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Spray Breakup Model with Sheet Breakup Process for Multi-Hole Nozzles
in Direct Injection Gasoline Engine
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In this paper, the applicability of the WAVE-MTAB model to direct injection gasoline spray is investigated.
Furthermore, the applicability of a new breakup model that takes into account the sheet breakup is also investigated,
since the occurrence of sheet breakup just below the injector nozzle outlet is suggested in direct injection gasoline
spray. As a result, the direct injection gasoline spray can be well reproduced by using the sheet breakup model for
APinj =4 MPa, and by using the WAVE-MTAB model that simulates liquid column breakup for 4P =7, 10 and 20
MPa. The applicable range of using breakup model suggests that the spray breakup form may change with the change

OfAPinj.
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Fig.1 Schematic diagram of magnified shadowgraph photography
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Fig.2 Schematic diagram of specialized lens system
[Reproduced from Ref. (6)]
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Table 1 Experimental conditions

Base conditions

Test fuel iso-octane
Ambient gas N,

Ambient temperature T. [K] 298
Ambient pressure P, [MPa] 0.1

Ambient density Pa [kg/m?] 113
Injection pressure drop AP, [MPa] 4,7,10,20
Injection fuel amount m¢[mg] 8 (11.6 mm?d)
Injection duration tinj [ms] 2.49, 1.96, 1.67,1.27
Nozzle type 6-hole nozzle for DISI
Nozzle diameter dy [mm] 0.131
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Table 2 Configuration of simulation

CFD code STAR-CD ver.4.24
Turbulent Model RNG k-&

Solution Algorithm PISO

Breakup Model WAVE-MTAB, Film Breakup
Collision Model wi/io

Injector Nozzle
Position

Fig.4 Computational domain
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Table 3 Summary of critical Weg for the transition
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Multi-mode 35 50 30
Sheet-thinning 80 100 63

Drop deformation and breakup regime

Oscillatory Ba Multimode Sheet-thinning
deformation 9 breakup breakup
breakup ‘ ‘
Use breakug model MTAB model
Non-breakup | MTAB model or WAVE model
oy X WAVE model
=100
58
o
ZE
=
o 0
0 12 35 80

Weber number We, [-]

Fig.5 Switching method in WAVE-MTAB model
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Fig.8 Sheet breakup model for Direct Injection Gasoline Spray
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Fig.18 Degrees of freedom at each area in direct injection
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