
Introduction
Research in the field of alternative fuels is necessary to direct
our country into a safer, more sustainable way of
transportation. Soybean biodiesel is one of the main biofuels
in the US. Determining how to combust soybean oil in the
most thermodynamically effective way will get the most energy
out of the fuel along with saving energy by not converting it to
biodiesel. Microexplosions, as seen in multicomponent fuels
with high volatility differentials, help to make the combustion
more energy effective and therefore makes that fuel more
attractive. Studying the combustion of pure soybean oil and
the combustion of multicomponent fuels gives a better picture
of what fuels will work in the future. Droplets were recorded by
a high speed camera that fully captured the combustion. Pure
soybean oil was compared to a soybean oil and pentanol
blend along with a few different three component fuel blends.
It was observed that the pentanol, butanol, and soybean oil
blend had the largest microexplosions compared to the
soybean oil and pentanol blend. The goal of this research was
to investigate soybean oil’s combustion characteristics,
observe how a blend of pentanol and soybean oil burn, and to
compare this data to a three component fuel.

Future Research

The research that has been performed this semester has provided 
some useful answers to microexplosion research but has also brought 
up some more questions that should be examined.

-During the pure soybean trials one ignited at room temperature.  This 
case could be thoroughly investigated by observing and recording the 
combustions of pure soybean oil droplets at a range of temperatures.

-Another area to investigate is pentanol and soybean oil at a variety of 
blends.  There may be a certain blend that exhibits more 
microexplosions than the 50% soybean oil and 50% pentanol.

-Pentanol and butanol are both very similar chemicals and behave 
similarly.  Pairing soybean oil with another closely related alcohol may 
show some improvements over the other two chemicals. 

-During the 33% soybean oil, 33% pentanol, and 33% butanol blend 
trials about half of the trials exploded off the strands that held the 
droplet suspended.  The reason why this is not a consistent response 
is unknown and could be investigated further.
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Microexplosions

In multicomponent fuels where the fuels have significantly
different volatilities, microexplosions can be observed. When
the droplet begins to burn the mixture inside the droplet can
be approximated as the same as what was initially mixed. As
the droplet burns the pentanol and butanol burn off the
surface leaving the soybean oil at the surface of the droplet
(Figure 2). [1] This engulfs the lower volatility fuel. As the
temperature of the droplet increases it will eventually pass the
boiling point of the interior fuel but not past that of the
soybean oil. Once the boiling point of the pentanol or butanol
is exceeded it boils and the diameter of the droplet increases
significantly (Figures 3 and 4). [1] The process of
microexplosion can be repeated multiple times before the
droplet burns fully (Figure 4 and 5). [1]
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Combustion trials were performed in the top hat furnace as shown in 
Figure 6. [1]  The oven was initially set to 100°C for all trials.  Inside 
the oven there was a top and side thermocouple that centered on 
silicon cross strings (Figure 7). The droplet stay suspended on the 
intersection of these stands for the experiment as seen in Figure 7.  
To ignite the trial droplet, a resistance element would come up from 
under the cross strings when actuated for the default 0.25s.  A high 
speed camera recorded trials through a sight port. The camera was 
connected to a computer where the images were captured, saved, 
and analyzed.

When looking at the combustion characteristics of tri-component fuels they exhibited microexplosions that are very 
prominent, much more violent, and much larger than the microexplosions seen in the bi-component blend. In about half of 
the cases of the evenly blended fuel (Trials 3,4, and 6 in Figure 10) the droplet exploded off the stands in powerful 
microexplosions.   The 33% soybean oil, 33% pentanol, and 33% butanol blend showed the biggest microexplosions which 
makes this the most energy efficient combustion of all the trials. The other blends had larger microexplosions than the 50% 
soybean oil and 50% pentanol blend but not as efficient as the equal blend trials.  Very few of these blends exploded off the 
silicon strings. All tri-component trials were conducted at an oven temperature of 100°C and the igniter time was not 
increased.  

Figure 10

Burning a 50% soybean and 50% pentanol mixture was a much more exciting 
combustion reaction as seen in Figure 9. There were multiple microexplosions
in each trial. Due to the large volatility differential between the soybean oil and 
the pentanol paired with the mass transfer rate to the outside of the droplet of 
the two fuels, microexplosions were observed and recorded. In these trials the 
oven stayed at 100°C and the igniter time did not have to be increased. 

The pure soybean oil combustions as seen in Figure 8 shows a very 
smooth burn. There are not very many peaks which would have 
indicated microexplosions.  Without microexplosions this fuel alone 
does not have a very energy effective combustion. These trials were 
difficult to burn.  The oven temperature had to be increased to around 
120°C.  The time that the igniter stayed under the trial droplet was 
increased up to one  second. Figure 8

Properties of Pentanol and Butanol versus 
Soybean Oil

Pentanol and butanol are both very similar fuels.  They are only          
differentiated by a methyl group.  Their viscosities, flash points, and 
their other qualities are similar since they are such closely related 
alcohols.  Their boiling points are about 20°C apart.  This is 
significant in a small droplet.  This difference in boiling points helps 
create the larger, more violent microexplosions seen in the tri-
component fuel blends.  Soybean oil is a very thick fluid with a high 
flash point.  This makes it a great fuel to pair with pentanol or butanol 
both of which are very volatile.
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The pictures below are from Trial 5 of the 50% soybean oil and 50% pentanol blend 
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