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Fig. 2 Nonlinear correlation between mean pressure and frequency
for L* oscillations. (Data from Kumar and McNamara. %)
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Fig. 3 Linear correlation between mean pressure and frequency for
L* oscillations. (Data from Kumar and McNamara.®)

similar to that shown in Fig. 2 for a composite propellant may
be the missing link between the low- and medium-pressure
datain Fig. 1, which applies for a double base propellant.

Data from experiments with CIT-3 propellant, shown in
Fig. 3, yield a linear relation between p and F, with dF/dp=
2% 10 7% m-sec-kg ~!. The difference between A-13 and CIT-
3 formulations is the large oxidizer particle size of the latter
(175 pm vs 39.5 um). In this respect, it should be noted that
slight changes in the propellant may seriously affect the
results of L* experiments. For example, data from ex-
periments with NWC A-133 do not yield a p— F correlation,
and oscillation frequencies vary between 20 and 90 sec !,
while experiments with JPL-processed A-13 produce a distinct
p—F correlation, with oscillations varying between 6 and 20
sec~!. The pressure range of experiments with CIT-4
propellant is too small for p — F analysis.

Price’s remarks? about oscillatory combustion in L*
burners and rocket motors are still generally applicable. The
newly observed relations between oscillation frequency and
mean pressure appear to be much more prevalent than
previously noted and may contribute to a better un-
derstanding of L* oscillations.

Conclusions
1) Both double base and composite propellants, which are
sensitive to L* oscillations, may exhibit a distinct p—F
correlation.
2) For ARP double base propellant, there exist two regions
in which L* oscillations may occur: a low-pressure, high-
frequency region and a medium-pressure, low-frequency
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region. In these regions, the frequency increases linearly with
the mean pressure.

3) The pressure-frequency relation of L* oscillations is not
affected by the size of the L* burner. )

4) The oxidizer particle size of composite propellants
clearly affects the linear burning rate, the frequency at which
the oscillations occur, and the p — F correlation.
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Introduction

HIS work deals with a turbulent jet impinging on a solid
boundary. The study of this problem is motivated by the
use of the blown flap in STOL airplanes. Experiments related
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Fig. 1 Geometry of 50° (25°) curved plate.
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Fig. 2 Spatial distribution of rms level of pressure fluctuations,
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to these topics have been reported by various authors. * Most
of the results were for impingement on a flat plate or a
straight trailing portion of a curved plate. The present work
deals with impingement on the curved section of curved
plates, eliminating the complicated geometry of the wing and
flap model while retaining the curvature effect lost with the
flat plate.

Apparatus and Data Processing

The air jet has a 2-in. nozzle and exhausts into an anechoic
room with a low frequency cutoff of 150 Hz. Two different
curved plates were built for these experiments, both 30 in. in
span. (Fig. 1). These plates were instrumented with Y-in.
Kulite piezoresistive pressure transducers (model XTEL-1-
190-25G). The transducer signals were recorded on a Hewlett-
Packard 14-channel FM tape recorder (model 3955A). The
frequency response for the system comprised of transducers,
amplifiers, and the tape recorder extended from 10 Hz to 20
kHz. Static pressures were measured from two rows of 0.02-
in. static pressure ports running chordwise on the plates.
Symmetry of the jet was established by moving the plate in the
Y direction (see Fig. 1), so the ports were first on one side and
then the other side of the jet. The data digitized and analyzed
with a Hewlett-Packard Fourier analyzer (model 5451B).

Experimental Results
The purpose of this work is to study the effect of
parametric variations on the fluctuating pressures. Three
categories of parameters are used: the Mach number M, the
deflection angle of the plate @, and the relative position
between the jet and the plate X,z and Z, .

Level of Surface Pressure Fluctuation

For the same Mach number, the maximum fluctuation
levels are of the same order for two different plates (Fig. 2).
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Fig.3 Spatial distribution of Strouhal numbers.
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Fig. 4 Spatial distribution of roll-off exponents.

The reason for this may be that, since the pressure fluctuation
is related to the fluctuating velocity and the velocity fluc-
tuation has developed to the same state for similar down-
stream locations on the two plates, the levels of pressure
fluctuation are of the same order. The spatial distribution of
rms values can be seen to have different patterns for the two
plates. This is a result of the two different curvatures, an
argument strongly supported by the evidence that the spatial
distributions of the rms values normalized by the local mean
pressure have the same shape. The difference in magnitude of
the normalized profile is due to the large difference in values
of mean pressure on the two plates. Both the static pressure
and the level of fluctuating pressure can be scaled to the
square of the Mach number, M?,

Spectra

For dynamic loading studies, the spectra are also im-
portant. The Strouhal numbers, fD;/U; based upon the peak
power frequency, are close to 0.3 (Fig. 3) and are not very
sensitive to the change of relative position or difference in
deflection angles. These simple results provide important
basic design information for the response of structures under
aeroacoustic excitation. It is interesting to note that since the
Strouhal number (0.3) is very close to the most unstable mode
of a free jet,> the peak pressure fluctuation may be associated
with large shedding vortices whose shedding frequencies are
not affected by the difference in deflection angles or by small
changes in relative positions. This means the peak Strouhal
number stays almost constant.

The slope of the high-frequency end of the spectrum is
proportional to f~", where n is a decreasing function of the
streamwise distance (Fig. 4). This implies that the flow is still
in a developing range. Relatively more high-frequency
components are generated at downstream stations, where the
roll-off exponent approaches an asymptotic value of 2. The
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Fig. 6 Narrow-band convection speed for X; . =0, Z; . = 1.4.

roll-off exponents do not vary appreciably with Mach
number, deflection angle, or the relative positions of the jet
and plate. This is because the changes in geometry or
deflection angle mostly affect the structure of the large-scale
shedding vortices and not the high-frequency end of the
spectrum that governs the roll-off exponent.

Coherence

The square root of coherence is the narrow-band
correlation coefficient between two spatial points. In this
experiment, the bandwidth is 20 Hz. The maximum coherence
usually occurs near the frequency corresponding to the
Strouhal number 0.3. This implies that the maximum
coherence is mostly due to the large-scale coherent structure.
A two-dimensional diagram is used to represent the coherence
function on the curved plates (Fig. 5). The number given is the
maximum of the square root of coherence between two ad-
jacent points. The maximum coherence does not vary
significantly with the variation of Mach number.

Narrow-Band Convection Speed
In a turbulent shear flow, the convection speed of velocity
fluctuations is not constant for eddies with different
wavelengths. The convection speeds of the pressure fluc-
tuations are also a function of the wavelength. %’ The narrow-
band convection speed U, (f) =2xfAs/a is calculated from
the phase « of the cross spectrum. The convection speed
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increases from 0.2 U; at low frequency to 0.6 U, at high
frequency, and is the same for the two plates (Fig. 6). The fact
that the convection velocity increases with frequency agrees
with measurements of velocity fluctuations in free jet.®
Preisser and Block? reported that the high-frequency pressure
fluctuations convect slower than low-frequency pressure
fluctuations. Their conclusion is based on measurements
made with transducers at a large spatial separation. However,
transducers separated by a large distance have a low pass
spatial filter effect. The high-frequency phase difference
measured at large separation can be misleading.

Conclusion
An experimental study of a jet impinging on a curved
surface was performed. A major finding is that variations in
most of the measured properties can be explained by the
presence of large coherent structures. The parametric
variations do not significantly affect the shedding frequency

- of the coherent structures, but do affect their development.
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Nomenclature
A = channel cross-sectional area
a; =turbulence correlation coefficient in Eq. (16),
. see Ref. 4
B =magnetic field
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