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Fine Structure of Subsonic Jet Noise

W.G. Richarz*
Carleton University, Ottawa, Canada

Introduction

E FFICIENT time series analysis techniques such as the
fast Fourier transform (FFT) have provided the ex-

perimenter with rather fine detail. For acoustic spectrum
measurements in the audio range, typical bandwidths are of
the order of a few Hertz: the effective bandwidth scaling in
inverse proportion to the number of data points. Often the
wealth of information is not examined in detail. The use of a
logarithmic scale for the spectrum level compresses the fine
structure, leaving only prominent features. This Note ex-
amines the fine structure of the sound pressure spectrum of a
subsonic jet. The principal motivation was the possibility of
correlating the fine structure with the sound from large-scale
structures in the jet flow.

Measurement
Figure 1 shows typical noise spectra of a Mach 0.64, 1.91

cm diam air jet measured in the anechoic room of the
University of Toronto Institute for Aerospace Studies. Con-
ventional one-third octave measurements are displayed along
with narrowband FFT data plotted in logarithmic and linear
format. The fine structure is effectively suppressed in all but
the latter. This structure is not a result of finite averaging
time; it is persistent and repeatable. Similar patterns are evi-
dent in jet noise measurements taken at other laboratories.
Most researchers appear to pay no attention to this fine
structure. Some have suggested that the observed fine struc-
ture is evidence of the existence of large-scale structures in
the jet flow. This hypothesis is tested here.

Discussion
It is well known that large-scale structures contribute to

both the flow and the sound field of jets when the Reynolds
number (based on nozzle diameter) is sufficiently low.1'2 At
Reynolds numbers in excess of 50,000, signal averaging is
required, in most instances, to make the structures
identifiable.3'4

If one were to speculate that the measured spectra contain
quasi-periodic and random components, then, according to
data presented in Fig. 1, up to 60% of the energy is contained
in the quasi-periodic (large-scale) structure. Tests conducted
with the identical jet flow, however, suggest that the large-
scale structures contribute no more than 3% of the overall
acoustic energy.3

The conflict is resolved when measurements at different
Mach numbers are examined. For each of the spectra shown
in Fig. 2, the Strouhal scaling of the peak frequency is evi-
dent. The pattern of the fine structure, on the other hand, is
independent of the jet exit velocity. Thus, it cannot be
generated by any sensible process in jet flow.
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Fig. 1 Influence of analysis technique on the appearance of far-
field sound pressure spectra of a Mach 0.64 airjet at 90 deg to jet
axis.
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Fig. 2 Fine structure of sound pressure spectra of an airjet at 90
deg to jet axis.
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A detailed examination of spectra P(f,M) at various
Mach numbers M reveals that the pattern of the fine struc-
ture remains largely unchanged. The degree of similitude is
tested over the frequency band spanning 1-6 k Hz. The
ensemble average of the suitable_normalized fine structures,
(P(/,M)-P(M))/[(P(/,M)-P(M))2]1/2, is found to be
independent of Mach number and has a value of 0.85.

Summary
It appears that the phenomenon of diffraction is largely

responsible for the observed fine structure. Despite precau-
tions of wrapping the jet nozzle and the microphone boom
with fiberglass blankets, some acoustic energy is reflected.
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Counterrotating Streamline Pattern
in a Transitional Separation Bubble

R. L. Davis* and J. E. Cartert
United Technologies Research Center

East Hartford, Connecticut

Introduction

T HE prediction of the interaction between a transitional
separation bubble and the inviscid flowfield that often

exists at the leading edge of an airfoil is a formidable prob-
lem that has recently been the subject of several theoretical
studies based on interacting boundary-layer theory. Vatsa
and Carter1 developed a semi-inverse interaction tech-
nique—ALESEP (Analysis of Leading-Edge Separa-
tion)—for the calculation of airfoil leading-edge transitional
separation bubbles in which an inverse finite-difference
boundary-layer analysis was solved iteratively through
displacement thickness coupling with a Cauchy intergral per-
turbation analysis for the inviscid flow. In this approach, the
streamwise convection of momentum was set to zero
(FLARE approximation2) in the reversed-flow region to pro-
vide a stable forward-marching boundary-layer calculation.
It has been observed in the predictions of a number of tran-
sitional separation bubbles using this technique that the
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reversed-flow velocity can be as large as 28% of the
boundary-layer edge velocity. For flows with large reversed-
flow velocities that occur in transitional separation bubbles
due to the intense vortex formed near reattachment, an
evaluation of the FLARE approximation was made3 to
estimate the error, if any, that arose from its use. A wind-
ward difference scheme was implemented into the ALESEP
code and the results were compared with those obtained
previously using the FLARE approximation. It was found
that even for large reversed-flow velocities, the FLARE ap-
proximation produced comparable results with the windward
differencing approach for the predicted pressure, locations
of separation and reattachment, and displacement thickness.
However, use of of the windward differencing procedure has
revealed a new separation bubble structure not found in
previous inviscid-viscous interaction calculations. A second,
counterrotating bubble was found to exist under the primary
separation bubble for a case with high reversed-flow
velocities.

Inviscid-Viscous Interaction Analysis
The viscous solution technique used in the ALESEP in-

teraction analysis is the inverse boundary-layer procedure
developed by Carter.4 In this procedure, the boundary-layer
equations are transformed through the use of Levy-Lees-type
variables and the normal component of velocity is
represented in terms of a perturbation stream function. The
numerical solution of the transformed equations for the
pressure gradient parameter and the boundary-layer edge
velocity is performed using an implicit finite-difference
technique which is first-order accurate in the stream direc-
tion and second-order accurate in the normal direction. The
Cebeci-Smith5 two-layer model is used for the turbulent eddy
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Fig. 1 Transitional separation bubble streamline pattern:
NACA-0010 airfoil (modified).


