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ABSTRACT

As well known, supersonic jet noise consists of three principal components: turbulent mixing
noise, broadband shock-associated noise, and screech tones.[1] In this work, among three
components of jet noise, the screech tone of an underexpanded jet is numerically calculated. It
will be useful to understand the basic characteristic of screech tone noise. Also the correct result
will show the validation of present numerical method.

All the governing equations of motion for the two dimensional/axisymmetric inviscid flow are:
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In this research, axisymmetric Euler equations are used so a goes to 1. It is one of the
characteristics that Euler equation is used and no effect of viscous flow is considered. For the
case of three dimensional calculations, the governing equation that is used in this work can be

written as below;
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Details are similar as the case of axisymmetric equation. '
To accurately simulate screech tone, the flow near the nozzle exit should be simulated correctly
and the wave, which propagates upstream with relatively small amplitude, should be analyzed
precisely. Hence to make a successful analysis of screech tone, we use the method of CAA
(computational aeroacousitcs), which has high-resolution and high-order.
In this work, we use fourth-order OHOC (optimized high-order compact) schemes by Kim and
Lee[2][3] for the evaluation of spatial derivatives and the fourth-order Runge-Kutta scheme for
the integration in time. To prevent unwanted non-physical reflections around the computational
boundaries, we use generalized characteristic boundary conditions by Kim and Lee[4] as the
time-dependent boundary conditions. Also, artificial dissipation model developed by Kim and
Lee[5] and buffer zone technique are used. All numerical schemes are shown in Figure.1.
The computational domain consists of three sub-domains. The total number of grid points is
about 160,000 for axisymmetric computation, and about 1,200,000 for three dimensional
computation. and grid points are condensed around the nozzle exit both in the x and y directions

_57_



All lengths are non-dimensionalized by the diameter of nozzle exit. The thickness of nozzle is
0.4 times of nozzle diameter.
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Figure 1. Schematic draw of numerical schemes |

The IBM p690 machines are used to simulate supersonic screech tones numerically. Using
Open MP, the program was parallelized. When single CPU is used, it takes about 150 hours to
get a meaningful result and when four CPUs are used, it takes about 80 hours. The efficiency of
parallelization is low because the algorithm of artificial dissipation model which was used in
this paper is difficult to be parallelized efficiently. '

Using the numerical algorithm described earlier, we have simulated the screech tone of a
supersonic jet numerically. Fig. 2 shows the instantaneous pressure contour of a Mach number
1.13 cold jet. From the contour, we observe not only the Mach wave that propagates
downstream but also screech tone, which propagates upstream. As is well known, sound waves
of screech tones radiate out in a region around the fourth to fifth shock cells downstream of a
nozzle exit.
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Figure 3. Time-averaged pressure distribution along the centerline of 2 Mach 1.2 jet

Two important component of screech tone generation is the shock cell structures inside the jet
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plume and vortices generated at the top of shock cell structures. To ensure that the reproduced
shock cells are the same as those in an actual experiment, we compare the time-averaged
pressure distribution along the centerline with both the experimental results by Norum[6] and
other numerical results by C. K.W. Tam and H. Shen[7]. The time-averaged pressure distribution
along the centerline is shown in Fig. 3. It is clear that the first five shock cells are in good
agreement with the experiment data in terms of both shock cell spacing and amplitude.

It is well known that at low supersonic jet Mach numbers there are two axisymmetric screech
modes: the Al and the A2 modes. The frequencies of Al and A2 modes vary and are suddenly
shifted with an increase of jet Mach number. Fig. 4 shows the variation of D, where X is the
acoustic wavelength of the tone, with the jet Mach number.
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The numerical results are compared with both the experimental results of Ponton and Seiner et

al.[8] and other numerical results from C.K.W. Tam et al. (1998). The numerical results show
good agreement with the other results, particularly the experimental results in Fig. 4.
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Figure 4. Wavelengths of screech tone

From experimental data, we observe two axisymmetric screech tone modes, and the mode
change occurs in the region of jet Mach number between 1.10 and 1.11. The present numerical
simulations show that the axisymmetric mode changes between jet Mach number 1.11 and 1.12.
So the region of Mach number for mode change is similar between experiments and present
results.

Fig. 10 and 11 shows density contours of whole flow filed with different range of density. The
flow region of vortices and shock cells and noise region are separated to be observed each of
them clearly. When the jet Mach number is 1.08, second and third vortices make a vortex
pairing, which can be also seen clearly in Fig. 8. However third and fourth vortices make a
vortex pairing when the jet Mach number is 1.12 in Fig. 11.

Mj=1.08 Mj=1.12
Figure 10. Density contours of whole flow field
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To see the three dimensional effect, the supersonic jet which has the Mach number of 1.15 is
simulated numerically.
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Figure 12. Density ég)ntourf Mach number 1.15 (ow+noise)

From Fig. 12, we can know that even for the case of axisymmetric jet, the symmetry breaks
down as flow goes further from nozzle exit.
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