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First run: eddy_uv
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tar zxf Nek5000-19.0.tar.gz
cd ./Nek5000/
export NEK_SOURCE_ROOT=`pwd`
PATH=${NEK_SOURCE_ROOT}/bin:$PATH
cd tools/
./maketools all
cd ../run/
cp –r ../examples/eddy_uv/ ./
cd eddy_uv
genmap

eddy_uv
0.01

makenek eddy_uv
nekbmpi eddy_uv 4
visnek

Requirements:
• Nek5000 code
• gmake
• gcc, gfortran
• mpicc, mpifort/mpif77
• VisIt, Paraview
• gmsh

eddy_uv.nek5000



First run: eddy_uv
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• Eddy solutions in doubly-
periodic domain with an 
additional translational 
velocity

• Exact solution known
• Error plot

grep err logfile > err.txt

eddy_uv.nek5000



Other interesting examples

• hemi: Particle tracking in flow 
past a hemispherical roughness.

• lin_channel2D: Linear solver.

• ocyl: Moving meshes.

• smoother: Mesh smoothing

• taylor: Taylor-Couette flow.

• turbChannel: Turbulent channel 
flow

• vortex: Vortex breakdown in a 
container with a rotating lid
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Mesh smoothing
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Mesh smoothing
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Common routines
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Mesh smoothing
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Flow past circular cylinder: gmsh
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• Advantages:
• Open source code

• Existing converter to Nek5000 
format: gmsh2nek

• Flexible scripting language

• Disadvantages:
• Not a multi-block mesher

• Lack of three-dimensional 
recombination algorithm

• Tested with gmsh v 4.8.3



Flow past circular cylinder: gmsh script
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Flow past circular cylinder: gmsh script
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Flow past circular cylinder: gmsh script
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Flow past circular cylinder: gmsh script
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Flow past circular cylinder: gmsh script
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Flow past circular cylinder: gmsh script
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Flow past circular cylinder: gmsh script
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Flow past circular cylinder: gmsh2nek
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Flow past circular cylinder: compilation

ENCCS Nek5000 training 2021 18



Flow past circular cylinder: mesh smoothing
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Flow past circular cylinder: userchk
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Flow past circular cylinder: userchk
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Flow past circular cylinder

ENCCS Nek5000 training 2021 22



Exercise : lid-driven cavity
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Ulid



Linear problem
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DNS for jet in cross-flow:

Non-linear Linear



Linear problem
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Linear DNS for jet in cross-flow:

Adjoint Direct



Linear problem: lin_channel2D
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lin_channel2D: SIZE
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Only 𝑷𝑵 − 𝑷𝑵−𝟐



lin_channel2D: user interface
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lin_channel2D: runtime parameters
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Meshing with gmsh
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NEK5000 – C1U1: NACA0012 aerofoil with rounded tip

• Nek5000-R3: Efficient strategies for hex-based meshing of complex 
geometries

• The goal was to gain user experience finding possible software 
limitations and workarounds:
• High-order meshes suitable for Spectral Element Method

• Starting with open source software gmsh

• Focus on proper representation of object surfaces and division of the 
computational domain into a set of hexahedral subdomains

• Coarse, conforming mesh as a starting point for AMR



Meshing with gmsh
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Division in hexahedral subdomains:

• Manual split into volumes 

• Use of Transfinite algorithm: defined 
split of volume edges gives surface 
and volume mesh

• Lack of clear way of edge properties 
inheritance (duplication, coherence)

• Bottom-up approach (all edger first)

• Labour-intensive; work with low 
level objects



Meshing with gmsh
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Representation of Object surfaces:

• Built-in kernel not very efficient
• Curve{list()} In Surface{};
• Not flexible split of sub-surfaces
• Not useful for generating coarse 

meshes

• OpenCASCADE kernel more 
flexible
• Possibility to immerse points or 

curves
• Visible surface corrugations

Built-in kernel; use of: 
Extrude



Meshing with gmsh
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Adjusted sub-surfaces size, shape and 
immersed points distribution 

OpenCASCADE kernel; use of:
Surface(tip_srf_up) = {crvl} Using Point{pts_list()};



Meshing with gmsh
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OpenCASCADE kernel:

Wire(newll) = crv_list(0);

srf_tip() = ThruSections{crvi:crve};

• Most exact representation of the 
surface

• New generated surface edges make 
Coherence operation expensive

• Different mesh parts generated by 
different scripts



Meshing with gmsh

ENCCS Nek5000 training 2021 35

Mesh generation workflow:

• Generation of inner and 
bounding box meshes with gmsh

• Exporting to required format

• Conversion to Nek5000 format

• Smoothing inner mehs with 
Nek5000 smoother

• Merging inner and outer meshes 
with Nek5000 tools

• Smoothing the resulting mesh


