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A Study on Estimation of the Adhered Fuel Ratio
of Wall-impinging Spray
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An estimation model of adhered fuel ratio of wall-impinging sprays was proposed. In the
previous paper, one of the authors has proposed the calculation model of the adhered fuel
ratio derived from the principle of cascade impactor behavior. However, the model supposes
sufficient amount of injected fuel which can be considered as a quasi-steady condition. In
this research, the model was improved in order to consider the influence of injection quantity.
The adhered fuel ratio of arbitrary injection quantity (injection period) is expressed as a
function of the adhered fuel ratio of the steady state injection condition and the
characteristic injection period of the adhered fuel ratio. The two parameters are estimated
from the free spray characteristics. The model was studied by numerical calculation (CFD)
of free sprays and wall-impinging sprays. The estimated adhered fuel ratio agreed well with

both the CFD and the measurement results.
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Fig. 1 Free spray shape of the base spray (CFD result)
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Table 1 Calculation Condition

Computational Domain
Free Spray
300mm(X) x 300mm(Y) x 100mm(Z)
(51x 51 x 32 mesh)

300mm(X) x 300mm(Y) x 70mm(Z)

(51x51 x 24 mesh)

Dimensions

min. mesh size A=1mm
Calculation Setup
Duration bms (free .spljay)
10ms (wall-impinging spray)
Time step At=0.01ms
Fluid Fuel: Gasoline

Gas:Air (1atm, 298K, static)

Velocity-Pressure

coupling method SIMPLE
Velosity, Turbulence:
Differencing AVLSMART Relaxed
Scheme Pressure:
Central Diffecencing Scheme
Turbulence Standard k-¢ model
model with hybrid wall function

Spray and Wallfilm model

Spray model Discrete Droplet Model (DDM)
Breakup model Huh-Gosman®
Evaporation Dukowicz®
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_ Turbulent O'Rourke'?
dispersion model
Spray-Wall Maichle-Weigand @10
interaction model and wallfilm modelV
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Table 2 Injection Condition

Spray Shape, Injection Pressure and Wall Distance of
the Wall-impiging Spray
Spray angle, Injection Wall distance,
Nozzle deg. pressure, mm
(Front x Side) MPa
20 MPa
40 MPa 70 mm
A 70x 20 80 MPa
20 MPa 50 mm
B 70x 10
C 70x 30
D 70x 40
E 60x 20 20 MPa 70 mm
F 50x 20
G 40x 20
H 30x 20
Injection Period 7, or Injected Fuel Amount Q
Free Spray: r=4ms
Wall-impinging Spray: Q=15mm?, 30mm? 60mm?
Wall Temperature: 298K
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Fig. 4 Relation between the spray characteristics and
the inertial parameter
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Fig. 5 Shape of the wall-impinging spray and the wallfiim from
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Fig. 6 Time history of the adhered fuel ratio
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