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Outline

- Motivation
» Theoretical modeling background
e Investigated cases — Askervein and Bolund

e Simulation results — Direct comparisons between results and
measurements

e Comparison of simulation times

e Conclusions
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Can OpenFOAM be directly used
to simulate
Atmospheric Boundary Layer (ABL) related
problems?

Open Source CFD code
No Licensing Costs
Includes many modules, among them a wind turbine siting module
Interesting questions regarding its usage:

e How fast (easy) -

e How accurate — can the relevant CFD results be accomplished
In this case compared relative to performance of EllipSys3D

DTU Wind Energy, Technical University of Denmark 21 February
2013
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Methods in the Numerical Approach

« Navier-Stokes (NS) Equations
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Wall modeling approaches |

e Atmospheric roughness approach (Richards and Hoxey)
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Wall modeling approaches 11

e Nikuradse’s equivalent sand roughness length modeling approach
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e Position of the first (near-wall) cell center
Az/z0 =2 10.0,
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Wall modeling availability
N
EllipSys3D and OpenFOAM
and
Solver Parameters used

Richards and X X

Hoxey Model

Nikuradse’s X X
Model

« Same solver parameters used in both OpenFOAM and EllipSys3D
* QUICK scheme used in RANS equations
 SIMPLE algorithm utilized for pressure correction
« Same final convergence level obtained

7 DTU Wind Energy, Technical University of Denmark 21 February
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Grid Generators

*HypGrid (EllipSys3D, OpenFOAM)

e It creates a 3D structured hexahedron volume meshes using a
hyperbolic marching scheme, based on orthogonality and cell
volume from a 3D terrain grid surface definition.

eSnappyHexMesh (OpenFOAM)

e |t creates a 3D unstructured meshes based on 3D terrain
surface definition (STL format) and iteratively build up a
volume mesh upon it.

8 DTU Wind Energy, Technical University of Denmark 21 February
2013
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Askervein Test Case — HypGrid mesh
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Askervein Test Case — SnapyHexMesh grid

N
/]
o = = Bo e = BO = = = Do
ace Lave Cl gro d =
block refine- re- ref. ref. ref. Grid nSu- Total Grid Az
Mesh ment solve Box Box Box Size rface Height Size /
(back- Surfa- Fea- 1 2 3 Prior La- of Add 20
ground ces ture Add  vers Grid Layer
grid) Angle Surf. Layer (Total)
") Layer (m) (mill.)
(mill.)
SHMO 60,60,40 level (2 2) 3 0 0] 0 0.31 6 7.98 0.33(064) 13.3
SHM1  115,115,80 level (2 3) 3 1 0 2 1.69 6 7.98 1.75{3.44) 133
SHM2  115,115,80 level (2 3) 3 1 0 2 1.69 8 0.99 2.32{4.01) 1.0
SHM3  115,115,80 level (2 3) 3 1 0 3 210 10 9.03 2.90(5.00) 83
SHM4  115,115,40 level (3 3) 3 1 2 3 2.53 6 12.0 502(7.55) 200
HGO - - - - - - - - - {1.31) 13.3
HG1 - - o B - - B - - {b.24) 13.3
HG2 - - = - - = - - = {b.24) 0.5
Table II. Askervein hill: Overview of different control parameters used to generate the SnappyHexMesh created grids. BlockMesh
row shows nr. of grid points in =, y, = directions, respectively. RefinementBox 1-3 rows show the local grid refinement relative to the
background grid. RefinementSurfaces row shows the minimum level of surface refinementrelative to the background grid (first number)
and maximum refinement - if cell intersection angle > resolveFeatureAngle - (second number). Definition of all grids, including the
10 DTU ' HypGrid based ones, tegether with the correspending grid sizes is also included. Positions of refinement boxes, surface layers and 4 February

background grid is indicated in fig. 3. The SHM are SnappyHexMesh based grids and HG are HypGrid based ones.
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Askervein case — Computational times

Grid Grid Grid

sequencing sequencing  Size

ON OFF (mill.)

ElipSys3D .  HG2 Az = 0.50 % 509's 826s  5.24
EllipSys3D :  HG1 Az =13.32 454s 754s  5.24
@FwT257 HGO Az = 26.6 2z - 13235 1.31
OF v.1.7.1 ; HG1 Az =133z 6655 5 102595 5.24
OFv.1.71 . SHMO Az =13.3z - 688 0.64
OFvi171: SHM1 Az=133xz2 6935 11678 3.44
OFvi1.71: SHM3 Az=2833z 0%9s 1909 s 5.00
OFvi1.71: SHM4 Az=20.0z 1867 s 4311s 7.55
OF v.21.1: HG1 Az =13.3 2 3042 s 14421 s 5.24
OFv211: SHM2 Az=1.00z 5278 1037 s 4.01
OFv.2.1.1: SHM3 Az =18.33z 8628 2013s 5.00
OF v.2.1.1: SHM4 Az =20.0z 1591 s 3447 s 7.55

Table lll. Askervein hill: Simulation imes for EllipSys3D and OpenFOAM codes. For information about different grids utilized in the
computations see tab. |l and fig. 3.

12 DTU Wind Energy, Technical University of Denmark 21 February
2013



Bolund Test Case — HypGrid mesh

A W T

e ﬁ§§§\<$<§\
s E?ﬁ’»
S

CARRRY
TTITERY
P
LTI TR A RN
TV TAAAAS
A SN BEETRAR

TTT

13 DTU Wind Energy, Technical University of Denmark

21 February
2013

=
—]

i



Bolund Test Case — SnappyHexMesh grid

w— |
q
=

<
<
L — .
> =
block refine- re- ref. ref. ref. Grid nSu- Total Grid Az
Mesh ment solve Box Box Box Size rface Height Size 4
(back- Surfa- Fea- 1 2 3 Prior La- of Add Zo(L)
ground ces ture Add yers Grid Layer
grid) Angle Surf. Layer (Total)
(°) Layer (m) (mill.)
(mill.)
SHMO 454550 level (3 b) 2 0 0 0 0.43 3 1.60 0.41 (0.84) 138
SHM1 757560 level (2 3) 2 3 2 3 3.47 6 261 2.13 (5.60) 10.0
SHM2 75,75,60 level (3 5) 2 0 2 3 3.53 3 1.60 1.15 (4.68) 13.3
SHM3 75,75,60 level (3 5) 2 0 2 3 3.53 11 1.74 4.10 (7.63) 1.0
HGO - - - - - - - - - (0.78) 25.0
HGH - - - - - - - - - (6.29) 12.5
HG2 - - - - - - - - (6.29) 0.83
HG3 - - - - - - - - - (6.29) 0.08

Table V. Bolund hill: Overview of different control parameters used to generate the SnappyHexMesh created grids. For definition of
different parameters in the table - see tab. Il. Positions of refinement boxes, surface layers and background grid is indicated in fig. 8.

The SHM are SnappyHexMesh based grids and HG are HypGrid based ones. zg/ry = 20 rans = 0.015m.
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Bolund Test Case — Speed Up Results
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Bolund Test Case — TKE results
TKE increase, Line:B, Dir:270°
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Bolund Test Case — Computational times

i

Grid Grid QUICK(V) linear Grid

sequencing sequencing UpwindV  Size

ON OFF (mill.)

ElipSys3D : HG3 Az = 0.03 za) 2865 3656 5 X 6.29
OFv.1.7.1: HGO Az=25.0zu - 7345 X 0.78
OF v.1.7.1: HG1 Az= 125z 4073 s 14396 s X 6.29
OFv171:. HG1 Az=12.5zy 33078 0838 s X 6.29
OF v.1.7.1: SHMO Az = 13.3 201 - 1195 X 0.84
OFv.1.71: SHM1 Az = 10.0zqy, 18445 21085 X 5.60
OFvi1.71: SHM2 Az =13.3 zoq 1507 s 17008 X 4.68
OFv21.1: HG2 Az=083zq 10153(5780)s 40630 (33567)s X 6.29
OF v21.1: HG2 Az=0.83z0 10259(5650)s 35857 (27683)s X 6.29
OFv.21.1: SHM1 Az =10.0z, 1171s 17898 X 5.60
OFv.21.1: SHMS Az = 100z, 16568 28205 X 7.63

Table VI. Bolund hill: Simulation times for EllipSys3D and OpenFOAM codes. For information about different grids utilized in the
computations see tab. V and fig. 8. The OpenFOAM v.2.2.1 runs on HG2 grid are conducted using the pCG pressure solver (results

in parentheses) instead of GaMG.
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Conclusions

i

e Mesh Generation

e HypGrid (HG) — Developed for EllipSys3D, works in
OpenFOAM with certain adjustments.

e SnappyHexMesh (SHM) — has reasonable capability and
flexibility for ABL flows, but very difficult to use. Especially grid
layers near the ground difficult (in many cases impossible) to
make.

e Accuracy

= Very good general agreement between OpenFOAM and
EllipSys3D.

e Askervein case — runs on identical grid gave almost identical
results, both regarding the speed up and TKE.

e Computational time

e EllipSys3D is app. 2-6 times faster in obtaining results of
similar level of accuracy on grids of similar size, utilizing the
EllipSys3D default grid sequencing procedure

e OpenFOAM SHM based computations found to be 3.5-7 times
faster (Askervein case) and 1.8-9.8 times faster (Bolund case)
then HG based calculations

18 DTU Wind Energy, Technical University of Denmark 21 February
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