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Background and Participants
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History and Background

ÅOrganizing Committee

ðHadar Ben -Gida, Technion -Israel Institute of Technology

ðBrent Pomeroy, NASA Langley Research Center (Emeritus)

ðDaniela Raveh , Technion -Israel Institute of Technology

ðAndrea Sansica, JAXA

ðBret Stanford, NASA Langley Research Center

ÅTest Case 3 was one of the motivations for joint workshop

ðTest Cases 2 and 3 matured quickly

ðGoals largely crafted before DPW -8/AePW -4 launch (SciTech 2024)
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Participant Summary

Å21 teams from varied agency types

ðIndustry: 8

ðGovernment: 6

ðAcademia: 7

ÅLarge group

ð104 on email distribution list

ð15-30 participants per call

ÅMonthly tagups

ÅStrong presence at mini workshops
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DPW Turbulence Model Learnings: An Attempt

ÅA retrospective of DPW learnings is appropriate

ÅThe following summary indicates general trends and opinions for applied 
transonic wing/airfoil aerodynamics

ðThese are general, debatable, statements from DPW learnings

ðThe chart is not intended to be comprehensive

ÅCorrections and tuning can be applied to each of these turbulence models

ÅCharacteristics are subject to spirited discussion
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Model Type Characteristics

SA
ÅSolves for modified kinematic 

eddy viscosity

ÅEstablished dependability with well -behaved flows including adverse 
pressure gradients and mild/moderate boundary layer separation

ÅSeparation may be delayed

k-

ÅSolves for kinetic energy and 
specific dissipation rate, 

indirectly capturing eddy 

viscosity

ÅSensitive to freestream conditions and outer flow contamination

k-‐
ÅSolves for kinetic energy and 

dissipation rate, indirectly 

capturing eddy viscosity

ÅCan delay or miss separation, especially due to strong adverse pressure 
gradients

SST

ÅIncludes considerations of k -  
and k -‐
ÅModifies eddy viscosity to 

transport turbulent shear stress

ÅEstablished dependability with well -behaved flows including adverse 
pressure gradients and mild/moderate boundary layer separation

ÅMay yield early separation

RSM

ÅSolves 7 equations, including 
full turbulent stress tensor

ÅAccounts for anisotropic 

turbulence

ÅHigh-curvature flowfields can be captured well
ÅSlower convergence and greater numerical stiffness

DPW Turbulence Model Learnings: An Attempt
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Test Case 1
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Overview

ÅMany custom grids were generated

ðFew passed export control and thus grid comparisons were not possible

ðWide variety of gridding practices and approaches

ÅSignificant student participation

ÅExperimental reference:
Jaquin, et al. "Experimental Study of Shock Oscillation over a Transonic Supercritical Profiles." AIAA Journal, 
Vol. 47, No. 9, 2009. Pages 1985 -1994.
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Test Case 1a: Grid Level Effect at 3.90 deg

ÅResults shown at 3.9 deg, but 
representative of high -alpha cases

ÅSA, SA-R, SA-C (òSA,ó red and green)

ðElevated C L

ðElevated C D

ðDecreased C M

ÅSA-QCR, SA-comp, SA -QCR-comp, 
SA-RC-comp (òQCR/comp,ó blue, 
black, brown)

ðDecreased C L

ðDecreased C D

ðElevated C M

ÅFew contributions with SST; no RSM 
(used in Test Case 2)
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Test Case 1a: Integrated F&M

ÅIncreased scatter relative to DPW -VII

ÅSA group: red and green

ðElevated C L, elevated C D, decreased C M

ÅQCR-comp group: blue, gray, and brown

ðDecreased C L, decreased C D, increased C M

SA

SA-R, SA-C
SA-R-QCR, SA-RC-QCR
SA-comp

SA-QCR-comp
SA-RC-comp

Squares: SA

Triangles: SST
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Test Case 1a: Sectional Cuts

‌= 2.50 deg ‌= 3.00 deg ‌= 3.10 deg

‌= 3.25 deg ‌= 3.50 deg ‌= 3.90 deg

ÅMost solutions predict 
the shock too far 
downstream

ðò-compó correction 

gives improvements

ÅSteady calculations

ðShock does not move 

ðSimulations do not 
capture the smooth 

(time -averaged) 
gradient across the 
shock for post -onset 

cases
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Test Case 1b: Integrated F&M

ÅFor the same setup, steady & unsteady values do not match pre -buffet

ÅEarly RANS separation anticipated but not necessarily observed

Colored by method Colored by ID (selected ) contributions
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Unsteady Sectional Cuts: Pre -Buffet Onset
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Unsteady Sectional Cuts: Post -Buffet Onset

Note: Buffet onset measured at 3.1 deg in Jaquin, et al.
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Unsteady Sectional Cuts: Post -Buffet Onset
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Unsteady Sectional Cuts: AoA  Sweep

ÅThe SST-based solvers are 
closest to the experimental 
data, in terms of both buffet 
onset and post -buffet RMS 
levels

ðOnly two SST submissions, 
however

ÅMost other results (QCR -
based, DES) predict early 
buffet onset by 0.5 -1 deg and 
overpredict RMS levels

ÅNo RSM
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Test Case 2
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Orientation

ÅParametric sweeps presented showing F&M and sectional cuts

ðTemporal scheme

ðTurbulence model

ðGrid type

ðGrid level

ÅSurface contour plots are shown at the end of the section

ÅNo zeroing of data to a consistent point (e.g., 2.29 deg)

ðNeed universal simulations at 2.29 deg

ðSometimes called the òTinoco correctionó or the òTinoco slideó

ÅExperimental reference:
Shunsuke Koike, Makoto Ueno, Kazuyuki Nakakita  and Atsushi Hashimoto, "Unsteady Pressure Measurement of 

Transonic Buffet on NASA Common Research Model", AIAA 2016 -4044, June 2016.



21Drag Prediction Workshop 8 and Aeroelastic Prediction Workshop 4  |  June 6 -7, 2026

Submissions

Temporal Formulation Turbulence Model Grid Submission ID

URANS

SA-RC-QCR Helden 007.10

SA-RC-QCR Helden 007.11

SA-RC-QCR Cadence 007.12

SA-RC-QCR Cadence 007.13

SST Cadence 021.02

RSM Cadence 027.05

HRLES

SA-neg Ames Multiblock 005.01

SST Cadence 021.03

SA-neg Cadence 041.02

Lattice Boltzman
k-‐ Custom Cartesian 013.01

k-‐ Custom Cartesian 013.02

WMLES
Dynamic Smagorinsky Custom Hex 002.01

Dynamic Smagorinsky Custom Voroni 010.02

Adaptive Euler N/A Custom Mixed Element 032.01
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Buffet: A Difficult Aerodynamic Problem

ÅTime histories shown from one 
participantõs initial investigation at 
5.89 deg

ÅURANS may not yield unsteady flow 
for L1-L3

ÅSome participants had isolated 
success at L4+

ÅDetermining truth can be difficult

ÅAdditional work needed to 
understand time integration 
parameters
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Temporal Formulation Effect ð All F&M

ÅEncouraging clustering in lift and drag 
depending upon scheme and turbulence 
model

ÅElevated pitching moment scatter

ÅMultiple lines of same color/symbol are 
submissions at multiple grid levels
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Temporal Formulation Effect ð Lift

ÅLow-alpha

ðCL spread ± 0.02

ðMinimal C L,rms (no spurious unsteadiness), but 
some spread observed; URANS shows least

ÅHigh-alpha

ðURANS gives rapid drop in lift

ðOther schemes have some success

ðHRLES may yield fastest increase in C L,rms
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Temporal Formulation Effect ð Drag

ÅLow-alpha

ðSurprising scatter across all schemes
(56.9 counts or 27.2%) at 2.29 deg

ðSimilar scatter for 1.24 and 2.29 deg

ðWMLES/SD and LBM/k-‐ yield highest drag

ðOpportunity for an Unsteady Source of 
Scatter Working Group?

ðWMLES may give spurious unsteadiness

ÅHigh-alpha

ðURANS drop in C L does not necessarily 
correspond to elevated C D

ðLBM yields least unsteadiness with HRLES 

indicating the most


