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Q A simple case: Flow under homogeneous conditions
@ Overview
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L Overview

Simulation of neutral ABL flow over homogeneous
terrain

@ Motivation

@ Richards and Hoxey (1993) - Appropriate boundary
conditions

© Richards et al (2002) - Blind-test

© Hargreaves and Wright (2007) - Adaptation of commercial
software
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Domain, grid and boundary conditions
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L Overview

Domain, grid and boundary conditions
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L Overview

Domain, grid and boundary conditions
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L Overview

The lower boundary

Turbulence properties

@ Production rate for near-wall cell

Gk,p =

@ Dissipation rate for near-wall cell

_ VCukoug

£p =
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L Overview

The lower boundary

@ To ensure proper surface shear stress
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L Overview

A small problem
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A small problem
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L Overview

Sources of error

@ Usually attributed to
overestimation of
turbulence production 0 (v Ok

rate near wall 77 (U_k 82) + Gk —e=0
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L Overview

Sources of error

@ Usually attributed to
overestimation of

turbulence production 0 (v Ok
—(2Z2)+ Ge—¢ =0
rate near wall 0z \ o 0z
@ Piecewise linear
approximation of highly
non-linear distributions 2
likely root cause i i3 % + C.4 ka — 526_ =0
0z \ 0. 0z k k
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L FVM schemes

Turbulence transport equations

2D steady k —  model
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Source term corrections

Evaluation of source terms
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L FVM schemes

Source term corrections

Turbulence production rate

@ By definition

— 1 oU\ 2
Gk:m/cvl/t(g) dV

@ Cell-centered value
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Source term corrections

Correction factors
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L FVM schemes

Laplacian term corrections

Evaluation of Laplacian terms
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L FVM schemes

Laplacian term corrections

Surface normal gradient of ¢

@ Analytical solution indicates
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@ Piecewise linear approximation yields
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L FVM schemes

Laplacian term corrections

Surface normal gradient correction factors

@ Fore 2 >
n‘p
f51 = )
Z
@ For U
Zn—2p
Zn

@ Note: if VU is explicitly evaluated an interpolation scheme
will be used that has the same effect as f
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Updated transport equations

2D steady k — e model
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@ Note: fis purely a function of grid geometry
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LOF implementation

0 OpenFOAM implementation
@ Source term corrections
@ Surface normal gradient schemes
@ Interpolation schemes
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LSource term corrections

kEpsilonRH

tmp<fvScalarMatrix> epsEqn
(
fvm: :ddt (epsilon_)
+ fvm::div(phi_, epsilon_)
- fvm::Sp(fvc::div(phi_), epsilon_)
- fvm::laplacian (DepsilonEff (), epsilon_)

Cl_»flxf2+G_*epsilon_/k_
— fvm::Sp(C2_xf2+f2+epsilon_/k_, epsilon_)
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LSource term corrections

kEpsilonRH

tmp<fvScalarMatrix> kEqgn
(
fvm: :ddt (k_)
+ fvm::div(phi_, k_)
- fvm::Sp(fvc::div(phi_), k
- fvm::laplacian(DKEff (), k_)

f1xG_
- fvm::Sp(f2*epsilon_/k_, k_)
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LSun‘ace normal gradient schemes

Modification of deltaCoeffs for e

£3SnGrad<Type>::deltaCoeffs{

scalar £3 = 0.0;

scalar zF = mesh.Cf () [facei]l.z();

scalar zP = mesh.C() [owner[faceil].z();
scalar zN = mesh.C() [neighbour([facei]].z();

if ((Foam::mag (zP-zN)>SMALL) && (neighbour[facei]>-1))
f3 = zP % zN / Foam::sqr (zF);

else
£f3 = 1.0;

modDeltaCoeffs[facei] = f3 % deltaCoeffs_[faceil];
}
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LSun‘ace normal gradient schemes

Modification of deltaCoeffs for U

f4SnGrad<Type>::deltaCoeffs{

scalar f4 = 0.0;

scalar zF mesh.Cf () [facei]l .z ();

scalar zP mesh.C() [owner[faceil].z();
scalar zN mesh.C () [neighbour[faceil].z();

if ((Foam::mag (zP-2zN)>SMALL) && (neighbour[facei]>-1))

f4 = (zN - zP) / (zF % Foam::log(zN / zP));
else
f4 = 1.0;

modDeltaCoeffs[facei] = f4 % deltaCoeffs_[facei];
}
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LInterpolation schemes

Logarithmic interpolation for velocity

tmp<fvVectorMatrix> UEgn
(
fvm::div (phi, U)
+ turbulence->divDevReff (U)
)

tmp<fvVectorMatrix> kEpsilonRH::divDevReff (volVectorFields& U)
const {
return
(
- fvm::laplacian(nuEff (), U)
— fvc::div(nuEff () xdev (fvc::grad(U) () .T()))
)
}
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LInterpolation schemes

Interpolation scheme for fvc: :grad (U)

logLinear: :weights{

if ((Foam::mag(zP - zN)>1E-3)&& (neighbour([facei]>-1))
{
logLinearWeights[facei] =
Foam::log(zN/zF) / Foam::log(zN/zP);
}
else
{
logLinearWeights[facei] =
Foam: :mag (mesh.C () [neighbour[facei] ]-mesh.Cf () [facei])/
Foam: :mag (mesh.C () [neighbour[facei]]-mesh.C() [owner[facei]])
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L Results

Solution with proposed FVM schemes
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L Results

Wall-function analogy
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An achievement?

A step back

@ Resolved a small but annoying numerical error by
calibrating numerical schemes with known solution
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An achievement?

A step back

@ Resolved a small but annoying numerical error by
calibrating numerical schemes with known solution

@ Are these corrections valid for non-homogeneous case?
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LConclusions

Future work

@ From 2D structured orthogonal grid to 3D structured
curvilinear grid (to account for irregular lower boundaries).

@ Parallelization of new schemes

© Evaluation of effect of numerical schemes on flow solution
for non-homogeneous conditions
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Thank you

@ Questions?
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