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Modeling of Spray Impingement and Fuel Film Formation
in HSDI Diesel Engines
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Abstract

Spray impingement and fuel film formation models were developed and incorporated into the
computational fluid dynamics code, STAR-CD. The spray/wall interaction process was modeled by
considering the change of behaviour with surface temperature conditions and the fuel film formation.
We divided the behaviour of fuel droplets after impingement into rebound, spread and splash using the
Weber number and the parameter K. The Spray impingement model accounts for mass conservation,
energy conservation and heat transfer to the impinging droplets. The fuel film formation model was
developed by integrating the continuity, Navier-Stokes and energy equations along the direction of fuel
film thickness. Validation of the models was conducted using previous diesel spray experimental data
and the present experimental results for the gasoline spray impingement. In all the cases, the prediction
compared reasonably well with the experimental results. The spray impingement and fuel film formation
models have been applied to the spray/wall impingement in high speed direct injection diesel engines.
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Table 1 Calculation conditions for gasoline/diesel

impinging sprays

Gasoline Diesel
Wall distance (mm) 27.2 24.0
Injection duration (ms) 4.0 1.2
Injected fuel mass (mg) 8.02 7.98
Injection angle (deg.) 60 90
Injected fuel CgHis | Diesel fuel
Gas density (Kg/m®) 1.2 air 18.5 air

3 ms ASOI oz

W 10 (mm) -

(a) Expeniment (b) Calculation

Fig. 2 Gasoline spray development pattern (a)
experiment (b) calculation

0.8 ms ASQOI

s

¥ oW
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E W =
(b) Caleulation

(a) Expenment

Fig. 3 Comparison of spatial distribution of
droplet parcels (a) experiment (b)

calculation
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Table 2 Calculation conditions for HSDI diesel

engine
Engine speed (rpm) 1500
Bore (mm) 87.5
Stroke (mm) 87
Compression ratio 19.62
Injected fuel mass (mg) 34.8
BDC Swirl ratio 2.0, 3.0

5 deg. ASOI

(a) Swirl ratio 2.0 (b) Swirl ratio 3.0

Fig. 4 Spray impingement pattern development
for HSDI diesel engine case (a) swirl
ratio = 2.0 (b) swirl ratio = 3.0

5 deg. ASOI

Mass fraction

0.3500
0.3250
0.3000
{ 0.2750
y 0.2500
0.2250
0.2000
01750
0.1500
0.1250
4 0.1000
0.7500E-01
0.5000E-01
0.2500€-01
0.000CE+00

8 deg. ASOI

(a) Swirl ratio 2.0 (b) Swirl ratio 3.0

Fig. 5 Fuel vapor distribution for HSDI diesel
engine case (a) swirl ratio = 2.0 (b)

swirl ratio = 3.0
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Fig. 6 Fuel film distribution for HSDI diesel
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Fig. 7 Comparison of fuel film mass according to

BDC swirl ratio and wall temperature
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