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Yorkshire Water and CFD
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Yorkshire Water and CFD
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Yorkshire Water and CFD
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Yorkshire Water and CFD

New Civil Engineer

INFRASTRUCTURE OO _ L
- N We need to achieve efficiencies right
i o ctha r*r§ir|q fast, This specia [\_J . i
phd ot RO across the project life cycle
are shaping the profession e\
WWW.Nce.co.uk _!\_\

After 25 years of major projects..,
water companies have reached a position where The better we make our technology..

they have most of their major assetsin place. that allows us to present the results ina
AMPE is, therefore, about optimisation medium people understand
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Yorkshire Water and CFD

* A company skill set?

* A passing interest?
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Yorkshire Water and CFD

* The Yorkshire Water Asset Management Purpose

— Provide and manage a safe, reliable and affordable
asset base that is optimised for operational risk and
delivers long term outcomes for our customers
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Yorkshire Water and CFD

* How can we change?
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Yorkshire Water and CFD

What do we expect from CFD?

— Early Inspections

— Contract process

Working together
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What is CFD?

“Computational Fluid Dynamics”

The use of numerical methods and algorithms to solve and

analyse problems that involve fluid flows (today typically refers
to 3D applications)
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CFD Development

* 1940s through to present da

- Early applications included m
surface ships, submarines, ai
automobiles

» Use of CFD today is widespr

— Any discipline involving fluids (

p—

Pump Intake - Dolfyn

— Today CFD is often paired with
numerical models such as Finit
models of structures

J
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CFD for spillways

- Spillways have been physically modelled for over 100 years

* The use of CFD for spillways has been under development
since the 1970s

+ Initially used as a research tool before gradually being
accepted by the dam engineering community

* Currently used on most major new builds
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Software and Methodology

* Flow 3D, OpenFOAM, Ansys CFX & Fluent, Dolfyn,
STAR-CCM+, NUMECA...

« Both commercial and opensource

- Differentiated by differences in;
— Discretisation, volume and surface tracking
— turbulence models

— multiphase modelling, bubble and air entrainment physics and
cavitation modelling

— and sediment modelling
— (to name a few)
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Methodology
— Pre-Processing
— Simulation
— Post-Processing

— Interpretation

Software and Methodology
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* Pre-Processing
— Geometry



Pre-Processing
— Meshing
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* Pre-Processing

— Initial Conditions and Physics



« Simulation

— Sensitivity, calibration and final runs



Velocity (m/s)
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* Post-Processing

— Visualisation Validation and Interpretatio



/ Velocity (m/s)

* Post-Processing

— Visualisation Validation and Interpretation

A RU P YorkshireWater Mott MacDonald Bentley Mott MacDonald




Considerations...

* Models are never 100% reliable
— Input data may require assumptions
— Mathematical models may be inadequate
— Accuracy limited by available computing power

— Interpretation and skill of the modeller and engineer

“The purpose of computing is insight, not numbers”

Richard Hamming, Numerical Methods for Scientists and Engineers (1962)
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Strines Spillway Blocks
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Strines Spillway Blocks
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Fiow e Strines Spillway Blocks
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Pre-processing | Geometry




Pre-processing | Geometry




Pre-processing | Mesh




Post Processing | Visualisation
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Post Processing | Visualisation




Post Processing | Visualisation
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Interpretation | Visualisation

— Confirmed square stepped blocks inherent stability

— Sensitive to block shape and condition of mortar
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Unit Flow Rate, g (m3/s/m) —»— Maximum Differential Pressure across Block (Pz) m
- == Differential Pressure to initiate Uplift
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Spillway Chute

Mott MacDonald

Y

= ~.ott MacDonald Bentle



Pre-Processing - Geometry
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Pre-Processing - Geometry
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Pre-Processing — Fluid Region
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Pre-Processing - Meshing
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Simulation | Sensitivity Testing
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Post-Processing | Visualisation




Post-Processing | Visualisation
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Interpretation
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Model Comparison
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Model Comparison
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Flow Depth & Velocity
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Weir & Tumblebay Arrangement
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Weir and Tumblebay Flow Regime

Figure 7.9: S04-PMF-38.7ms — Velocity [m/s]
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Weir and Tumblebay Flow Regime
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Weir and Tumblebay Flow Regime
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Stage Discharge Curve
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Stage Discharge Curve
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Stage Discharge Curve
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Stage Discharge Curve
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Stage Discharge Curve
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Stage Dische

=== CFD - Air Entrained
MM CFD - Non Air Entrained
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PMF Flow Depth

Left Bank Comparison
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PMF Flow Depth

Right Bank Comparision

320

315

310 _‘\\A

N

300

S

Water Height (m)

295

290 t —’_\

285

N
P —

280
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00
Chainage (m)

ARU P rkshirWater \'Mﬁ-B o

Mott MacDonald Bentley Mott MacDonald




Water Height (m)
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YorkshireWater

PMF Velocities

Depth Averaged Velocity (m/s)
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PMF Velocities

Channel Velocity
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Velocity Sections
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PMF Overtopping
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Previous Comparisons
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revious Comparisons




Previous Comparisons
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Previous Comparisons
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Outcome for Stubden
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Outcome for Stubden

“XY XY )

A RU P YOFKSh i reWater Mott MacDonald Bentley Mott MacDonald




Outcome for Stubden
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Outcome for Strines
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Pros and Cons of CFD

Scale effects

Air entrainment
Time-varying phenomena
Model extent & flow
Dimensional accuracy
Speed of construction
Ease of modification
Measurement

Future assessment

Cost
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Associated Technology & Innovation

» Laser scanning:
— condition surveying
— confined spaces
— for CFD
— for BIM

* Photogrammetry using drones

* Virtual Reality
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Confined Spaces
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For CFD software

ARU P -YrksheWater \'Mﬁ-B o A

Mott MacDonald Bentley Mott MacDonald



. DENUEY FOINTOOIE Vil & WINUSErS WAL 2 L OCUMENTSWF TOJECTSRECCURANEW TOIOENFOINT \ioud_rullL.pt =

Hume A
\@E@. @@@mm@wﬂmléﬁﬁi
Flu:h Attach  Attach Recant Insart [Detach Etpon Opan  Openkacant  Merge Savess  Close Zoom Measure  Measwie | Optiors  Capture Skatch

Ohjects

ol @ Point Clouds
JINB-ERFC1002 Spillw
JMB-ERPCL00L Mew
JHE-ERPC1003. pod
JNB-ERFC1004 Road

Qbéjb

clouds:: 4

pointzir 247,252,170
rem:: 4,009Mb
Motes

E Cefault
Drawings
@ 30 Maodels

B &3 58 5 g 99 685 &
4 B E

Properties Paint T

Mo Properties to show

Carnera
Clip Box

Light

Foints Shader

A RU P Yc}rkSh i reWater Mott MacDonald Bentley Mott MacDonald




Photogrammetry
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YorkshireWater

Virtual Reality
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Summary

* Financial climate for water companies forces innovation
- Combined with environmental challenges = build less

« Carried out blind CFD studies and compared to physical
model of a complex spillway

- Technology continues to develop

« CFD can now be accepted as another tool in the dam
engineer’s arsenal

* Further research and studies required
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Further research

* Turbulence models

« Air entrainment

« Channel roughness and flow over masonry blocks
« Converting point clouds to 3D surfaces

 Real data
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ARUP

Questions?

andrew.hobson@yorkshirewater.com

john.chesterton@mottmac.com

david.neeve@arup.com

jon.walker@mottmac.com
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