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WIND ENERGY AT ECN PART OF TNO

» Research on many topics of renewable energy technologies i Wind
energy, Solar energy, Biomass, etc.

» Wind energy unit mainly focused on low-fidelity tools that are tailor made for
wind energy applications (about 50 researchers on various topics)

» SU2 is our first serious attempt to include CFD in our research/design tool
chain
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Main difficulty i Pressure velocity coupling.
Compressible flows i Solve for density in the continuity equation and use

equation of state for pressure.

Incompressible flows T Continuity equation reduces to divergence condition

and no governing equation for pressure.

Introduce artificial compressibility to mimic compressible flows T Artificial

compressibility methods.

Alternatively, solve continuity equation and use pre-conditioning to overcome

the stiffness of the system.
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PRESSURE BASED METHODS

» Pressure based methods

U Derive an equation for pressure based on discrete mass conservation or the
continuity equation.

U Many variations T SIMPLE family of algorithms or pressure projection
methods etc.

U SIMPLE algorithms i A predictor and corrector approach to resolve the
pressure-velocity coupling in a segregated manner.

» Advantages

U More suitable for very low Mach number flows.

U Ensures better mass conservation.

U Faster solution possible.
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PRESSURE BASED METHOD IN SU2

Momentum equation:
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IMPLEMENTATION DETAILS

» Upwind discretization (with MUSCL reconstruction)

» Boundary conditions available T Velocity inlet, Pressure outlet, Wall, Inviscid
wall, Freestream, Symmetry (from the recent pull request by @TobiKattmann)

» Single core support no MPI yet.

» Steady state solutions.

» Local time stepping.
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Avail abl e on t héatureaRrassunre dogseddo i br aheh o6 ( u

with develop regularly).

New config option i

KIND _INCOMP_SYSTEM = (DENSITY_BASED, PRESSURE_BASED)
Use existing driver structure routines.

Defined a new iteration class for the predictor corrector algorithm.
Adding new multigrid cycle to accommodate the predictor-corrector loop.
New set of files for solver, numerics and variable classes.

(_direct_mean_PBinc.cpp). Poisson solver classes still remain.
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TEST CASES

1. Channel flow (Y Q 1 mm
2. Laminar flow over aflatplate (YQ t p 1)
3. Laminar flow over a cylinder (YQ 1 rand 'Y Q p mmt

4. Laminar flow over a backward facing step (Y'Q ¢ m)mt
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CHANNEL FLOW -

» Fully developed channelat YQ t it

C

» Velocity profile given by

~

6(6) Ci(’n &)

Velocity

I T T I T T
Coarse —»—

Refined —&—
Fine —&—
5 Analytical

0.12

U TT

0.1
0.08
»'Q ™recqu 7 0.06
0.04

0.02

10 | Pressure based incompressible solver in SU2



logqg(Res(Uy))

T T T T
© 0 u o U A W N .

. .
-
= o

Z ECN ) TNO iration

CHANNEL FLOW

» 3 different grid resolutions
» Order of accuracy based on the grid refinement study* ¢
Convergence history, CFL=1 L2 error norm
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Steady laminar boundary layerat'YQ 18t p m

Blasius equation i Assume zero pressure gradient and uniform outer flow.
Define a scaled wall normal distance, —, and stream functionT .

Based on the boundary layer equations, an ODE can be formed for the
stream function which is solved numerically to obtain self similar solutions for
the flow.

— oo—Y [ Vg X Q N m
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Solve the Blasius equations using the shooting method.

Compare numerical and Blasius solutions for velocity components at w 1@ v

and skin friction, @, along the length of the flat plate.

Bl

JGION CEICIS E(b—"sz(—) ) @




LAMINAR FLAT PLATE ZECN» TNO::™

Numerical vs Blasius (u), Re = 4e5 Numerical vs Blasius (v), Re = 4e5
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LAMINAR FLOW OVER A CYLINDER

» Steady separated flow around a cylinder

»YQ T TWE WQ pim

» Compare drag for different grid resolutions.
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Flow past a backward facing step at 'Y Q ( T8t
Flow separates at the step and reattaches to the lower wall.

AtY Q ( m,7a secondary eddy is formed along the upper wall.

Compare the numerical solution to Gartling, D. K. (1990), A test problem for
outflow boundary conditionsd flow over a backwardZacing step. Int. J.
Numer. Meth. Fluids, 11: 953-967.
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LAMINAR BACKWARD FACING STEP
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UPCOMING DEVELOPMENTS

> Multigrid method.

> RANS equations.

> MPI support.

> Unsteady problems.

> Periodic BCs, ALE formulation.
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