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Uncertainty Estimation and 
Calibration of Operational Flumes
Flumes are humble but essential components of Free-Surface flow 
measurement systems. Their theoretical performance is well studied 
but real-life installation conditions may differ from standards, thus 
creating a calibration need. To achieve this calibration, either physical 
experiments or computer simulations are performed. On this 
presentation, we describe flumes, what they are and what they do, the 
methodology employed on the CFD simulations and present the 
statistical approach used to quantify the uncertainty on the CFD results. 
The latter analysis thus allows us to conclude that CFD is, on this 
particular application and as long as the simulation methodology does 
not depart from the established best-practice, sufficient as a means to 
allow engineers to tackle real-life, operational, flumes calibration.
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VenturiFlumes: description

ÅA Venturi flume is a critical-flow open flume with a 
constricted passage which causes a drop in the hydraulic 
grade line, creating a critical depth(https://en.wikipedia.org/wiki/Venturi_flume)

Åstable relationship between backwater leveland passing flow rate
Åindependent of the downstream level up to a certain limit

Ýa simple, reliable and relatively precise (~3%) flow measurement 
instrument.

Images source: Unit CIV2262: Waterway Engineering, 
Topic 4: Applied Hydraulics, Department of Civil Engineering, 
Monash University Edition Date: (9-2003) 
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Flumesand the global market

ÅIts general conception allows for an infinite number of shape variations
ÅrŜǎǳƭǘƛƴƎ ƛƴǘƻ ŀƴ ƛƴŦƛƴƛǘŜ ƴǳƳōŜǊ ƻŦ ƘŜƛƎƘǘ ǘƻ Ŧƭƻǿ ǊŀǘŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎΧ

ÅNormalizations exist, but it is quite common 
to encounter designs and/or installation 
conditions beyond their scope:
ÅFlow rate range;

ÅDesign shape (designs pre-dating normalization, 
etc.);

ÅSub-optimum installation conditions (upstream 
disturbances, installation defects, etc.).

ÅControl point location
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Motivation

ÅOn multiple occasions, the authors have come across with the same Venturi
design, established before normalization, by a particular manufacturer:
ÅCalibated by physical model (a long time ago);
ÅIndustrialized on multiple dimensions through Froude similitude
ÅApplied on a flow rate range beyond limits of existing normalization (for the given shape)

ÅDifferent particulatities on some of these instalation instances brought the need 
for the application precision to be verified
Å/ƻƴŦǊƻƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƭŀǿ ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘ ōȅ /C5

ÅThis presentation focus on one of such simulations, performed with STAR-CCM+
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The bigger picture

Åhƴ ŜŀŎƘ /C5 ŀƴŀƭȅǎƛǎΣ ǘƘŜ ƳƛƴƛƳǳƳ άŜƴŜǊƎȅέ ǇǊƛƴŎƛǇŀƭ ƛǎ ǘȅǇƛŎŀƭƭȅ ǊŜǎǇŜŎǘŜŘΣ 
limiting the number of simulations performed (often, between 5 and 10 different 
flow rates).

...but, 10 here plus 10 there...

+

the power of similitude

...and the spirit of CFD results reuseis brought to life.
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The bigger picture

ÅEmpowered with roughly 50 simulations (some 
performed by the authors, and some performed by 
others)

ÅAchieve a higher confidence on the simulation 
results

ÅAggregate real life variability into a measure of 
uncertainty (each instance having its particular 
deviation from optimum conditions)

8

Being sold on the market for several decades, we can only imagine how many other 
simulations, or real installation physical calibration, were performed, on this same 
shape, that could further feed this analysis.
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CFD methodology

ÅFollows physical and geometrical 
characteristics:
ÅFree surface flow 
ÅVolume of Fluid

ÅOpen Channel Structure
ÅAnisotropic mesh

ÅTurbulent flow
ÅWall treatment (can be rough)

ÅFluid properties are known in 
general, with the possibility of not 
having up-to-date surface tension 
information when the fluid is non-
ǇǳǊŜ ǿŀǘŜǊ ŀƴŘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ ǎǳǊŦŀŎŜ 
condition is unknown.
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CFD methodology - Meshing

ÅMatches
ÅAnisotropic interests

ÅWall (layers)

ÅFree-surface
ÅApproximate location depends on flow rate

ÅArea variations

ÅInlet/outlet boundary regions
Å Location

ÅRefinement level

ÅNumber of cells typically varies by one 
order of magnitude (from 200k to 2M)

ÅAutomatic adaptive refinement can be 
implemented in STAR-CCM+.

10

Free surface: anisotropicrefinement

Cellssize: 0.02 m

Cellssize: 0.10 m
Venturi region: isotropicrefinement

Cellssize : 0.05 m
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CFD methodology - Analysis

ÅSolver
ÅNavier-Stokes
ÅSegregated

ÅDedicated transport equation to 
Volume of Fluid
ÅHRIC for surface-capturing (ὅὊὒ

e ὅὊὒ ŀŘƧǳǎǘŜŘ ǘƻ ά!ƭǿŀȅǎ hƴέύ
ÅTransient (sadly!)

ÅFlat-wave initialization

ÅConvergence is achieved
ÅMass balance
ÅStable free surface height at control
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CFD results –single case

12
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CFD results –single case
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Section 1

# ▐▼ (m) ╠(m³/s)

1 0,128 0,19

2 0,306 0,80

3 0,476 1,58

4 0,713 3,00

y = 5.2402x1.6104

R² = 0.9998
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CFD results –single case
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# ▐▼ (m)
╠╒╕╓
(m³/s)

╠╘╢╞
(m³/s)

(%)

1 0.136 0.188 0.186 1.20%

2 0.336 0.801 0.782 2.35%

3 0.524 1.585 1.584 0.07%

4 0.774 2.999 2.951 1.62%

y = 5.2402x1.6104

R² = 0.9998
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CFD results –ensemble
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F1 F2 F3
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ÅVenturiflume upstream level to flow rate relationship
Åthe typically used model is h.hʲ

Åas an alternative, here we will see the results through the eyes of quantile regression

Å~

ÅThe majority of the CFD results are less than 3% away from the regression
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Application: a measurement of uncertainty



ÅComparing suppliers curve (table) 
with the quantile regression model

ÅThe classical h.hʲmodel (all CFD simulations included) and its comparison with 
the quantile regression model
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Application: the scope

ÅMeasurement uncertainty is not a constant along the range

ÅHaving the occurrences distribution allows for the correct evaluation 
of the error on a specific application

ÅThe uncertainty of the total measured volume will be analyzed here, 
as it is one fundamental value of concern (end product bill).
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Application: the results

ÅRoughly 50 simulations of 5 different models were simulated with two 
different CFD tools
ÅThe quantile regression model fits data better than the classical one

ÅAlthough there are CFD simulations deviated more than 5% from this model, 
the overall is within the 3%

ÅEven considering the entire range of simulated results (the previous 
envelope), when applying to site data, the deviation is below 3%. 
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Conclusions

ÅThe importance of data reuse

ÅAggregating real life variability into a measure of uncertainty

ÅReverse engineering real life conceptions with straightforward CFD

ÅQuantifying uncertainty with real world data
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