Library Updates: So what has
been going on in 2016/177
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1406 Commits

153K Lines of code added

60K Lines of code deleted
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Change Log

https://gitlab.nektar.info/nektar/nektar/blob/master/ CHANGELOG.md
SNEKTARHOME/CHANGELOG.md

v4.3.5

Library:

e Fxbugin DG with hybrid meshes (1694)

e Fxissuc with perallel output (1699)

® Fx performance issue wilh ileralive full solver (1693)

e Entarced pracision on history point output (!706)
Documentation

e Update build instructions in user guide for Windows (1692)

Tester
e F'x bugin tester when no parameters specified for test executable (1701]

2v4.3.4

Library:
e F'x performance issue with v_ExtractDataToCcefrs for post-processing of large simulations (!672)
Added additionzl assertions to ensur2 homogenecous simulations have an even number cf planes par process (!66€)
Mx compilation with NEKTAR_USE_MESHGEN option
F'X IterativeFul solver in parallel (685)
Fx errar message for missing fld filz (1689)

IncNavierStokesSolver:
* Fx znd crder time-integration far VCSMapping (/€87)
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Change Log v4.4

e —

NekMesh:

Modify curve mocule 3z g low
Acd STL surlace vailer modul
New module for ‘nserting an &
Acd curve projecticn rout nes
Extensive clean-up of NekMo!
ImErovements w© mesh lineari
Acd suoport for Gmsh high o
Mave CAD classes to factory !
Acd module Lo check lopelog
Acd cptiontd Linearise me
Acd reacer for Nek300C mes’
Acd cptionto linearize o
Acd flagto insertsurfzace :
Buq fix to ot two meshaqan re
Remove liDANN in daference 1
Refactor library te use Nekho
Acd varcoti process modu
Acd a mesh extract option ¢
2D to 30 meash extrusion mad
Acd new tawo-dimensional me

ADRSolver:
e Add 8 prejecticn equaation system for C° proj
APESolver:
Use a continuous baseficld projectior and re
Addac ability te computa CI'L numoer ((564)
Qulpul Sourcelerm (/664
lUse the Fercing framework to define source
IncNavierStokesSolver:
o Add ability 1o simulale add lonal sca or licld:
¢ |mprove performence wher using hemoaene
* Fxlinearisec advection tor tull 3C cases (170
e Added o weak pressure formulation (ollovadng
e Addac & convactive like outflow boundary co
® Addad Lhe abilily lo speciliy Waimerslay bour
CardiacEPSolver:
e« Added 2 Python trans/ator utility 1o generata
FieldConvert:
Allovs equi-spaced cutput for 10 and 2DH1E
Update quality metric to include scalad Jaco
Allave multiple XML lies o be specified in Int
e [x issues with isocentcur mocule (1712)
* Fxissue with interpelate- rout ne (1745)

Fix inverted Doundary ayer in Zw (1/3u)

More =ensib 2 element sizing Wwith noundary ayers in 2D (1736)

Change variable rames in mcf file 10 make mor-e sense (1730)

Fix immsucs in varopl moedule so thal in can be compiled withoul meshgen on (1728)
Replace LAPACK Eigenvalue calculation with handwr tten functicn in varopt [1738)
Irproved rode-colouring algorithm for beller loac-baloncing in varcoli (173€)

Simplified calzulation of the energy functicnal in varopt ferimproved performance (1738)

FieldConvert:
s Move all mocules 1o & new liorary, [ielc Utils, to support post-processing during simulations (1532)
e Acdmodule Lo sUrelch harmogenzsous deeclion [1609)

s Acd mocule t2 add composite (D of slemants as & field (!574)
o Acdireacer [or NekdQ0C held hles (18E0)

Tester:

* Fix autput nat displayed cn segfault or system error (1745)

— ik 4

Library:

Add support for variable golynomizl crder for 3D simulations with continucus Galerkin ciscretsation (1604)

Bump version of gsmpi tc sugppress autetuning outpus unless --verbose is specified (!652)

Add support for variable polynomial erder with periodic beundary conditions (IG5H)

Statistics are now printed for lowest level of multi-level static concensztion (!636)

Sped up inlerpulataion from pls files end fixed para lel pls imoort (1584)

Ircreased requ red bocost version to 1.5€.0 [15E4)

New FieldUti's [ibrary allows susport for most FieldConvert post-processing operaticrs ¢uring simulation using
Adjust CMaka dependencies to reduce comni e time ('671)

Homogeneous1D dealiasing improvements ((€22)

Add support for HDFE 25 an altenative cutout te XML-based output, including refactering of FieldiQ, improvemer
conditions ('€15)

Allow expansions to be loaded directly from field file (:1517)

New opticns for load kalancing [COF or BOUNCARY) in mesh part tioner {.1877)

Rework nodal ut/lities to suoport nodal prismatic elements (1€GD)

Update Body/Ficld forces at cacn timestep (1565)

Update nodalutil to inc ude quad and hex elements and introduce SF| roda points (1596)

Add atility to restar: bme-averaqing and Reynolds stresses trom checkpoint fil2 [1673)

Extand ExtractDataToCoefs 10 support interpelation between hasis types 1ar quads ane hexanhadra (1682)
Enabled MUMPS sugport in PETSc if a Fortran compiler was lound ard added 8D suppcrl Lo the Eclimholle smool
Fix bug in Vmath: :FLlWhiteNcise which caused ForcingNoise 1o have a repeated pattern (!718]

Fix bug in the calculation ¢f the KHS magnitude in CG solver (1/21)

Fix bug in MPI detection for recent CMake on OS X (1725]

Fix bug in CMake Homebraw and MacPoris detection ‘or OS X [1729)

Fix bug in FeldUt|s when using halt mode expansions (1734)

Do net read the same fld/pts files agzain for every varianle (\€70)

Fix bug in CMake FETSc detection for Ubuntu “8.C4/Cebian 9 (1735)

Fix warnincs wilh Intal compiler (1712)
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Change Log v4.4.1

e —

v4.4.1

Library
e Remove m_offset_eimt_id and GerOffsetFimtid which fixed problems in 2D whan quad 2 ements are listed before tri elements (1758)
* Remove Lhe duplicale culpul of errorulil (175€)
e Fix BLAS CMake dependencies (!753)
» Fixinterpolaticn issue with Lagranga basis functions (1768)
e Fix issLe with average fields not working with cifferent polynomial order fields (1776)
e Fix HdfS output in FilterFieldConvert (!1781)
e Fixed extreme memory consumption of Interpolator when ‘nterpolating from o1s to fld or between different meshes (1783)
e Fix deadlock with HCFES input (1786)]
FieldConvert:

e [ix issue with field orderng in the interppointdatetofld module (!754)
e Fixissue with FieldConvert when range fag used (!761)
e Fix issue when using output-points combined with nceauispaced (1775)

* Fix equispacedoutput for 3CH1D with triangles (1787)
NekMesh:
e Fix memory consumption issue with Gmsh output (1747, 1762)
* Rework meshing conticl so that if possible viewable meshes will be dumped when some part of the system lails (1758)
Add manifold mashing option (!756)
Fix issue with older r2a input files (1765)
IncNavierStokesSolver

« Fix aninit'clisation issue when using an acditional advective field [!779)
e — e e




Change Log v4.4

e —

NekMesh:

Modify curve mocule 3z g low
Acd STL surlace vailer modul
New module for ‘nserting an &
Acd curve projecticn rout nes
Extensive clean-up of NekMo!
ImErovements w© mesh lineari
Acd suoport for Gmsh high o
Mave CAD classes to factory !
Acd module Lo check lopelog
Acd cptiontd Linearise me
Acd reacer for Nek300C mes’
Acd cptionto linearize o
Acd flagto insertsurfzace :
Buq fix to ot two meshaqan re
Remove liDANN in daference 1
Refactor library te use Nekho
Acd varcoti process modu
Acd a mesh extract option ¢
2D to 30 meash extrusion mad
Acd new tawo-dimensional me

ADRSolver:
« Add 8 projecticn equaation system for C° projectic:

APESolver:
Use a continuous basefield projection ana revert |
Addac ability te computa CI'L numoer ((564)
Qulpul Sourcelarm (1664)
Use the Fercing framework to define source tarms
IncNavierStokesSolver:
e Add abilily 1o simulale add lonal sca or liclds {62
¢ |mprove performence wher using hemonoeneous ¢
* Fxlinearisec advection tor full 30 cases [170€)
e Added o weak pressure formulation follovang Gue
e Addac & convactive like outflow boundary coneitit
s Addad Lhe abilily lo speciliy Wamerslay boundary
CardiacEPSolver:
e« Added a Python trans!ator utility 1o generata cell -
FieldConvert:
Allovs equi-spaced cutput for 10 and 20H1D field:
Update quality metric to include scalad Jacobian «
Allave multiple XML lHcs Lo be specified in InlerpF
e [x issues with isocentcur mocule (1712)
* Fxissue with interpelate- rout ne (1745)

Fix mverted Doundary ayer in zZv (1/sv)
More =ensib 2 element sizing Wwith noundary ayers in 2D (1736)
Change variable rames in mcf file 10 make more sense (1730)
Fix immsucs in varopl moedule so thal in can be compiled withoul meshgen on (1728)
Replace LAPACK Eigenvalue calculation with handwrtt2n functicn in varopt [1738)
Irproved rode-colouring algorithm for beller loac-baloncing in varcoli (173€)
Simolified calzulation of tha energy functicnal ir varopt fe-improved pe-formance (173
FieldCenvert:
s Move all mocdules 10 & new liorary, [NelcUtils, to support post-processing during simulations (1532)
e Acdmodule Lo sUrelch harmogenzsous deeclion [1609)
s Acd mocule to add composite (D of elemants as a field (!574)
o Acdireacer [or NekdQ0C held hles (18E0)

Tester:
* Fix autput nat displayed cn segfault or system error {17435)

v4.4.0
Library:

.

Add support for variable polynomizl crder for 3D simulations with continuous Galerkin discredsation (M604)
Bump version of gsmpi tc sugppress autetuning outpus unless --verbose is specified (!652)

Add support for variable golynomial erder with periodic beundary condtions (1658)

Statistics are now printed for lowest level of multi-level static concensation ('635)

Sved up inlerpalataion from pts files and fixed para lel pls imoort (1584)

Ircreased requ red bocost version to 1.5€.0 (1584)

New FieldUti's library allows susport for most FisldConvert post-processing operaticrs during simulation L
Adjust CMaka dependencies to reduce comai e time ('671)

Homogeneous1D dealiasing improvements ((€22)

Add support for HDFE a5 an altemative cutout te XML-based output, including refactering of FieldlOQ, improv
conditions ('6€15)

Allow expanszions to be loaded directly from field file (:1517)

New opticns for load kalancing [COF or BOUNCARY) in mesh part tioner {:1577)

Rework nodal utlities to suopor: nodal prismatic elements (1€GD)

Update Body/Ficld forces at cacn timestep (1568)

Update nodalutil to inc ude quad and hex elements and introduce SF| roda points (1696)

Add atbility to restar: bme-averaging and Reynolds stresses trom checkpoint fil2 [1673)

Extand ExtractDataToCoefs 10 support interpelation between hasis types for quads ane hexahadra (1682)
Encbled MUMPS sugporl in PETSc if a Fortran compiler was lound and added 8D supperl o the Eclimholle si
Fix bug in Vmath: :FLlWhiteNcise which caused ForcingNoise 1o have a repeated pattern (!718]

Fix bug in the calculation ¢f the KHS magnitude in CG solver (1/21)

Fix bug in MPI detection for recent CMake on OS X (1725]

Fix bug in CMake Homebraw and MacPoris detection ‘or OS X [1728)

Fix bug in FeldUt|s when using halt mode expansions (1734)

Do nct read the same fld/pts files agzain for every varianle ('6€70)

Fix bug in CMake PETSc detection for Ubuntu “8.C4/Cebian 9 (1735)

e Fix warnings wilh Intel compiler (1712)
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Framework Layout

( IncNavierStokes )( CompressibleFlow )( CardiacEP )@
( SolverUtils )

4 )

Core Nektar++ libraries

— ' SpatialDomains ' ' LocalRegions '
\_ j

-

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

FFTW Scotch Zlib QT

( Boost ) ( Metis ) ( TinyXML ) ( Gslib ) PETSc ARPACK”E

VA



Framework Layout

IncNavierStokes CompressibleFlow @ ImageWarping a

( Core Nektar++ libraries |

| NekMeshUtils | [ Fielduts |
R




Library Developments:

e \/ariable p (primarily 2, 2.5D)
e 3D variable polynomial order (not preconditioner)
o HDF5 output
e [Incompressible Navier Stokes Solvers
e [utorials

%



Library Developments:
Adaptive Polynomial Order

. Example: Naca0012 with Re=50,000 and alpha=15(P_. =2, P___ =9)

min ’ max

- Variable P available in 3D but pyramids and A#'&
preconditioners only available in branch VA ¢




Library Developments:
Hdt5 Field files

Default parallel output is a directory:
myjob_fld /Jor myjob_chk/

Info.xml|  POO0000O0.fld POO00001.fld POO00002.fld POOOO003.fld

Have a challenge of generating too many files:
8000 cores for 100 dumps leads to 800K files!

../IncNavierStokesSolver -h
-i [ --io-format ] arg Default input/output format (e.g. Xml, Hdf5)

../IncNavierStokesSolver -i hdf5 myrun.xml
/ Vi ver -i yrun.x ﬁe




Incompressible Navier Stokes
developments

e Fixed linearised stability

¢ \Weak pressure Poisson system
e Dong Outflow / mixed pressure
e \Womersley BCs




Pressure Poisson System

Guermond & Shen 2003 JCP

’YOunglt ut | vpn—|—1 i V(v ¥ V % U)* —N*=0
V - !]n—l—l —0

where * represents extrapolation and
+ represents backward differencing

Doting with V@ and using some identities:

/ Vp'tl . VodQ) = / . Vodf)

] - nds |

Imperial College This option is implemented as VCSWeakPessure

London



Pressure Poisson System

Guermond & Shen 2003 JCP

’YOunglt ut | vpn—|—1 i V(v < v > U)* o N* _ O
V - !]n—l—l —0

where * represents extrapolation and
+ represents backward differencing

Dotting with V¢, applying the divergence theorem and using some
identities:

/vp"+1 Vo dQ) = /(bV ( A“t> 40
,:‘ — UV

Imperial College This option is implemented as VelocityCorrectionScheme

London



Incompressible Navier Stokes
developments

Centamg |ists evallable at SclenceDirect

Journal of Computational Physics

www.alsaarcom/lacataiep

A convective-like energy-stable open boundary condition for @mm "
simulations of incompressible flows

S. Dong

Crier tu Caniourc Sanal W 4 onlet Madaeoarvs, Ovpacddimnn of AMoRRRnf s Puodae inesociry, 154

op"t! [ +1 ,n+1 %,n-+1 %,n-+1
™ —|—va :n-(tﬂ —u™"T . Vu® )—vnxw’
0
1
-~ [f;“ n+n-Em,u"") —yn. vu*"t! -n] , onaS.
VDo

ou"t1 D 1 Do .
+ Yo Oun+1 — _ |:fil;l+1 i E(n, u*,n—H) + pn+1n _ U(V . u*,n—H)n] + _Ou, on 890,
on At v At

e fobin (weak) boundary conditions on pressure and velocity
e Details in user guide

Imperial College
London



Incompressible Navier Stokes
developments

http://lions.math.hr/tok-kroz-cijev/tekstovi/womersley/womersley_en.html

Al 32,7 ot
w(ryt) = Ao(1 = (r/RP) + 3 Aplt - U Cet Bt

n=1

e |Vomersley Boundary Conditions for pulsatile flow
e Details in user guide

Imperial College
London
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Numerical Differentiation

Tutorials

January 11, 2017

Department of Aeronautics, Imperial College London, UK
Scientific Computing and Imaging Institute, University of Utah, Ut

Tutorials

AY
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Advection Solver

Tutorials

January 16, 2017

Department of Acronautics, Imperial College London, UK
Scientific Computing and Imaging Institute, University of Utah, USA

AY/
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Global Stability Analysis:
Flow over a
Backward-Facing Step

Tutorials

January 16, 2017

Department of Aeronautics, Imperial College London, UK
Scientific Computing and Tmaging Institute, University of Utah, USA

AY/
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Quasi-3D Computation of

the Taylor-Green Vortex
Flow

Tutorials

January 16, 2017

Department of Aeronautics, Imperial College London, UK
Scientific Computing and Imaging Institute, University of Utah, USA

AY/
n"é%
Two-dimensional high-order
mesh generation

Tutorials

January 30, 2017

Department of Aeronautics, Imperial College London, UK
Scientific Computing and Imaging Institute, University of Utah, USA




Advection problems

u
_ 1 1.000007
EO.S

0.4

Generate mesh

S 11.000007

Convert to Nektar++,  Run solver
visualise in (advection)
Paraview/Visit  and postprocess
and configure solver



Taylor-Green vortex breakdown

0 5 10 15 20

Starting Breakdown to  Measure enstrophy
vortex configuration turbulence and KE production



summary

» (Great activity over the past year

* Focusing on functionality and continue
to address fixes

* Focus for coming year will likely be on




