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Fuel Evaporation Characteristics of a Port Injection Type Motorcycle Engine
with Changing Fuel Spray Timing
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Abstract

This study investigates the characteristics of spray, such as evaporation rate and spray trajectory, for
a 4-hole injector which is applied to a 4-valve motorcycle gasoline engine. Three dimensional,
unsteady, compressible flow and spray within the intake-port and cylinder have been simulated using
the VECTIS code. Spray characteristics were investigated at 6000 rpm engine speed. Furthermore, we
visualized fuel behavior in the intake-port using a CCD camera synchronized with a stroboscope in
order to compare with the analytical results. Boundary and intial conditions were employed by complete
1-D simulation of the engine using the WAVE code. Fuel was injected into the intake-port at two time
intervals relative to the position of the intake valves so that the spray arrived when the valves were
closed and fully open. The results showed that the trajectory of the spray was directed towards the
lower wall of the port with injection against the closed valves. With open valve injection, a large
portion of the fuel was lifted by the co-flowing air towards the upper half of the port and this was
confirmed by simulation and visualization.
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o : species mass rate : local density
rd : drop radius : drop Laplace number(=p,0.0,/13)
T : Taylor number - time
zZ : Ohnesorge number : local mass-averaged velocity
We : Weber number

: molecular dynamic viscosity

Re * Reynolds 1.1\.1mber ) : molecular turbulent viscosity
Ty : droplet boiling point

W o : pressure
€im We%et numbelr of the impinging droplet : body force
a - Incidence angle : turbulent kinetic energy
We cr - critical Weber number in wet wall (= 1320La~ %18) : enthalpy
We .a - citical Weber mumber in dry wall (= 5624 La” 0‘18) : heat flux

: Prandtl number
: turbulent Schmidt number
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Fig. 1 Schematic diagram of fuel behavior

measurement device

Table 1 Spray and valve timing (CAD=Crank
Angle Degree, 0 CAD=compression TDC)

start of injection

CVI 62 CAD
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IVO/IVC 296 CAD/640 CAD
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Table 2 Breakup process in the normal regime

normal regime
mode
wet wall dry wall
stick Weim <5 We, €im < Wea d
rebound F< We,, <10
spread |10 < We,, < Ve,
splash Weim = Wecr.w We €im = Wem 4

Table 3 Breakup process in the Leidenfrost

regime

mode Leidenfrost regime
rebound We,,. <50
seconda breaku

v Pl 50 We,, <80
(vertical direction)
seconda breaku,
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(horizontal direction)
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Table 4 Engine & injector specifications

Type ]4 cycle SOHC 4 valve
Number of cylinder i

Compression ratio 11.5:1

Displacement 124.1 em®

Nozzle hole diameter [0.208 mm

Spray type 4 hole-2 spray

Injection pressure 3 bar
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Fig. 2 Mesh generation
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Fig. 5 Comparison of spray penetration between
experimental and simulated result
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