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SEEB-ALR 

•  Axisymmetric body designed by Lockheed 
Martin for the validation of a flat-top 
signature design method 
– Seebass and George with aft lift relaxation 

•  18in long, examining at H=21.2in, 42.0in  
•  Mach 1.6  
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Delta Wing Body 
•  6.9 inches long 
•  Mach 1.7, zero 

degrees angle of 
attack 
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Tecplot Extraction Macro 

•  Consistent method to extract signatures 
from a volume solution (available 
measurements are bold)  
– SEEB-ALR (18in length)  

•  Centerline H=21.2in and 42.0in 
– Delta Wing Body (6.9in length) 

•  Centerline H=0.5in and 21.2in 
•  0, 30, 60, and 90 degree off-track H=24.8in 
•  0, 30, 60, and 90 degree off-track H=31.8in 
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Data Processing and Quality 

•  Received signatures via FTP or email 
•  Some were converted to plain text, scaled, 

or reformatted 
•  Plotted 
•  Contacted participants for clarification 

when 
–  Incorrect location or incomplete signature 
– Significant differences between submissions 

of same participant 
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Method 
•  Impartially compare 

signatures by uniform 
application of 
– Loudness measures 
– Validation metrics 
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Statistical Method 

•  Goal is to identify “different” results, not 
“correct” or “wrong” 

•  Median +/- (coverage factor)*(std. dev.) 
–   Assume a uniform distribution, sqrt(3) 

•  Small sample size with correlated results 
(same person, same code, refined grids) 

•  Used by other workshops 
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Expected Grid Convergence 

•  Consistent methods should approach a 
value as the grid is refined to “zero” 
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Characteristic Grid Length (h) 

Second-order (smooth regions) 

First-order (shocks) 



SEEB-ALR Submissions 
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SEEB-ALR Perceived Level 

•  Examine the median signature with 
signatures identified as different 
– Statistics of PL 
– Convergence of PL with grid refinement 
– Change in PL with extraction location 
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SEEB-ALR Perceived Level 
22D-27D 
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SEEB-ALR Signature 

Median 
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SEEB-ALR Signature 

Median 
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SEEB-ALR Perceived Level 
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SEEB-ALR Perceived Level 
24D-27D 

28E-32E 

16C-18C 
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SEEB-ALR Signature 

Median 
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SEEB-ALR Signature 

Median 
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SEEB-ALR Signature 

Median 
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SEEB-ALR Perceived Level 

4A 

26D-27D 

50L 
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SEEB-ALR Perceived Level 

4A 
26D-27D 

50L 
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SEEB-ALR Signature 

Median 
H=21.2in 

H=42.0in 
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SEEB-ALR Signature 

Median 
H=21.2in 

H=42.0in 
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SEEB-ALR Signature 

Median 
H=21.2in 

H=42.0in 



SEEB-ALR Validation Metric 

•  Examine the wind tunnel measurement 
with signatures identified as different 
– Convergence of the validation metric with grid 

refinement 
– Largest and smallest validation metric  
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SEEB-ALR Validation Metric 
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SEEB-ALR Validation Metric 

24D-27D 

28E-32E 
16C-18C 
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SEEB-ALR Signature 
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SEEB-ALR Signature 
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SEEB-ALR Signature 
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SEEB-ALR Validation Metric 
22D-27D 

4A 
16C 

19C 
41I 

20C-21C 
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SEEB-ALR Signature 
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SEEB-ALR Signature 
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SEEB-ALR Signature 
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SEEB-ALR Signature 



SEEB-ALR 

•  Outliers in PL are often outliers in the 
validation metric 
– These outliers generally had higher flat top 

pressure and lower expansion pressure than 
median 

•  The larger extraction distance was quieter 
in PL amongst outliers  

•  Laminar (20C) and SA (21C) had the 
smallest validation metric  
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SEEB-ALR 
•  Eight of ten grid refinement submissions 

appear to be heading to same value near 
median 

•  24D-27D appear to be heading to a different 
PL and validation metric than others with grid 
refinement 

•  16C does not follow the trends of the 17C 
and 18C with grid refinement 

•  28E-32E appear to be heading to the same 
value as the collective, but less smoothly 

36 



Delta Wing Body Submissions 
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Delta Wing Body Perceived Level 

•  Examine the median signature with 
signatures identified as different 
– Statistics of PL for PHI=0, 30, 60, and 90 

degrees 
•  The on- and off-track signatures are propagated in 

the same manner for statistics (not a boom carpet) 
– Convergence of PL with grid refinement at 

PHI=0 degrees 
– Change in PL with extraction location at 

PHI=0 degrees 
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Delta Wing Body Perceived Level 
from H=24.8, PHI=0deg 

19D-24D 

33H 
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Delta Wing Body Perceived Level 
from H=24.8, PHI=30deg 

4A 

19D-24D 

33H 
52N 
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Delta Wing Body Perceived Level 
from H=24.8, PHI=60deg 

4A 

19D-24D 

33H 
32G 

52N 
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Delta Wing Body Perceived Level 
from H=24.8, PHI=90deg 

19D-24D 

33H 32G 52N 
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Delta Wing Body Signature 
H=24.8in, PHI=90deg 

Median 
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Delta Wing Body Signature 
H=24.8in, PHI=90deg 

Median 
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Delta Wing Body Signature 
H=24.8in, PHI=90deg 

Median 
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Delta Wing Body Signature 
H=24.8in, PHI=90deg 

Median 
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Delta Wing Body Signature 
H=24.8in, PHI=90deg 

Median 
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Delta Wing Body Signature 
H=24.8in, PHI=90deg 

Median 
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Delta Wing Body Ground H=24.8in, 
PHI=90deg 

Median 
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Delta Wing Body Perceived Level 
from H=24.8, PHI=0deg 
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Delta Wing Body Perceived Level 
from H=24.8, PHI=0deg 

21D-24D 



52 

Delta Wing Body Signature 
H=24.8in, PHI=0deg 

Median 
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Delta Wing Body Perceived Level 

50M 
4A 
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Delta Wing Body Perceived Level 

4A 

50M 
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Delta Wing Body Signature 
H=24.8in and H=31.8, PHI=0deg 

Median 
H=24.8in 

H=31.8in 
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Delta Wing Body Signature 
H=24.8in and H=31.8, PHI=0deg 

Median 
H=24.8in 

H=31.8in 



Delta Wing Body Validation Metric 

•  Examine the wind tunnel measurement 
with signatures identified as different 
– Convergence of the validation metric with grid 

refinement 
– Largest and smallest validation metric  
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Delta Wing Body Validation Metric 
H=24.8, PHI=0deg 
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Delta Wing Body Validation Metric 
H=24.8, PHI=0deg 
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Delta Wing Body Validation Metric 
H=24.8, PHI=0deg 

3A 

4A 

34H 
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Delta Wing Body Validation Metric 
H=24.8, PHI=0deg 



62 

Delta Wing Body Validation Metric 
H=24.8, PHI=0deg 



Delta Wing Body 

•  Statistics showed an increase in mean PL 
with off-track angle with a similar standard 
deviation 

•  Most outliers at 60deg off-track angle 
•  Many outliers were present at multiple off-

track angles 
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Delta Wing Body 

•  Loudest signatures had a steeper nose 
and wing expansions than median 
signature 

•  Quieter signatures had an extra shock or 
weaker expansion that moved final shock 
forward on ground 
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Delta Wing Body 

•  The participants showed little agreement 
on the grid refined PL and the validation 
metric 
– Lacked a clear majority opinion, especially for 

the validation metric 
– Stronger shocks and separated “wake” region 

may illustrate differences in Euler methods  
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Summary 

•  SEEB-ALR had a median PL of 90.5 dB 
with 0.8 dB standard deviation 

•  Delta Wing Body had a median PL of 94.6 
dB with 0.3 dB standard deviation for the 
centerline 

•  Study by Bretl and Walker propagated 
wind tunnel measure measurement 
uncertainty to 0.4-4.1dB uncertainty in PL 
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Summary 

•  Propagating ground signatures from 
different locations had 0.5 dB standard 
deviation for SEEB-ALR and 0.2 dB for 
Delta Wing Body standard deviation 
– Most methods are doing an excellent job of 

maintaining signatures in the near-field 
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Summary 

•  SEEB-ALR had a tight grouping of PL and 
validation metric near the median values 

•  Delta Wing Body lacked an obvious 
grouping with grid refinement  
– Exacerbated by strong shocks and separated 

“wake” region? 

68 



Summary 

•  Statistics of validation metric and PL were 
used to discriminate methods 

•  Computational uncertainty appears to be 
on the same level as wind tunnel 
measurements for the these simple 
geometries 
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Future/Discussions 
•  Submissions can be updated until 07-

FEB-2014 (for release and summary paper) 
•  Workshop data made available by 14-

FEB-2014 to enable independent analysis 
– Extracted signatures 
– Volume grids 
– Wind tunnel data 
– Propagated ground signatures 
– Noise measures 
– Validation metrics 
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