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Abstract : In this study a quasi-dimensional model is developed to predict the combustion process and emissions of a
GDI engine under ultra-lean conditions. Combustion of a GDI engine condition is modeled as two simultaneous
processes to consider significant fuel stratification. The first process is premixed flame propagation described as
burning in a hemispherically propagating flame. The second is diffusion-controlled combustion modeled as mixing of
multiple spray zones in the burned gas region. Mixing is an important factor in ultra-lean conditions leaving stratified
mixture of developing sprays behind the propagating premixed flame. Sheet breakup and Hiroyasu models are applied
to predict the velocity of a hollow cone spray. Validation is performed against measured pressures and NOx and CO
emissions at different load and rpm conditions in the test engine.
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Nomenclature L :breakup length, m
) [,  :turbulent integral length scale, m
Af : flame area, m )
m  :mass, kg
Ay :constant of turbulent flame speed . .
T My eng - ir Mass for the homogeneous mixture state, kg
» Cnig + constant for mixing n  :constant for flame propagation speed
D :model constant for breakup p : cylinder pressure, kPa
D, :molecular diffusivity P :probability density function
D, : turbulent diffusivity SY : laminar flame speed, m/s
d,,. :spray nozzle diameter, m S, :turbulent flame speed, m/s
h  :enthalpy, ki/kg T :temperature, K
t s time, S
uw  :spray velocity, m/s
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V' cylinder volume, m’

V, :flame propagation speed, m/s
«  :constant for flame propagation speed
0 : poppet seat diameter, m

Ap : pressure drop, kPa

n : mixture fraction
0 : spray cone half angle, deg
p  :density, kg/m’
o :surface tension of fuel, kg/s’
¢  :equivalence ratio
[] :species concentration, mol/m’
Subscripts
a : air
e : equilibrium
f :fuel
g  :gas
l : liquid
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Table 1 Engine specifications

Bore x Stroke (mm) 96 x 87

Displacement volume (cmB) 630

Injector hole type Hollow cone

Table 2 Operating conditions
Case # | Speed [rpm] | Load [%] D # of injection

1 50 0.50 2
2 800 100 0.85 3
3 40 0.34 2
4 2000 70 0.57 3
5 100 0.74 3
6 40 0.32 2
7 3600 70 0.52 3
8 100 0.66 3
9 1600 0.58 3
10 2800 80 0.62 3

Table 3 Model constants

Constant Value Definition
C 1.25 Air/fuel mixing, eq. (7)
G v 10.055~0.085 Mixing among Zones, eq. (8)
a 0.1 Flame propagating velocity, eq. (11)
n 0.5 Flame propagating velocity, eq. (11)
As, 30 Turbulent burning velocity, eq. (12)
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