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CAA For Jet Noise Physics - Reda Mankbadi, Embry-Riddle Aeronautical 
University as summarized by Eugene Krejsa. 
 
Dr. Mankbadi summarized recent CAA results. Examples of the effect of various 
boundary condition schemes on the computed acoustic field, for a point source in a 
uniform flow, were shown. Solutions showing the impact of inflow excitations on the 
result were also shown. Results from a large eddy simulation, using a fourth-order 
MacCormack scheme with a Smagorinsky sub-grid turbulence model, were shown 
for a Mach 2.1 unheated jet. The results showed that the results were free from 
spurious modes. Results were shown for a Mach 1.4 jet using LES in the near field 
and the Kirchhoff method for the far field. Predicted flow field characteristics were 
shown to be in good agreement with data and predicted far field directivities were 
shown to be in qualitative agree with experimental measurements.  
 
Dr. Mankbadi also presented results using linearized Euler equations. Comparison 
of predicted directivities agreed well with measurements for supersonic jet. 
Agreement was not as good for jet with Mach numbers less than 0.9. Results from 
very large eddy simulation were also presented. Dr. Mankbadi concluded his 
presentation with observations that CAA can provide: 
 

• Prediction of sound propagation. 

• Physics of the very large flow structures. 

• Correlation for other approaches, such as MGB. 

• Numerical experiments with various ideas for identification and 
control of the noise sources. 

 
There are still many challenges: 
 

• LES is CPU intensive 

• Shock-acoustic wave interaction is difficult 

• Coupling to the engine requires curvilinear meshes, grid generations, 
and a much faster code. 
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AXISYMETRIC COMPUTATION FOR ACOUSTIC 
RADIATION FROM AXISYMMETRIC LARGE 
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OPEN PODIUM PRESENTATIONS 
 
Dr. Jonathan Freund of UCLA presented results from DNS calculations. Flow field 
properties and far field noise were predicted. Comparisons made with the data of 
Stromberg for a low Reynolds number flow showed good agreement. 
 
Dr. Ray Hixon of NASA Glenn presented results from the application of a high 
order CAA code which used body-fitted curvilinear grids to compute nonlinear flows 
about complex geometries. Results for test cases from the 3rd CAA workshop were 
presented. Good results were obtained.  
 
Dr. Anastasios Lyrintzis from Purdue University presented an overview on Integral 
Methods for Jet Aeroacoustics. Methods that can be used for this type of analysis 
include: Lighthill’s acoustic analogy, which requires a volume integral of the source 
terms; Kirchhoff’s method, which requires a surface integral with a good flow solver 
to get a good solution on that surface; and the porous Ffowcs Williams - Hawkings 
equation. Dr. Lyrintzis recommended that work continue to improve refraction 
corrections and high frequency predictions. 
 
Dr. K. Viswanathan of Boeing presented an assessment of existing jet noise 
prediction methods. In particular, the MGBK method and the method of Tam were 
evaluated. A total of seven test cases, covering a range of jet Mach numbers and 
temperatures were used to evaluate these methods. Predicted spectra were 
compared with measured spectra for selected angles for each of the test cases. The 
same CFD solution (based on work of Thies and Tam) for the mean flow and 
turbulent energy was used for both noise prediction procedures. The method of Tam 
appeared to predict overall levels better than the MGBK method. Also, the MGBK 
method tended to under-predict the high frequency portion of the spectra while 
Tam’s method predicted the spectral shape very well at angles away from the jet 
axis. Tam asserts that large scales are responsible for the noise near the axis and 
thus would not expect his method to predict the spectra shape at those angles. The 
MGBK method attempts to predict the spectra at all angles. In discussions after the 
presentation it was suggested that the better agreement of Tam’s method with 
overall levels may be due to the fact that this method has been “calibrated” using 
aerodynamic input generated using the same method used in this study, whereas 
the MGBK code was “calibrated” using aerodynamic data from a different code.  
Though the choice of the CFD solution would play a role, as pointed out by  
Dr. Morris, there could be more fundamental issues with the acoustic analogy 
approach that would cause the observed discrepancy.   
 
Dr. Philip Morris of Penn State University presented information comparing the 
source terms in the Tam and MGBK methods. Dr. Morris’ main conclusion was that 
the difference in predicted spectral shape between the two methods may be due to 
the frame of reference used to model the source auto-correlation function and the 
choice of model for the turbulent statistics. 
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