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THE INFLUENCE OF THE UPSTREAM MOVING SHOCK
ON THE FREE GAS JET CHARACTERISTICS

The characteristics of the free gas jet, during its interaction with an upstream
moving shock, were investigated experimentally. The initial strength of the shock
remained constant and equal to M, = 1.34 whereas the Mach number of the free gas jet
M; varied in a wide range of sub- and transonic values from M; =0 upto M; = 1.4.
It is shown that in the presence of the moving shock the jet characteristic becomes
strongly modified. Outside the jet originates a cluster of pressure waves which moves
upstream in jet surrounding. Spatial and frequency characteristics, as well as the
number of pressure waves in the cluster, depend on the shock amplitude and the exit
velocity of the free gas jet.

1. Introduction

It is well known that underexpanded rectangular or circular gas jets are
sources of intense noise generation with discrete components in the noise
spectrum (these tones are called screech tones). Screech occurs in the range of
jet Mach numbers from M; = 1.1 up to M; = 1.55 for rectangular jets and from
M; = 1.2 up to M; = 2.4 for circular jets. The phenomenon is due to the
oscillations of the supersonic jet core, which are characterised by the
existance of symmetric or helical flow disturbances. A necessary circumstan-
ce for the screech is the existence of cellular structure in the jet core. This
contains a series of subsequent expansion and compression regions (called
cells) ending with oblique and normal shock waves. Dimensions of the cell
depend on the nozzle type, as well on the supply to ambient pressure ratio.
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Screech tone generation is controlled by a feedback mechanism. First
formulation was given by Powell [1], who suggested that the feedback loop is
composed of two elements, namely periodic stream disturbances and acoustic
waves. The stream disturbances are amplified when carrying downstream,
and produce significant acoustic energy when traversing the shock accom-
panied with jet cellular structure. On the other hand, the part of sound waves
which moves in the upstream direction causes new stream disturbances in the
region close to the jet exit.

The basically correct model of the feedback mechanism proposed by
Powel has been lately modified by Tam, Ahuja & Jones [2]. In this new form,
the feedback loop consist of three components: acoustic waves, the so-called
“instability wave”, and the shock cell structure. The “instability wave” is
generated by acoustic disturbances near the nozzle lip, where the jet mixing
layer is receptive to excitation. It grows, as it propagates downstream, by
extracting energy from the mean flow of the jet. At a distance of about four to
five shock cells, the instability wave, having now a large amplitude, interacts
strongly with the shock cell structure. This unsteady interaction results in the
emission of intensive acoustic waves, some of which propagate upstream
outside the jet. Upon reaching the nozzle exit, these acoustic disturbances
excite the jet shear layer, and in this way a new instability wave is generated.
This closes the feedback loop.

The problem of screech tone generation by imperfectly expanded free gas
jets, as well the composition of the feedback loop are still the object of interest
to many investigators ([3], [4]). A comprehensively overview is presented by
the work of Raman [5].

Intense tones of discrete frequencies can be also produced by high
subsonic jets impinging normal upon a wall at jet Mach number greater then
0.7. Oscillations of this type were first observed by Wagner [6] and Neuwerth
[7] in the seventies. In this case of the flow, the oscillations begin at jet Mach
number 0.74, and disappear when a value of M, = 1.28 is achieved. A similar
phenomenon occurs when a wall jet impacts upon a flat plate [&].

To explain an impingement phenomenon, a feedback loop model was also
proposed [6,] [7]. It consisted of two elements. The first one built coherent
structures of the flow (vortex) propagated downstream in the wall direction,
whereas the second one consisted of acoustic waves generated by the vortex
upon impinging on the wall, and spread toward the nozzle in the jet inside. In
Wagner’s opinion, the feedback loop is closed when the excited jet shear layer
produces a new vortex near the nozzle exit.

Ho & Nosseir [9] and Umeda at al. [10] represent a slightly different point
of view. They believe that the feedback loop, necessary to support the
oscillation, is closed by acoustic waves which propagate outside the jet.






















































