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Abstract

This study is aimed to analyse the comparison of the spray combustion using
kapok seed oil and jatropha oil through the combustion length, combustion
width and combustion stage by using a video camera with the speed of 420 fps
in the spray nozzle tester with a pressure of 2,100 psi. The result of the
comparative analysis showed that the spray combustion of kapok seed oil is
better than that of jatropha oil; it is found that 1) there is an 11.3 % difference
between the maximum spray combustion length of kapok seed oil and jatropha
oil, in which the maximum fire ranges of combustion using kapok seed oil and
jatropha oil is 136 mm and 121 mm, respectively, 2) there is a 17.95 %
difference between the maximum spray width of combustion using kapok seed
oil and jatropha oil, in which the maximum fire ranges of combustion using
kapok seed oil and jatropha oil are 46 mm and 39 mm, respectively, and 3) the
analysis results in the combustion stage shows that there is one combustion
stage in the kapok seed oil combustion and four combustion stages in jatropha
oil combustion.
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1. Introduction

The diminishing availability of fossil fuels causes highly fluctuative prices and
the negative impacts of fossil fuels urges the search of alternative renewable fuels.
Research [1] states that biofuel is a fuel that is produced through contemporary
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Abbreviations

Cs Combustion Stages

FLSM Flame Length Spray Maximum
FWSM  Flame width Spray Maximum
JO Jatropha Oil

KSO Kapok Seed Oil

biological processes, such as agricultural anaerobic digestion, rather than a fuel
produced by geological processes such as those involved in the formation of fossil
fuels, such as coal and petroleum, from prehistoric biological matters. Biofuels can
be derived directly from plants, or indirectly from commercial, domestic, and
industrial wastes [2]. Non-food raw materials in the production of biofuel or
biodiesel are a promising future because they do not compete with food crops and
do not increase food prices. Therefore, it is an essential factor to ensure the
economic viability of the production of biodiesel [3, 4]. Research [5] has reported
that non-food vegetable oils have a lower price than the vegetable oil used as a
meal. The development of biodiesel fuel with a derivative approach of vegetable oil
has provided an enormous opportunity as an alternative fuel, since the relatively
high content of vegetable oils is a major potential that can be used as biofuel based
on hydrocarbons. Some biodiesels that have been investigated and discussed are
those made of Jatropha, Pongamia pinnata, Calophyllum inophyllum, Hevea
brasiliensis, Azadirachta indica, Madhuca indica, Sterculia, etc. [6].

Kapok, or locally known as kekabu or cotton, which belongs to the family of
Bombaceae, is cultivated in Southeast Asia, Malaysia, Sri Lanka, other parts of
Africa, East Asia and tropical America and can grow naturally in the humid and
sub-humid tropical America and Africa [7]. Kapok seed occupies about 25-28 %
(w/w) of each fruit, seeds contain relatively high crude oil which is about 22-25 %
by weight and reported to be almost identical with cottonseed oil. It can be
processed to get the oil to manufacture soap and its residue is used as fertilizer or
animal feed, and it has a variety of uses in wool production [8]. Physical-chemical
properties of biodiesel kapok. Methyl Ester, JO are a popular energy crops in
tropical countries. The plant has several uses including energy supply that can be
used in crude form as biodiesel. Since the last decade of the last century, methyl
ester biodiesel has become more attractive because of its environmental benefits
and the fact that it is composed of renewable energy sources [9]. Biodiesel
production of a total of 63 seeds of oil can be an alternative biofuel solution in
order to reduce fossil fuel use. Biofuel from seed oils are among others jatropha
seed, kapok, neem, karanja, rubber seed, mahua, silk cotton tree, etc. [10].
Rapeseed oil methyl ester, the earliest type of biodiesel fuel, is produced
commercially [11]. Meanwhile, biodiesel can be a good alternative on the
machine marked as single raw material that can run the machine [12]. In recent
developments, biodiesel has been more attractive economically and there are
opportunities to enhance environmental performance in job creation and rural
economic empowerment [13].

2. Literature Review

This section will explain the nature and advantages of using jatropha oil and
kapok seeds oil as an alternative to biofuel.
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2.1. Kapok seed oil

The product made of this raw material, when being compared with international
biodiesel standards, can be seen as an alternative source for biodiesel [14].
Oleophilic-hydrophobic characteristics of cotton fibres can be ascribed to the
surface of the wax [15]. Kapok remains stable after fifteen cycles of reuse with
only 30 % of reduction in the absorption capacity [16]. A large part of the plant
that produces non-edible oil (non-edible) may be taken into account in the
production of biodiesel. Non-edible oils, such as those made of jatropha,
microalgae, neem, karanja, rubber seed, mahua, silk cotton tree, etc., are widely
available in developing countries and are very economical compared to vegetable
oils [17]. The advantage of kapok seed oil is the fact that the physical-chemical
properties of kapok seed oil biodiesel produced from this raw material are better
compared with the standards of international biodiesel and biodiesel as alternative
energy sources for the future [18]. Biodiesel from cotton seed oil has the potential
to replace diesel oil to be used as diesel motor fuel. The trial mobilization diesel
engine generates power and efficiency not much different from diesel oil, while
the emission of CO, HC and NOx is even smaller. The exhaust emission of diesel
motor with kapok seed oil biodiesel consists of 0.022 % carbon monoxide, lower
than that of diesel oil, which is 0.05133 %; the hydrocarbon emission is 17.467
ppm, lower than that of diesel oil, which is 27.333 ppm; and the nitrogen oxide
emission is 3.6 %, lower than those using diesel oil [19].

2.2. Jatropha oil

A comparative study has been conducted on the various methods to improve
engine performance using castor oil as the main fuel for compression ignition
engines. Crude JO resulted in slightly reduced thermal efficiency. Dilution,
micro-emulsification, pyrolysis and transesterification are four techniques that are
implemented to solve the problems faced by the viscosity of the fuel that is high
[20]. To study the performance and emission characteristics of biofuel
comparable with fossil fuels [21]. Seeds of Jatropha curcas L. have high oil
content and the biodiesel produced has properties similar to petroleum-based
diesel [22]. This biodiesel generally causes an increase in emissions of NOx and
reduction in HC, CO and PM emissions compared to diesel [23]. It is reported
that diesel engines without modifications can be run successfully with a mix of
20% biofuel and 80% diesel without damaging the engine parts [24]. The results
of other studies show that the production of biodiesel from Jatropha curcas has
many social, economic and environmental benefits for the country and can play a
big role to solve the energy crisis problem [25]. According to a report presented,
it is important to find a profitable source of biodiesel and it should be focused on
the raw materials that do not compete with food crops, do not lead to landing
clearing and provide a reduction of greenhouse gas [26]. Jatropha oil is more
environmentally friendly for engine and it is suitable to be used for machine [27].
Especially for the production of biodiesel, Jatropha can be selected as the plant
which does not compete with crops for food, is not consumeable for animals due
to its poisonous property, is adaptable in the field, suitable for environmental
considerations in reducing pollution, reduces dependency on fossil fuels, provides
new business opportunities for farmers to gain more revenue and allows more
decentralized fuel production [28].
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3. Experimental Procedure

This research used material KSO and JO in the spray at the pressure of 2,100 psi
by using a nozzle tester, on the back of the nozzle in the long tide gauges are used
to compare the length and width of flame. The results of the oil spray in turn by
lighter the end of the nozzle so that the oil burned in the free air space, and then
the flame is recorded at a speed of 420 fps from the side. Video recordings are
processed using software solver video footage into a picture frame, this method is
also developed [29]. The tool used for spray combustion in this study using a
nozzle tester. Furthermore, combining images obtained at the time and chose
according to the image change for 3 seconds. The measurements of the length and
width of the flame bursts of kapok seed oil and jatropha oil are measured through
the frame of the drawing using a measuring device by comparing the
measurement of the length and width of the flame on the frame results.
Determination of the analysis of the combustion stage can be seen from the frame
character of the image of the flame. The shape of the flame frame will be oval in
the early stages. The next stage, the shape of the fire image frame will move
forward and at a certain stage the fire image will go back and forth to some stage.

The flame burning combustion method is an acceptable and efficient standard
method for fuels, since this method is the development of some previous research
results. The method used to compare combustion results on the KSO and JO in a
given time by breaking the video into an image and performing the width
measurement that has been developed [30], the method of calculating the length
and width of the combustion spray on KSO and JO using the method used [31],
and combustion methods to compare KSO and JO refer to the results of the study
[32]. Research [33] also uses a shooting method using a flame-shaped pattern that
is used to determine the speed of the extension of the flame.

4, Results and Discussion

This section describes the composition of fatty acids found in KSO and JO in the
results of research and comparison of results of the analysis of the spray
combustion using KSO and JO (length, width and stage).

4.1. Composition of KSO and JO

The data of kapok seed oil and jatropha oil compositions obtained from the
laboratory test are shown in Table 1.

Table 1 shows that the value of fatty acid composition for kapok seeds in oleic
compounds is 53.10% w/w, linoleic is 3.16% w/w, and palmitic is 20.56% wi/w.
The linoleic contained in the KSO tested is 3.16% w/w, whereas the linoleic
contained in the JO tested is 37.75% w/w. There was a difference of 34.59% w/w.
This was expected to lead to a difference in the resulted spray flame of KSO and
JO. This finding is in line with the results of [29, 24, 34] which states that the
content of palmitic fatty acids in kapok seeds is 2.46-23.20% w/w. The fatty acid
composition for jatropha oil in Table 1 shows the oleic compound of 45.27%
wi/w, linoleic of 37.75% w/w, and palmitic of 14.94% w/w. The results of this
study are in line with the findings of [35,36] which states that fatty acid content in
jatropha oil for linoleic compounds is 35.11-53.76% w/w.
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Table 1. The composition of Kapok Seeds Oil and Jatropha Qil

. Kapok seed oil Jatropha oil

No. Fatty Acid (% wiw) (% wiw)

1 oleic 53.10 45.27
2 linoleic 3.16 37.75
3 palmitic 20.56 14.94
4 palmitoleic - 0.84

5 lauric 1.14 0.62

6 myristic 0.79 0.34

7 caprylic 0.11 0.08

8 capric 0.19 0.08

9 stearic 4.19 0.11
10 linolenic 1.15 0.20

4.2. The comparative analysis of the spray combustion using KSO
and JO in the combustion length, width and stage

The analysis results that in KSO combustion on Fig. 1. Figure 1 shows the analysis
results that in KSO combustion, there is one CS. It can be seen in the figure that the
movement of the flames gradually advanced from below upward, and the initially
small fire enlarged until it shrinks and discharged.

Figure 2 shows the relationship between the length of time of the combustion
and KSO flame spray, the method of the combustion measurement is performed by
examining the results of breaking video into images and measurement of width has
been developed in [35]. The length of fire in the picture is extended to a maximum
of 182.81 cm at 3 s. The width of KSO flame spray is small at the beginning but it
expands and reaches a maximum width of 48.75 cm at 1.75 s, and then it shrinks
back until it is out. This shows relatively stable and regular KSO flame spray.

Figure 3 shows the analysis of the CS. This method is developed in [29, 32,
34] by analysing changes in flame. One regular movement of flame expanding
from small to big and then shrinking again makes one CS. The combustion using
JO has four CS, which can be seen in the figure. In the first stage (i) the image
shows the movement of the flame that gradually advances from below upwards.
In the beginning, the flame is small, then it enlarges until it is tapered and
discharged. In stage two (ii) at the beginning of the fire retreats enlarged image
from the bottom and then presents the enlarged until then it shrinks and the fire
flames are discharged. In the third phase (iii) at the beginning the fire retreats, it
enlarges image from the bottom and then moves the enlarged until then it shrinks
and the fire flames are discharged. Finally in step four (iv) at the beginning the
fire retreats, it enlarges image from the bottom and then moves the enlarged until
then it shrinks and the fire flames are discharged.

Figure 4 shows the relationship between the length of time of the combustion
and the length of flame spray in the combustion using JO. The method of the
combustion measurement is breaking video into images, and the width
measurement has been developed in [30]. Figure 4 shows that the length of the
fire continued to rise from the beginning until it reaches a maximum length of 177
cm at 1.5 s, then decreases at 1.75 s and 2 s, rises back at 2.25 s, drops again at
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2.5sand 2.27 s, and finally increases at 3 s. As for the width of JO flame spray, it
expands from the start until reaching the maximum width of 46.80 cm at 1.5 s,
then shrinks until it is out. This shows that JO flame spray is irregular and
unstable. Meanwhile, Fig. 5 shows the comparison of length (a) and width (b) of
spray flame of KSO and JO.
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Fig. 2. The length and width of the flame spray of KSO.
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Fig. 3. Stages of JO flame spray.
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Fig. 4. The length and width of the JO flame spray.

Figure 5 shows KSO and JO flame length and width spray. There are different
characteristic of combustion that is in Fig. 5 (a) flame length of spray KSO is
longer than flame length of spray JO. Figure 5(b) shows that the Flame width
spray KSO is wider than the Flame width spray JO. This can occur by looking at
the components of the KSO and JO compositions shown in Table 1. The
composition of kapok seeds oil and jatropha oil, with the amount of fatty acid
palmitic KSO 20.56 % while the fatty acid palmitic JO 14.94 % and the amount
of fatty acid oleic KSO 53.10 % while fatty acid oleic JO 45.27 %.

PrEEERELR Linany
(a) (1)
Fig. 5. Comparison of (a) length and

(b) width of flame spray of KSO and JO.

Biodiesel or biofuel with unsaturated fatty acid composition will facilitate
combustion [37]. The palmitic unsaturated fatty acid and oleic KSO are larger
than the palmitic and oleic fatty acid KSO so that the Flame length spray KSO is
longer than the Flame length spray JO as well as the Flame width spray KSO
wider than the JO flame width spray.

The evaporation rate of different types of biofuel fuels is due to the different
components of the biofuel composite [38]. In biofuel the combustion properties
may vary depending on the composition and a multi-component evaporation
method of biofuel combustion [39] is required. Direct use of vegetable oil in fuel
engines does not burn entirely [40].
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Figure 6 shows the range of KSO flame spray is longer and more stable
movement when compared to flame spray JO this may occur due to the
composition of unsaturated fatty acids in KSO more so as to affect the result of
KSO injection pressure resulting in KSO flame spray range longer. The maximum
length range of KSO obtained is 182.81 cm and the maximum length range of JO
(below) obtained was 1,77 cm.

The properties and the kinematic viscosity produced by biofuel show that the
properties are influenced by the length of the chain and the degree of carbon
saturation [41]. Injection pressure on different viscosities will result in different
spray qualities, which may affect the length of the spray range in the combustion
process [42].
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Fig. 6. Comparison of KSO and JO flame spray lengths.

Figure 7 shows that the maximum width range of KSO flame spray (top)
obtained is 48.75 cm, while the maximum width of JO flame spray (below)
obtained is 46.80 cm. Viscosity is another physical characteristic that can affect
spray pattern [43]. The spray forming angle decreases and the biofuel spray
results are narrower, this is due to the higher biofuel viscosity [31], if the
comparison of KSO and JO flame spray widths shows that the KSO flame spray
widths are wider than JO flame spray widths. This is in accordance with the
composition of unsaturated fatty acids in KSO more when compared with the
composition of unsaturated fatty acids in JO.
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Fig. 7. Comparison of KSO and JO flame spray widths.
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5.Conclusions

A comparative analysis of spray combustion shows that at the of 2,100 psi and
video camera speed of 420 fps, there is a 3.18 % difference in FLSM between
KSO and JO, where the maximum flame spray length of KSO is 182.81 cm and
the maximum flame spray length of JO is 177 cm. At the pressure of 2,100 psi
and video camera speed of 420 fps, there is a 4 % difference in the FWSM
between KSO and JO, where the maximum spray flame width of KSO is 48.75
cm and the maximum spray flame width of JO is 46.80 cm. At the pressure of
2,100 psi and video camera speed of 420 fps, there is one combustion stage in
KSO combustion and there are four combustion stages in JO combustion. The
resulted combustion of biofuel KSO is better than that of JO.

References

1. Jingura, R.M.; Musademba, D.; and Matengaifa, R. (2010). An evaluation of
utility of Jatropha curcas L. as a source of multiple energy carriers.
International Journal of Engineering, Science and Technology, 2(7), 115-122.

2. Devan, P.K.; and Mahalakshmi, N.V. (2009). Study of the performance,
emission and combustion characteristics of a diesel engine using poon oil-
based fuels. Fuel Processing Technology, 90(4), 513-519

3. Syers, J.K.; Wood, D.; and Thongbai, P. (2007). The proceedings of the
international technical workshop on the feasibility of non-edible oil seed
crops for biofuel production. Thailand: Mae Fah Luang University.

4. Pinzi, S.; Garcia, I.L.; Lopez-Gimenez, F.J.; Lugue de Castro, M.D.; Dorado,
G.; and Dorado, M.P. (2009). The ideal vegetable oil-based biodiesel
composition: a review of social, economical and technical implications.
Energy & Fuels, 23(5), 2325-2341.

5. Singh, S.P.; and Singh, D. (2010). Biodiesel production through the use of
different sources and characterization of oils and their esters as the substitute of
diesel: a review. Renewable and Sustainable Energy Reviews, 14(1), 200-216.

6. Ragit, S.S.; Mohapatra, S.K.; Kundu, K.; and Gill, P. (2011). Optimization of
neem methyl ester from transesterification process and fuel characterization
as a diesel substitute. Biomass and Bioenergy, 35(3), 1138-1144.

7. Demirbas, A. (2009). Potential resources of non-edible oils for biodiesel.
Energy Sources Part B, 4(3), 310-314.

8. Salimon, J.; and Kadir, K.A.A. (2005). Fatty acid composition and
physicochemical properties in kekabu seed oil. Sains Malaysiana, 34(2),
117-120.

9. Pinto, A.C.; Guarieiro, L.L.; Rezende, M.J.; Ribeiro, N.M.; Torres, E.A.;
Lopes, W.A.; Pereira, P.A.P.; and Andrade, J.B.D. (2005). Biodiesel: an
overview. Journal of the Brazilian Chemical Society, 16(6B), 1313-1330.

10. Hegde, D.M. (2003). Tree oilseeds for effective utilization of wastelands.
Compendium of Lecture Notes of Winter School on Wasteland Development
in Rainfed Areas p.111-1109.

11. Korbitz, W. (2002). New trends in developing biodiesel worldwide,
evaluating & exploring the commercial uses of ethanol, fuel alcohol &
biodiesel. Singapore.

Journal of Engineering Science and Technology April 2018, Vol. 13(4)



1120 Wibowo et al.

12. Verma, S.R.; and Sharda, A. (2005). Bio-diesel an alternative fuel for ClI
engines-global scenario and Indian perspective. Biomass based decentralized
power generation. Vidhyanagar: SPRERI.

13. Raju, K.V. (2006). Biofuels in South Asia: an overview (Editorial
Introduction). Asian Biotechnology and Development Review, 8(20), 1-9.

14. Dewajani, H. (2008). Potential seed oil kapok (Ceiba pentandra) as
alternative raw material biodiesel. Malang: Laboratory Unit of Small Scale
Operations Department of Chemical Engineering State Polytechnic.

15. Lim, T.T.; and Huang, X. (2007). Evaluation of kapok (Ceiba pentandra (L.)
Gaertn.) as a natural hollow hydrophobic-oleophilic fibrous sorbent for oil
spill cleanup. Chemosphere, 66(5), 955-963.

16. Abdullah, M.A.; Rahmah, A.U.; and Man, Z. (2010). Physicochemical and
sorption characteristics of Malaysian Ceiba pentandra (L.) Gaertn as a natural
oil sorbent. Journal of Hazardous Materials, 177(1), 683-691.

17. Demirbas, A. (2009). Potential resources of non-edible oils for biodiesel.
Energy Sources Part B, 4(3), 310-314.

18. Dewajani, H. (2008). Potential kapok seed oil (Ceiba pentandra) as an
alternative raw material for biodiesel. Indonesian Scientific Journal
Database, 1(2), 107-117.

19. Handoyo, R.; Anggraini, A.A.; and Anwar, S. (2007). Biodiesel from kapok
seed oil. Jurnal Enjiniring Pertanian, 5(1), 57-64.

20. Balat, M.; and Balat, H. (2010). Progress in biodiesel processing. Applied
Energy, 87(6), 1815-1835.

21. Koh, M.Y.; and Ghazi, T.I.M. (2011). A review of biodiesel production from
Jatropha curcas L. oil. Renewable and Sustainable Energy Reviews, 15(5),
2240-2251.

22. Kumar, A.; and Sharma, S. (2011). Potential non-edible oil resources as
biodiesel feedstock: an Indian perspective. Renewable and Sustainable
Energy Reviews, 15(4), 1791-1800.

23. No, S.Y. (2011). Inedible vegetable oils and their derivatives for alternative
diesel fuels in CI engines: a review. Renewable and Sustainable Energy
Reviews, 15(1), 131-149.

24. Silitonga, A.S.; Atabani, A.E.; Mahlia, T.M.l.; Masjuki, H.H.; Badruddin,
ILA.; and Mekhilef, S. (2011). A review on prospect of Jatropha curcas for
biodiesel in Indonesia. Renewable and Sustainable Energy Reviews, 15(8),
3733-3756.

25. Atabani, A.E.: Silitonga, A.S.; Badruddin, I.A.; Mahlia, T.M.1.; Masjuki,
H.H.; and Mekhilef, S. (2012). A comprehensive review on biodiesel as an
alternative energy resource and its characteristics. Renewable and
Sustainable Energy Reviews, 16(4), 2070-2093.

26. Jiotode, Y., an Agarwal, A.K. (2017). Endoscopic combustion characterization
of Jatropha biodiesel in a compression ignition engine. Energy, 119, 845-851.

27. Effendi, D.S.; and Karmawati, E. (2009). Research status jatropha and
cashew. Directorate General of Plantation. Jakarta.

28. Wardana, I.N.G. (2010). Combustion characteristics of jatropha oil droplet at
various oil temperatures. Fuel, 89(3), 659-664.

Journal of Engineering Science and Technology April 2018, Vol. 13(4)



A Comparative Analysis of Spray Combustion of Apok seed oiland . ... 1121

29. Sivakumar, P.; Sindhanaiselvan, S.; Gandhi, N.N.; Devi, S.S.; and
Renganathan, S. (2013). Optimization and kinetic studies on biodiesel
production from underutilized Ceiba pentandra oil. Fuel, 103, 693-698.

30. Muhaji; Wardana, I.N.G.; Yulianti, Y.; and Nursasongko, M.,
(2015).Combustion of pure, hydrolyzed and methyl ester formed of jatropha
curcas lin oil. International Journal of Renewable Energy Development, 4(3),
211-218

31. Tan, E.S.; Anwar, M.; Kumaran, P.; Indra, T.M.; and Yoshikawa, K. (2017).
Air assist atomization characterization of palm biodiesel through
experimental investigation and CFD simulation. Biofuels, 8(5), 571-577.

32. Saroso, H.; Wardana, I.N.G.; Soenoko, R.; and Hamidi, N. (2014). Premixed
combustion of coconut oil in a hele-shaw cell. International Journal of
Renewable Energy Development, 3(3), 155-160.

33. Maa, X.; Jianga, C.; Xua, H.; Dinga, H.; and Shuaib, S. (2014). Laminar
burning characteristics of 2-methylfuran and isooctane blend fuels. Fuel,
116(15), 281-291.

34. Wirawan, 1.LK.G.; Wardana, I.N.G.; Soenoko, R.; and Wahyudi, S. (2014).
Premixed combustion of kapok (Ceiba pentandra) seed oil on perforated
burner. International Journal of Renewable Energy Development, 3(2), 91-97.

35. Berchmans, H.J.; and Hirata, S. (2008). Biodiesel production from crude
Jatropha curcas L. seed oil with a high content of free fatty acids.
Bioresource Technology, 99(6), 1716-1721.

36. Odetoye, T.E.; Ogunniyi, D.S.; and Olatunji, G.A. (2010). Preparation and
evaluation of Jatropha curcas Linneaus seed oil alkyd resins. Industrial Crops
and Products, 32(3), 225-230.

37. Pinzi, S.; Rounce, P.; Herreros, J.M.; Tsolakis, A.; and Dorado, M.P. (2013).
The effect of biodiesel fatty acid composition on combustion and diesel
engine exhaust emissions. Fuel, 104, 170-182.

38. Sukumaran, S.; and Kong, S.C. (2016). Modelling biodiesel-diesel spray
combustion using multicomponent vaporization coupled with detailed fuel
chemistry and soot models. Combustion Theory and Modelling, 20(5), 913-940.

39. Zhang, L.; and Kong, S.C. (2012). Multicomponent vaporization modeling of
bio-oil and its mixtures with other fuels. Fuel, 95, 471-480.

40. Srinivasnaik, M.; Sudhakar, T.V.V.; and Balunaik, B. (2015). Bio-fuels as
alternative fuels for internal combustion engines. International Journal of
Scientific and Research Publications, 5(12), 2250-3153.

41. Isioma, N.; Muhammad, Y.; Innocent, D.; and Linus, O. (2013). Cold flow
properties and kinematic viscosity of biodiesel. Universal Journal of
Chemistry, 1(4), 135-141.

42. Chong, C.T.; and Hochgreb, S. (2017). Flame structure, spectroscopy and
emissions quantification of rapeseed biodiesel under model gas turbine
conditions. Applied Energy, 185, 1383-1392.

43. Kourmatzis, A.; Pham, P.X.; and Masri, A. R. (2013). Air assisted
atomization and spray density characterization of ethanol and a range of
biodiesels. Fuel, 108, 758-770.

Journal of Engineering Science and Technology April 2018, Vol. 13(4)



