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Numerical Analysis of Flash Boiling Spray in Mixed Fuel
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This paper presents the analysis of atomization and vaporization processes in a flash boiling spray for a

gasoline manifold injection. This modeling scheme was carried out by use of a phisical equation , namely, Rayleigh-

Plesset equation. The bubble nucleation process due to the flash boiling was modeled by nucleation rate equation

using the degree of superheat of the liquid fuel. The fuel vaporization process was assessed by the bubble growth

calculation in the vapor cavitation phenomena, the fuel evaporation and the evaporation process due to the boiling

from the liquid surface owing to the heat transfer between the ambient gas and liquid. This analysis was applied to

single component so far. In this study we extended this one to mixed fuel of n-pentane and n-hexane, and the

correlation of the gas-liquid equilibrium in the mixed fuel was obtained from predictive formula. Then, the flash

boiling spray model for mixed fuel is developed from this correlation.
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Table 1 Properties of mixed fuel

MF73 MF55 MF37
Density
P\ [kg/m3] 635.9 642.5 649.1
Saturated pressure
P, [kPa] 444 36.4 283
A fes 3696 | 3693 | 3689
hig [kI/kg] 207. . :
Viscosity
m (x10° Pass) 260.1 273.5 286.9
Surface tension
o [XIO_BNIm] 16.7 17.2 17.7
Speaﬁc heat
pl [kI/kg*K] 2.32 2.30 2.27
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Fig.1 Analytical model of flash boiling spray
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(Raoult’s law and Dalton’s law)
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Fig.5 Temporal change in vapor mass of mixed fuel

60
T (Droplet diameter) 21kPa
3 14kPa
—50f 8kPa
g
Qo
E 40} %
<
S
)
7 30
e
kS|
)
§20F 21kPa
é 14kPa  (Bubble diameter)
2 10} 8kPa
0 13 1
0 100 200 300
Time after injection start ¢ [ps]
(a) MF73
60
S50
40 Z g
21kPa
14kPa

8kPa
(Droplet diameter)

21kPa

14kPa
8kPa (Bubble diameter)

0 1 1 1 L
0 100 200 300 400 500
Time after injection start ¢ [ps]
(b) MF55
100
21kPa

Droplet di 1
(Droplet diameter) 14kPa

8kPa

f==}
=]
1

[=)
(=]

S
S

21kPa

20 14kPa  (gypble diameter)
8kPa
0 1 1 1
0 250 500 750 1000
Time after injection start ¢ [ps]
(c) MF37

Fig.6 Temporal changes in bubble diameter and
droplet diameter



R LB, SaME, R EOMEAERISKE (ko
TEh, MoENEMGFEEEAIRZ->TWAE. Th
3, BRER S P On-AFHF L DOELSEARKE VD,
UL RERNDDIKREL EoTWB I L, BLURIE
DESVINENWILIZEEH0TH L. MADREH
HEEOBE D5, MF3713 P =21(kPa] At D kv IH
FENBTEREREZ>TVAI ENbhroTED,
BREFVOFBERERIIIN L I(ELTVEEER
5.

{712 MF73, MF55, MF37 D Z W EhOk¥ 0 &5
FISUT I BV B BREREIE S R B ORI B R 2 R
MF73 3 L U'MF55 Tid, ZERIED O L5 & LR
SREEE S R 2D, P=21(kPa) i3 £ THBEIBRIC
MWEEZRLTWS. LaL, MF37 T, BikosE
) P=14[kPa] B 1 7 b BIBERESRIEMA R 2D,
BEHREOEBO/N S VERBERERIGEL TS T
EdSba s, BEEIC, MF13, MFSS TbHFRREDD
FREBICEFTERFERICAL LD, EHIZEVEN
SUTHHESEERSRICE 2L I L TFHER
5.

6.85bHHIC

REMSTEN S ICES SN /GREE L AT 5 HFE
BOEHIIBO THMEZLDOTH Y, ZO5EM, MK
BB IC OV TR F AR SA% O, BRI K
MEBENRTVBIIT ER WV, KIFFETIEI OHMEZ
BEr, [aER, REAKRE, TR, BHER
HENOEBIEEZE L CHBBLLA-E TV X
DB, SO THEBRAHEE T I LICLN,
RO RESBREEEOEE* Tl 3 5 M€ 7V & FER
L7, ShoilXhBRELETLELAOREFD

40

Ambient pressure Pa [kPa]

0 | 1 |

0 0.5 1 1.5 2
Time after injection start ¢t [ms]

Fig.7 Breakup time of fuel film in mixed fuel
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