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CFD Challenges and Perception

* Advances in CFD with applications to wind and its effects are critical in
enhancing the performance of built environment under natural hazards.

* Currently experiments in wind tunnel/vortical flow facilities .........
scale effects may impact the availability and quality of results

* CFD offers, in principle, a most effective means of overcoming some of the
challenges and it combined with advanced data analytics approaches has the
promise to provide data with great details that are not possible with limited
accessibility of sensors in experiments

* Major challenges include numerically capturing the complexity of
massively separated flows around structures compounded by multi-scale
fluctuations in the flow due to turbulence and their nonlinear interactions.
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CFD Group Goals

To enhance the quality and accessibility of computational tools to build a large
community of users who in turn will help usher new advances

Facilitate sharing of computational and data resources through an extensible set of
CFD software suites

Ease the use of advanced CFD models, methods and codes in real-world complex
problems

Enable detailed validation of computational models

Create interfaces to establish linkages between a range of existing and future
interoperable software suites without extensive training in each suites and their
input/data needs

Facilitate advanced analytics, e.g., uncertainty quantification, machine learning and
optimization

Provide students access to advanced computational fluid dynamics tools

Lowering or eliminating the perceived barriers to using CFD based codes
Facilitate collaboration in wind engineering research and especially between
computational and experimental researchers
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Computational Fluid Dynamics(CFD) Basics

T RANS

Reynolds Averaged Navier Stokes

» Complete Model of Turbulence, very effective
T LES

Large Eddy Simulation

» Model small scales, calculate large scales

I DNS

Direct Solution of Navier Stokes-Equations

Cannot capture every detail
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Coarse graining via SGS Model

CFD is an interdisciplinary topic

IT
Computer
Science

fer

©®

~

Sharp edges
» Separated flow features

Turbulence modeling
LES RANS
> Sub grid-scale model > A-&model
> Dynamic SGS model > #-w model
> » Reynolds stress model
P ..

High Reynolds number
» Grid resolution
» Wall boundary condition

Log-law regio

Buffer laye

Viscous sublayer S

Complexity of flow field
» Separation

»> Reattachment

» Vortex shedding

Separation zone

Boundary conditions
» Inflow turbulence characteristics

Utu’

Lateral side boundary

O

Inflow boundary

Lateral side boundary

Outflow boundary

8/3/18



SimCenter® OpenVFOAM 2521 C RIS

Center for Computational Modeling and Simulation

Direct Simulations using OpenFOAM on Stampede2

Computational simulations using OpenFOAM @ Stampede2

Data transfer m
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Introduction to the use of OpenFOAM in DesignSafe-CI
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SimCentervs OpenV/FOAM DESIGNSAFEC]

Center for Computational Modeling and Simulation g/‘;“.éAv

Introduction to the use of OpenFOAM in DesignSafe-CI
Data Depot :> 7 Workspace

Simuation

DESIGNSAFEC| WAN o (S e ez

eI TR ACCRC Poralll ADCIRC  ADCIRC  Porollel SWANFADCIRC P orallel ADCIRC
NHERI: A NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE 160 cores 240 cores (lonestar)  (Lonestars)

ADCIRC ~ ADCIRC ~ ADCIRC ~ ADCIRC  ADCIRC
Research Workbench +  Lacring Corter«  NHERIFociies +  NHERI Community = About  Help -

Opensecr Opensecssh
al 5_ _"I_
i

DATA DEPOT BROWSER RUN OPENFOAM . -

Post*—processing

o “ 0 == ook

see
Name s -
-
-
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Transient solver for

s g osimpleFussSteady-state solver for
incompressible flows with turbulence
modeling

[ casedirectory  nenFOAM case setup

T system

Virtual Wind Tunnel

1) Tools to GCm:mE\zEATE‘,wind simulations  2) Interface to RUN wind simulations

&MAgave

DESIGNSAFE-CI
Evihctin comnnr N/ 4

‘Simulation of Flow Around a bullding - Resuts

« Establishing Virtual Community Users
* Shared Software

* Shared Hardware

* Collective Knowledge

* Crowd Sourcing
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Client Program Installs on
Windows, Mac or Linux

)

SimCenter CWE CFD Client Program  Version: 0.9.0

To login to the TACC computing resources, please supply your Design Safe username and
password.

- W|ndOWS DesignSafe Username: |

DesignSafe Password:

 omor p— N
& simCenterw

Provides Remote access to
DesignSafe, runs simulations on TACC

Can upload geometries
created in FreeCAD

CFD Client Program
‘ SimCenter CWE Workbench Running Remote Task ... Please Wait
Welcome | Help Simulation Cases | Remote Jobs | Remote Files >arameters  Results
Local files: Remote files:
Name size Type Date Modified “ | [File Name
(| [+ @ agavertes Folder  3/5/1810:19AM - psempoli
» i bin Folder 12/14/16 8:33 AM » archive
+ i Desktop Folder  5/10/183:01PM ’
- i Documents Folder 5/2/184:57 PM + debugCases
> agave Folder 2/28/18 3:04 PM e,
* i archives Folder 3/12/18 10:57 PM + newFolder!
+ @ cardDecks Folder 11/14/1711:30PM " poundTest
» e Folder  3/14/183:41AM + turbVerify
- i demo Folder 3/14/18 3:45 AM load
‘ B cubeob 25 bytes ob] Fle —1/23/18.2:34 Pl
testJob 191 bytes File 2/15/183:34PM data File 6
| testUpload 22 bytes File 2/15/18 1:44 PM » folder#1 Folder 4096
£ Uploadinput.... 311 bytes gzFile 2/15/184:18PM Uploadinput.tar.gz File 317
» i fun Folder 2/20/1811:53AM FreechD
» i funQT Folder 11/13/17 1:01 AM i s«
+ i linuxinstaller Folder  5/9/182:47PM ) X X s omi
+ i personal Folder  3/17/189:29PM p
» @ qtProjects Folder 5/9/18 2:42 PM I AR
+ i reports Folder ol Tk
+ i serverEcho Folder  4/20/1711:59PM o aseumee,
+ i Downloads Folder  5/10/18 Aopicatin
» i eclipse Folder
» i eclipse-workspace Folder
» i kdenlive Folder
» i Music Folder
+ i OpenFOAM Folder

Property  Value
Map ... Deactivated

» Pacem.. (090000100);
Label Cube

Length  1000m
width  1000m
Heght  1000m




Performs Mesh Generation

CFD Client Program

SimCenter CWE Workbench Ready for user input psempoli Logout |
Welcome | Help Simulation Cases | Remote Jobs  Remote Files >arameter: | Results
Name: demoCase Type: 2D Building Slice Location: /psempoli/demoCase
8uilding Geometry | Mesh Density | Subdomains | Boundaries
Domain Length (Inlet) 60 times max size of object
Simulation = Domain Length (Outlet) 150 times max size of object
Parameters | pomain Length (Top) 70 times max size of object
Need Prev. ; ; ]
Stage | Domain Length (Bottom) 70 times max size of object
Grid Size (on the bluff body) 200 m
Grid Size (on the outer bound) 6.00 m
Name: demoCase Type: 2D Building Slice Result: Mesh View
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.. .. and Simulation

CFD Client Program

SimCenter CWE Workbench

Welcome | Help

Name: demoCase

Par:ﬂ;:ms Simulation Control | Advanced
‘askFinishec  simulation Duration

Simulation Time Step

Inflow Velocity

Kinematic Viscosity

Simulation Cases  Remote Jobs

Type: 20 Building Slice

Cancel|

This work is based on material supported by the Nal

Ready for user input

psempoli Logout.

Remote Files arametert Results

Location: /psempoli/demoCase

50.00 s
0.100000 s
5.000000 m/s
0.000015000 mr2/s

‘ Name: demoCase

Type: 2D Building Slice

Result: Final Flow Velocity Field ‘
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Extensible Template Framework

Current templates for 2D and 3D rigid body simulations.
Planned future templates for: New Case Name: |

. Case Selection Type:
Custom inflows -
UQ 2D Building Slice
Vibrating Structures TN
Other user interests?

This model describes
the air flow around a building
using a 2D horizontal slice.

3D Building Geometry

This model describes
the air flow around a building
using an uploaded 3D geometry.

Extensible Result Framework

(> CFD Client Program

SimCenter CWE Workbench Ready for user input psempoli Logout
Welcome  Help Simulation Cases ~ Remote Jobs =~ Remote Files arametert Results
‘ Name: new2d Type: 2D Building Slice Location: /psempoli/debugCases/new2d
Results
Result: View? Download? Type:
Mesh View Mesh Image
Mesh Agave Log , Data File
‘ Mesh Error Log A Data File
Mesh Output Log A Data File
Final Flow Velocity Field Flow Field Image
Final Flow Pressure Field Flow Field Image
Force Coefficients 2 Data File
Sim Agave Log A Data File
Sim Error Log A Data File
Sim Output Log , Data File
Download entire case |

@ This work is based on material supported by the National Science Foundation under grant 1612843 SimCenferW
o oo S
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Software is Open-Source
And under iterative development

< C 8 | @ GltHub, Inc. [US] github.com,

Pull requests Issues Marketplace Explore

[ NHERI-SimCenter / CWE-Simulation-Tool @ Unwatch~ 4 A Star 0 | YFork 6
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings
SimCenter CWE client program. Qt GUI to login to DesignSafe to create and run CFD simulations. Uses: AgaveClientinterface, Edit
Agave Explorer.
Add topics
® 657 commits ¥ 1 branch > 0 releases 42 3 contributors

Branch: master ~ | | New pull request

Create new file  Upload files  Find file Clone or download v

B psempoli Merge pul request #181 from psempolimaster ==

Latest commit 5a7e72f 22 hours ago

8 CFDanalysis

i Installers

i SimCenter_widgets
1 cwe_guiWidgets
. help

I icons

Cleaned up main function, added debugging categories support, made em.
Start menu entry in Windows

Cleaned up windows .pro build directives for external resource file
Cleaned up main function, added debugging categories support, made em.
Polished loose end in documentation

Created windows style icon

2 days ago
6 days ago
7 days ago
2 days ago
7 days ago

6 days ago

0Q &

Turbulence inflow generation for wind engineering application

Design Parameters

Governing Equations

* Mean velocity e.g. power-law wind profile * Navier-Stokes equation

e Turbulent intensity

du

at

+u-Vu=vV?u—"Vp

¢ Turbulent Spectra e.g.von Karman turbulent spectra * Continuity equation

¢ Coherency

Recycling
Method
Method
types
Synthetic
Turbulence

V-u=0

Recycling

Main computation

[N

H Allﬁxilibry,bimula(ion
Mapping

Recycling technique (Lund et al., 1998)

Computational Costly
Mesh dependent

Weighted Amplitude Wave Superposition (WAWS)

Hoshiya, 1972
Non-divergence-free

Random Flow Generation (RFG)
Kraichnan, 1970

divergence-free with Gaussian spectra

not compatible with the spectra in the ABL

Discrete RFG (DRFG)
Huang et al., 2010

divergence-free with ABL turbulent spectra

Consistent DRFG (CDRFG)

Aboshosha et al., 2015
An improvement to DRFG

8/3/18



—— Height = 0.05m
20 —— Height =095m |

— Targeted
Input mean velocity u(z), turbulent intensity J,, £, and ., 08 o CORFG
L

and turbulent length scales, L,, L, and L.

T o5

Choose the distance D and calculate ffand y. 0L 04
p=CDIL,,
. 3747 B<60) 5 02
21 f260,

0
3 00 05 10 15 20 00

Height (m)

R TR
Generate /., as random numbers with /, mean and 4 standard deviation. | Time (s) oty ()
velocity sample mean velocity profile
Generate p" and ¢"" using
10° 10"
10" 10"
z s 2 H .
Il ¥ moow
Generate k™" as random Gaussian numbers with zero mean and unit standard = . e . 4
deviation, then correct them to satisfy the following criteria (i.e. random points on a B 40 . LS @ 107 .
sphere with a unit radius) ‘
p™ pm pM KM [0 — Targeted - H " Targeted 5
g™ gm g [leml=lo - CDRFG H - CDRFG e
[P | e , 10
L 1 U 1 i o pr o 10 o o 0 10
1 f(Hz) f(Hz) f(Hz)

Use the following expression to generate the velocity field.

wn spectral plots
00 =3 cos k5, +z.7rfmt)+q,”sin(kl"<".x,”+2.zzfmx) P P
=5

. x
X =2
L
Lreba
7Cpofo

CDRFG technique flow chart (H. Aboshosha et al., 2015)

3

Inserting the synthetic velocity field into the Navier-
Stokes equation to compute the pressure field

Numerical Simulation Example

FSI in OpenFOAM: Partitioned strategy

. Fluid d?main i . \", Interface: data transfeh
(Fluid dynamics computation) '
; Pressure, Veloci
PRI
i (patchToPatchlinterpolation)
i /D placement, Velocityy
Solver: transient solver '
(PisoFoam, SimpleFoam) :
Turbulent model: LES model, :
RANS model, or user-defined : S
turbulence model i &hamchotlonSolveroMgéy
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VWT Reference
=]

;\//-//l/. fy“h:t O 130 (erselliug«,
o | (R = . . T
. Tl | [ (]| e Verification Validation UQ
0s x:a‘;mb 163 (Mcz::.)ﬂa.l

B
e e | o] o | CFD Simulations

Angle of Attack (Degree)

» Database of Wind Tunnel Measurements

» Validations/Discrepancy/Multiple-model CFD
simulation

* UQ — Surrogate Modeling/Dakota

Validations
o , s o, min 315 8205 v
® === Exp.SCMY I
g - Exp.SCMX||| "% o ‘
L —ssemy ] ] 0 o —
——LES SCMX &
5 ; . & e
:’.’j ||‘ ' g W
S Bl A
i A+ S
001 +H ||.Q<Iw o 35 ee s 1o 15w T T P PR P} S = 1 Billion Mesh Cells
LES
i = - 6,144 Parallel Cores
.i (c) maximum value (d) minimum value The K Com pllt or
M suow Kajima; Shimizu; TIT Kajima; Shimizu; TIT

Model-Fidelity..............

Model fidelity
Low
e
RANS LES
Low-fidelity flow simulation High-fidelity flow simulation
= Computationally efficient = Computationally demanding
= Large modeling error = Higher accuracy

: If it turns out that LES can be done on very

| | | coarse grids, it will be one of the few times that
] | nature has been kind to us with regard to

: turbulent flow.

A Multi-fideli del h
| ulti-fidelity model approaci  Ferziger, 1990
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Uncertainty Quantification in CFD-based Simulation

* Aleatory variability

* Natural randomness in a process
* e.g. Variability in inflow free stream turbulence

* Epistemic (Model-form) uncertainty

 Discrepancies between the mathematical model and the physical reality due to incomplete knowledge or limited
data

* e.g. Parameter calibration error in turbulence modeling

e Uncertainty propagation

Uncertain
Intrusive Methods v
Non-Intrusive Methods l Inflow ‘ l Boundary ‘ l Initial ‘ coo Model
. . . . iabili diti diti rtain
— Only multiple solution of original version SRR SR —a— =

— Stochastic emulation (ROM, Surrogates) \\“ //

Dakota offers a host of schemes

Stochastic emulation

* Design of experiments

* Design variables: Inflow parameters /;;, L;, + Shape parameters Ay}e, Ayge
* Method: Latin Hypercube Sampling (89 samples)
* Computational simulation
* URANS: k- SST model with wall functions >
* Surrogate calibration
* Method: Ordinary kriging

o >
0 o S oosfo O © [
o
oo 68 B P % 0% §
o
S ° o i 0 0 7® o
g% % o qof @ 0©°
700 . oo © 5 (%0 o o—
00 © 028 o 90 %o
0 5% 005 5 O OBQ) %o
£ 8 o (o} o
e ® © o 0005 9
) 0P o 04 o 00 -
0 0.05 01 015 02 01 0.05 0, 005 01
Iu Ay

8/3/18

12



Shape
—Jarameterization

Problem formulation

Find q=(Ayi.Au3)
to minimize  G(q) = (uc,.0c,)

subject to:
Qn.m SAY £ Apmar i=1.2 /

Multi-fidelity model

CFD simulation

Surrogate

Multi-objective
optimization
Genetic algorithm

Population
GA Operators

Crossover

Evaluation 1
1 Reproduction
Fitness value _I

Sigy
Variapq'y

4

Outpu
Pareto front
o

RANS \

-

’

s

Global and
local

\
\
|
™ i e cal
e i ——— pddling] sensitivity
) % 1 Inflow b
De ox, | uncertainty —— B Vﬂf%ﬁ%ﬁ:n)\m 1
— : i 61 = -
LE : ° i Surrogate based . O
i . ’ optimization
"\n’a\'* ! PDFR )\ 105) orobable P A
0% o | :
i
|
- I'
\ =
- N el an-+std "('d/at’l

Workflow of the aerodynamic shape optimization considering inflow
and model-form uncertainties separately

CFD Tools --- Plans and Progress

*  OpenFOAM based simulations Directly via Stampede/DesignSafe Portal

— Direct RANS URANS LES DES Models

*  OpenFOAM based Virtual Wind Tunnel via DesignSafe Platform

e Inflow Simulator
e Aeroelastic: Fluid-Structure Interaction
* Validation

*  Multi-Fidelity Modeling using OpenFOAM

— Multi-Fidelity Modeling

— Combining Multi-Fidelity Modeling with Machine Learning Modeling

*  OpenFOAM-Dakota linkage (CFD-UQ)
— RANS - input parameters -UQ
— LES - Inflow parameters -UQ
— Stochastic emulation UQ tool

* CFD-based input to PBE for wind, waves/surge/tsunami

* Digital Learning Hubs

* Collaboration with DesignSafe: Simulation and Data Groups (voxrexwins)

QQPENHERI

OpenVFOAM
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Digital Virtual Learning Hub

Remove the “fear out of CFD” in structural engineering community

Virtual Wind Tunnel-VWT

Using VWT promote crowdsourcing to get the masses help advance the field and
build a community of users who can generate simulation results for a variety of cases
to populate a database....e.g., “Mozak”

Promote solid understanding of fluid mechanics appropriate for the simulation study
and source of uncertainties and level of accuracy through an extensive on-line
tutorials/webinars/seminars/blogs---CFDSI----Digital Learning Hubs

Establish CFD-Wind Hazard “Chatrooms”

Forge International collaborations...Japan, China, EU, UK, ......

Validation and Benchmarking

Hybrid use of NHERI-EFs (Wind Tunnels) for cross platform validatione -

oo Vet ASA halmgs
to Speed Up Is Supercor

e e 0000 -

ASAC ‘owdsol lg Eﬂ rts To Speed
‘com) t
aﬁf{;ﬁ‘é‘%ysd‘iég'u‘?é‘ng its
A”e %ﬁvi‘bee 3& inthe
e

Mozak: a game that crowdsources
mapping of brain-cells
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