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Abstract © This basic study is required to examine spray or jet behavior depending on fuel phase. In this study,
analyses of diesel fuel(n-Tridecane, Ci3Hzs) spray and natural gas fuel(Methane, CHs) jet under high temperature
and pressure are performed by a general-purpose program, ANSYS CFX release 11.0, and the results of these are
compared with experimental results of diesel fuel spray using the exciplex fluorescence method. The simulation
results of diesel spray is analyzed by using the combination of Large-Eddy Simulation(LES) and Lagrangian
Particle Tracking(LPT) and of a natural gas jet is analyzed by using Multi-Component Model(MCM). There are
two study variables considered, that is, ambient pressure and injection pressure. In a macroscopic analysis, the
higher ambient pressure is, the shorter spray or jet tip penetration is at each time after start of injection. And the
higher injection pressure is, the longer spray or jet tip penetration is at each time after start of injection. When
liquid fuel is injected, droplets of the fuel need some time to evaporate. However, when natural gas fuel is
injected, the fuel does not need time to evaporate. Gas fuel consists of minute particles. Therefore, the gas fuel is

mixed with the ambient gas more quickly at the initial time of injection than the liquid fuel is done. The
experimental results also validate the usefulness of this analysis.
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Table 1 Ambient and injection pressure conditions
considered in the experiment (for C13H28)

o Type : Hole nozzle DLL-p
irgzezclt;on Diameter of hole  d, [mm] 02
Length of hole L, [mm] 1.0
Ambient gas Ny gas
Ambient temperature 7, [K] 700
Injection quantity Qw [mgl 12.0
Injection duration twmi  [ms] 154
Ambient pressure conditions
Ambient pressure p. [MPalj 1.041.70,2.55
Ambient density a [kg/m’ll 5082123
Injection pressure Dy [MPa] 72
Injection pressure conditions
Injection pressure Dy [MPal| 224272112
Ambient pressure Dz [MPal 255
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Table 2 Ambient and injection pressure conditions

considered in the analysis (for CizHog)

Bore x Stroke {mm] 92 x PB
Diameter of hole d, [mm] 02
Length of hole L, [mm] 1.0
Ambient temperature T, [K] 700
Ambient gas Nz gas
Fuel n—"Tridecane
Injection quantity Qi fmg] 12.0
Injection duration tw  Imsl 154
Total number of hexahedron 950018
Total number of nodes of mesh 977850
Ambient pressure conditions
Ambient pressure pa  [MPal| 104170255
Injection pressure Dy [MPal 72
Injection pressure conditions
Injection pressure P IMPal| 224272112
Ambient pressure p. [MPa] 2.55
¢ 8] 4=(Weber Number) : We = ﬂ;@ﬁ (8)
A7A, pr o AAEE
Vai: AR} 7k2 Aboly A&

rp o 4ANEA & (Droplet radius)
o BAEAY
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Table 3 Ambient and injection pressure conditions

considered in the analysis (for CHa)

Bare x Stroke [mm] P2 x %
Diameter of hole d,  [mm] 1.0
Length of hole L, [mm] 1.0
Ambient temperature T. [KI 700
Ambient gas Air
Fuel Methane
Injection duration twy  [ms] 10
Total number of hexahedron 156064
Total number of nodes of mesh 165078

Ambient pressure conditions
Ambient pressure pa [MPa] 1,3,5
Injection pressure Diy  [MPal 6

Injection pressure conditions
Injection pressure Dy [MPa] 3,6,9
Ambient pressure Pa  [MPal

Diesel mesh structure

CNG mesh structure

Fig. 1 Mesh structure
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Fig. 2 2-D and 3-D images of diesel spray volume
at the injection pressure of 72MPa and at the
ambient pressure of 1.04MPa and at the time of
1.10ms after injection start

C3Hy
Velocity

20 40.0

30
40
50
80

70

Distance from nozzle tip [mm]

80

20

Fig. 3 3-D images of diesel spray shape and
droplets and vortex structure at each time of
0.60ms, 1.05ms, and 1.80ms after injection start
colored by C13H28 velocity
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Fig. 4 2-D images of CNG jet shape and vortex
structure at each time of 1.0ms, 5.0ms, and 10.0ms
after injection start colored by CH4 velocity
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