Not possible
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Residual fuel = 1 – 0,1932 – 0,727 = 0,0798

Composition of new fuel
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Upper limits
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2.2.   Opacity Testing
In a diesel engine, performance test equipment, emission or exhaust gas opacity tests with a variety of fuels are used. Bio solar, Dexlite, and Pertamina Dex are put into the fuel tank then the engine is started. After the engine is overheated or approximately 5 minutes after starting it. A probe from the opacity meter is inserted into the exhaust hole to measure the opacity produced by the engine performance test kit. Table (4) below shows the different exhaust gas opacity values of each bio solar, dexlite, and pertamina dex

Tab. 3. Opacity test result
	No
	Fuel
	Opacity (%)
	Average (%)

	
	
	1
	2
	3
	

	1
	Biosolar
	12,67
	12,9
	12,37
	12,64

	2
	Dexlite
	10,53
	10,53
	10,47
	10,51

	3
	Pertamina Dex
	7,73
	7,83
	7,77
	7,77


2.3.   Conclusion
The cetane number in diesel fuel is directly proportional to the limit value of the flame. The greater the setana number, the greater the value of the flame limit. Pertamina dex with setana 53 has an upper limit of 6.74% and a lower limit of 0.52%.
It is known that the opacity value is inversely proportional to the value of the flame limit and the cetane value of diesel fuel. The greater the cetane number and the fuel flame limit value, the resulting exhaust gas opacity value is smaller.
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