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Unified Expression of Spray Breakup Characteristics Using
a Non-dimensional Quantity
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Abstract

In recent years, there has been a social demand for internal combustion engines with high thermal efficiency,
zero impact emissions (ZIE), and carbon neutrality (CN). In order to satisfy the demands, it is important to
control in-cylinder mixture concentration/temperature distributions, precisely, based on breakup characteristics
of liquid sprays under various environments. In this study, we focused on non-dimensional quantities that
represent the breakup lengths of various liquid sprays in a unified manner. The results showed that a breakup
length was able to be uniformly expressed by non-dimensional quantities composed of Jet numbers, Reynolds
numbers, and non-dimensional quantity representing the ratio of latent heat to sensible heat under various

injector specifications, liquid types and ambient conditions.
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Table 1 Specification of the Baseline Injectors

Injector type Solenoid-Driven Injector

Hole number 1 9 1
Hole diameter [mm)] 0.08 0.08 0.10
Nomenclature Inj. A Inj. B Inj. C

Table 2 1%, FEBRZTITOIEBOBBANGTHEHLAZHETH
%, BEODHBERICEWVWTIE, BHTI3FTRKIGOER
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Table 2 Ambient Conditions of the Experiment

Casel Case2
Density [kg/m"’] 9.47 17.4
Pressure [MPa] 2.02 4.40
Temperature [K] 910 1070
Ar 73.2 72.0
Gas N, 9.4 13.1
component
[mole fraction, %] H.O 9.9 8.5
CO, 7.5 6.4

Table 3 |C, MEFERIR{LEIER%Z Rk L 7oESISR M4 C 5 H
[k 2T, BEERE, 2P 72 -RUEBERE
Jril, EENICEBIR SN BHEIMERTE 568
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Table 3 Summary of the Test Conditions

R (2 K
Test fluid Water (293 [K]) 5.5 (293 [K])
(gasoline surrogate fuel)
Injector Inj. A Inj. B Inj. C Inj. C
- 60
Injection pressure 130 130 20 100 100
(rail pressure) [MPa] 200 200 200
200
Injection
pulse width [ms] 0.5 0.5 3 0.5 0.5
Ambient condition Case1 | Case1 | Case1,2 | Case 1,2 Case 1, 2
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Fig. 1 Definition of the Breakup Length
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Fig. 2 Breakup Length Against the Injection Pressure
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Fig. 4 Breakup and Evaporation Process of Liquid Spray
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