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Shear Coaxial Injectors

Shear coaxial jets can be found in a number of combustion
devices

— Turbofan engine exhaust, air blast furnaces, and liquid rocket engines

Substantial fundamental research exists on single phase
coaxial jets

— Quantitative mass distributions and velocity fields measured using PLIF
and velocimetry

— Includes the case where both fluids are supercritical
— Common in modern boost-class liquid rocket engines

Current focus is on two-phase coaxial jets for rocket engine
applications

— Common in upper-stage engines and during throttled conditions, startup
and shutdown transients of boost-class engines

— Previous scaling efforts have been largely based on imaging of the
liquid core

Gaseous high speed outer jet (fuel) is used to fragment a dense
liquid core (oxidizer)
— Fuel is typically H, or CH, and oxidizer is LOX

— For the current study liquid H,O and gaseous N, are used as
surrogates for oxidizer and fuel respectively












Experimental Method

* Measurements conducted at 7BM of the Advanced Photon Source

* Beam size 7 X 8 um FWHM
— Beam Photon Energy: 10keV
— AE/E=1.4%
* Focused beam in raster-scan
— 1D transverse scans at 8 location
— Scans perpendicular to injector axis
— Scans collinear to injector axis
* Each point averaged for 5 seconds

* Time resolved data (6 MHz) taken
simultaneously

— Used for RMS calculations

* Beer’s law used to convert x-ray
transmission to mass/area in beam

e Demineralized water absorption
coefficient at 10keV: 5.33 cm?/g

Near Injector Optic Layout




Mobile Flow Laboratory

* Self contained mobile system capable of delivering up to one
kg/s of H,O & GN, at pressures in excess of 200 atmospheres

Requires only power, LN,, and exhaust from host facility
System fully rated to 408 atm (Allows more GN,, storage)

Dedicated Allen-Bradley control & Pacific Instruments data acquisition
systems

Remote operation

High speed abort system on all data channels for added pressure safety
System is on wheels and can be assembled in under 2 days

Ran almost continuously (20 hours/day) for two weeks



























Core Length Comparison

Current core length data (EPL/D;=0.3) was compared to three
two-phase shear coaxial data sets from the literature

— Woodward et. al. (1994): N, & H,0, Laboratory source X-ray
radiography with a time-averaged thresholding method

— Eroglu et. al. (1991): Air & H,0, Backlit imaging with an instantaneous
thresholding method

— Leyva et. al. (2007): GN, & LN,, Backlit imaging with an instantaneous
thresholding method

Fit from Leyva et. al.

— Between 18J 02 & 26J 02
Fit from Current Data

— 9.9 -0.66
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Summary & Conclusions

X-ray radiography was used to obtain quantitative EPL profiles in
shear coaxial rocket injectors

— 4 injector geometries and 5 momentum flux ratio values were studied
All test conditions were shown to be in the fiber-type atomization
regime
Centerline profiles were used to develop four hypothetical
atomization regions

— Near-Injector, Core Breakup, Transition, and Far-Field
Three methods were investigated to define core length

— Percent decrease, spatial derivative, and peak EPL RMS

Core lengths obtained using a 30% decrease in EPL and the peak
EPL RMS were found to have excellent agreement

Core length data was found to scale with J-066 which differs from the
J-02 suggested by other two-phase shear coaxial jet investigations

— Difference in scaling likely do to differences in measurement technique

In the future backlit images of the current test conditions will be
obtained so direct core length comparisons can be made

Additional work is needed to further understand how the X-ray
radiography technique compares with prior investigations
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