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Fig. 3 Relation between reaction coordinate and energy

in exothermic reaction.
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Table 1. Characteristic of gasoline®

Chemical name Gasoline
CAS NO. 8006-61-9
Flash point < =40 C
Boiling point 32 ~ 210 C

Melting point -905 ~ -954 C

Specific gravity

0.7 ~ 0.8(H,0=1)

Vapor density

3.0 ~ 4.0(air=1)

Vapor pressure

304 ~ 684 mmHg (37.8 T)

Autoignition temperature

28054 17) T

Explosion range

1.2 * #0874

,21,
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Photo 1. The picture of experimental apparatus for

vapor explosion tester.
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D High voltage transformer (@ Sample generator

@ Amplifier ® Control box

@ Oscilloscope © Explosion vessel

@ Computer (0 Spare sample mixing chamber
® Vacuum pump @ N, bombe

® Temperature control system @ O, bombe

Fig. 4 Schematic diagram of experimental apparatus for

explosion measurement.
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Fig. 5 Schematic diagram of experimental apparatus for

auto 1gnition temperature measurement.
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Photo 2. Experimental apparatus for auto ignition

temperature measurement.
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Fig. 6 Calibration curve for temperature between thermocouple
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Table 2. Allowable range and tolerance of thermocouple according

to the type of sensor (KS C 1602)*

Classification of tolerance
Type
Class 1 Class 2 Class 3
600~800 C
) ) 4 C
B
600~1700 T 800~1700 T
) £0.0025: | Tyl £0.005+| Tl
0~1100 C 0~600 C
11 C £15 C )
R, S
600~1600 T
¥ +0.0025-| T, !
-40~375 C =40 SN -167~40 T
=5 T 25 T 25 T
N 375~1000 T SIS -200~-167 T
+0.004 [ Tyl +0.0075 [ Tyl +0.015°[ Tl
-40~375 € =40~333 ¢ -167~40 T
+15 T §8.5~C 25 T
2 375~1000 T 333~-200 C -200~-167 T
+0.004 [Tl +0.0075 [ Tyl +0.015°[ Tl
-40~375 T -40~333 T -167~40 T
£15 T 25 T 25 T
b 375~800 C 333~900 C -200~-167 T
+0.004 [Tl +0.0075 [ Tyl +0.015+[ Tl

,31,



Table 3. Standard of liquid in glass (KS B 5302)*

T 100 C 150 C 200 C 250 C
ybe Thermometer Thermometer Thermometer | Thermometer
Symbol | 100A 100M 150A 150M 200M 250M
o Organic Organic
Liquid ] Mercury ] Mercury Mercury Mercury
fluid flud
Scale -10 ~ -10 ~ -10 ~ -10 ~
range +100 C +150 C +200 C +250 C
Detailed 7 = . .
0% 8 onfill @ 1 Cor2 C
scale
Scale | . .
5 5Corl0 T
mark
Numeric | . .
10 10 Car D T
scale
Below scale of
200 CTx1 C
Tolerance Below degree of 200 Cx1 C Excess
scale of
200 CT+15 C
Dipping Overall dipping
Overall
305+5 mm, 3555 mm, 405+5 mm
length
Tube
) 6~7 mm
diameter

,32,
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Table 4. Experiment result of flammable limit

Gasoline ) )
Low Explosion Upper Explosion
Limit(LEL) 2% Limit(UEL) %
02(%)

24 1.3 3.9

21 1.3 7.3

18 1.3 5.6

15 1.3 4.1

12 1.5 2.6

11 240 2l

109 2.0 2

,39,
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Fig. 7 Relation between oxygen concentration and gasoline

concentration.
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Fig. 8 Relation between ignition temperature

and dropping volume of gasoline.
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Fig. 9 Relation between ignition delay time and ignition

temperature of gasoline.
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Table 5. Comparison of experimental and ignition delay

time of gasoline

1

Delay

No. | T, [C]]| T, [K] T 10° [K™] e Ts] In T,
1 407 | 680.15 1.47 8.55 2.15
2 409 | 682.15 1.47 7.83 2.06
3 419 | 692.15 1.45 6.64 1.89
4 449 | 72215 1.38 42 1.44
5 469 | 742.15 135 3.17 1.15
6 499 | 77215 1.30 2.02 0.70
7 519 | 792.15 1.26 1.61 0.48
8 529 | 802.15 1.25 1.37 0.31
9 539 | 812.15 1.23 1.22 0.20
10 549 | 822.15 1.22 1 0

,46,
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Fig. 10 Relative diagram between temperature and

1gnition delay time of gasoline.
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Nomenclature

Half thickness of sample vessel

Constant obtained from experimental
Pre—-exponential factor of Arrhenius equation
Concentration of reactant

Specific heat

Activation energy of reaction

Heat transfer coefficient

Shape parameter

Heat conductivity of body

(superscript) Order of reaction

Mole of component ¢

Total mole of all components

Heat of reaction per unit mole
Universal gas constant

Coefficient of determination

Surface area

Time

Mean temperature of internal system
Ambient temperature

Critical auto ignition temperature

Displayed temperature on experimental apparatus

,50,

[mol/m’]
[J/mol-K]
[J/mol-s]
[W/m?K]
[ -]
[W/m-K]
[ -]
[mol]
[mol]
[J/mol]
[J/mol-K]
[ -]
[m’]
[sec]
[K]
[K]
[K]
[T]



S48 3

<< 3'ﬂ

B

Temperature of thermometer in flask [T]

Ignition temperature [T]

Converted to the absolute temperature of ignition [K]

temperature

Measurement temperature [T]
Volume of system [m*]
Coordinate [ -]
Mole fraction of component i [ -]
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Greek Letters

Constant ( Y-intercept)
Dimensionless reaction rate
Dimensionless temperature
Dimensionless distance
Density of mixture system
Ignition delay time
Dimensionless time

Experimental ignition delay time
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A Study on the Combustion Range and Activation

Energy of Gasoline for Motor Vehicle

Seung-Jo Go

Dept. of Fire Protection Engineering, Graduate School,
Pukyong National University

Abstract

In this study, the explosive limit, autoignition temperature and
Instantaneous ignition temperature of gasoline for cars were measured to
identify 1ts ignition characteristics, and the activation energy was

estimated to determine the hazard of gasoline. The results are as follows.

1) At the oxygen concentration of 21 %, the lower explosive limit
was measured to be 1.3 % and the upper explosive limit 7.3 %.
With decreasing oxygen concentration, the lower explosion limit

did not change while the upper explosive limit decreased.

,58,



2) The minimum oxygen concentration(MOC) for the safe operation of

the process was estimated to be 109 %.

3) Auto ignition temperatures according to the varied sample
quantity were measured, and an identical temperature of 407 T
was obtained as the lowest ignition temperature for all the

gasoline quantities of 100~125 ul.

4) The instantaneous ignition temperature of the sample with the
quantity of 125 uf at 1 second after increasing the temperature

from the lowest ignition temperature was measured to be 549 C.

5) The activation energy was calculated from the correlation between
the ignition temperature and the ignition delay time, which was
the time elapsed for the sample to ignite upon increase of
temperature with the sample quantity used for measuring the
lowest ignition temperature. The calculated activation energy was

67.36 k J /mol, and the correlation coefficient (*) 0.998.
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