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Numerical modeling of Piano Key Weirs using FLOW-3D

Abstract

The CFD software FLOW-3D is one of the more common tools used by engineers in the numerical study of Piano
Key weir discharge characteristics. It is important for CFD practitioners to be keenly aware of what constitutes
good modeling practice for these structures. A direct implication is that modelers need to understand the
effects and uncertainties that are associated with the choices one makes in creating a CFD model: the type of
turbulence model chosen and its respective parameter details, the effect of grid refinement on the solution, the
effect of using different types of meshing approaches, the effect of pressure convergence criterion and more.
Does any of this even matter? How much? This work systematically explores the FLOW-3D modeling setup
parameter space and compares FLOW-3D results with known experimental results. The results compare an
experimental study of the discharge-head relationship for PK weirs with FLOW-3D modeling results. The work
also highlights various simulation design strategies, model setup parameters and numerical options that may
affect simulation results.

Experimental Setup

Upstream BC:
Stagnation
Pressuredefined
as Ὄ at the
inlet

Downstream BC:
PressureBC to allow free
dischargeand unsubmerged
tailwater condition

Geometry:
Generatedin CADand
importedasanSTLfile

Multiple mesh blocks defined to allow for 
varying mesh element sizes and a decreased 
cell count to reduce simulation time 

Flume Wall BC:
Flume floor defined 
as a Wall Boundary

Symmetry BC:
Becauseof symmetry in weir
geometry,only a portion of the
weir was includedin the model
to reducethe simulationtime.

Mesh elements sized 
to resolve the 
thickness of the weir 
walls

Results Discussion

Anderson, Ricky M., "Piano Key Weir Head Discharge Relationships" (2011).All Graduate Theses and Dissertations. 
880.http://digitalcommons.usu.edu/etd/880

Anderson(2011) completeda physicalmodel study to evaluatedischargevs.
headrelationshipsof P-Kweirs. Thephysicalmodelwasconstructedwith a 4-
cycle flat crested P-K weir using various configurationsof inlet and outlet
width (Wi/Wo) that weretestedovera rangeof discharges.

FLOW-3D predictions for weir dischargeat a givenὌ were
generallyless than 5% of experimental data. Meshdesignwas
determined to be the most important component of the
simulation setup. Aspects of mesh design that improved
performanceincluded:
ÅModeling only a section of the weir using a symmetry

boundary condition to reduce the domain and decrease
runtime. Modeled discharges with the reduced domain
compared within less than 2% of the full width model.
ÅDefining mesh planes to ensure FAVOR™captures weir

geometryfor maximumresolution.
ÅLimitingcell sizesto be smallerthan the thicknessof the

weir walls ensures that geometry is fully resolved by
FAVOR™. Cell sizeslarger than weir walls may result in
gapsor holesin the weir geometry. Thecell sizelimitation
may pose practical difficulties in simulations with large
domains and thin weir walls. This can be mitigated by
using advanced conformal meshing options or high
performancecomputingoptions.

Various numerical options were tested to improve the
simulation setup for accuracyand runtime. It was found that
the default numerical options typically produced the best
result. As is well known for spillwayapplicationsusingFLOW-
3D, first order methodswere found to producemore accurate
predictions of discharge over higher order momentum
advectionmethods. ThreeVOFmethodswere testedandfound
to provide similar estimates in discharge. Pressure solver
convergencewas improved in severalcasesby increasingthe
GMRESsubspacesize.

In this validation study, the physicalmodel geometry from Anderson
(2011) for the caseof Wi/Wo = 1 wasreplicatedin FLOW-3D. Boundary
conditionswere definedto specifyan inlet total hydraulichead(Ὄ ), and
the calculateddischargewasmeasuredacrossthe structure.

Simulation Design and Sensitivity Testing

Pressure Boundary Conditions

In general, the dischargecapacityof a weir can be
relatedto the total upstreamhead(Ὄ ) usingthe weir
equation. Thetotal headincludesthe sumof both the

piezometric(Ὄ ) andvelocityhead .
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In FLOW-3D, userscan define two different types of
pressureboundariesto specifya fixedὌ or Ὄ . The

stagnationpressureboundarycorrespondsto defining
anὌ , and the static pressureboundarycorresponds
to defining an Ὄ at the inlet. Selectingthe correct

pressureboundary type will depend on the type of
availableexperimentaldata.
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Comparison of experimental results from Anderson (2011) and FLOW-3D simulation results for a 
mesh resolution of 3-7 cells across the weir crest. The results show that FLOW-3D predictions of 
discharge and discharge coefficient are generally within 5% or less of the experimental data.

Mesh Design: Grid Refinement Sensitivity

The maximum cell size was limited to the
thicknessof the weir wall to ensure FAVOR
resolved these objects. Grid refinement was
tested for different Ὄ , but it was found that
most results were generally less than 5%
regardlessof additionalmeshrefinement.
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Momentum Advection
Different momentum advection methods were evaluated
but the results show that higher order methods did not
improve simulationresultsof dischargeover the weir for a
definedὌ .

GMRES Subspace
The pressure-velocity field is solvedin FLOW-3D usingthe
GMRESmethod. Thisis typicallythe most efficient pressure
solver in FLOW-3D and is usedby default. For simulations
where the pressuresolverhasdifficulty converging,it may
be necessaryto increasethe GMRESsubspaceparameter.
For simulationswith high cell counts, this parameter was
increasedfrom the default value of 15 to a value of 30,
leading to improved solver convergenceand simulation
speedupsof 10x.

VOF
The volume of fluid (VOF)method is usedby FLOW-3D to
track the free surface interface and there are several
different advectionmethodsfor the VOFfunction in FLOW-
3D. Three of these methods were compared and all
providedsimilardischargeresults.

Numerical Options

FLOW-3D is a registered trademark in the US and other countries

FLOW-3D Setup


