Nektar++ Workshop 2016
Imperial College London

SEMNA

Chris Cantwel David Moxey ~ Gianmarco Douglas Serson




Our anniversary

commit 989dbSbf2373chblf536chf f2cb3fbf8520a64f78
Author: Mike Kirby <kirby@sci,utah,edu>
Date: Thu May 4 18:43:20 2006 +0000

Initial version,

git-svn-id: httpsi//aforge,sci,utah,edu/sun/nektar/trunkld? 305cddab-5cel-45b
3-a98d-df cB8c8b3305




Our Icon evolution

L — I

Nektar++




Workshop Outline

; e QOverview of Nektar++ 1

o Nektar++ Development Strategy

L Future Dlrectlons

o User Af Appllcatlons S p ; ]

® ..... dinner!

KN




Workshop Outline

e Application updates

e New and upcoming features
e r & p adaption
e Coordinate transformations

e NekMesh

e [utorial sessions




Nektar++: Spectral/hp element toolkit
Imperial College, University of Utah

 Incompressible/compressible Solvers

- Wide range of discretisations: CG/DG,
Fourier, modal/nodal with 1, 2 and
3D, embedded manifolds

- Arbitrary-order curvilinear mesh
elements for complex domains

- MPI parallelism and scalable to many
thousands of cores

* Modern modular C++ object-oriented
design with an extensive testing
framework

_ « Cross-platform (Linux, OSX, Windows)
www.nektar.info - MIT Licence
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Nektar++ Applications
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Nektar++ Applications




Nektar++ Scope

e Scalar basis fields (explicitly coupled)
® Time dependent non-linear solvers

® |mplies scalar boundary conditions
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Nektar++ Scope
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e Nodal unstructured through mapping
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Nektar++ Scope
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e Segment (1D), plane (2D) and volume
domains (3D) & manifolds

e Hybrid Domains
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Nektar++ Scope

e Continuous and Discontinuous approx.
e DG & Flux Reconstruction




Nektar++ Scope




Framework design

CIncNavierStokes) CCompressibIeFIow) CADR) C ImageWarping) ( )
C SolverUtils )

- )

Core Nektar++ libraries

—( SpatialDomains )( LocalRegions )
/

\

LibUtilities
Quadrature, bases, partitioning, input/output, linear algebra, interpreter, FFT, ...

(TinyxmL ) (Gslib ) ( vTk ) ( PETSc ) ( ARPACK

FFTW Scotch Zlib QT




Framework design
ADR &>

SolverUtils

Core Nektar++ libraries
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Recent Developments
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QL"’EF‘Q‘OP 1) "f_="':'l.l:“'"’al' ")
CELEMENT TYPE="H" ORDER="2~15%" IMPTYPE="SumFac" />
</OPERATOR>()
{OPERATOR TVYPE="IProcductiRTBase")
CELEMENT TYFE="H" CRDER="Z2-15%" MPIYPE="SumFac" />
</OPERARTOR
COPERATOR TYPE="PhysDeriv”)
CELEMENT TYFE="H" ORDER="Z2-«15%" IMPTYPE="SumFac" />
</OPERRTOR>
{OPERATOR TYPE="IProductiRTDerivBase'>
CELEMENT TYPE="H" ORDER="2Z2-15" IMPTYPE="SumfFac" />
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Other Developments
Compressed |/O -

{VERTEX COMPRESSED="Bb64Z~-LittleEndian” BITSIZE="64">eJxS1T1TFFEUhdt9AScRcQM3BMU3
iVuVZ2vOyqdgDSiAuboiEtiomaWEQGRFZICMQuMr I FQEL 1 aNVLMCEXxMLNO+syr0fP0e8mr11+fc8+93d0T IMVVE/S
i 1PTSpOWnZME j/+6vpSNZmzkvACNYy304+0/3ubbvluc7Dzxqao3Th8Z9qH/ a8rmCn/059F 11EH9+Y JDvyDan70F I &
it+730+HN7Yo2Zr+2zxdF 8zpbQdeZVpH/TSCFNULfgrSryFU+F OvylC 136 Xyb06695tL62F ZSf+crgdGZK+VeRnnl0s
i6JF /NeUfnXgfz+enS/3XCH/010Tz0asV/piFPZmh+Z+tobgiA/tYL JnubynIVKn4fGEP+zugEHvnrSc/v36agv3ai
i+m8mfS79FBNHFVGQFHVvM3R+s4aiPP7t73MF6Z1 /02CTI19Tdk Yunv80D0OVvP3Z6Fg8G+05n02SSTHFHZHE 2vbQ5y /H3E
isFR759VL948t+X/VF /ZylC j/wHgv3796tVcORrI39+/wSG/Z0dEnrk0lymL i TkPSLEL1SF sS/8XrGPE+b7 jdD/ ZES
iOKP+Z0kzt8JDsT81INDD/3Quwl 34PzwSndv] ZURF rHHHU / 7zgyHeBONdpF 261 8F8PvE 1 ORFUZeKcv4aM45+sM+vshi
IV7KANz9+H1fF FMCvif7BrSM/ 8y 7gF /eNff3d1D8Zbd08kGyB3xDSwXuEP+aQCn/wXuEPf jFPob/P1CQ79Laql +UBS
i/m/TM7wg9/PuFHnxAZAX+g2 TudHeFHvsS9ocd+n3L z83sg0POPg 337+ TESHP rHxHm+ Q4 JD/yTo7+fzVHDsZygP9zi
i8sOM7Pg3P1/YSI JvMLONP /LwXH+VXQ3/f/WnDsfwF YCmIQ< /VERTEXD

Note

The description below explains how the GEOMETRY | section is laid out in un-
compressed ascii format. From Jan 2016 the distribution uses the compressed
format for each of the above sections. To convert a compressed xml file into
ascii format use
NekMesh file.msh newfile.xml:xml:uncompress

HDF 5 --io-format Hdf5

m_threaddanager- I>C\muo;co {

) DG Job(
this, nCornvectivefields, fields, i1narray, nunflux));

—
Th . AdvectionieakDGJob(
readln Sovec it palke[G* conmt
g const Arrag<OreD, M netiExplistSharecPte) Lflelds,
const ) > , NekDouble> > kira
Arrai0neD, Array<Oned, NekDouble> > Erund lux)
i pEC(pEC), nCorwectiveFields{nfonvectivefields), fielos(fields),

inarray (inarray ), nuafluxinuaflux)
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London 3 pEC~->GetTraceSpace(nConvectiveFields, fielda, inarray, nunilux); “




Recent Papers

e A. Bolis, C. Cantwell, D. Moxey, D. Serson, and S. Sherwin, “An adaptable parallel
algorithm for the direct numerical simulation of incompressible turbulent flows using a
fourier spectral/hp element method and mpi virtual topologies,” Computer physics
communications, 2016.
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Recent Papers

e Moxey D, Ekelschot D, Keskin U, Sherwin SJ, Peiro J, 2016, High-order
curvilinear meshing using a thermo-elastic analogy, COMPUTER-AIDED
DESIGN, 2,130-139
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Recent Papers

e Mengaldo, G., De Grazia, D, Moxey, D., Vincent, P.E., Sherwin, S.J. "Aliasigin
techniques for high-order spectral element methods on regular and irregular
grids", J. Computational Physics, 2015
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Recent Papers

e Mengaldo G, De Grazia D, Vincent PE, Sherwin SJ, 2016, On the Connections
Between Discontinuous Galerkin and Flux Reconstruction Schemes: Extension
to Curvilinear Meshes, Journal of Scientific Computing, 67,1272-1292

Table 1 Connections between different types of DG and FR schemes derived in this work for elements with N = s
a spatially varying Jacobian , {

DGgpp-GLL DGsgm DG=>p x x
. . . (a) (b)
Lumped mass matrix Exact mass matrix Exact mass matrix
Fig. 1 Mesh A. Single-element mesh configuration

Flux type Linear Nonlinear Linear Nonlinear Linear Nonlinear

FRyy v Ve X X X X

FRpg X X v v X X

FRpG(Q > p) X X X X v v

v’ indicates that the schemes are equivalent, whereas X indicates differences between the schemes
* The equivalence holds true for Gauss—Lobatto—Legendre points only

| ——— R —

Fig. 2 Mesh B. Multi-element mesh configuration
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Recent Papers

e R. C. Moura, S. J. Sherwin, and J. Peird, “Eigensolution analysis of spectral/hp
continuous galerkin approximations to advection-diffusion problems: insights
into spectral vanishing viscosity,” Journal of computational physics, vol. 307,

op. 401-422, 2016.
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Recent Papers

e Yakovlev S, Moxey D, Kirby RM, Sherwin SJ, 2016, To CG or to HDG: A
Comparative Study in 3D, J. Scientific Computing, 67,192-220,

160

- - T T 3 T T T T T T T
—e— P=4,CG I Tetrahedron I Tetrahedron

140 |- f; - 14' HDG R I Hexahedron I Hexahedron
_— eal
120 - .
Dy
=
100 | 8
=
5 =
B sof —
& |
S
60 |- 5
£
40 - 3
20 |
0 . . . . . .
0 500 1000 1500 2000 2500 3000 3500

Nproc

Imperial College
London




Recent Papers

e Chooi KY, Comerford A, Sherwin SJ, Weinberg PD, "Intimal and medial
contributions to the hydraulic resistance of the arterial wall at different

pressures: a combined computational and experimental study’, Journal of the
Royal Society Interface, 2016
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Recent Papers

e Tzortzis KN, Roney CH, Qureshi NA, Ng FS, Lim PB, Sherwin SJ, Peters NS,
Cantwell CD, 2016, Influence of left atrial geometry on rotor core trajectories in a
model of atrial fibrillation, 481-484,
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Recent Papers

e Ekelschot D, Peiro J, Moxey D, Sherwin S, A p-adaptation method for
compressible flow problems using a goal-based error indicator, Computers and
Structures, ISSN: 1879-2243, 2016
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(a) Mach number (b) Adjoint variable for s.

Fig. 8. The solutions to the governing (8a) and adjoint (8b) equations for transonic inviscid flow past a NACA 0012 (Ma = 0.8, o = 1.25°).
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Recent Papers

e | ombard J-EW, Moxey D, Sherwin SJ, Hoessler JFA, Dhandapani S, Taylor MJ,
2016, Implicit Large-Eddy Simulation of a Wingtip Vortex, AIAA JOURNAL, 54,
506-518, 2016
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Recent Papers

e Xu H, Sherwin SJ, Hall, P, Wu X, 2016, The behaviour of Tollmien-Schlichting
waves undergoing small-scale localised distortions, JOURNAL OF FLUID
MECHANICS, 792,499-525
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Recent Papers
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Adaptive Polynomial Order

The basic steps of the adaptive procedure are:
1) Advance the equation for steps

2) Estimate the spatial resolution error in each element by

2

e

a3

3) Modify the polynomial order in each element using the following rule
- If S_e >¢ _uand P<P_mayx, increase P by 1
- If S e <e¢ | and P>P_min, decrease P by 1
- Maintain P if none of the above is true

4) Project the solution to the new polynomial space

5) Repeat the procedure for n

runs
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Adaptive Polynomial Order

. Example: Naca0012 with Re=50,000 and alpha=15 (P

=2, P =9

min ' 7 max

p
9
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Recent Papers

e Y. Bao, R. Palacios, M. Graham, S. Sherwin, “Generalized thick strip modelling
for vortex-induced vibration of long flexible cylinders ” Journal of computational
physics, accepted, 2016.
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Send us your papers!




Workshop Outline

e Overview of Nektar++
e Nektar++ Development Strategy

e Future Directions

e User Applications: 4pm-6pm




