Fire Sci. Eng., Vol. 33, No. 5, pp. 1-6, 2019 ISSN : 2508-6804 (Online)
DOI: https://doi.org/10.7731/KIFSE.2019.33.5.001 ISSN : 1738-7167 (Print)

[Research Paper]

SUR/OELZ SRIARS| XIHHSIRE OIS

B7TIsE RAFs) ek, ﬁmw P} w5

Prediction of Autoignition Temperatures of Gasoline—Ethanol
Blended Fuels

Shin-Woo Kim - Eui-Ju Lee’
Graduate Student, Dept. of Safety Engineering, Pukyong National Univ.,
"Professor, Dept. of Safety Engineering, Pukyong National Univ.

(Received October 11, 2019; Revised October 17, 2019; Accepted October 17, 2019)
(@] OoF
B3 =

A2 thepe QA %e] WS Bal vl edlme] ato] I ST, Aok 2L T1Ee] SR S
EPARE THE] 40)E FRFHAL ok olsh L& AEE AR SHL /1 AU AzEoR9| F gl o]
sh2) 2 Fwe) AL FA F7HAY 5 AUk mebA B AT s BEHQ ol QAR e] AuFE2 Fuf
NHE THARE AHESHE A S L Bwe] APYL ST+ Uk /WS ANSHE Ae BHo=
sk ik ol & $I3) FHolRke E3710] AAHELEE TR SRS, WSEAN L o] 3ol o)
g AFzRlel] ThalA] ol Zol ThE A ERAS WO Beith WP, ¢, ol B& Sl ofe A
LE WSS AAHOE B GI Qlele] 2 o|EEE BYlon dge Fao] ZolE5E el
e Fao] FolEth. ER AAS B3 A BSEANS B DL Jhgko] i F AFL X 5 A
o o Aol £ 5 ek TR £AISHE AagolH AR SEE oy e Hole2A Hep
AZ # Yo HaAHA

ABSTRACT

The recent development of biofuel production technology facilitates the widespread use of bioethanol and biodiesel by
mixing them with fossil fuels. However, the use of these new blended fuels in combustion could result in severe safety
problems, such as fire and explosion. In this study, numerical simulation was performed on the well-stirred reactor (WSR)
to simulate the autoignition temperature (AIT) in homogeneous combustion and clarify the effect of ethanol addition on the
AT, the most important property for assessing the potential for fire and explosion. Response surface methodology (RSM)
was introduced as a design of experiment (DOE), enabling the AIT to be predicted and optimized systematically with
respect to three independent variables: ethanol mole fraction, equivalence ratio, and pressure. The results show that the
autoignition temperature primarily depends on the ethanol mole fraction and pressure, while the effects of the equivalence
ratio are independent of the AIT. RSM accurately predicted the experimental AIT, indicating that this method can be used
to effectively predict the key properties involved in fires and explosions.
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Table 1. Designed Box-Behnken Method and the Calculated Results

Species Mole Fraction in Gasoline Surrogate | AIT, K
I-CsHis 0.5 683
C7Hs 0.35 753

N-CsHiz 0.15 549
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Figure 1. Autoignition temperature with respect to the ethanol
mole fraction in gasoline/ethanol surrogates.
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Table 2. Designed Box-Behnken Method and the Calculated Results
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Input Variables Output
Run Order : : X
Ethanol Mole Fraction (z,) | Equivalence Ratio () Pressure (z;), Atm AIT, K
1 1 1 1 1068
2 0.5 1 8 983
3 0.5 1.05 15 950
4 1 0.95 8 950
5 1 1 15 920
6 0 1.05 8 1016
7 0 0.95 8 1019
8 0 1 15 981
9 0.5 1.05 1 1103
10 0.5 0.95 1 1106
11 0 1 1 1139
12 0.5 0.95 15 953
13 1 1.05 8 947
1.050 15 15
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Figure 2. Contour plots of autoignition temperature for three different variables.
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AIT from response surface model.
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