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The Effect of Pressure and Acoustic Excitation on Coaxial LN2/GN2 
Jets 

Davis, D., Chehroudi, B., and Talley, D. 

The present trend in liquid rocket engines, gas turbines, and Diesel engines, is towards increas- 
ingly higher chamber pressures. In many cases, the chamber pressure can exceed the critical 
pressures of the fuel or oxidant. Above the critical pressure, the distinction between the gas and 
liquid phases is lost, and mechanisms conventionally associated with subcritical spray combus- 
tion no longer necessarily apply. Until recently, relatively little has been understood about the 
injection and combustion behavior of propellants at supercritical chamber pressures. The results 
presented here are an extension of our previous work [1,2] systematically investigating liquid 
rocket injector behavior at subcritical and supercritical pressures. The injector for this work is a 
coaxial injector, with the center post being identical to that used in previous single round jet 
studies [1,2]. In this way, departures from single round jet behavior can be systematically ex- 
plored. The center post of the coaxial injector has an inner diameter of 0.5 mm and an outer di- 
ameter of approximately 1.6 mm. The annulus gap is approximately 0.7 mm. The fluid issuing 
from the center post of the injector was liquid nitrogen (LN2) at about lOOK. Slightly warmer 
(~140K - 170K) and less dense {pilp^ -5-15) gaseous nitrogen (GN2) flowed from the annulus. 
The chamber was pressurized with GN2 at ambient temperature. The effects of selected parame- 
ters are investigated, including the gas-to-liquid velocity ratio, mass flow rate ratio, different co- 
axial gases, and some geometrical parameters. 

Preliminary calculations of the key operating parameters shows that velocity ratios (ug/ui) of the 
order of 10 and momentum flux ratios (Pg u^ Ipi ML') of about 3.5 are achievable using the pre- 
sent experiment. These values are similar to those of practical devices such as the Space Shuttle 
Main Engine (SSME) preburner, where Pg «/ Ipi u^ ~ 3.45 and Ug/ui ~ 10 [3]. The coaxial jets 
are exposed to an acoustic field generated via a specially-designed piezo-siren, as described in 
refs. [2,4], capable of producing acoustical amplitudes of 180dB, with the strongest chamber 
resonances at 2.7 and 4.8 kHz. Thus the coupling of acoustic waves with jet process can be stud- 
ied, having relevance to combustion instabilities in liquid rocket engines. Previous studies of 
acoustically excited single round jets with no coaxial gas flow [2] showed that at supercritical 
pressures the jet was relatively unaffected by the acoustic waves. However, more recent results 
where the coaxial gas flow was added [4] showed that the jets interacted with the acoustic waves 
even at supercritical pressures. 

The principle diagnostic for this work is shadowgraph imaging using a model K2 Infinity long 
distance microscope fitted to a high resolution CCD camera by the Cooke Corporation. How- 
ever, in addition to the shadowgraph data, preliminary laser-induced thermal acoustics (LITA) 
measurements are also presented. The LITA measurements provide a quantifiable measurement 
of the local speed of sound which can be related to temperature and density variations within the 
flow. Quantitative measurements have been made in the past [5] using a Raman technique, pro- 
ducing Raman intensities which are theoretically related to the density profiles. Representative 
results showing markedly different intensity profiles at subcritical and supercritical pressures are 
reproduced in Fig. 1. However, significant uncertainties in the Raman cross-section exist in the 
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supercritical regime. The LITA approach is an alternative technique which is expected to reduce 
the uncertainties associated with Raman measurements. 
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Figure 1. 40-frame-averaged Raman relative intensity radial profiles at two different axial distances from the injec- 
tor and at sub- and supercritical chamber conditions. X and D are axial distance from the injector exit plane and 
injector hole diameter, respectively. Ich stands for measured intensity sufficiently far from the jet location. The la- 
ser sheet propagation direction is from right to left. Pr is the reduced pressure, chamber pressure/critical pressure of 
N2. [5] 


