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Study on Diesel Spray Tip Penetration Injected with Nozzles of Different Nozzle-Hole Diameter
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Combustion and emission characteristics of diesel engine are greatly influenced by the atomization of diesel fuel, in
particular by the formation of air-fuel mixture in a combustion chamber. The mixture formation depends on various
condition such as injection pressure, diameter of nozzle hole and ambient pressure. Moreover, the downsizing of the
engine is considered as the solution to improve thermal efficiency of the diesel engine, and combustion chamber
tends to become small as compared with a conventional diesel engine. Diesel spray strongly impinges to piston
cavity of the engine, and the impingement affects the mixture formation and combustion, and it resulted in the
emission characteristics in the exhaust gas. Therefore, in terms of design of diesel spray in combustion chamber,
estimations of spray tip penetration are important. In this paper, feasibility of the conventional empirical formula
was investigated under high injection pressure and high ambient gas density conditions by using nozzles of different
hole diameters. As results, there were discrepancy of spray tip penetration between experiment results and
Hiroyasu-Arai formula, and then Hiroyasu-Arai formula was modified by changing of experimental coefficient o and
velocity coefficient C, based on experiment results. Prediction performance of the spray tip penetration by the
modified formula was improved as compared with original Hiroyasu-Arai formula.
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Fig.1 Experimental setup

Table1 Experimental condition

Nozzle hole diameter d, [mm] 0.120, 0.134, 0.147

Ambient temperature T, [K] 300
Ambient pressure P, [K] 0.5 1.0 20 4.0
Ambient gas density p , [kg/m°] 5.8 11.6 23.2 46.5
Injection pressure P, [MPa] 40, 80, 120, 150
Injection period [ms] 3.2
Test fule Diesel fuel (JIS no.2)
Density of fuel at 300K p [kg/m?] 828
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