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Organisation

Rationale
Aan open and i mpartial f or urorddrmethodsfoa | u a
solving a wide range of flow problems in aeronautics;

to assess the performance of high-order methods through comparison to production
CFD codes well defined metrics;

to i dentify pacing items for i ndustri al

ECCOMAS CFD 4-5 june 2016, FORTH Heraklion

how4.cenaero.be / info@hiocfd4.cenaero.be

Previous editions
May 27 - 28, 2013, Cologne (Germany)
AlIAA SciTech 2016, Kissimee (FL), 3-4 January 2016
Z.-J. Wang et al. IINMF 72(8):811-845, 2013.

Next edition : AIAA Aerospace Sciences Meeting (Jan 2018)
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Basic motivation: push HIOCFD methods forward

Reorganisation in function of aim rather than complexity

Baseline test cases : help the development of new methods and codes
Verification / sanity check
Stringent convergence criteria with reference solutions
Very simple set up / provision of meshes
Still challenging cases due to stringent convergence criteria !
Permanent database and support by test case leaders

Advanced test cases: gauge performance of state of the art HHOCFD
Challenging cases in terms of (grid) convergence
Setup fully mastered: good meshes are available, conditions well defined
Competition with
Standard CFD codes
Amongst high order methods
Complex cases: test the full computational chain
mesh generation i solver T post-processing
Comparable to state of the art in CFD in general
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Baseline test cases

BI1 1 inviscid vortex transport
Bi2 1 Inviscid flow over a bump
BI3 T Inviscid bow shock

BL1 1 Laminar Joukowski Airfoil Re=1000
BL2 1 Laminar shock wave boundary layer interaction
BL3 1T Pitching and Heaving airfoil

BR1 1T RANS Joukowski airfoil Re=1000000

BS1 1 DNS of Taylor-Green vortex Re=1600
BS2 i LES of the channel flow Re_tau=590
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AR1 71 RANS of the CRM wing body
Ralf Hartmann / DLR

wing-body configuration
cruise conditions (transonic)
References

experimental data

AIAA Drag Prediction Workshops 4 and 5

(55 contributions from 22 groups in DPW-5)
References

http://commonresearchmodel.larc.nasa.gov

http://aaac.larc.nasa.gov/tsab/cfdlarc/aiaa-dpw

(http://aaac.larc.nasa.gov/tsab/cfdlarc/aiaa-dpw/Workshop5/presentations/DPW5 Presentation Files/14 DPW5%20Summary-Draft V7.pdf
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ARL1i RANS of the CRM wing body

Contributions

S. Wang, Y. Chen, G. Wang, W. Liu, X. Deng L] j A
NUDT & Sun Yat-sen University, China -- l
FD, 5th-order (WCNS-E5),
Menter-SST

on grid family of own ijk-meshes

R. Hartmann DLR ol ﬁ!\i\““ Wy, /‘
DG, p=1 (2"%-order), g ) /
Wilcox-k¥
mesh adaptive results driven by ' 0 ' g

residual indicators SRR l“\‘\\ \\“\\\ \\N\\' \\ AN
‘ . A
adjoint-based indicators for lift “““\\ \ \\\ \ \\\\\\\\\\\\t\ \\\@\\\\\ W\

starting from the HiIoCFD mesh of University of Michigan
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AR1 1T RANS of the CRM wing body

Cp distributions

Section 10: n=0.502

~ Section 4: n=0.131
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AR1 71 RANS of the CRM wing body

Trim angle convergence
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AR1 71 RANS of the CRM wing body

Drag convergence

——— FV, DPW meshes
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AR1 1T RANS of the CRM wing body

Conclusions

Reference finite volume computations
DPW mesh results shows surprisingly little variation
mainly an effect of underlying mesh sequence.
error cancellation for pressure and friction drag (HIoCFD-3).

Comparison on HIOCFD meshes:
Much higher error for FV
DG with res-adapt and adj-adapt outperformes FV on mesh sequence
DG with adj-adapt more effective than with res-adapt.

NUDT:
FD-O5 in range of expectation with C,, and alpha slightly too high.
Hard to compare since other mesh sequence used

Importance of mesh sequence when comparing !
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AR2 1 supersonic bump

V. Coualllier and F. Renac (Onera)

3D shock wave / turbulent boundary layer using RANS
BL interactions taking place with 4 walls
several separations

Reference
Experiments at Onera by Délery team W e
FV computations with RANS/2 eq.turbulence ¢ " 0Z o2 7
Quantities of interest T
static pressure distribution on the walls
turbulent kinetic energy profiles
mean stream-wise velocity profiles in longitudinal planes.
Governing equations

Sutherland law
RANS - turbulence model open (SA, Wilcox k-¥, k-¥ SST)
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AR2 1 supersonic bump
Participants

Aghora solver : Discontinuous Galerkin method
Modal/Cartesian DGM with LLF and BR2
Shock capturing technique based on entropy production

Quadratic meshes 72,950 nodes with flow separation (
before separation for p=2) and 540,000 nodes

SA model
University of Bergamo / Migale

DGM (p=2)
k-¥ and XLES
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AR2 1T supersonic bump
Comparison of flow fields

M: 0905081317

M: 010508131

MIGALE results W|th Low Reynolds ko model wnth P2 apprOX|mat|on (U Bergamo)
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Aghora results with S.A. model with P3 approximation (ONERA)
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AR2 1 supersonic bump

Pressure distribution cuts
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AR2 1 supersonic bump

Concluding remarks

Assessment
Demonstration of convergence
Extremely difficult case
Current case could be improved
Difficulty to tune exit conditions to get shock location
Solution is highly dependent on turbulence model

Comparison to profiles and flow fields is more appropriate
to judge capture of the physics rather than convergence

Suggestions
Modify the geometry to include a second throat
Impose the turbulence model
Grid converge the computation to provide the reference
Define a quantitative error measure
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AS11 LES of a cylinder at Re=3900

ZJ Wang (Ukansas)

A Infinitely smooth geometry and initial conditions

A Preliminary step
I Non-symmetric initial conditions in the spanwise and
circumferential directions so that the path to non-
symmetric flow pattern is not due to round-off error

I CLand CDerrors att =1 used as an error indicatok.
-

A Transitional and turbulent flow

y °
X
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AS11 LES of a cylinder at Re=3900

Contributions

ZJ Wang (UKansas) - SDM

B. Vermeire (ICL) - FR

A. Beck (Ustuttgart) - DGSEM
M. Rasquin (Cenaero) - DGM
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