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3.CO
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5. Homogenize Combustion
6. Porous medium
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1. Distribution Fuel jet
2. Common-rail
3. Porous medium
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Small cylindrical obstacles simulating
pore junctions of porous 3D-structure

Figure 1- Simulating a 3D porous structure using small cylindrical obstacles
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Configuration R1d1 or (R1d2): Configuration 3d1 or (3d2): Configuration 8d1:
Single obstacle in the first row, d=1mm or (d=2mm) Three obstacles mounted in the first and second row,
d=1mm or (d=2mm)
oo 0 00
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® o [
1T 17 1T
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Figure 2- Geometrical configuration of cylindrical obstacles [9]
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Figure 3- Definition of jet length and jet width in impingement with one, three and eight cylindrical obstacles with diameter of 1 mm
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Figure 4 - Fuel distribution angle for different structures of cylindrical obstacles with diameter of 1 mm [9]
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1. Discrete Phase Model

2. Wall film

3. Kelvin Helmholtz-Rayleigh Taylor
4. Turbulent Dispersion

5. Discrete random walk model

4. Scheme
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Figure 7- Schematic of mesh injection fuel chamber in the presence of a cylindrical obstacle with diameter of 1 mm
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Figure 8 - Comparison of numerical and experimental results of fuel jet length for different geometric structures at injection

1. Simple

pressure 800 bar [9]
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Figure 9 - Comparison of numerical and experimental results of fuel jet width for different geometric structures at injection
pressure 800 bar [9]
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Table 1- The highest percentage of error and numerical difference in jet length and jet width report between numerical and
experimental values at injection pressure 800 bar for different geometric structures

One obstacle to a diameter of | Three obstacle to a diameter Eight obstacle to a diameter of
1 mm (R1d1) of 1 mm (3d1) 1 mm (8d1)
Jet Length Jet Width Jet Length Jet Width Jet Length Jet Width
The highest numerical 5.44 4.47 5.02 48 253 0.82
difference (mm)
The highest percentage 14 12 13 12 12 10
of error (%)
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Figure 10 - Comparison of injection form for numerical simulation and photography in the laboratory to impingement with
three and eight obstacles with diameter of 1 mm at injection pressure of 400 and 800 bar and time of 0.4 ms after impingement on
the first obstacle [9]
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Figure 11 - Comparison of numerical and experimental results of fuel distribution angle for different geometric structures [9]
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Figure 14 - Investigating the effect of increasing the diameter of the obstacles on the fuel distribution angle for
different geometric structures
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Figure 15- Comparison of fuel injection shape due to impingement with one obstacle with diameter of 1 and 2 mm in
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three different injection pressures at time of 0.6 ms
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Figure 16 - Investigation of the effect of change in injection
pressure on fuel jet length for one cylindrical obstacle with
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Figure 18 - Investigation of the effect of change in injection pressure on fuel distribution angle for one cylindrical obstacle with

diameter of 1 and 2 mm
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Figure 21 - Investigation of the effect of change in injection pressure on fuel distribution angles for three cylindrical obstacle with

diameter of 1 and 2 mm
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Figure 22- Investigation of the effect of the distance between
the nozzle outlet and the first obstacle on the fuel jet length for
one cylindrical obstacle with diameter of 1 mm at injection
pressure of 800 bar
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Figure 24- Investigation of the effect of the distance between
the nozzle outlet and the first obstacle on the fuel jet length for
one cylindrical obstacle with diameter of 2 mm at injection
pressure of 800 bar
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Figure 23- Investigation of the effect of the distance between
the nozzle outlet and the first obstacle on the fuel jet width for
one cylindrical obstacle with diameter of 1 mm at injection
pressure of 800 bar
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Figure 26- Investigating the effect of the distance between the nozzle outlet and the first obstacle on the fuel distribution angle for
one cylindrical obstacle with diameter of 1 and 2 mm in different injection pressures
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Figure 27- Investigation of the effect of the distance between the

nozzle outlet and the first obstacle on the fuel jet length for three

cylindrical obstacle with diameter of 1 mm at injection pressure
of 800 bar
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Figure 28- Investigation of the effect of the distance between the
nozzle outlet and the first obstacle on the fuel jet width for three
cylindrical obstacle with diameter of 1 mm at injection pressure
of 800 bar
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Figure 30 - The effect of increasing the distance between obstacles from 2 mm to 3 mm, on the spatial distribution of fuel

for three and eight obstacles with diameter of 1 mm
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Figure 31 - Investigation of the effect of increasing the distance
between obstacles from 2 to 3 mm on the fuel jet length for three
cylindrical obstacles with diameter of 1 mm at injection pressure

of 800 bar
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Figure 33 - Investigation of the effect of increasing the distance
between obstacles from 2 to 3 mm on the fuel jet length for eight
cylindrical obstacles with diameter of 1 mm at injection pressure of

800 bar
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Figure 32 - Investigation of the effect of increasing the distance
between obstacles from 2 to 3 mm on the fuel jet width for three
cylindrical obstacles with diameter of 1 mm at injection pressure

of 800 bar
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Figure 34 - Investigation of the effect of increasing the distance
between obstacles from 2 to 3 mm on the fuel jet width for eight

cylindrical obstacles with diameter of 1 mm at injection pressure of

800 bar
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Figure 35 - Investigation of the effect of increasing the distance between obstacles from 2 to 3 mm on the fuel distribution angles for
three and eight cylindrical obstacles with diameter of 1 mm at injection pressure of 800 bar
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Figure 36 - Comparison of the shape of fuel distribution in the surrounding space due to the impingement of fuel with a) cylindrical
obstacles and b) porous structure, at injection pressure of 1200 bar and 900 ps after impingement
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Liquid fuel distribution in the combustion chamber by jet impingement
with small cylindrical obstacles
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Homogenization of lean air-fuel mixture decrease flame front temperature and simultaneously reduces NOx
and particulate matter. Experimental work has been shown high level of dispersion can be obtained by
impingement of diesel jet onto a matrix of cylindrical obstacles in accordance structure close to Porous
media. The injected fuel impinges with the first cylindrical obstacle and splits to two smaller jets and with
impingement with other obstacles causes to multi-jets formation causes to fuel dispersion. Previous
experimental works have been shown geometrical structure and obstacle diameter are of key factors in multi-
jet formation and spatial distribution of the charge. This paper develops computational fluid dynamics models
that accurately predict the transient multi-jet formation behavior and after validation, new obstacle structures
are presented by increasing the distance between them and an improved structure was delivered. The new
model shows that these configurations to have improved homogenization characteristics compared to those
previously investigated and space distribution is more applicable.
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