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The aero-acoustic performance of a forward-slanted perforated tube attached to a convergent nozzle was evalu-
ated experimentally. The sound pressure level and thrust of the tube were investigated and a good performance
in noise suppression was found. Flow visualisation with the Schlieren system along with a high-speed video
camera showed the disappearance of shock structure in the flow issued from the tube with forward-slanted per-
forations but not present in the flow from a solid tube without any perforations. The performance of the perfo-
rated tube with forward-slanted perforations was compared with that of different tubes 1) with backward-slanted
perforations and 2) with perforations normal to the axis and 3) with a solid tube without any perforations.
Among the tubes tested, the perforated tube with forward-slanted perforations showed the best performance. The
tube suffered from minimum thrust loss compared with the backward- and the normally perforated tubes. The
only a drawback of the tube with forward-slanted perforations was its generation of a tonal component at low
pressure. The elimination of the inner sharp edge of the perforation or the reduction of tube thickness negated

the drawback and improved the aero-acoustic performance of the tube with forward-slanted perforations.
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1. INTRODUCTION

Most supersonic jets are imperfectly expanded. In these
jets, a quasi-periodic shock cell structure is formed in the jet
plume. The passage of a disturbance through the shock waves
and the interaction of the shock waves with the disturbance
generate intense shock-related noise in addition to turbulent
mixing noise. There are two types of shock-related noise.
One type has discrete spectral components, which are com-
monly referred to as jet screech tones."? The other type con-
tains more broadband spectral components and is known as
broadband shock-associated noise.** The presence of the two
kinds of shock-associated noise modifies the spectral and di-
rectional characteristics of the jet noise. The intensity of
these noise components is a strong function of the direction
of observation.

At high supercritical pressure ratios, the noise-generating
mechanisms of the major sources of the radiated noise from
supersonic jet flows (e.g., the mixing and the shock associ-
ated noise components) are often coupled.’ Normally, the in-
tensity of the shock-generated acoustic radiation is directly
dependent upon the shock strength and the level and coher-
ence of the flow fluctuations convected through the shock
front.* Therefore, to suppress aerodynamic noise compo-
nents radiated by an imperfectly expanded supersonic jet, the
extent, the spacing, and the strength of the repetitive shock
structure and the level and coherence of the jet flow fluctua-
tions convected through the shock fronts need to be modified,
so that the overall strength of the noise-contributing sources
and the effectiveness of their noise-generating mechanisms
are reduced. Moreover, it is imperative that the useful modi-
fications to the exhaust flows should be achieved with mini-
mum thrust loss and weight penalty to the jet propulsion sys-
tem.

Many devices, such as nozzles with tabs, slotted tubes,
chuted nozzles, lobed nozzles, multi-tube nozzles, etc., are
used for suppressing jet noise. Contoured and porous plug
nozzles are also commonly used.” However, in most cases the
attachment of a noise-reducing device incurs undesirable ef-
fects, such as increasing dead weight and reducing thrust.

Supersonic jet-noise suppression achieved through the re-
lief of the pressure of an under-expanded jet through a perfo-
rated tube has been reported by one of the present authors. In
this paper the optimal length of the tube and the effects of the
shroud on noise suppression have been described.*® It has
been demonstrated that the supersonic flow is generated by
the addition of a perforated tube, and the flow at the exit of
the perforated tube changes from under-expanded to cor-
rectly expanded or over-expanded jet as the length of the per-
forated tube is increased. Perforated tubes reduce noise most
effectively when the optimum porosity, perforation pattern
and length have been combined. The attachment of a shroud
to a perforated tube, with proper design, not only reduces the
energy loss but also improves the acoustical characteristics of
the tube.'®!" In the present experimental study, a comparison
of different types of perforations of the tube has been per-
formed, and the forward-slanted perforation was found to be
most favourable in suppressing supersonic jet noise.

2. EXPERIMENTAL PROCEDURES

2.1. Nozzle, Perforated Tube and Jet Properties

A convergent nozzle was used in the present experiment
to generate an under-expanded supersonic jet of interest. Pre-
liminary experiments were carried out to obtain the reference
data for the nozzle. The convergence angle, exit diameter
(D), lip thickness, total length and the length of the converg-
ing parts of the nozzle were 30°, 10, 10, 110 and 26 mm re-
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