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ABSTRACT 

 
The burning velocity of coconut oil vapor-air mixtures in premix combustion has been studied to explain 

the characteristics of burning velocity with the base of coconut oil as one alternative renewable fuel. Coconut oil 
is one alternative renewable and sustainable fuel produced from juiced copra. The composition of coconut oil 
vapor analyzed in the present study consisted of 12% glycerol and 88% fatty acid (with 18.77% caprylic acid, 
15.15% lauric acid, and 11.86% myristic acid). The burning velocity and the volume of premix combustion 
were measured using high speed camera CCD at the speed of 29 frames per second. This experimental study 
shows that the average of burning velocity of coconut oil vapor – air mixtures was up to 65.8 cm/sec for burning 
velocity from top while for the burning velocity from bottom, the speed was up to 52.15 cm/sec. The 
characteristics of the combustion were identified from the flame pictures and micro explosion within the various 
burning velocity. Findings show that coconut oil went through two stages of combustion: the first stage of fatty 
acid and the second stage of glycerol vapor. The coconut oil vapor-air mixtures with the various equivalent 
ratios at the combustor Hele-Shaw cell were burned. This combustion process was recorded using a high speed 
camera CCD, and the interaction caused micro explosions captured in the frames. Triglycerides went through 
hydrolisis reaction and turned into fatty acid and glycerol. Fatty acid was burned first, and then followed by the 
combustion of glycerol. Flames were clearly seen as separated within lean mixtures. The glycerol combustion 
needed high-power combustion. This slowed down the burning velocity. The energy from fatty acid flames was 
adequate to do substantial combustion. This was followed by the combustion of glycerol, and then micro 
explosions occurred, and finally the fire would extinct. At the burning velocity from the top and bottom, there 
were very rich mixtures at φ=2.73 and 2.57, and there were weak micro explosions. For rich mixtures at φ=2.34; 
2.19 and 2.03, there were strong micro explosions. For lean mixtures at φ=1.93 and 1.78, there were moderate 
micro explosions. 
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Introduction 

 
Currently energy plays a very prominent role in the field of transportation and industry. In Indonesia, 

energy or fuel from fossil is considered as one main energy source. The fact that fossil fuel is non-renewable 
and the increased consumption of energy due to economy development and increased population make the 
reserved fossil energy getting thinner. One renewable energy source that is currently being encouraged to use is 
that of vegetable such as coconut oil that is available in a large amount in Indonesia. 

The utilization of coconut oil as one alternative fuel can reduce CO2 as the result of combustion. Therefore, 
coconut oil combustion is very interesting to be implemented in the industrial practices and diesel machinery. 
However, direct combustion of coconut oil has a lot of problems related to the viscosity which is about ten times 
as high as biodiesel (Muniyappa et al., 1996). The high viscosity of vegetable oil, especially coconut oil, is due 
to the glycerol contained. However, coconut oil has been used as supplement in Jet Boeing 747 of Virgin 
Atlantic, flying from London to Amsterdam on the 24th of February 2008 (Patel et al, 2008). Agarwal, et al. 
(2007) stated that early combustion is one way to produce the process of coconut oil combustion in diesel. 

Findings of a study show that directly heated coconut oil can be used to replace diesel fuel and this does not 
require major modification of the machine (Sahoo et al, 2009); this was tested on a diesel machine with the 
rotation of 1,500 rpm with the oil having characteristics close to that of diesel fuel. It seems that in the future 
coconut oil combustion will become an alternative. Another study by Özkan et al (2005) explains the efficiency 
and the power of diesel using vegetable oil directly. Findings of this study show that diesel machine has lower 
efficiency and less power at the rotation above 2,000 rpm. This indicates that the main characteristics of coconut 
oil combustion need to be learned intensively, especially when dealing with diesel technology in the future. The 
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effect of ambient high temperature on the combustion rate of premix fuel has been studied by Xu G (2003). The 
fuel studied in the experiment was the cycle of light oil and diesel fuel. Findings indicated higher effect of 
burning velocity on the combustion level on the part of oil fuel for the cycle of n-dekana lack of emissive light. 
However, the result of this study was not adequate to determine the characteristics of combustion in complex 
coconut oil compound. The present study explains the characteristics of the combustion of bio-complex oil 
compound that rarely occur. 

An analytic study has been conducted to identify the combustion characteristics of propanol with reduced 
gravitation (Dee et al, 2004). Different boiling points between propanol and glycerol caused micro explosion 
after shrinkage. The micro explosion was predicted to also occur within coconut oil because of the fatty acid and 
glycerol contained, with the condition that vegetable oil has different boiling point. Water is absorbed by 
glycerol that is very hygroscopic from burned gas; this makes the fire extinct at the observation of methanol 
drops (Zhang et al, 1998). Propanol and glycerol are physically mixed while the long bond of fatty acid and 
glycerol chains in coconut oil makes the combustion characteristics of coconut oil very similar to propanol and 
glycerol mixture (Dee et al, 2004). Furthermore, water from the burned gas within the coconut oil in a high 
temperature, together with the hydrolysis reaction, can break the triglyceride chains into fatty acid and glycerol. 
Next, these components are individually burned. Therefore, there are a lot of aspects regarding the impacts of 
coconut oil temperature on the combustion characteristics that need to be intensively researched. 

Premix combustion is a combustion process in which fuel and air are mixed mechanically before getting 
burned. Burning velocity is very high at high temperature. This condition makes temperature increases very 
quickly and this causes fire where premix mixture propagates with the mixture composition going to 
stoichiometric. This has been identified in several studies, one of which was conducted by Wardana (2010) who 
investigated the formation of oil molecule structure that consists of glycerol and fatty acid in two steps of 
combustions: the first is the combustion of fatty acid and the second is the combustion of glycerol where a lot of 
micro explosion can occur. 

Several studies have been conducted to identify premix fire and vegetable oil (Agarwal dan agarwal, 2007, 
Sahoo dan Das, 2009). Ozkan et. al. (2005) explains the performance of diesel machine using vegetable oil with 
glycerol that frequently causes problems. Abdulwahid et al, (2009) also researched the characteristics of fire 
flame of multi-component premix fuel (C4H10-C3H8), and they found out cellular fire structure as the result of 
the big difference in the diffusion between fuel and oxidators. Kang et al, (2006) investigated the characteristics 
of the influence of heat and momentum loss of laminar premix fire combustion on the stability in narrow lines. 
It was found out that the two factors played complicated roles in determining the whole instability of the cell 
formation patterns. 

To create an efficient process in a very stable premix fire, micro explosion plays an important role within 
the burning velocity. This article reports a study focused on the identification of micro explosion at burning 
velocity of laminar premix combustion of coconut oil. Interaction between micro explosion and burning velocity 
within the ration of coconut oil – air vapor is a very interesting subject that influences the mass transfer and 
other phenomenal transports. The product produced and enthalpy of reaction of the burning velocity in the 
concentration and the gradient volume of fuel and air. These gradients can be triggered by the instability of the 
burning velocity that can also drastically trigger chemical reaction. Several studies have been conducted to 
understand micro explosion within burning velocity of the premix combustion (Ritsu, 2007; Wanga, et al, 2005; 
Nam, et al, 2012; Shreyas, et al, 2011). However, very little literature can be found regarding the impacts of this 
interaction on micro explosion of coconut oil and on the burning velocity at Hele-Shaw cell. This has not been 
studied rigorously. Therefore, this present study focuses on the identification of the characteristics of premix 
combustion of coconut oil in the Hele-Shaw Cell. 

 
Materials and Methods 
 
Experimental: 

 
This experiment was conducted using the experimental schematic equipments as shown in Figure 1.  
The combustor consists of two plates of acrylic glass and steel with the dimension of 500x200x10 mm. It 

has lighters to initiate and trigger combustion. The overflow tube is used to contain water from the combustor. 
Tube reactor is used to heat coconut oil while Thermocouple is used to control the temperature of heater of 
coconut oil vapor. The compressor is used to intake air which is varied with the coconut oil vapor from the 
equivalent ratios  

(φ) of 3.12; 2.9; 2.74; 2.56; 2.37; 2.2; 2. The high speed camera CCD is used to record the flames forms 
inside the combustor. 
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Fig. 1: Condition of Equipments 

 
Data Collection: 

 
The recording result from the video camera was transferred into Compact Disk (CD) under AVI files. Then, 

using Software Pinnacle, moving pictures were extracted into a series of static pictures arranged chronologically 
from the beginning of flame to the putting out of flame. Every variation of the composition of the mixture 
between air and fuel illustrated certain pictures with different patterns of burning velocity in every frame. The 
forms of fire were illustrated as transparent pictures piled using software Adobe Photoshop 7.0. Then, it was 
measured the rate of length distance between fires in every frame. Using this rate of length distance, the 
instability behavior of the fire was measured. The instability behavior of fire was analyzed based on the 
geometry of the fire. The geometry of fire was obtained from measuring the length of fire. To ease the 
calculation, the measurement of the length of fire was done by enlarging the scale of the picture of fire. Then, 
based on the geometry form of fire, the instability of fire was explained using the theory of Instability of Taylor-
Markstein.  

 

 
Fig. 2: Reaction of Hydrolisis Triglyceride  

 
Tabel 1: Fatty Acid Composition of Coconut Oil Vapor ( ± 200oC),    

Fatty Acid No.carbon::No. doublebond  Formula Composition (%) 
Lauryc Acid 12 : 0 C12H24O2 40,35 
Myristic Acid 14 : 0 C14H28O2 11,45 
Caprylic Acid   8 : 0 C8H16O2 18.13 
Capric Acid 10 :0 C10H20O2 14,63 

GCMS Analysis  
 
Table 2: Physical Properties of Coconut Biodiesel 

Property ASTM  
method 

ASTM  
Specification 

Oil Biodiesel 

Viscosity 40 °C (mm2/s)  
Acid number (mgKOH/g)  
Free glycerin (mass %)  
Total glycerin (mass %)  
Oxidation stability (IP, h)  
Cloud point  
Pour point  
Cetane number  
Cold filter plugging point  
Density at 15 °C (Kg/m3)  
Flash point ( °C)  
Carbon residue (wt%)  
Copper strip corrosion  
(3 hrs at 100 °C)  
Water content (ppm)  

D445 
D664 
D6584 
D6584 
EN14112 
D2500-05 
D97-96a 
D613 
D6371 
D976 
D93 
D4530 
D6751 
 
D95 

1.9-6 
0.5 
0.020 
0.24 
3  minimum 
-3 to +12 
-15 to +10 
>47 
-4to-9 
0.575 to 0.900 
>100 
<0.02 
<No.1.0 
 
<500 

27.23 
2.1 
- 
- 
- 
- 
-6 
60 
- 
0.9251 
266 
0.01 
1.0 
 
1.293 

2.83 
0.18 
0.008 
0.24 
9.2 
-3 
-12 
51 
-51 
-5 
0.8733 
110 
0.005 
1.0 
230 

Gajendra et al, 2010  
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The process of energy released from glycerol occurred between 0.306 to 0.408 s, and this is shown by the 
constant flames distance or zero burning velocity. This is associated with frames 9-12 as illustrated in Figure 5. 
At φ=2.73, glycerol needed a large amount of flame to start the ignition. Consequently, there were three cases 
needed to be identified.   

Case one: the heat released by flame was far more quickly than the heat absorbed by glycerol at the burning 
velocity of φ=2.57 to 2.19. 

Case two: when the heat released by flames was of similar velocity to that absorbed by glycerol (at φ=2.73), 
flames propagated in an instable condition. 

Case three: when the heat released by flames was of lower speed than that absorbed by glycerol (at φ=1.93 
and 1.78), the flames would be off in the middle way from the upper part to the lower part of the combustor, 
around 50-600 cm.  

Figure 5 presents a variety of flame volumes at different equivalent ratios. Flame volume at frames 1-10 
tended to increase and then decreased. As presented in Figure 5, all flames encountered contraction at 0.306; 
0.340; 0.374 and then shrank, showing that the fire energy was absorbed by glycerol for ignition.      

Figure 6 illustrates the pictures of burning velocity ignited from the bottom part of the combustor at various 
equivalent ratios. Time period between the two frames was 0.034 s. The larger amount of frames indicated 
lower level of burning velocity. At all equivalent ratios (φ), the process of coconut oil combustion indicated the 
separation of fire at the beginning of fire because the main component of the fatty acid in the coconut oil 
consists of laurat acid (C12: 0); caprylic acid (C8: 0); capric acid (C10: 0); and myristate acid (C14: 0) that 
havedifferent reaction speed (Kratzeisen and Muller, 2010). Separation was clearly seen at high φ (lean 
mixture). This was due to the fact that fuel mixture was very rich (φ=2.73; 2.57) or rich (φ=2.34 to 2.19) so that 
the two reaction zones became the zones of micro explosion. On the contrary, for lean mixture (φ=1.93 at frame 
6; 17 and φ=1.78), there occurred micro explosion, low burning velocity and long delayed ignition, making the 
two flames separated (Fristrom dan Westernberg, 1965). The process of energy release from glycerol occurred 
after the separated flames were unified and placed in the reaction area. Flames from glycerol tended to explode 
and appeared as a shining area φ=2.34 to 2.03. 

 
Φ = 2.73 

 

 
Φ = 2.57 
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Φ = 2.34 

 

 
 
Φ = 2.19 

 

 
Φ = 2.03 
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Φ = 1.93 

 

 
 
Φ = 1.78 

 

 
 

Fig. 5: Flame propagation ignited from the bottom 
 
Figure 6 illustrates various distance rates at the time of ignition from the lower part of the combustor. It can 

be seen clearly that the distance of flames was constant in the middle of the frame at all equivalent ratios. This 
means that flames were static at around 0.204 s to 0.408 s, showing delayed ignition of long glycerol and 
reabsorbed energy by glycerol as shown in Figure 6.  
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Fig. 6: Time variation of average flame distance ignited from the bottom at various AFR 
 
However, fire did not extinct at the equivalent ratios Φ = 2.73 to 1.78. This shows that the one-sided 

buoyancy stabilized the spreading going-up flames. On the other hand, the buoyancy controlled the glycerol 
having molecule weight lower than fatty acid from flame. Balance between the two mechanisms made the 
glycerol tended to explode during the second stage of combustion. 

 
Conclusion: 

 
Coconut oil is possibly used as alternative fuel using the technology of premix combustion under the 

following conditions: 
1. Coconut oil tended to be decomposed into fatty acid and glycerol due to hydrolysis reaction. Fatty acid 

was burned and the glycerol was burned. 
2. The combustion of fatty acid tended to produce separated fire that appeared from more than one seen 

reaction zones. The separated fire was clearly seen at the thin mixture. The process of energy released from 
glycerol needed adequate heat that tended to slow down the spread of fire and caused micro explosion. 

3. At the bottom burning velocity, there identified three cases: 
Case One: when the heat released by fatty acid fire was far quicker than the heat used to ignite glycerol, the 

fire propagated very quickly.  
Case Two: when the heat released by the fire was as hot as the glycerol ignition, the fire propagated in an 

unstable condition.  
Case Three: when the heat released by fire was lower than the heat absorbed by the glycerol for ignition, the 

fire would extinct. 
4. For the burning velocity to the top, the buoyancy on the one side stabilized the spread of fire. On the 

other side, this tended to keep the glycerol far from the fire that prolonged the delay of ignition and increase the 
heat of glycerol ignition. The balance between the two mechanisms tended to make glycerol exploded at the 
second step. 

5. At the burning velocity at the top and bottom, there were three cases. 
First, the mixture was very rich at φ=2.73 and 2.57, and there were weak micro explosions. 
Second, mixture was rich at φ=2.34; 2.19 and 2.03, and there were strong micro explosions. 
Third, mixture was lean at φ=1.93 and 1.78, and there were moderate micro explosions. 
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