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Atomization Characteristics of the High Speed Rotating Injection System
with Single Column Orrifice
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Abstract

The spray characteristics of the high speed rotating fuel injection system were studied. The five variants of rotating fuel
nozzle were used by spray test. The diameter of single column injection orifices are varied from 1 mm, 2 mm, 3 mm, 4
mm and 5 mm. We constructed high speed rotating test rig and measured droplet size by PDPA (Phase Doppler Particle Ana-
lyzer) system. Also spray was visualized by using high speed camera. In the test results, we could understand that length of
liquid column from the injection orifice is mainly controlled by the rotational speeds. SMD is decreased with increasing
injection orifice diameter and rotational speeds. Furthermore, from the comparison to the theoritical calculation, we confirmed
that SMD is influenced by the liquid film thickness which is formed inner surface of injection orifice.

NOMENCLATURE

PDPA : Phase Doppler Particle Analysis

SMD  : Sauter Mean Diameter, [um]

: Absolute viscosity of liquid, [N * sec/m?]

: Angular velocity, [rad/sec]

: Liquid film thickness, [pum]

: Orifice diameter, [mm]

: Volume flow rate on a per-channel, [m®/sec]
: Outer radius of rotating nozzle, [cm]

pL : Liquid density, [kg/m?]
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Fig 1 Schematic Diagram of Spray Test Rig with PDPA
System
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Fig. 2 Rotating Fuel Injection Nozzle

Table 1. Test Matrix for Rotating Fuel Nozzle

Injection Orifice
Number | Diameter, dmm) | A(mm?)
Casel 1 4.71
Case2 2 18.84
Case3 6 3 42.39
Case4 4 7536
Case5 5 117.75
¥ A : Injection Orifice Total Area
0 m e e o= e

Fig. 3 PDPA Measurement Points
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Fig. 4 Spray Visualization with Rotational Speed
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Fig. 7 Droplet Velocity with Peripheral Velocity
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Fig. 8 SMD Measurement for Uncertainty Analysis
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Fig. 9 SMD with Mass Flow Rate
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Fig. 11 Schematics of Liquid Film Thickness of Rotating
Fuel Nozzle
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Fig. 12 Liquid Film Thickness with Peripheral Velocity
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Fig. 13 SMD with Peripheral Velocity
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