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The Effects of Orifice Internal Flow on the Breakup Characteristics
of Liquid Sheets Formed by Like-Doublet Injectors
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Abstract

The breakup characteristics of liquid sheets formed by like-doublet injector were
investigated in the cold-flow and atmospheric ambient pressure condition. The
sheet breakup wavelength, which induces the sheet to be broken into ligaments,
as well as the sheet breakup length, which is important for the flame location,
was measured using a stroboscopic light. The liquid ligaments are formed
intermittently after the breakup of sheet, and the wavelength of ligaments has
been believed to have a relation to the combustion instability of liquid rocket
engine. Therefore, the wavelength of ligaments and the breakup length of
ligaments into fine drops were also measured. Since these spray characteristics
are affected by the flow characteristics of two liquid jets before they impinge on
each other, we focused on the effects of orifice internal flow such as the
cavitation phenomenon that occurs inside the sharp-edged orifice. From the
experimental results, we found that the liquid jet turbulence delays the sheet
breakup and makes shorter wavelengths for both sheets and ligaments. Since the
turbulent strength of sharp-edged orifice is stronger than that of round-edged
orifice, the shape of orifice entrance results in large differences in the spray
characteristics. Using these results, we proposed empirical models on the spray
characteristics of the like-doublet injector, and these models are believed to
provide some useful and actual data for designing liquid rocket combustors.
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Fig. 1 The orifice design and schematics of
internal flow: (a) round-edged orifice and (b)
sharp-edged orifice.

Table 1. Dimensions of orifice design
parameters and experimental conditions.
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Orifice Design Parameters  Dimensions

onfice entrance shape round, sharp
orifice diameter, dy [em]) 011
0.55(=5d,)

ratio of orifice length diameter 17

pre-impingment length [cm)

Experimental Conditions Ranges

fuel simulant water, kerosene
impingement angle, 26 [deg] 30,60,70.80,90
1,23456

jet injection velocity, U {emy/s] 950 ~3000

injection pressure, 4P {bar]
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Fig. 2 The breakup pattern of liguid sheet

formed by like-doublet injector and definitions
of breakup characteristic parameters.
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Fig. 3 The discharge coefficients of round and
sham-edgeed onfices as a function of injection
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Fig. 4 Visualization of internal flow and liquid
jets for round and sharp-edged orifices as a
function of injection velocity: (a) water simulant
and (h) kerosene simulant
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Fig. 8 The breakup wavelengths of liquid sheet (b,s5)
and ligament (b)) as a function of Weber number
of jet (=300): (a) sheet breakup wavelength and (b)
ligament breakup wavelength.
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