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Modeling of Liquid Fuel Behavior to Control Air/Fuel Ratio
in the Intake Port of SI Engines
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Abstract

A wall fuel-film flow model is developed to predict the effect of a wall-fuel-film on air-fuel ratic in
an SI engine in transient conditions. Fuel redistribution in the intake port resulting from charge
backflow and a simple liquid fuel behavior in the cylinder are included in this model. Liquid fuel film
flow is calculated of every crank angle degree using the instantaneous air flow rate. The model is
validated by comparing the calculated results and corresponding engine experiment results of a
commercial 4 cylinder DOHC engine, The predicted results match well with the experimental results.
To maintain the constant air-fuel ratio during transient operation, the fuel injection rate control can be

obtained from the simulation result.
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Fig. 1 Modeling of wall fuel film flow

Nuwy) | o
3z T~ )

8%u,
9z° te,

du, du,’

ot T ar T

H()~H@E 058 s (xH)7HA HESE

36, . 3(uy8,)
AL RETAN ) Pt N A
a0t ox % ©)
3(u, 8,) re Muis,)
ot P ox (6)

=_i','( Tos— Twp )t &by

%_*_ a(u,,a,,)+ uy 8, =S, 0

ar 1
— —2
u, d8,) a(u,,au)+

at T 5T o &
=_:)( Tov— Tw.n)+gr‘su

uls,
r

®

Sp=" M injecteapt M puckfows— M vaporiced,p (9
Su=" M injected, s+ M sacksiow, o= M saporized v (10)
¢ 9
fudy o
ANM L=, 2D U, wE DZ
o u
F71EES HBdMY HEEENY §, 6, 9
gq9% FAoth. BE® 7,, 71,2 4% TE
s} Moo EUF9 drodet Alo]o] Mo
Holx, 71,, ry,o XES #HBgvre A
o ojt}.

22 98 ey 2y

HEdL g8 A daFae EFES] 9
Foll Folz FFo|Ae @Y HFHE 7T
Erbgstch, ek vgAe @WrkAle] @i fi
FL HARDE FoA 2Eg A X3 FI|Y
€ #4E F Yob? B AT HEEe o
3 "4 Z 107132 Az BARY



514 2 F-97349 35805

Port Port
(Puddle2) (Puddle2)

Fig. 2 Schematic diagram of fuel distri-
bution in the intake port wall
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Fig. 4 Comparison of the relative air-fuel
ratio of simulation with experiment
result in step changing fuel injection
duration at 1500rpm, Tcoolant=407T,
intake pressure = 0.43 bar
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Fig. 5 Comparison of the relative air-fuel
ratio of simulation with experiment
result in step changing fuel injection
duration at 1500rpm, Tcoolant= 80T,
intake pressure = 0.43 bar
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Fig. 6 Calculated liquid fuel mass in the
intake port at 1500 rpm, intake
pressure = 0.43 bar

Table 1 Initial fuel distribution rate per injected fuel

Valve Port Port
(puddlel) | (puddle2) | (puddle3)

Direct into cylinder by
back flow effect
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Fig. 7 Calculated fraction of fuel entering the
cylinder in the liquid phase at 1500
rpm, intake pressure = 0.43 bar
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Fig. 9 Calculated mean velocity of fuel film
on the intake port wall at 1500 rpm,
intake pressure = 0.43 bar
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Fig. 10 Comparison of the relative air-fuel
ratio of simulation with experiment
result in throttle opening at 1500
rpm, Tcoolant = 807
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Fig. 11 Calculated injection duration to
maintain the air-fuel ratio constant
in throttle opening at 1500 rpm,
Tcoolant = 80 T
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