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Why to model CFD & reacting flows?

* Devices are very complex

— Complex geometry, complex BCs, complex
physics (turbulence, multi-phase, chemistry,
radiation,...), complex systemes, ...

* Tool to gain insight and understanding | . cylizers
* Reduce expensive experiments

* Eventually design!

* Blenders
* Polymerizers
* Hydrogenerators

* Fermentators
* Fluidized bed

* Centrifugal

* Granular bed

* Pressure

* Vacuum

* Ulterafine

» Chromatography

Rt ey e o A e e R B A

5 © 2011 ANSYS, Inc.

July 11, 2013

g Plate
* Tube and shell
* Jacket vessels




Why to model CFD & reacting flows?
“ANSYS |

* Devices are very complex

— Complex geometry, complex BCs, complex
physics (turbulence, multi-phase, chemistry,
radiation,...), complex systemes, ...

* Tool to gain insight and understanding
* Reduce expensive experiments
* Eventually design!

6 © 2011 ANSYS, Inc. July 11, 2013



CFD Simulation Driven Product Development
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Engineering Challenges

| |

* Increase plant yield * Reactor scale-up

*  Optimize processes  Design new equipment and

evaluate vendor designs
o Reduce cost &

. Process performance on operating
scenarios

Emission and pollution -Increase plant yield

e  Control product quality

-Sustainable and green practices «  Provide plant support by

Safety troubleshooting unit operations

-Root-cause failure analysis

 Address safety concerns and
emission norms

8 © 2011 ANSYS, Inc. July 11, 2013
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ANSYS FLUENT \

I Module
ANSYS P hyS ICS M Ode' * Fiber & Acoustic : :
Reaction& Combustion
\| TR « Eddy Dissipation
TUGRRCE METE] | Physical Propgrty * Adjoint Solver « Premixed Combustion
« Spalart - Allmaras ‘ * Non Newtonian * Battery Module » Non-Premixed
« Standard,RNG k -¢ * Real Gas Module (option) Equilibrium
Sprlugerng ol 5 *NIST « MHD « Partially-Premixed

J| . PEM&SOFC * Laminar Flamelet
" ) * Laminar Finite-Rate
// « EDC
& » Composition PDF
/ Transport
Governing Equation « Wall Surface & CVD

Mass . gartiilz iurtfa_ce y

Momentum * Spar utoignition
e * NOx&SOxSoot
Energy

Multiphase Model Species

- DPM 7 7 7 /
+ Mixture // \J\ \

e Standard,SST k -w

* VV2F (option)

* RSM

* Transition(SST,k-kl-omega)
* SAS

* DES,LES,E-LES

e Euler- Euler Radiation Model

» Euler-Granular \ * P1, Roseland
* Dense Discrete Phase Solidification Porous Model * DTRM, DO

* Discrete Element Method &Melting - Porous Jump « S2S
Wall BOIIIﬂg * Porous Media » Solar Load

 Cavitation
/ ‘ J J _ _ _/

10 © 2011 ANSYS, Inc. July 11, 2013




ANSYS FLUENT

Physics Model

Species Model |

Time: 1.00 min

Reaction& Combustion

» Eddy Dissipation

* Premixed Combustion

* Non-Premixed
Equilibrium

* Partially-Premixed

* Laminar Flamelet

» Laminar Finite-Rate

« EDC

« Composition PDF

Transport

» Wall Surface & CVD

* Particle Surface

» Spark & Autoignition

* NOx&SOxSoot

y

300mm CVD Cahm

11 © 2011 ANSYS, Inc. July 11, 2013
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About ANSYS Workbench
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Air velocity parallel to ship axis

13 © 2011 ANSYS, Inc. July 11, 2013




ANSYS FLUENT
WSSl Physics Model

14

Multiphase Model
 DPM
* VOF
* Mixture
» Euler- Euler
* Euler-Granular

* Dense Discrete Phase
* Discrete Element Method

« Cavitation

© 2011 ANSYS, Inc.

July 11, 2013

as/Liquid <
Liquid/Liquid

Gas / Solid

Liquid / Solid

Multiphase Flow Regimes

Bubbly flow — Discrete gaseous bubbles in a
continuous fluid, e.g. absorbers, evaporators,
sparging devices.

Droplet flow— Discrete fluid dropletsin a
continuous gas, e.g. atomizers, combustors

Slug Flow Bubbly, Droplet, or

Slug flow— Large bubbles in a continuous liquid P,

Stratified / free-surface flow— Immiscible fluids
separated by a clearly defined interface, e.g. free-

surface flow
Particle-laden flow— Discrete solid particlesina  giatified / ree- Preumatic Transport,
continuous fluid, e.g. cyclone separators, air surface Flow Hydratransport, o Slurry Flow

classifiers, dust collectors, dust-laden
environmental flows

Fluidized beds — Fluidized bed reactors

Slurry flow — Particle flow in liquids, solids
suspension, sedimentation, and hydro-transport

Sedimentation Fluidized Bed



ANSYS FLUENT

PhyS/'CS Model VOF Model J

Courtesy of Advantage CFD Division, Reynard Motorsport Ltd

W advantage-cfd.co.uk iy Gasoline Tank: Filling

Multiphase Model
* DPM
* VOF
* Mixture
* Euler- Euler
» Euler-Granular
* Dense Discrete Phase
* Discrete Element Method
 Cavitation

VOF+MDM(Moving Deforming Mesh)

15 © 2011 ANSYS, Inc. July 11, 2013



ANSYS FLUENT
WS Physics Model

Euler—Euler Model |

Stirred tank

Multiphase Model
* DPM
* VOF
* Mixture
* Euler- Euler
» Euler-Granular
* Dense Discrete Phase
* Discrete Element Method
 Cavitation

e LR
b Goted2 Y
3.00e-02 Jﬂ

00e+ Contours of Yolume fraction (solid) (Time=2.00002-02) Mar 03, 2005
FLUENT 6.2 (2d, segregated, eulerian, lam, unsteady)
C = of Yolume fraction (=olid) [Tir]weG]a 5 Sa n d CIOCk
16 © 2011 ANSYS, InC. .Iuly 11’ 2013 FLUENT p, segregated, eMferian




ANSYS FLUENT

WSSl Physics Model
Discrete Phase Model J

Dense Discrete Phase Model

FCADMEN
ritvg Tatal solution
PR BRI S LILT.iI.T_

Multiphase Model
 DPM
* VOF
* Mixture
» Euler- Euler
* Euler-Granular

» Dense Discrete Phase i
VPiserats Eldment Method Discrete Element Method

 Cavitation : ﬁG?JreEk

17 © 2011 ANSYS, Inc. July 11, 2013




Filling, Tank Sloshing

No Baffles

Courtesy of Advantage CFD Division, Reynard Motorsport Ltd
www .advantage-cfd.co.uk

18 © 2011 ANSYS, Inc. July 11, 2013
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Sand/Particulate Transport

 Sand is often produced in both
onshore and offshore production
systems,

 Sand production may be continuous,
or sudden

*  The sediment consists mud, sand and
scale picked up during the transport of
the oil

* Sand deposition could lead to

corrosion of the pipeline Internal flow of natural gas containing sand

Y particles.
*  Problem of sand deposition and re-

entrainment can be addressed by Selected particle trajectories are
Particulate modeling in ANSYS CFD. colored in grey

The erosive wear hotspots on the piping is colored

outin red.
20 © 2011 ANSYS, Inc. July 11, 2013



PG~ SRR ATt

Perpandicular Restitution Coafficlent =0.5
Parallel Restitution Coefficient = Impactangle in radians =0.7 5
Max.Vel.5 m/s r=20 mm
288K
| Wall Normal
| |
| I
9.2m/s | |
5 | I | 4.6 m/s
¥ I
uih” | | |
L '17*|
12.8m/s 9.6 m/fs

CADMEN
Engineering Total ﬁnu,ﬁ'.~ ,
A AL CAL PO EL.#& S

5.172e+000
0.000e+300 3.448e+000
1Kg mA-2 sh-1] 1.724e+000
o
i 0

0.04 (m)
|
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Water Hammer
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_ Oil and Gas Transport Client Case:
Umbilical, Risers, Flexible Piping

Challenges
* Very high reliability requirements

* Transmitting signals and transporting flows over
much longer distances

* Tubing exposed to harsh conditions

* Develop reliable piping for variety of offshore
applications

* Requires structural reliability while handling thermal
stresses and fatigue

* Manufacturing of multi-tubes including the steel
wrapped around

* Complex multi-layer, varying material manufacturing
channels Equivalent stress response of the umbilical to a 36 degrees bend

Sample Client Case—Used CAE to:

® Build the core tubing and additional helical tube models in
an easy to use environment

* Account for different material proprieties
* Evaluate thermal, flow loading and bending stresses.
Account for all applied loads including
— High bending angles
— Hydrostatic loads
— End tension
— Gravity

oA
)

i

|

|

fiafif gt

Complex multi-layer umbilical ....

23 © 2011 ANSYS, Inc. July 11, 2013



Oil and Gas Transport

AASESE Flow Assurance

Challenges

24

Deeper water depths leads to complex tubing
design and manufacturing concerns including

— Depositions

— Wax formation

— Thermal management
— Erosion inhibitors

Active heating, insulation and bundle design in
harsh environment and deep waters

© 2011 ANSYS, Inc. July 11, 2013

t =300s

B o

Contours of corrosion inhibitor

ANSYS CAE Solutions

* Ability to optimize thermal and structural behavior
of tube bundles used for deep and ultra deep
waters

* (Can develop technology for fouling, wax and
hydrate formation by obtaining detailed thermal
management information, including insulation in
the analysis

* Thermal uniformity for start up and shut downs
* Thermal stress and fatigue

Some images courtesy of Subsea 7

t=1500s

t =4000s



Flow Assurance
Example - Slug-Catcher

* @Gas pipeline from off-shore field to

land-based Hannibal terminal inlet from

* Slug catcher separates residual PIRETRE \%
liquid from gas at end of pipeline - )

* Plan to increase pipeline capacity to
supply new power station

* Question: Does capacity of slug
catcher also have to be increased?

Liquid
outlets

CEXd¥

Estimated cost of modifying slug

catcher $25M
& |

ceness  Courtesy of Genesis Oil and Gas

25 © 2011 ANSYS, Inc. July 11, 2013




Slug Catcher High Flow Operation

« Can slug catcher cope
with increase in capacity of
pipeline? — Yes!

Liquid carry-over limited to
a fine aerosol

B Flow rates Liquid carry-over
aeness — Courtesy of Genesis Oil and Gas

26 © 2011 ANSYS, Inc. July 11, 2013



Observed cavitation damage. This is generally charactsrized by the formation of
closely spaced pits with a rough surface where bubble collapes occurred.

Approach angle was
decreased from 90 degrees
to 45 degrees

prevent separation

27 © 2011 ANSYS, Inc. July 11, 2013

Case Study: Analyzing Cavitation in the Pipe

Center of the recirculation
region had low pressure
leading to gas bubbles to
form

- mma a0 S

Courtesy: Saudi Aramco



Fluidized bed and Mixing reactor

Rising bubbles of gas are predicted in a

o= s fluidized bed.
e FI UId Ized bed BE:DkI)T:s paess through bed surface and

enter the gas space above

e Mixing reactor

[ BEIEUE  RR T T SO (T .
%F[ Iﬂﬁlﬁg%f\*%?jﬁ L 7}}%@%@ # 5 '] RL LES turbulence model predicts the
SEEEL @’?F_ilﬁ‘f (BN el F5k F occurrence of vortices behind the blade.

':j

28 © 2011 ANSYS, Inc. July 11, 2013



Equipments Design - Cyclones

ANSYS CAE Solutions

* Optimize inlet design to reduce erosion,
increase efficiency and find the range of
device’s usability

* Geometry and design optimization for
various particle loading in 2 phase and 3
phase applications

CLEANED GAS
-4, OUTLET

TIME = 0.000 sec www.simpas.unsw.edu.au

+# S0LIDS QUTLET

Schematic of complex flow motion in
a cyclone separator

saLiobb60
O EN

RN

29 © 2011 ANSYS, Inc. July 11, 2013
0.5 kg solids per kg air 1.5 kg solids perkg air 2.5 kg solids per kg air

Composite CFD
results
illustrating the
vortex core and
flow velocity at
various axial
planes
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ing

: Gas Ducti

Case Study

NANSYS

Stagnant region

Engine

(%]
=
©
=
[V}
put
=
©
[N

attached

Stagnant
region

Flow separation

reduced

July 11, 2013

© 2011 ANSYS, Inc.
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Shape Flow Optimization

Design requirement:

* How to get uniform flow across 18
outlet nozzles? Or out of a duct?

* Use mesh morphing and optimizer,
both integrated into the FLUENT

solver

0.004 -
v T
0.003
) §
. I“\‘|\||‘|||‘|“
0 L "
0 5 10 15
Nozzle ID

32 © 2011 ANSYS, Inc. July 11, 2013
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ANSYS FLUENT Species Reaction Model

Surface reaction mechanism

* Decomposition reactions of the precursorsin
the gaseous phase

(0 57 5 )
* Adsorption reactions of the reactive products by
the surface

(1~ T Py fiit~ )
* Desorption reactions of the adsorbed species
(P& B P2AE pvaRifg~ &)

* Deposition of the required material

(rAERHE)

Heat required for the reactions may be
supplied either by heating the reaction
chamber wall or the substrate itself

34 © 2011 ANSYS, Inc. July 11, 2013

Flow

urface

———

Main gas flow region

(Gas phase reactions

@
\

Tmnspoxl l

to surface Surface
q  diffusion

m —_—

Adsorption of

% film precursor
 LAL LI LRT

%

Redesorption
of film
precursors

Gy ———»

urface reactions

////////////

O

+

Desorption of
volatile surface

reaction products

Nucleation and

island

A A

arowth Step growth

4
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Surface Reactions Models

 Resolved surfaces model e Un-resolved surfaces model
— Surface reaction on resolved wall ~ —Syrface reactions in porous media
surfaces

Growth Rate of Gallium Arsenide Hydrocarbon capture
in a vertical rotating disc reactor in carbon canister

© 2011 ANSYS, Inc. July 11, 2013



Material & Reaction Set Up

2 Species Model X

Model Mixkure Properties

* Gas, site and bulk species to be Oor s
defined as type fluid ©spooes Tt e v

() Nan-Premixed Combustion

() Premixed Combustion Humber of Yolumetic Speries ’3_
() Patially Premixed Combustion |

() Compasition POF Transpart ‘

* Switch on wall surface reactions s
in the species transport panel Dok

Wl Surface Iixture Tatal Number of Reactions [a]

: b |[al
) Turbulence-Chemis |tESt

[Patticle Surface 2

Wall Surface Reaction Options {@Laminar FIE] | Resin e L = Reatbn Type
. ° () Firite-Rate/Ed hemw t B Ovete @walsur
¢ InCIUde reqUIrEd speCIes [ ]Heat of Surface Reactions |7|3 bl -

o I ] Mass Deposition Source (O Eddy-Disspati Nunber of Reactants ) Nk cf Froducs|p (&)
appropriately e B -
~ ~

Stoich,  Rate Stoich,  Rate
Speries Cosfficient Expanent Species Cosfficient Expanent

* Define reactions F; F;
— Volumetric B Species T ; ' "

—_— e e —— e ]

Wa I I s r fa Ce Mixture | si-depo-mixture Pre-Exponential Factor |2?ZUDUU | |
Available Materials Selected Spedes || Activation Energy (iikamal) [ 72000
h

h2 Tempetature Exponent |
si

sid
| H

Selected Site Spedes lected Solidge@§ S p ec i e S

si<s> <h=

\

Site species || Bulk species
o] (cafd) [ven]

37/ © 2011 ANSYS, Inc. July 11, 2013



Surface Reaction Import

£ CHEMEKIM Mechanism I

File | Mash  Define  Solve  Adapt  Suface | Material Mame
Read - ‘ E "I" @ G’l / | chiemkin dmport ELEMENTS
WWrite - | 0 H C
— I— ’ - -
Impart - ﬁBAQUS . Gas-Phase CHEMKIM END
| Expart 4 crx - Gas-Phase CHEMKIN Mechanism File SPECIES
| et R R RIS il (G | - | gas-phase-reaction-mechanism.che HZ O I H2O CH4 C0O C0O2 Nz

Solution Files... EnSight... END

Interpolate... FIDAF.. Gas-Phase Thermodynamic Database File REACTTIONS

F51 Mapping 4 e | thermo.dat E;]-_._”:.I 5

Save Picture.. HYPERMESH A5CII... .

Data File Guantities.. f |-deas Universal... Import Surface CHEMKIM Mechanism

Batch Options.. LSTC - Py =y

SN St POST Surface CHEMKIN Mechanism File

Solution - SRR P . |surface-reac1:iu:un-med‘uanism che Erowes
Solution Methods MASTRAN - ' Im/
Solution Controls PATRAMN Meutral.. Surface Thermodynamic Database File
raonitars PLOTAD Grid... | therma|dat S
Solution Initialization PTC Mechanica Design... IM '

Calculation &ctivities Tecplat..

Run Calculation '_'ImportTranspDrt Proper

Chemical descriptions i

In
CHEMKIN formatin = CHEMKIN-CFD

Fluent 4 Case File...
PreBFC File...

Results

| Graphics and &nimatio
Flots
Reparts

Powerful solvers solve coupled
species conservation equations in
each CFD cell

CHEMEKIM Mechanism...

LN
y ~
[\
reaction , CFDGid
DESIGI Mass/Momentum
conservation Equations
are solved

38 © 2011 ANSYS, Inc. July 11, 2013



GaAs Deposition

Deposition in a horizontal reactor with tilted susceptor and

89

rotating substrate

Boundary Conditions-

Operating pressure = 70 Torr

Inlet; V=0.4m/s, T=298K

Outlet; pressure = 70 Torr

Substrate rotational speed = 50 RPM
Susceptor and substrate at T=913 K
and surface reactions

11 gas phase + 25 surface reactions

© 2011 ANSYS, Inc. July 11, 2013

GaAs growth on substrate and parasitic
deposition on reactor walls



Example: Aixtron 200 Horizontal Reactor

Experiment

Thickness

prn
2 500

zﬁai
2525
233 |
5150 |
1.962

1775
15m|
1.400

Ayge 2141
Median: 2128

Std Diew: 19,22
[0.411]

|n-Spec: 100.0 % Below: 0.0% Above: 00 %

.. Simulation

* Growth profile predicted by CFD is in excellent
comparison with that of experiment

* Bending of iso-thickness lines is nicely captured

40 © 2011 ANSYS, Inc. July 11, 2013



Example: Carbon Canister Modeling
~ANSYS |

n-butane vapor + air * n-butane vapor and air enter at the inlet
3 ¢ — Mass flow rate = 1le-5 kg/s
— n-butane mass fraction = 0.675

* n-butane is captured at three porous zones using
surface reactions

— Made up reaction rates
®* Quter walls: adiabatic

* Fluid and solid temperatures in the porous zones
are monitored using non equilibrium thermal
model

41 © 2011 ANSYS, Inc. July 11, 2013



Non Equilibrium Thermal Model
ANSYS |

Inputs

* Interfacial area density
— Surface area to volume ratio

=

* Heat transfer coefficient

* Note: Set surface area to volume ratio .
in reaction tab as well - o—

— =
Solid Zone ‘ +luid-carbon:015

. Interfacial Area Density (1/m) | 1500 ﬂ
uiliariurm
Heat Transfer Coefiicient (win2-K) | 5 j

* Momentum, species and energy Sl
Second order Engineering Total's ||'qln Engineering Total 5 I|||

Solver settings

(e

* Time step size: 10s
* Total flow time: ~1500s y

g ; ey ' ':v vy l' & .
e o | o
4 uid Temperature = ol olid Temperature

Solid and fluid temperature fields in

42 2011 ANSYS, Inc. ly 11, 201 .
A o a catalytic converter



Hydrocarbon (N-butane) Capture
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45

V:5[m/s]
T:300[k]
AsH3:0.4
Ga(CH3)3:0.15

© 2011 ANSYS, Inc. July 11, 2013

CVD AR =15 & (Siemens %)

Deposition species at wall surface : As, Ga

reaction-1
- AsH3+Ga(solid) >Ga + As(solid) + H2

reaction-2
Ga(CH3)3 + As(solid) -As + Ga(solid) + CH3

Reaction-1: 1e6*T0.5
Reaction-2 : 1e12*T0.5

Operating pressure : 10,000[Pa]

Mixture Density: ideal gas law

Cp : mixing Las

Thermal Conductivity, Viscosity: Ideal gas mixing law
Mass diffusivity, Thermal Diffusion : Kinetic theory



CVD AR =15 & (Siemens %)
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[ [ 57

NANSYS

TRIEENENE £12200K
Temperature Field and Liquid Fraction

2.07e+03

2028403
1.99e+03
97e+03
S4e+03
92e+03
89e-+03
87e+03
S4e-+03
81e+03
79e-+03
76e+03

el g o L
TF4e+03 ~ U
VBl 75
Tle+03
P

=
SE

BEe+03

Contours of Static Temperature (misture) (k) (Time=8.1000e+03)
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. GENG
74 )
51370

7.50e-01
7.00e-01
£.500-01
£.00e-01
5.50e-01
5.00e-01
4.506-01
4.006-01
3.508-01 .
3.000-01 /ﬁj_E{ [,b‘ '} 7[;1—7‘
2.50e-01 /
2.00e-01

1.50e-01

1.00e-01 1_)(

5.006-02 !

0.00e+00

Contours of Liquid Fraction (mixture) (Time=1.5000e+01) Feb 17, 2011
ANSYS FLUENT 13.0 (2d, pbns, vof, ske, transient)

8 UEIE:EH
7.80e-01
7.00e-01
6.50e-01
6.00e-01
§.80e-01
5.00e-01
4 50e-01
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1.00e-01 IJ
4.00e-02

0.00e+00

Contours of Liquid Fraction (mixture) (Time=8.1000e+03)



2 P BV 2 (SCR)

* SFPENOSE 25 (NH3)AV SRR i
4NO + 4NH, + O, - 6H,0 + 4N,

ﬂﬁ,m%qﬁ % (200~400°C) ™ R~ ERS
-3l (B [ > s

« NH3[EW— 2558 —JE & — >~ &
- B IFFERT0% ~ 90%
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FLUENT 554
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Iteration

mperature on hotout Jul 11,2013
ANSYS Fluent 14.5 (3d, pbns, ske)

Iterations
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w =i ANSYS Fluent 14.5 (3d, pbns, ske)
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Mixing And Agitated Vessels

Single phase

* Velocity field prediction
* Turbulence prediction
* Turbulence

Gas liquid flows
* Bubble size distribution
* Mass transfer

Liquid solid flows
* Solid suspension

Reacting flows

* Product selectivity
* Heat transfer

* Mass transfer

* Crystallization

ANSYS tools can model all above processes
individually or in combination
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Analysis Case Example Static Mixer

(a)

(b)
N

a) Experiment (Sultzer), b) Fluent results
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Agitation Analysis

Gas Separating Stirred tank

Animation of Gas Volume
Fraction Contours
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Agitation Analysis

Particle Traces Analysis

w3
L=
&
L
)
.
n:_]
2.
o
2
o
i)
1
1
i

Particle Traces ed by Particle 1D {mixture) (Tima=2. 202 :
FLIJENT 8.1 (3d, segregated, mixture, ske, unsteady)
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= Agitation Analysis
Optimization of Impeller Position

Before
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Agitation Analysis
! 1

High viscosity mixing

PRI~ S! R

DEFINE_CG_MOTION(fast, dt, vel, omega, time, dtime)
{
NV_S(vel, =, 0.0);
NV_S(omega, =, 0.0);
omegal0] =-12.77581011;
betal = 2.0943951;
vel[1] = -betal*0.0665*cos((0.01745329*0)+betal*time);
vel[2] = betal*0.0665*sin((0.01745329*0)+betal*time);
vel[0]= 0;
}

Surface Grid v 14, 2006
m, unsteady]

Two-axis Rotation Blade
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Agitation Analysis

Particle Size distribution

* Detailed information about the .
PSD at different operating
conditions is crucial for design and | g %

17.49

16.57

scale up o
— Product quality s
—Downstream processing o3
* Chemical reactions and mass/heat — " ‘ -
transfer depend on the local
particle size distribution (PSD) o omall o

Bubble Dia. in mm
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Agitation Analysis Scale-Up Example s soverseruncsotme

Result Velocity Magnitude Pv=Nd2/3 =const.

4.00e-01 4.00e-01
l 3.80e-01 l 3.80e-01
3.60e-01 3.60e-01
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1.4De-01 1.40e-01
1.20e-01 1.20e-01
1.00e-01 1.00e-01
8.00e-02 g.00e-02 /\ ‘L/.—”
B.00e-02 B.00e-02
4.00e-02 4.00e-02
2.00e-02 2.00e-02
0.00e+0D 0.00e+0D

Sep 05, 2006
FLUENT B.3 (3d, pbns, ske)

Contours of Velocity Magnitude [mlsJZO—LIter B e Sep 05, 2006 Contours of Velocity Magnitudan@)O_ther

(3d, pbns, ske)

! 4.00e-01 4.00e-01
3.80e-01
g l 3.80e-01
| 3.80e-D1 3.B08-01
3.40e-01 3.40e-D1
3.208-01 3.20e-01
3.00e-01 3.00e-01
2.80e-D1 2.80e-01
2.608-01 2.Ble-01
2.40e-D1 2.40e-01
2.20e-01
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2.00e-01 2.00e-01
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1.4De-01 1.408-01
1.20e-01 1.20e-01
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8.00e-02 8.00e-02
8.00e-02 5.00e-02
4.008-02 4.00e-02
ik \
- 0.00e+0D —
Contours of Veloeity Magnitude (m/s) FLUENT .3 lSZ?PptEESI.ZSI]kDEBJ Contours of Yelocity Magnitude [m/s) Sep 05, 2006

FLUENT B.3 (3d, pbns, ske)
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33013 TR AANSBRsIBA-Co. (TADEKY 38129132013




Agitation Analysis Scale-Up Example

Result : Microscale Mixing Time

Almost same resut : Same reaction time

. 2.00e-05
1.80e-05
1.60e-05

1.40e-05

1.20e-05
Hﬂ 1.01e-05
| 8.060-06

| 6.07e-06

4.08e-06
I 2.09e-06
1.00e-07

b

2.00e-05
l 1.80e-05
1.60e-05
1.40e-05
1.20e-05
1.01e-05

8.06e-06

LIl
| 6.07e-06

4.08e-06
I 2.09e-06
1.00e-07

(o

Contours of custom-function-0

ANSY

Contours of custom-function-0

Jan 12, 2012
ANSYS FLUENT 13.0 (3d, dp, pbns, rke)
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Agitation Analysis Scale-Up Example |
3* k

] e . ke — ,
Result : Mesoscale Mixing Time 4513 1¢

Different resuts : 5000L-tank needs more mixing time

3.50e-01 l 2.00e+00
l 3.15¢-01 1.806+00
¥

2 .80e-01 1.60e+00

2 45e-01 1.40e+00

2.10e-01 1.20e+00

o 1.75e-01 1.00e+00

B 1 40001 lf’—‘ 8.01e-01

|

1.05e-01 6.01e-01

7.03e-02 4.02e-01

I 3.53e-02 I 2.02e-01

3.50e-04 2.00e-03
Contours of custom-function-1 Contours of custom-function-1 Jan 12, 2012

ANSYS FLUE] ANSYS FLUENT 13.0 (3d, dp, pbns, rke)

3L-Tank 5000L-Tank
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Circulating Fluidized Bed

 Circulating fluidized beds (CFBs) consist
of a cyclone, downcomer, riser,

numerous inlets, and a single outlet (red)
cyclone

* They contain a circulating mixture of gas
and solids

riser

— Different processes clean or burn the
solids

* The Eulerian granular multiphase model
in FLUENT is used to simulate the downcomer
multiphase flow in a typical unit
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Circulating Fluidized Bed

A fully 3D circulating fluidized bed is modeled.

74,000 cell hybrid mesh

Gas/Solids dilute flow (average solids volume fraction around 7%)
e Have a diameter of 85 p, and density of 2200 kg/m3

/ ?WK Outlet
Riser | T
/ y Cyclone
' Separator

- Downcomer

il © 2011 ANSYS, Inc. July 11, 2013



Circulating Fluidized Bed

Path lines (colored by air
velocity magnitude) show
the motion of air.

* Up theriser

Through the connecting
channel

* Spinning in the cyclone o —
* Exiting through the outlet

Some air falls through the
downcomer and is
recirculated with the solids
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Circulating Fluidized Bed

Solids volume fraction on the walls of the
unit show

* Maximum concentration at the base of the
cyclone, after separation

* High concentration throughout the downcomer

* Weak but uniform concentration in the riser due
to upward-angled inlets positioned along the
riser walls

Flow field is consistent with expect- ations
and reports in the literature

Results suggest the FLUENT Eulerian
multiphase model is well suited for this
application

Contours of Solid volume fraction

oENEIGSHEA S TRk July 11, 2043 Courtesy of RWE Energie AG, Niederauben, Germany
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