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1. Introduction

Noise from a supersonic turbulent jet emitted
from convergent or convergent-divergent nozzles
has destructive effects on the environment,
structures, and personals. Jet noise pollution is
directly related to the turbulent flow structure. A
deeper and better study of this complex structure
leads to an understanding of the mechanisms and
sources of noise generation in such devices.
Turbulent jet flows include small and large-scale
turbulent structures, both of which are capable of
generating noise. Although the role of small-scale
structures in noise generation is predominant in
subsonic jets, but the role of large-scale structures
becomes more important in supersonic jets; so
that a significant part of the supersonic jet noise is
directly due to the large turbulent structures
resulting from the turbulent jet flow (turbulent
mixing noise). In an imperfectly expanded
supersonic jet, there are two additional shock-
associated noise components. The first
component, which has discrete frequencies, is
called screech tones, and the second one is called
broadband shock-associated noise. In this study, a
chocked nozzle and the resulting noise in the near
field and behind the nozzle were studied and, the
effect of operating parameters such as pressure
and temperature of the flow on the noise generated
by the turbulent jet were investigated.

2. Governing Equations and Numerical
Methods

In the present case, the jet flow enters the
surrounding ambient at the speed of sound
through a converging nozzle with a diameter of
12.7 mm and a certain edge thickness. Figure 1
shows a schematic diagram of the problem
geometry and position of the microphones.
Microphone No. 1 was used to examine the sound
pressure level in the near field and microphones
No. 2 and 3 were considered to record the return
acoustics.

Microphone No. 2

a . -
Microphone No. 3 Microphone No. 1

2
Nozzle exit lip thickness: 15.875 mm
12.7mm Jet flow

Figure 1. Schematic diagram of the problem geometry
and position of the microphones

The sonic jet flow that enters the solution
domain is unsteady and turbulent. Accordingly,
the governing equations of the problem consist of
the conservation equations of mass, momentum,
and the energy alongside the ideal gas equation of
state. These equations are solved for compressible
axial symmetric flow. Turbulent flow was
modeled using the k-¢ realizable turbulence model
and integral method (based on Lighthill acoustic
analogy) was used to predict near-field noise. The
Ffowcs Williams-Hawkings (FW-H) formulation
is the most common form of Lighthill acoustic
analogy used in this study to predict noise.

Figure 2 shows the CFD mesh generated around
the nozzle exit. According to the figure, the nozzle
exit which is the inlet boundary of the flow to the
computational domain, is located in the center of
the domain. The upstream and downstream of the
nozzle is extended about 100 times the diameter
of the nozzle exit. In the space predicted for the
jet flow and the surrounding areas, because of the
need for higher accuracy, a structured grid with
regular quadrilateral elements was used.

Nozzle exit

Figure 2. Side view of the computational grid generated
around the nozzle exit.

3. Results and Discussion

The effects of temperature and pressure of the jet
flow on the near-field noise and return acoustics
were investigated. Temperatures of 300 K (cold
jet), 450 K (semi-hot jet), 600 K (hot jet) and 750
K (fully hot jet) were investigated in the
simulations. In the case of pressure, two nozzle
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pressure ratios (NPR) were selected.

Investigation of the Effect of Temperature on the
Structure of Jet Flow and Acoustic Waves

Figure 3 shows the near-field sound pressure level
or SPL (received from microphone No. 1) for two
different temperatures. As the jet temperature
increases, the pressure fluctuations in the
environment and also the sound pressure level
increase. The difference between the first peak of
the recorded SPL, which indicates a screech tone,
and the SPL at adjacent frequencies decreased
with increasing temperature and there is less
sound pressure drop. According to the figure,
when the temperature of the jet changes from cold
to fully hot, there is no significant change in the

frequency of the SPL peaks (screech tones).

300 K
750 K

Sound Pressure Level (db)

1
5000 10000 15000

Frequency (Hz)

Figure 3. Sound pressure level recorded for a cold and
very hot jet in the near field by microphone No. 1

Investigation of the Effect of Pressure on the
Structure of Flow and Acoustic Waves

As the nozzle pressure ratio (NPR) increases, the
number of shock cells formed in the jet plume
decreases, but their strength and width increase.
Figure 4 shows the SPL received in microphone
No. 1 for two cold jets with nozzle pressure ratios
of 1 and 2 in terms of frequency. As it is shown,
with increasing the NPR, the sound pressure level
increased significantly and also the position of the
SPL peaks changed significantly.

Figure 5 compares the return sound pressure
levels recorded in Microphone No. 3 for three
different cases. According to the figure, the effect
of nozzle pressure on the return acoustic level is
greater than the effect of the temperature. The
presence of shock cells in the jet plume also
affects the acoustic waves emitted behind the
nozzle and causes the shock cell-associated
broadband noise.

300 K, NFR=1
300 K, NPR=2

150

140

130

Sound Pressure Level (db)
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| . |
5000 10000 15000

Frequency (F1z)
Figure 4. Sound pressure level for a cold jet at two
different nozzle pressure ratios in the near-field (received
in microphone No. 1)
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Figure 5. The sound pressure level obtained by
microphone No. 3 with an angle of 45 degrees and a
distance of one meter from the back of the nozzle for cold
jet in two pressure ratios and hot jet in one pressure ratio

4. Conclusion

In this study, the effects of factors such as
temperature and pressure of jet flow on the near
field noise and return acoustics resulting from a
sonic jet were investigated. Temperature change
has significant effects on the shear layer and the
length of the jet potential core. Noise recorded
near the nozzle exit lip and behind the nozzle
indicates that the presence of shock cells in the jet
plume affects the acoustic waves propagate
upstream. It causes broadband shock cell-
associated noise. This noise is about 100 db for a
cold jet at 300 K and about 105 db for a hot jet at
600 K. By increasing the nozzle pressure to twice
the initial value, the recorded noise reached about
124 db.
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