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Table 2.1 Clausius — Clapeyron constants, A and B of hydrocarbons.

Hydrocarbon solvents A B
n-pentane 15.8 3.48x%103
n-hexane 16.0 3.90%x103
n-heptane 16.3 4.35%103

toluene 14.3 3.88x103

Table 2.2 Van Laar constants, A, and B, in binary system.

component 1 component 2 A, B,

n-pentane n-hexane 0.01169 0.01737
n-pentane n-heptane 0.008384 0.09081
n-pentane toluene 0.1538 0.2329

Table 2.3 Evaporation constants used in the prediction model.

Sample an [-] Ba [-] as [-] Be (-] k [m/s]

5-component liquid 0.634 15.2 1.05x%103 3.62x103  2.66x104
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Table 2.4 Mass transfer coefficient of hydrocarbon solvents.

Hydrocarbon solvents Mass transfer coefficient, k [m/g]
n-pentane 3.64x10+4
n-hexane 2.70x104
n-heptane 2.63x104

toluene 2.32x104
p-xylene 2.19x104

Table 2.5 Constants of the fitting — exponential curve.

Temperature, T [°C] m [-] n[-]
10 1.17x104 3.09
15 1.44%x10-4 3.02
20 1.75%10-4 2.96
25 2.12x104 2.90
30 2.54x104 2.84
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Fig. 2.9 Variation of evaporation rate with progress of evaporation (a) Binary
5-component system (n-pentane/ n-hexane/ n-heptane/ toluene/ p-xylene).
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Fig. 2.11 Measured and calculated evaporation rate at the depth of 2mm (a) Binary
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Table 3.1 Slopes and intercepts of the approximate straight lines of A and B.

) Slope of A Intercept of A Slope of B Intercept of B
Type of gasoline
an P aB Pe
Regular gasoline A 2.51 14.0 2.23x108 2.96x108
Regular gasoline B 1.49 14.1 1.74%x103 3.03x103
High-octane gasoline 3.40 14.1 2.14x108 3.10%x1083

Table 3.2 Mass transfer coefficient of gasoline.

Type of gasoline

Mass transfer coefficient, k [m/s]

d=1mm d=2mm d=3mm Mean value
Regular gasoline A 2.66x104 2.90%x104 3.34%x10+4 2.97x10+4
Regular gasoline B - 3.15x10+4 - 3.15%10-4
High-octane gasoline 3.00x10+4 3.42x10+4 3.88x10+4 3.43x10+4

Table 3.3 Constants of a - v curves, mand n.

Temperature Regular gasoline A Regular gasoline B High-octane gasoline
T[°C] m[-] n[-] m[-] n[-] m[-] n[-]
30 6.52x10-4 5.18 6.06x10-4 4.25 5.24x10-4 3.66
25 5.62x10-4 5.30 5.21x104 4.35 4.49x10-4 3.78
20 4.83%x10-4 5.44 4.46%x104 4.45 3.82x10+4 3.90
15 4.12%x10-4 5.58 3.79x104 4.55 3.24x104 4.03
10 3.50%x10-4 5.72 3.20%x10+4 4.66 2.72x104 4.16
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Fig. 3.1. Temperature changes in vapor pressure of degraded samples of gasoline.

(a) Regular gasoline A. (b) Regular gasoline B. (c) High-octane gasoline.
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Fig. 3.3. Correlation of weight loss fraction with constants of Clausius-Clapeyron

equation. (a) Regular gasoline A. (b) Regular gasoline B. (c) High-octane gasoline.
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Fig. 3.8 Temperature histories of gasoline. (a) Regular gasoline A. (b) Regular
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4.1

3-5)

7.8)

6)
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4.2
4.2.1

Table 4.1

4.2.2
60cm 100cm
0.28m?

25, 30, 35, 40, 45, 50, 55, 60 min

Imm, 3mm, 10mm

19.5cm
30, 50, 70 cm

4.2.3

100 cm

Fi

t=1,2,3,4,5,6,7,8,9,10, 15, 20,

10cm

g.4.1

0.03 m2

3mm

6 kv

3mm

10cm

Fig.4.2
RI1-415
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1L 1 mm

30 cm 0.1 m? 360 mL
3.6 mm
Fig.4.3 Fig.4.4
ti =1, 5, 10, 20, 30 min
hi 5, 10, 15, 20,
25, 30, 35, 40 cm 10, 20, 40, 50 cm
4.3
4.3.1
€))
0 50 cm 1
Fig.4.5
30
40cm
LEL 1.4vol% 9
v [m/s]
J [m3/m25] 7.8
\]:_Dd_cxi_ﬁ (4.1)
dz 100 100
D [m2/s] C [vol%] z [m]
Ap  [kg/m3]
F
F=-4p0 (4.2)
(4.2)
dz 100
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o 1_

X ——=— (4.4)
ot 100 0z
(4.3) (4.4) 2
oC 0°C
—=D 4.5
ot 02° (45)
(4.5 2 z=0 C
3.7.8) (4.5)
t=0,C=0 (4.6)
t>0,z=0C=C, (4.7)
t>0,z=0,C=0 (4.8)
3,7,8)
C = G, |1-erf (z/24/Dt)] (4.9)
(4.9) n-
(4.9)
Dcha 2.21x 10-5 m2/s M D
(4.10)
D _ Mg (4.10)
D M
n- Dcshio 1.03x 10-5m?/s Fig.4.6
n- (4.9
n- (4.9)
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(4.9)
Co
Po [kPa]

C, = (100/101.3) p,

Po

(3.5) a=0

C, = (100/101.3)exp( B, — B I T)

(4.9) (4.12) t z

(4.9)

x 105 1.33x 105m2/s 5 6 7 8cm2/min

Fig.4.7

20

105 m2/s 6 cm?/min

Co

(4.11)

Co

(4.12)

C [vol%]

(4.9)

8.33x 10 1.00x 105 1.17
(.4.9)

10mm

D 1.00x

1.00x 10-5 m2/s

m?2/s
(4.9)

1.00x 10-5

Co

Coyt
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(3.5)
Cy, =(100/101.3)p = (100/101.3) exp(B, — B, / T) exp{(cr, — o, / T)a}
(4.13)
Co (4.5)
(4.5) Czt
Az [m]
Fig.4.8 At [s]
Jz-az [M3/m2s] J; [m3/m2s] At
AC,, =(J,.,, - J,)A4t] Az (4.14)
J, (4.1)
J,=D(C,-C,,,)/ Az (4.15)
z t AC,4
AC,, =D(C,,, —2C, +C,,,,) At/ AZ° (4.16)
t=0,C=0 At=1s Az=0.5cm
(4.16)
Fig.4.9
(4.13) (4.16) z=0
Fig.4.10 (2.20)
Fig.4.11
Fig.4.11 (2.20)
(2.20)

(4.13)
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(b)

30

Fig.4.12
30 40cm
30 20cm
Co [vol%]
h[m]
Cz,t
v
(3.17) S
[m2] S [m?]
At [s] Aw [kg] (3.17)
AW = VS, At = Lm 417
mn-—2t+1 (4.17)
WO
m n an as fPan P kK
T
1000kM exp(f, — B! T)
m =
RT (4.18)
N=—(a,—ogz/T) (4.19)

M

0.08 kg/mol
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Aw [kg] AVevgp. [M3]

_AMWRT _ mS,RT

AVevap At
' PM S,
mn—=t +1|PM (4.20)
W0
R 8.314 J/molK T [K] P 1.013x 105 Pa
Az [m] At
AVitrus. [M3] z=h
J; [m3/m2 s] S [m2] At [s]
D(COt _Cht)
AN =) SA=—— """ S At 4.21
diffus. zsl 100 AZ Sl ( )
At z<h ACo,
[vol%]
AV, — AV, _
4, = et g MR S )3, 1004
' z
S [mnSZt+1jPM 3
WO
(4.22)
z>h
(4.13)
t=0,C=0 At=1s Az=0.5cm (4.13)
(4.19)
Fig.4.13
4.3.2
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4.3.3

1m
Table 4.2 Table 4.3
Fig.4.14 Fig.4.15 Fig.4.16
Fig.4.17
30cm
30 cm

1.4vol% 7.6vol%®

Fig.4.18
o X Fig.4.19
1L 20min, 30cm
30min, 35cm 30cm
5min, 10cm 5min, 20cm 30min, 40cm
1.4 1.8vol%
C4 n- 1.8vol% 10,11
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1.4vol%
C4 1.8vol%
Fig. 4.20

Table 4.1 an o8 fa P K

4.4

(1)
30
40cm

(2)

(3)
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(4)
1.4vol%

C4 1.8vol%

(5)

(6)
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Table 4.1 Evaporation constants used in the prediction model.

Type of gasoline an [-] P[] as [-] Ps [] k [m/s]

Regular gasoline A 2.51 14.0 2.23x103 2.96x103  2.97x10+4

Table 4.2 Environmental temperature on Ignition experiments to gasoline vapor

from gasoline spill on a floor in frame vessel.

Ignition height Environmental temperature, T [°C]
h; [cm] t=1min t=5min t=10min t=20min t=30min
50 16 16 16 16 16
40 16 16 16 16 16
30 16 16 16 16 16
20 16 16 16 16 16
10 16 16 16 16 16

Table 4.3 Environmental temperature on Ignition experiments to gasoline vapor

from gasoline spill on an upper part in frame vessel.

Ignition height Environmental temperature, T [°C]
h; [cm] t=1min t=1min t=1min t=1min t=1min
50 17 17 17 17 17
40 17 17 17 17 17
20 17 17 17 17 17
10 17 17 17 17 17
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Fig. 4.2. Experimental apparatus of evaporation and diffusion from gasoline spill

on an upper part of cylindrical enclosure.
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Fig. 4.3. Ignition experimental apparatus to gasoline vapor from gasoline spill on a

floor.

88



Clear vinyl sheet

/A

A

v

\ 4

Electric discharge

Gasoline spill

50cn

XX

XX

1m

Fig. 4.4. Ignition experimental apparatus to gasoline vapor from gasoline spill on
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Fig. 4.5 Time change in concentration of gasoline vapor when gasoline was spilt on

floor. (a) d = 1mm (19 °C). (b) d
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Fig. 4.6 Concentration of n-pentane vapor when n-pentane was spilt on floor at

® ¢ pnH
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Fig. 4.7 Measured and predicted concentration of gasoline vapor when gasoline

was spilt on floor with depth of 10mm at 19°C (C,: constant). (a) D = 8.33x 106
m2/s. (b) D = 1.00x 105 m2/s. (¢) D = 1.17x 105 m2/s. (d) D = 1.33x 10-5 m2/s.
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Fig. 4.8 Vertical diffusion model of gasoline vapor.
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Fig. 4.11 Time change in mass transfer coefficient of gasoline vapor when gasoline

was spilt on a floor.
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Fig. 4.12 Measured concentration of gasoline vapor when gasoline was spilt on an
50cm (18 °C). (d) z= 70cm (18 °C).



m  Measured (z=10cm) —— Calculated (z= 10cm)
A Measured (z=20cm) —— Calculated (z = 20cm)
¢ Measured (z=30cm) —— Calculated (z=30cm)
® Measured (z = 40cm) —— Calculated (z=40cm)
Measured (z = 50cm) Calculated (z = 50cm)
Measured (z = 60cm) Calculated (z = 60cm)
A Measured (z= 70cm) —— Calculated (z= 70cm)
¢ Measured (z=80cm) —— Calculated (z=80cm)
Measured (z = 90cm) Calculated (z = 90cm)
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Fig. 4.13 Measured and calculated concentration of gasoline vapor when gasoline
was spilt on an upper part of cylindrical enclosure. (a) Regular gasoline A. (b)
Regular gasoline B. (¢) High-octane gasoline. (a) z= 10cm. (b) z= 30cm. (¢) z=50cm.
(d) z= 70cm.

97



Fig. 4.14 Burning behavior of gasoline vapor from gasoline spill on a floor in frame
vessel. (h; =20 cm, t; = 10 min). (a) t = 0s. (b) t = 100ms. (c) t = 200ms. (d) t = 300ms.

98



Fig. 4.15 Burning behavior of combustible mixture from gasoline spill on a floor in
frame vessel. (h; =20 cm, t; = 30 min). (a) t = 0s. (b) t = 100ms. (c) t = 200ms. (d) t =
300ms.
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Fig. 4.16 Burning behavior of combustible mixture from gasoline spill on an upper
part in frame vessel. (h; = 10 cm, t; = 20 min). (a) t = 0s. (b) t = 100ms. (¢) t = 200ms.
(d) t = 300ms.
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Fig. 4.17 Burning behavior of combustible mixture from gasoline spill on an upper
part in frame vessel. (h; = 10 cm, t; = 30 min). (a) t = 0s. (b) t = 100ms. (c) t = 200ms.
(d) t = 300ms.
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o Ignition

Result
x Non-ignition

Ignition

Prediction

Nome-ignition

(Predicted concentration [%])

(a) Ignition height Ignition time, t, [min]
h, [cm] 1 5 10 20 30
5 (@) X X X X

(5.7%) | (16.1%) | (17.6%) | (17.3%) | (16.6%)

10 X O X X X
©0%) | (65%) | (10.5%) | (12.8%) | (13.3%)

15 X (e) O X X
©0%) | @8% | G2%) | (8.7%) | (10.0%)

20 X X (@] O O
0%) | (0.35%) | 22%) | (5.4%) | (7.1%)
25 X X X (@] (@]
(0%) | (0.05%) | (0.74%) | (3.0%) | (4.8%)
30 X X X X (@]
(0%) 0%) | 0.20%) | (1.6%) | (3.0%)
35 X X X X X
(0%) 0%) | (0.05%) | (0.72%) | (1.8%)
40 X X X X X

(0%) | (0.14%) | (0.01%) | (0.30%) | (1.0%)

(b) Ignition height Ignition time, t, [min]
h; [cm] 1 5 10 20 30
10 X X X O O
(0.24%) | (1.0%) | (1.8%) | (2.8%) | (3.4%)
20 X X X O O
(0.24%) | (1.0%) | (1.8%) | (2.8%) | (3.4%)
40 X X X X X
(0%) | (0.09%) | (0.36%) | (1.0%) | (1.6%)
50 X X X X X
(0%) (0%) | (0.04%) | (0.27%) | (0.60%)

Fig. 4.18 Results of ignition experiments and ignition prediction. (a) gasoline spill

on a floor. (b) gasoline spill on an upper part.
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ti = 30 min

UEL: 7.6 vol%
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Fig. 4.19 Results of Ignition experiments and predicted concentration of gasoline

vapor. (a) gasoline spill on a floor. (b) gasoline spill on an upper part.
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1 min

ti = 30 min

UEL: 7.6 vol%
LEL: 1.8 vol%

: Ignition
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Fig. 4.20 Results of Ignition experiments and predicted concentration of gasoline

vapor. (a) gasoline spill on a floor. (b) gasoline spill on an upper part.
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5.2

521
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1 2 3
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51
p[Pa] v[kg/mz2 s]

p=1000exp(f, — fBs I T)exp{(a, — a5 IT)a}  (5.1)

v=kpM /RT (5.2)
R (8.314 J/molK) T [K] M
g/mol 120 g/mol
(5.1) (5.2) 10 30°C
Fig. 5.1
5.2.2
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80um
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RI1-415

5.2.6
1 100cm 11 Imm
6 kV
2mm
ti=5, 10, 20, 30 min
h; 10, 20, 30, 40 cm
Fig.5.4
5.3
53.1
2
Yo Yk Xg
Xi P Pk [kPa]
yg = Xg pg /(Xg pg + Xk pk) (53)
Y = X Py /(Xg Py + X Py) (5.4)
(5.3) (5.4)
dw [g] Ny Nk
[mol]
dN, =y, dw/(y, M, +y,M,) (5.5)
dN, =y, dw/(y,M, +y M) (5.6)
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My My [g/mol] 80 g/mol 120 g/mol

pg Pk ag a

Py = &XP( By — Pog I T)EXPUApg — g I TRy (5.7)

P = eXp(,BA,k — Pex /T)eXp{(aA,k —Qpgy /T)ak} (5.8)

(5.3) (5.8)
5 31 2
1 1 1 1 2 1 3 20
Fig. 5.5
Fig. 5.6
5.3.2
Fig. 5.5
Fig. 5.6 Xg Xk ag a
P =X, Py + X Py

= X, &XP( S — Pag | T)EXPYpy — X I T)2, |

+ X &XP(Ba — Bex I T) exp{(aA,k — gy /T)ak} (59)

Py Px (5.7) (5.8)

10 25
Fig. 5.7

Clausius — Clapeyron
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14,15)

Inp=A-B/T (5.10)

p [kPa] T [K] A B
Xg Xk
ay 3 1 2 1 11 1 2
10 40
Inp T 10 40
Fig. 5.8 UT—-Inp Fig. 5.9 1/T-Inp
Clausius — Clapeyron
A B A B a
aa, aB Pa, Ps
aa, as, Pa, Ps Table 5.2
A=a,a+p, (5.11)
B=aza+f (5.12)
(5.11) (5.12) (5.10) Clausius — Clapeyron
p a

Inp=(a,—az/T)a+ (L, —Ls!T) (5.13)

P =exp(fa — Ps /T)eXp{(aA —ag /T)a} (5.14)

aa, as, PBa, Ps

(5.14)
5.3.3
3
Fig.5.10 Fig.5.11
3 v [m/s] (5.15)

112



[Pa] 16

(8.314 J/molK)

v=kpM / RT (5.15)
k [m/s] M [kg/mol] R
Table 5.1
\Y Vg Vk Xg Xk
17
V=XV, + XV, = XK, p,M /RT +xk pM, /RT
(5.16)
(5.16) 3 2 1 1 1 1 2
Fig.5.12
5.3.4
Xk g (516)
10 25 5 3 1 1
12 1 3 Fig. 5.13
Fig. 5.14
a Inv a
v=me ™ (5.17)
m, n
m,n Table 5.3
(2.17)

k [m/s]
2
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1 dw

S dt
[m2]  wo kgl w [ka]
(5.17) (5.18) (5.19)
—ld—w= me ™ (5.19)
S dt
dw = —-w,da (5.20)
e™da = %dt (5.21)
WO
(5.21)
t=0,a=0 (5.22)
(5.21) a awo
1
a==In{mnS / w, +1} (5.23)
n
WO
aw, = ?In{mnSt Iw, +1} (5.24)
Fingas
12)
S/wo ¢ [m2s/kg]
(5.24)
1
azﬁln{mn9+1} (5.25)
(5.25) 9 a
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Table 5.3 m, n

Fig.5.15 5 3 1 2 1 1 1 1
2 1 3 10 30°C
5.35
1.4vol%?18
1.4vol%
1.4kPa
(5.14) a Ts
(5.26)
a,a-—+
T = B By (5.26)

aa+ f, —In(1.4)

(5.26) 3 0 0.25
Fig. 5.16
Fig. 5.16 0.1
2 1 0.05 11 0 1 2
-30°C
1 2 40
(5.9)
1.4 kPa
(5.9) p 1.4kPa a o0
Xq T (5.27)

1.4= X, €XP(B g = Pog ! T )+ (A= X)) &XP( B = Peic I Tr)
(5.27)
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Table 5.1 Evaporation constants used in the prediction model.

Fuel on [-] Ba[-] ag [-] B[] k [m/s]
Regular gasoline B 1.49 14.1 1.74%x103 3.03x10%  3.15x10+4
Kerosene 46.4 21.8 1.69%x104 7.06x103  2.25x10+4

Table 5.2 Slopes and intercepts of the approximate straight lines of A and B.

Weight mixture ratio Slope of A Intercept of A Slope of B Intercept of B

gasoline : kerosene le78 P aB Pe
31 1.61 13.9 2.26x103 3.04x103
2:1 1.78 13.8 2.57x103 3.04x103
1:1 2.66 13.6 3.63x103 3.04x103
1:2 8.28 13.1 6.81x103 2.98x103
1:3 20.5 12.4 1.15x104 2.87x103
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Table 5.4 Environmental temperature on diffusion experiments.

Depth of gasoline spill Environmental temperature
d [mm] T[°C]
1 19
2 19
3 19

Table 5.5 Environmental temperature on Ignition experiments to gasoline vapor

from gasoline spill on a floor in frame vessel.

Ignition height Environmental temperature, T [°C]
h; [cm] t = 5min t=10min t=20min t=30min
40 23 23 23 23
30 23 23 23 23
20 23 24 24 23
10 23 24 24 24
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Fig. 5.2 Evaporation rate curves of kerosene with varying temperature.
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Mixed fuel spill
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Fig. 5.3 Experimental apparatus of evaporation and diffusion from gasoline spill
on a floor.
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Fig. 5.4 Ignition experimental apparatus to fuel vapor from mixed fuel spill on a
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Fig. 5.5 Variation of molar fraction of each component in liquid phase with

°C. (a) 3:1 mixed fuel of gasoline and kerosene. (b)

progress of evaporation at 20

of gasoline and kerosene.

2:1 mixed fuel of gasoline and kerosene. (c) 1:1 mixed fuel

(d) 1:2 mixed fuel of gasoline and kerosene. (e) 1:3 mixed fuel of gasoline and

kerosene .
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Weight loss fraction a [-]
2:1 mixed fuel of gasoline and kerosene. (c¢) 1:1 mixed fuel of gasoline and kerosene.

Fig. 5.6 Variation of weight loss fraction of each component in liquid phase with
progress of evaporation at 20 °C. (a) 3:1 mixed fuel of gasoline and kerosene. (b)
(d) 1:2 mixed fuel of gasoline and kerosene. (e) 1:3 mixed fuel of gasoline and

kerosene.



(b)

(a)

n o 1N o 1 o 1 o

40
3
3
2
2
1
1

[edy] d ainssaud Jodep

0.3

0.25

0.2

0.15

0.1

03

0.25

Weight loss fraction a [-]

Weight loss fraction a [-]

~~~~0000
2202 hohd
DMOWONN--
AN N -

nnnan Imn1mn mnn
RS o o o
T OO T oo o
DO O O O = o fd fud
b kW @T @ © @©
J33 33 0O === ™=
22223333
eeeeaaaa
=S =2==20000
vaee] ]

[edy] d ainssaud Jode p

03

.25

01 015 02 O

0.05

Weight loss fraction a [-]

Fig. 5.7 Measured and calculated vapor pressure of mixed fuel. (a) 2:1 mixed fuel

of gasoline and kerosene. (b) 1:1 mixed fuel of gasoline and kerosene. (¢) 1:2 mixed

fuel of gasoline and kerosene.

131



(b)

T T T T T T T

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
I N P

i i I ] i i )

I I I I I I I

I I I I I I I

I I I I I I I

I I I | I I |
F—— T —"A-——1m ==t - =1~ - - A4een=—

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
I R i i A B

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I |
Fomdmm o mme— - mt e m - —]

I I I I I | |

I I I I I I I

I I I I I I I

I I I I I I I

| | | ! | | |
-7 -~ - E e Semi=<— - —

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

L L <! o—. L L L
©O O O O o O o o o
O M~ © 1 < M N -

“““““ b done

[edx] d ainssaud Jode A

0.3

0.25

0.2

0.15

0.1
Weight loss fraction a [-]

0.05

0.3

0.25

0.2

0.15

0.1
Weight loss fraction a [-]

0.05

[l [l [l [l [l
I I I I I
I I I I I
I I I I I
I I I I I
e i =
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
\\\\4\\\\,\\\\ﬂ\\\\,\\\\,\\\.\ﬂ
I I I I I
I I I I I
I I I I I
I I I I I
I I I I 1.
i i el Sy B e
I I I I I
I I I I I
I I I I I
I I I I I
Fo—— 4 —— - —— =+ ———H——— — -
I I I I I
I I I I I
I I I I I
I I I I I
T B YL
I I I I I
I I I I I
I I I I I
I I I I I
L L <& L L
o o o o o o o
ms n < o N —
~ [edy] d aunssaud Jode
[l [l [l [l [l
I I I I I
I I I I I
I I I I I
I I I I I
e B
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
s S Bl nibieii Bl Ly
I I I I I
I I I I I
I I I I I
I I I I I
I I i I
Foomi oo or oo - mdeem
I I I I I
I I I I I
I I I I I
I I I I I
F-——4-———=I— ==+ - - - <4¢om <-
I I I I I
I I I I I
I I I I I
I I I I I
S Ap—
I I I I I
I I I I I
I I I I I
I I I I I
I ———m—-! L
INE- o o o o o o
O © s} < ® I =1

[ed] d ainssaud Jodep

0.3

0.25

0.2

0.15

0.1
Weight loss fraction a [-]

0.05

0.3

0.25

0.2

0.15

0.1
Weight loss fraction a [-]

0.05

(e)

[ONONONONONONS
(<] (] (<] (] (<] (] o
OMWOWWWOoLOo
< OOMONNAA
mununnnnmim
FFFFEFEFRFEF
mdqd oo <o
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
F—— 4 — - —— 4+ - —d—— - ——+ — — &
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
r~——7-~"~°"~"~"~"r~~"7-~"3-~"~~7- ™=
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
\\\P\\L\\\F\\k\\L\\\,\\\k\lﬂ
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
i e e e e A i L&
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
I I I | I I |
et et Bl D {1 oty
I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
L L | & . L L L
o n o wn o n o [Te} o
< [42] [32] N N - -l

[ed] d ainssaud Jodep

0.25 0.3

0.2

0.15

0.1
Weight loss fraction a [-]

0.05

Fig. 5.8 Variation of vapor pressure of mixed fuel with progress of evaporation. (a)

3:1 mixed fuel of gasoline and kerosene. (b) 2:1 mixed fuel of gasoline and kerosene.

(c) 1:1 mixed fuel of gasoline and kerosene. (d) 1:2 mixed fuel of gasoline and

kerosene. (e) 1:3 mixed fuel of gasoline and kerosene.

132



(a) (b)

5.0 T T T T 0
| | | |
I I I I
I I I I
| 1 1 1 4.0
4.0
|
I
! 3.0
o ! o
c 30 ; <
| 2.0
I
2.0 i
: 1.0
I
I
I
1.0 : : : : 0.0
0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036
UT [KY uT K
(c) (d)
5.0 4.0
4.0 3.0
2.0
3.0
o o
= < 1.0
2.0
0.0
1.0 1.0
0.0 I I I I -2.0 I I I I
0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036
UT [K UT [K Y
(e)
4.0
3.0
2.0 —a— a=0
1.0 —— a=0.05
p —— a=0.1
0.0 —— a=0.15
1.0 a=0.2
—-A— a=0.25
-2.0
-3.0
0.0031 0.0032 0.0033 0.0034 0.0035 0.0036

UT [KY

Fig. 5.9 Clausius-Clapeyron plots of mixed fuel. (a) 3:1 mixed fuel of gasoline and
kerosene. (b) 2:1 mixed fuel of gasoline and kerosene. (¢) 1:1 mixed fuel of gasoline
a nd kerosene. (d) 1:2 mixed fuel of gasoline and kerosene. (e) 1:3 mixed fuel of

gasoline and kerosene.

133



~~
o]
~

(a)

(0T X WNE\OV: A 9el uoire Joden]

Weight loss fraction a [-]

Weight loss fraction a [-]

—~
(&)
~

d=2mm

(0T X WNE\OV: A 9el uoirejoden]

Weight loss fraction a [-]

Fig. 5.10 Correlation of weight loss fraction with evaporation rate. (a) 2:1 mixed

fuel of gasoline and kerosene. (b) 1:1 mixed fuel of gasoline and kerosene. (c) 1:2

mixed fuel of gasoline and kerosene.

134



(b)

] 1 ainresrdws |

Weight loss fraction a [-]

Weight loss fraction a [-]

d=2mm

] 1 ainreldws |

Weight loss fraction a [-]

(a) Regular gasoline A. (a) 2:1 mixed

Fig. 5.11 Temperature histories of mixed fuel.

fuel of gasoline and kerosene. (b) 1:1 mixed fuel of gasoline and kerosene. (c) 1:2

mixed fuel of gasoline and kerosene.

135



~~
o]
~

(a)

Te)
o

R

————q————p———

0.5

0T X WNE\?: A 9lel uolreloden]

Weight loss fraction a [-]

Weight loss fraction a [-]

—— Measured value
—— Calculated value

0T X HwNE\mv: A 91el uolejoden]

Weight loss fraction a [-]

Fig. 5.12 Measured and calculated evaporation rate at the depth of 2mm. (a)

Regular gasoline A. (a) 2:1 mixed fuel of gasoline and kerosene. (b) 1:1 mixed fuel

of gasoline and kerosene. (c) 1:2 mixed fuel of gasoline and kerosene.

136



—~
o]
=

(a)

(=]

0T X WNE\ov__ A 91eJ uoleJoden]

0.4

0.3

0.2

0.1

-]

Weight loss fraction a [

Weight loss fraction a [-]

0.4

0.3

.2

0

0.1

|
|
|
|
T
|
|
|
+
|
|
T |
T !
N - o
o

m
o

~
° 0T X WNE\mv: A 3Jel uolreioden]

(0T X WNE\?: A 97l uolejoden]

Weight loss fraction a [-]

Weight loss fraction a [-]

(e)

I om mmn
-

® N - °
o

(0T X WNE\?: A 97l uoleoden]

0.4

0.3

0.2

0.1

Weight loss fraction a [-]

Fig. 5.13 Evaporation rate curves with varying temperature. (a) 3:1 mixed fuel of

gasoline and kerosene. (b) 2:1 mixed fuel of gasoline and kerosene. (¢) 1:1 mixed

fuel of gasoline a nd kerosene. (d) 1:2 mixed fuel of gasoline and kerosene. (e) 1:3

mixed fuel of gasoline and kerosene.

137



_ =
o
\\\\\\ _
Il S B N ¢ 7% S B B 4 9
= s =
© CNONONONS
[ AR SR o o o aft A S c o o o o0 O
5 S oOWOoOLWOo
g 5 ONN -
® ..y S | o @ nmunununan
§— o Y-
2 n e
o S
P Py o/ e =
(] | | - Q
= P //a et s e 1 e =
I I
I I
L R S
I I I I I I
I I I I I I
I I I I I I
N R R S N °
[=+] (o] o - N (] < n ©
1 1 - - - - - - -
w [-] Auj
=
o
[ I A IR IR o 0 S S 4o
= e
© ©
c
L e e £ /'¢" i S
B B
R S N J R 4o g
2 ° 9
o o
E— N R % 7./ 2 e —
5 | | £
(g | | « O
W \\\\\\\\\ ,1\\\4 \\\\\\\ 1 o W
I I
I I
F-—-- e e A
i I I I
| | | |
, , , , °
~—~ N~ 0 o o - N [+)
o ' ! ' < < < <
N

(] Au

of gasoline a nd
of gasoline and kerosene. (e) 1:3 mixed fuel of gasoline
138

of gasoline and kerosene. (¢) 1:1 mixed fuel

Weight loss fraction a [-]
Fig. 5.14 a- In v plots of mixed fuel. (a) 3:1 mixed fuel of gasoline and kerosene. (b)

kerosene. (d) 1:2 mixed fuel

2:1 mixed fuel
and kerosene.



(a)

| |
| |
| |
==~
| | |
| | |
\\\\\\\\\\\\\ Il _ 1
| | | | | | |
| | | | | | | | |
| | | | | | | | |
L . U e e A Eae
| | | | | | | | |
| | | | | | | |
Y I [ S R
| | | | | | | |
| | | | | | | |
| | | | | | |
[~~~ "1~ ~71° [ R R
| | | | | |
| | | | | | |
N U ) L e
| | | | | |
| | | | | | |
| | | | | | | |
L L e R
| | | | | | | |
| | | | | | |
AN N [ | [ [
| | | | | |
| | | | | | |
| | | | | | |
L L L
| | | | | | |
| | | | | |
(sl o ~ © n < o N o
© O O ©O o o o o o
[-] @ uonoe.ysso| ybeM
| | | | | |
| | [ | | | |
| | | | | | |
| | | | | | |
| | | | | | | |
N N RN
| | | | | | |
| | | | | | |
| | | | | |
| | | | | | |
| | | | | | | |
F——1—-— === - - -—-4-
| | | | | | |
| | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | |
F——-——1—- == il it Eeltis S
| | | | | | | |
| | | | | | | |
| | | | | |
| | | | | | |
| | | | | | | |
[~~~ -~ 71777 N
| | | | | | | |
| | | | | | |
| | | | | i | |
| | | | | |
I D N IR\ Nl L
| | | | | | |
| | | | | \ |
| | | | | | |
| | | I I I !
| | | | | | |
= O O N~ O N < ™M N -
o o o o o o o o o

[-] & uonoeuysso| b A

30000 40000 50000
slkd]

20000

10000

20000 30000

10000

2

Standardized time 6 [m

Standardized time @ [m?s/kg]

[-] e uonoe.ysso| ybe M

100000

0000

8
mPsikg]

40000 60000

20000

100000

00

40000 60000 800

20000

Standardized time @ [

Standardized time @ [m’s/kg]

00000
o o0 o o o
omowmo
MO NN A
TR TRN TR TINT
e

0.3 [+~
0.25 [ 1

[-] ® uonoeuyssol whbeM

0.05

40000 60000 80000 100000

20000

Standardized time @ [m’s/kg]

Fig. 5.15 Correlation of standardized time with weight loss fraction. (a) 3:1 mixed

fuel of gasoline and kerosene. (b) 2:1 mixed fuel of gasoline and kerosene. (c) 1:1

mixed fuel of gasoline a nd kerosene. (d) 1:2 mixed fuel of gasoline and kerosene.

(e) 1:3 mixed fuel of gasoline and kerosene.

139



(b)

(a)

60
40

[D,] ¥ 1 1ui0d uselq

0.4

0.3

0.2

0.1

Weight loss fraction a [-]

Weight loss fraction a [-]

M easured flash point
Predicted flash point

[D,] ¥ 1 1uiod uselq

Weight loss fraction a [-]
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Fig. 5.21 Burning behavior of combustible mixture from mixed fuel spill on a floor
in frame vessel. (h; =20 cm, t; = 30 min). (a) t = 0s. (b) t = 100ms. (¢) t = 200ms. (d) t
= 300ms.
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Fig. 5.22 Results of ignition experiments and ignition prediction.
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%D 180 [%]

a [-]

A, B Clausius-Clapeyron [-]
Aa, Ba, Ca Antoine [-]

A, B, vanLaar [-]

G i [vol%]
d [mm]

k [m/s]

L [vol%)]
Li [ [vol%)]

m, n [-]

Mi; i [g/mol]

N; i [mol]

p [kPe]

p’ [kPe]
pi i [kPe]

R 8.314 J/molK

S [m?]

t [s]

T [K]

v [kg/m?s]
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Vi i [kg/m’s]

w [g/s]

Wo [9/s]

Xi [ [-]

Xaromatic [-]
Xparaffin

Xpen n [-]
Yi I [-]

an, ag, PBa, Pe [-]
7 i [-]

Yaromatic [-]

Yparaffin [-]
a [-]

A, B Clausius-Clapeyron [-]

d [mm]

k [m/g]

m, n [-]

M 0.08 kg/mol

p [kPa]

R 8.314 J/molK

S [m?]

t [s]

T [K]

To [K]

T (K]

v [kg/m’s]

w [g/s]

Wo [9/s]

an, as, Pa, Pe [-]
0 [m?s/kg]

a [-]

C [vol%]

[-]
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$® W W VP T T3 XN & @ T T QT

—

[vol %]

z t
[mm]
n-
[N]
[m/s?]
[m]
[m]
[m® m?s]
z [m® m?s]
[m/s]
[-]
0.08 kg/mol
[kPa]
[kPa]
1.013x 10° Pa
8.314 J/molK
[m?]
[m?]
[s]
[s]
[K]
[kg/m’s]
[m’]
[ka]
[m]
[kg/m’]
[-]
[-]

[vol %]

[vol %]

[m?/s]
[m?/g]

[m?/s]

[m°]
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A [-]

C [vol%)]

Co.t t [vol%)]
C.t z t [vol%]
d [mm]

D [m?/s]

h; [m]

k [m/s]

m, n [-]

Mg 0.08 kg/mol

My 0.12 kg/mol

Ng [mol]
Nk [mol]

p [kPa]

Py [kPa]

P [kPa]

R 8.314 J/molK

S [m?]

t [s]

t; [s]

T [K]

T [K]

v [kg/m’s]

Vg [kg/m?s]
Vi [kg/m?s]

w [ka]

Wo [ka]

z [m]

an, as, Pa, P [-]

Op g, OB,gs ﬂA,g: ;BB,g [']
anaks A ks Paks Pox [-]

Z [m’s/kg]
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