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ABSTRACT
One approach to reduce jet noise generated by rectangular jets is to include flat surfaces that are parallel to the jet axis, but
previous experimental work indicated that there is an increase in the noise generated by these configurations, mainly associated
with the effect that the plate trailing edge exerts on the flow. In this work, we use large eddy simulations to investigate the
potential of trailing edge deformations to reduce jet noise. We consider a high aspect ratio rectangular nozzle exhausting a jet
over a flat surface in different configurations, and estimate the noise propagating to the farfield. Because of the high aspect
ratio of the rectangular nozzle, we approximate the jet as being two-dimensional, and use periodic boundary conditions in the
spanwise direction. For the configurations that we considered here, the trailing edge deformations did not seem to affect the
noise significantly; an overall sound pressure level in the order of 1-2 dB was observed for some selected cases.

1. Introduction

Methods to reduce the noise generated from air-
craft propulsion systems have long been a topic of re-
search within the aerospace community. There have
been many challenges in solving these types of prob-
lems due to the complexity of the research as well as
the costs involved. Jet-surface interaction noise is usu-
ally associated with an increase in low frequency noise
as a result of the interaction between a turbulent jet
and a flat surface that is parallel to the jet axis. This
jet noise increase is generally the result of two sources:
the first source is called scrubbing noise, and the second
is the trailing edge scattering noise (Brown and Wernet
[2]). Scrubbing is generated by the interaction of the
turbulent flow with the flat surface, while the trailing
edge noise, which is the dominant noise source (Brown
[1], Podboy [3]), is produced when the turbulent flow
interacts with the edge of the plate and transitions to
a mixing layer. There is also an additional noise com-
ponent that is affected by the jet surface interaction,
which is associated with the turbulent mixing either
upstream or downstream of the trailing edge.

In Behrouzi and McGuirk [4], experimental re-
search was conducted that involves a rectangular noz-
zle and rectangular plate that is similar to the ones
involved in this study. A convergent rectangular nozzle
was configured with a rectangular plate to act as an
aft-deck at the nozzle exit and tested at the Loughbor-
ough University high-pressure nozzle test facility. The
focus of this study was to determine the effects of the
rectangular plate (aft-deck) on flow field development
and what kind of benefits from the shielding effect from
the aft-deck might produce. The net pressure force ex-
erted on the jet was changed by the aft-deck addition
which led to a transverse deflection of the jet. A dra-
matic effect was noticed on the plume development due
to the aft-deck, and the potential core length was ex-
tended slightly with turbulence levels being reduced in
the plume near field.

Our main objective of this work is to investigate
the effect of surface deformations in proximity to the
trailing edge of the plate installed under the jet. To this
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end, we perform a suite of large eddy simulations of dif-
ferent geometrical and flow conditions, and evaluate the
farfield noise radiation. The numerical tool is a high-
accurate solver, discretizing the unsteady, compress-
ible, conservative form of the Navier-Stokes equations
written in body-fitted curvilinear coordinates. The
mean flow is first determined using Reynolds Averaged
Navier-Stokes (RANS) equations via a k−ω turbulence
model. We consider a high aspect ratio rectangular jet,
which allows us to simplify the geometry by considering
a spanwise slice of width 4Dj , where Dj is the height of
the nozzle, with periodic boundary conditions applied
in the spanwise direction.

2. Problem Formulation and Numerical Algo-
rithm

The Navier-Stokes equations are solved numeri-
cally in the framework of implicit large eddy simula-
tions, using a generalized curvilinear coordinate trans-
formation. Numerical filtering is applied to account
for the missing sub-grid scale energy. The numeri-
cal algorithm uses high-order finite difference approx-
imations for the spatial derivatives and explicit time
marching. The time integration is performed using
a second order Adams-Bashforth method. The spa-
tial derivatives are discretized using dispersion-relation-
preserving schemes of Tam and Webb [5] or a high-
resolution 9-point dispersion-relation-preserving opti-
mized scheme of Bogey et al. [7].

To damp out the unwanted high wavenumber
waves from the solution, high-order spatial filters, as
developed by Kennedy and Carpenter [6], are used. No
slip boundary condition for velocity and adiabatic con-
dition for temperature are imposed at the solid surface.
Sponge layers are imposed in the proximity of the far-
field boundaries, regions that are outside the flow do-
main of interest (this is combined with grid stretching
and sponge layers to damp the unwanted waves). Shock
capturing techniques are needed to avoid unwanted os-
cillations that may propagate from potential discon-
tinuities that can develop in supersonic flows. Shock
capturing methodology that was proven to work effi-
ciently for high-order, nonlinear computations was ap-
plied (Bogey et al. [8]). Since in the present work high-
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order, central-difference schemes are used to achieve in-
creased resolution of the propagating disturbances, a
straightforward approach is a model which introduces
sufficient numerical viscosity in the area of the discon-
tinuities, and negligible artificial viscosity in the rest of
the domain. The technique introduces selective filtering
at each grid vertex to minimize numerical oscillations,
and shock-capturing in the areas where discontinuities
are present (see Bogey et al. [8]).

The mean flow used to initialize the LES is ob-
tained from RANS simulations, where a classical k− ω
turbulence model is applied to account for missing fluc-
tuations.

3. Results

Results are reported and discussed in this section
for a high aspect ratio rectangular jet exhausting over
a flat surface located underneath the jet flow. The flat
surface is parallel to the jet axis and located underneath
the nozzle at a fraction of the jet height from the cen-
ter of the nozzle, while the trailing edge is located at
multiple nozzle heights (4, 5, or 6) downstream of the
nozzle exit. The geometry of the nozzle and the flat
plate with deformed trailing edge are shown in figure 1.

Fig. 1 The geometries considered in this study flat plate
(left) and trailing edge with deformations (right).

Contours of TKE are shown in figure 2 for all
configurations. For all configurations, there is an at-
tenuation of the TKE in the bottom shear layer as a
result of the interaction with the plate.

Fig. 2 Turbulent kinetic energy contours from RANS:
no plate (left) and with plate d = 0.65Dj , L = 5Dj

(right).

Cross-flow vertical profiles of mean velocity mag-
nitude and turbulent kinetic energy at different axial
locations, from x = 4Dj to x = 45Dj , are plotted in
Figure 3. The deviation of the jet from the axis of
symmetry, as observed in the contour plots, is clearly
revealed in the left panels of these figures.

Iso-surfaces of Q-criterion colored by the stream-
wise velocity component are shown in Figure 4. Acous-
tic waves radiating from the jet are plotted in gray
contours, showing an attenuation of the acoustic waves
underneath the plate can be notice as a result of the
shielding provided by the plate

Acoustic spectra have been calculated at two
probe locations, relatively close to the jet), at a large

Fig. 3 Streamwise velocity profiles (left) and turbulent
kinetic energy profiles (right) along vertical direction,
for d = 1.0Dj , L = 5Dj .

Fig. 4 Iso-surfaces of Q-criterion colored by the stream-
wise velocity and pressure contours in gray.

angle with respect to the jet axis. Overall sound pres-
sure level for different configurations are show in Figure
5a, revealing that the installation of the plate reduces
the noise, which is an indication of the shielding effect.
The reduction of noise by including trailing edge defor-
mations were very small (not included here).

Fig. 5 Overall sound pressure level for different config-
urations: above the jet (left) and under the jet (right).
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