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The Numerical Study on Breakup and Vaporization Process of GDI
Spray under High-Temperature and High-Pressure Conditions
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Abstract : The purpose of this study is to improve the prediction ability of the atomization and vaporization processes
of GDI spray under high-pressure and high-temperature conditions. Several models have been introduced and
compared. The atomization process was modeled using hybrid breakup model that is composed of Conical Sheet
Disintegration (CSD) model and Aerodynamically Progressed TAB(APTAB) model. The vaporization process was
modeled using Spalding model, modified Spalding model and Abramzon & Sirignano model. Exciplex fluorescence
method was used for comparing the calculated with the experimental results. The experiment and calculation were
performed at the ambient pressure of 0.5 MPa and 1.0 MPa and the ambient temperature of 473K. Comparison of
caldulated and experimental spray characteristics was carried out and Abramzon & Sirignano model and modified
Spalding model had the better prediction ability for vaporization process than Spalding model.

Key words : GDI(7[4¥ 2% £EAD, Equivalence ratio('d%FH]), Spray tip penetration(FF3% 72 0)),
Vaporization model(Z2 F.9), Hybrid breakup model(£ 3 £ 2 d)

Nomenclature _ Re : Reynolds number

Sc  : Schmidt number
Bum : mass transfer number

T :t tur
Br : heat transfer number empera .e
i Y :mass fraction
¢p :specific heat .
. cop . p :density
D : vapor/air binary diffusion coefficient v ol that stands & o
: at s , k an
k  :thermal conductivity $ymbo or Cp, u
L :latent heat of vaporization .
i Subscipts
r : radius
d :droplet
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g gas
r : reference value
s  :surface

co :far from a droplet
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Table 1 Experimental conditions
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Table 2 Equations of Spalding model

Fuel Hexane/Fluorobenzene/DEMA
Injection pressure (MPa) 5.1
Injection duration (ms) 2
Injection quantity (mg) 15
Ambient gas N,
Ambient temperature (K) 473
Ambient pressure (MPa) 0.5, 1.0
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Droplet
temperature | p ;= ‘é wric oL fg‘ — o AT RL(T )= 41°Q
change
Droplet
radius R=— 0 XT,) Yp ~Ypo Sh
20 ar 1-Yr,
change
Heat
conduction Q.= M
2r
rate
Sherwood _ Ve 13 M
number Sk=(2.0+0.6Re 4°Sc ") P
Nusselt N=(2.0+06Re2Pr 1/3)M
number By
Transfer B YrYre
number M 1—V,,

Table 3 Equations of property calculation for modified

Spalding model
Reference
temperature T»=Tst3 3 (T°°_ T)
Reference =Yps 3 ( Yrow—Yry
composition Ya,=1-Yg,
Mixture rule U =Ya, TAT)+Ye, - TLT)
Reference { Ya, n Ye,
gas density pg.,—( ©a Oy )
Surface mass b
fraction —[l M ( by 1)]

Table 4 Equations of Abramzon & Sirignano model

= %2'In(1+ B
Droplet mp=217 30 5D Sk In(1 w
vaporization rate m =277 kg N'mn(1+Bp
Cre
Heat penetrating _
into the liquid | Q= m[—-ﬁ"% —L(T)
phase T
Mass transfer B.— Yri— Yro
number M 11— Y,
Heat transfer B¢ Wl T T
number T L(TY+Q./m
. (Sho—2)
Modified TR
odifie B s
Sherwood number Sh 0= 2 + O.GV ReSC
F(B)=(]_+B 0.7 In 1B+B
Modified Nusselt N =2+T(0§;“
b
numDet No=2+0.6Y RePr *
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Fig. 3 Comparison of experimentally determined and
calculated spray tip penetration (Ta=473K)
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