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Efficient and Accurate Jet -Noise Prediction with LAVA
for NASAÕs Low Boom Flight Demonstrator (LBFD)
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QObjectives
R Enabling jet acoustics simulations on full scale flight 

vehicles utilizing zonal hybrid RANS/LES within the Launch 
Ascent and Vehicle Aerodynamics (LAVA) Solver

QApproach
R Perform systematic validation effort to assess predictive 

capabilities of hybrid RANS/LES for increasingly complex 
geometries (round jet, chevron, jet surface interaction).

QMilestones towards Grand Challenge 
1. Improved best practices for round jet (FWH, WMLES)
2. Excellent agreement for jet surface interaction noise
3. Preliminary Chevron nozzle simulations look promising
4. Utilized immersed boundary method to reduce meshing 

effort (approx. 90%) while increasing complexity.
5. Multi-stream nozzle 
6. Grand Challenge TMP017  

QSignificance
Hybrid RANS/LES technology will assist in the development 
for innovative concepts for integrated supersonic propulsion 
systems. Modeling and simulation practices must be 
scrutinized further and new methods need to be developed*.
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Jet Noise Prediction for LBFD with LAVA Solver
Improved best Practices for Round Axisymmetric Round Jet
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QRevised validation for Jet noise Prediction
Obtained excellent results for round jet with 12Ó extension 
both for near as well as far-field.
R Established best practice guide for Ffowcs Williams-

Hawkings (FWH) post-processing procedure
(end-caps, slope, distance) and meshing. 

R Observed difference in noise spectra and near-field 
comparison for case with 12Ó extension.
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Jet Noise Prediction for LBFD with LAVA Solver
Time-Averaged Axial Velocity, Turbulent Kinetic Energy and Noise Spectra
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Jet Surface Interaction Noise with LAVA
Asses Jet Surface Interaction Noise with Hybrid RANS/LES
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QAssess Jet Noise Shielding Capability
Flat plate is inserted in close proximity to Round Jet in 
order to represent airframe interaction noise.
R Mesh around shielding plate consist of 130M grid points 

and is combined with medium mesh (120M)
R Established best practice guide for Ffowcs Williams-

Hawkings (FWH) post-processing procedure. FWH 
placement non-trivial. 

R Effect of shielding plate captured very well. 
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Jet Surface Interaction Noise with LAVA
Time-Averaged Axial Velocity and Turbulent Kinetic Energy
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Jet Surface Interaction Noise with LAVA
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QCurrent Status 
R Applied different mesh strategies to SMC001 chevron nozzle (multiblock vs overset)
R Preliminary results for chevron SMC001 look promising.

QSignificance of Milestone
R High quality mesh generation for acoustics on complex Geometries challenging 

(Between 1-2 weeks for experienced mesh generator)
R Developing best practice is a big step towards ÓGrand ChallengeÓ (mesh generation reduces to < 1 week)

Increased Geometric Complexity of Nozzle Shape 
Chevron Nozzle with Bodyfitted Curvilinear Overset Mesh
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QObjective
Significantly reduce time to solution by decreased manual meshing efforts while increased geometric 
complexity.

QApproach
R Utilizing Immersed Boundary (IB) Method in regions where resolving the boundary layer is not crucial. Cells 

get tagged as Óin-bodyÓ and a penalty term is applied.

QSignificance
R Initial Chevron nozzle generation takes between 1-2 weeks. (With best practice can be reduced to 1week)
R IB Method reduces meshing efforts by around 90% (meshing time  < 1day) 

Increased Geometric Complexity of Nozzle Shape 
Innovative Approach Towards Full Aircraft Jet Noise Predictions

f+(-(B&"GL3"

:&--@"+,<<&9",@"7(*]=09C7"=C"GL3")&+;09

>’?;*" K! .?;&),+(? 01 K0D L00) M-(<;+
N&)0*@+’,+0’ OKLMNP,*9 :;&E’0* *0BB-&
.3: __5 D(+; GL3 @/’1,?&9 ;(<;-(<;+&9 (*
0’,*<& ,*9 C&--0D> >’?;*" @! .-(?& 01?;&E’0* *0BB-&)&@; D(+; +,<<&9?&--@

),’X&9 (* ?0-0’



!$

Q Excellent agreement between Immersed Boundary Method 
(IBM) and curvilinear body fitted Mesh

Q Significantly reduced manual meshing effort (reduction by 
around 90%)
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Increased Geometric Complexity of Nozzle Shape 
Innovative Approach Towards Full Aircraft Jet Noise Predictions
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Summary and Lessons Learned 
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