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A study of gasoline spray for air-fuel mixture formation by fuel heating
(The effects of fuel heating and fuel properties on spray characteristics of gasoline spray)
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In recent years, gasoline direct injection engines have attracted attention, but their combustion process depends on air
fuel mixture characteristics. Therefore, it is necessary to control fuel spray for efficient air-fuel mixture formation. The
purpose of this report is to grasp the effects of fuel temperature and fuel properties on spray characteristics using fuel
heating, which is one way to control fuel spray. Since it is necessary to consider that gasoline fuel is a multi-component
fuel containing components with different properties and evaporation characteristics in regard to the heating spray
characteristics, evaluation with spray experiments and model formulas using multiple fuels was carried out. As a result,
when comparing the fuels, it was confirmed that the same relationship was established between the increasing tendency
of the number of bubble nucleation by the flash boiling phenomenon and the increasing tendency of the spray angle.
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Fig.1 Schematic diagram of schlieren photography
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Table1 Properties of test fuel

Test fuel cyclopentane | isooctane ethylbenzen
Structure ) X)\ ©-CHTCH3
Saturate temperature Tor [K] 323 372 409
Density [kg/m’] 745 692 867
RON 101.3 100 107.4
Latent heat (AT=0deg.) [kJ/mol] 27.42 30.48 35.78

Table 2 Experimental conditions (single hole nozzle)

Test fuel cyclopentane isooctane ethylbenzen
Lower heating value [KJ/g] 47 477 43
Saturate temperature T, (K] 323 372 409
Test nozzle Single hole nozzle (Large sac type)
Nozzle Hole Diameter ¢d [mm] 0.15

Lendth-to-width rate L/d [-] 4.67

Ambient gas N,

Ambient pressure P,[MPa] 0.101(1.15 [kg/m?])

Ambient temperature T, [K] 293

Injection pressure P,,; [MPa] 20.0

Degree of superheat AT, [deg.] -20, 0, +20, +40,+60

Injection quantity 0,, [mg] 2.86

Injection duration t;,; [ms] 1.78 E 1.87 E 1.74

Table 3 Experimental conditions (multi hole nozzle)

Test fuel cyclopentane isooctane ethylbenzene
Lower heating value [KJ/g] 47.0 473 43.0
Saturate temperature T [K] 323 372 409
Test nozzle Multi hole nozzle (6 holes)
Nozzle Hole Diameter od [mm] 0.131
Ambient gas N,
Ambient pressure P,[MPa] 0.101(1.15 [kg/m*])
Ambient temperature T, [K] 293
Injection pressure P,,; [MPa] 20.0
Degree of superheat 4T, [deg] = T;-T,, -20, 0,+20,+40,+60
Injection quantity 0, [mg] 18.5
Injection duration £ [ms] 1.37 i 1.40 i 1.47
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Fig.3 Properties of test fuel
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Fig.4 Spray pattern and the shooting direction
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