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Outline of Topics

Particle Initialization
e Specify particle mass
e Specify particle resolution

Drag Parser
Particle Exit Flow BCs

BC Connectors
* Heating / Cooling Rate

Internal Flux Planes
* Raw particle data
* Reset particle residence time
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Particle Initialization: The Old Way

Volume fraction of particles in an JK region

Iterative process

* Guess lJK and/or particle volume fraction

* Run solver 1 time-step
* Check history.log for particle mass

» Adjust IJK and/or particle volume fraction

* Run solver 1 time-step
* Check history.log for particle mass
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Particle initialization x

— Particle location

—Species data

Species-ID [001 - Sand B

Particle volume fraction [u.5 ]

Temperature [ ] K

— Properties

Mo particle momenturn for this distribution

Computational particles per cell

— Computational particle location

—Comment

i1 [min ] i2 [25 ] sand in combustion chamber
i1 [min ] j2 [max ]
k1 | min | k222 |
| Ok | | Cancel | | Reference grid
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Particle Initialization: Specify Particle Mass Directly

Added in release 17.3.0

In this example:
 Main combustion chamber: 66,400 kg

Specify particle mass:
e Choose “Initialize mass in region”
e Set the particle species

Specify the desired mass (kg)

Select the spatial region
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—+ Initial conditions

Particle IC x

[Initialize mass in region

Particle species [001 - Sand = l
Total particle mass [664DG| l kg
Temperature [ l K
—Region
[ Select region (m) l
x1 |-9.367 | x2 |-4.21993 ]
y1|-2.59633 | y2 | 2.59882 ]
21 |-3.54345 | 22 [1.29295 ]
—Cloud resolution
) Use global resolution '~
) Use local resolution (=} .
@ Specify resolution Clouds per cell S ] [125

—Special settings

Random cloud initialization

No particle momentum

—Comment

sand in combustion chamber

@one [P
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Particle Initialization: Specify Particle Resolution

Added in release 17.3.0

New options available:

e “Use local resolution”: slider-bar functionality
on a per-IC basis
* “Specify resolution”

e “Clouds per cell”: same as pre-17.3.0 “Manual
input” value

* “Clouds per region”: specify directly the number
of clouds (a.k.a. computational particles) to use
for the IC

* “Clouds per mass”: specify the number of clouds
to use per kg of particles in the IC

BARRACUDA VIRTUAL REACTOR cpfd-software.com

Particle IC x

—+ Initial conditions

[Initialize mass in region

Particle species | 001 - Sand 3]
Total particle mass [66400 l kg
Temperature [ |k

—Region

[ Select region (m) l
x1 |-9.367 | x2 |-4.21993 |
y1 |-2.59633 | y2 |2.59882 |
21 |-3.54345 | 22 [1.29295 ]

— Cloud resolution

) Use global resolution '~

) Use local resolution

@ Specify resolution

Clouds per region

Clouds per mass [125

Clouds percell ™

—Special settings

Random cloud initialization

No particle momentum

—Comment

sand in combustion chamber

@one [P

cpfd
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Initial Particle Resolution Example

In the CFB Erosion training problem:
e Number of real cells = 105,061
* Initial particle mass =71,100 kg

How much resolution do we want/need?

* 10 partic
* 20 partic
* 30 partic

es/cel
es/ce
es/cel

- 1e+06 clouds
| = 2e+06 clouds
- 3e+06 clouds

If we want 20 particles/cell:
e 2e+06 clouds /71,100 kg = 28 clouds/kg
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Particle IC x

—+ Initial conditions

[Initialize mass in region

Particle species [5001 - Sand S l
Total particle mass [66400 l kg
Temperature [ l K
—Region
[ Select region (m) l
x1 |-9.367 | x2 |-4.21993 ]
y1|-2.59633 | y2 | 2.59882 ]
21 |-3.54345 | 22 [1.29295 ]
— Cloud resolution
) Use global resolution '~
) Use local resolution (=}
@ Specify resolution Clouds per mass % ] [28

—Special settings

Random cloud initialization

No particle momentum

—Comment

sand in combustion chamber

@one [P
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Confirming Particle Initialization Statistics

One way to confirm the initial particle mass and resolution is to look at the

header section of POPUL 0.000e+00.log

File Edit View Search Tools Documents Help
| Eopen v [save (o Undo &

|| POPUL_0.000e+00.log 3¢

O

x

#az 22 "Number Elouds in a size interval / méximum number of Elouds from the size intervals" mon

All species

.5056604e+01 m™3
.1085085e+05 m~2
.6400000e404 KO Gr—
.5146215e+13
L9300400e+00 Crm—
.6505405e+02 micron

Total volume

Total surface area
Total mass

Total number particles
Total number clouds
Sauter mean diameter

o3 o e ke R e 3
mmwmwn nn
[P o = Y

3.01314e+01 0.00000e+20 0.00000e+20 0.00000e+00 O.00000e+20 O.00000e+00 O.00000e+20 O.00000e+00
A _AAAAAR+AR A AAAAAS+AA A AAAAAS+AR A AAAAAS+AR A AAAAAS+AR A AAAAAS+AR A AAAAAS+AR [ AAAA[ASE[R

[>)

(<]

Plain Text v Tab Width: 8~ Ln1, Col1l

INS
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User-Defined Drag: The Old Way

In pre-17.4.0 releases of Barracuda:
 The Drag Model Editor did not support subexpressions

e User-defined drag models often became very long and hard to understand

]

Mame: [ WenYu-Ergun_4 | Comment: |User-defined variation of WenYu-Ergun
— Constants:

c0=1

cl = 0.15;

2 = 0.44;

3=2

c4 = 180;

no = -2.65;

nl = 0.687;

M=0.7;

S Add Row | | & Remove Row

[ ﬂ Switch To Table Entry

—Drag Model Definition
Feustom():
IF{volfracP=0.75*thetaCP, IF{Re<=1000, (c0+cl*Re™nl), c2*Ref24)*M*valfracF ~n0,

IF{volfracP=0.85*thetaCP, (c3*Re+cd*(volfracP/volfracF))/18,
IF{Re==1000, {{c0+c1*Re”~nl)*M*volfracF~n0 + ({{c3*Re+cd¥(volfracPfvolfracF))/18) - ((cO+cl*Re~nl)*M*volfracF~n0)) * (volfracP-0.75*thetaCP) [ (0.1*thetaCP)).

Furag=3Tudp(Ur — Us)Feustom()

((c2*Re*M*(volfracF ~n0)/24) + ({(c3*Re+cd®(volfracP/volfracF))/18) - (c2*Re*M*(volfracF ~n0)/24)) * (volfracP-0.75*thetaCP) / (0.1*thetaCP)) ))) * (volfracF * diamP [ diamSauterP + (1-volfrack) * (diamP/diamSauterP)~2)

—Model Tools

Functions: [ABStualll 5 | Variables: densityF = ] @ Operators:

[ ° Cancel

Pox |

BARRACUDA VIRTUAL REACTOR
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% Drag Model Editor x

Name:  |WenYu-Ergun_4 |

Comment: | WenYu-Ergun blended drag model |

Drag Parser Improvements | en= =

cD=1;

Added in release 17.4.0 c1- 015,

Drag models are much easier to define
(and read) because of: fwtptro

interpolation

H diluteLimit _ u?s* thetaCP;
° Su bexpreSSIOnS :Ierl_lseLimit=l 0.85 * thetaCP;
e ° . coe;Lo;HRe=_c0 + ¢l *Re™nl;
* Syntax highlighting coetighhe - 2 R 26
coefWen‘r’ul= if(Re <= 1000, coefLowRe, coefHighRe) * M * volfracF ~n0;

® S u p po rt fo r CO m m e ntS coefErgun =-.{-:3_3*Re + c4*volfracP/volfracF) / 18;

Interoolation functio

coeflriterp = coefWenYu + (coefErgun - coefWenYu) * (volfracP - diluteLimit) / (denseLimit - diluteLimit);

T = g
ff Blena

.coefBIend = if(volfracP < diluteLimit, coefwenyu, if(volfracP > denselimit, coefErgun, coefinterp));

maatfiriant — E fraaf) / E cFnlact
coefficient = F draaf) stokes()

retum -coefBI-e*.-nc_iU‘t {;olfra_c-F; ﬂiamP |/ diamSauterP + (1-volfracF) * (diamP/diamSauterP)"2);

Functions: | abs(valuel) = | Variables: |Re tl

—Messages
No errors.

@ concer| x|
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Particle Exit Flow BC

Flow BC Editor x

Allow up to a specified flow rate of [

Particle behavior at boundary
Particle flow rate: | ' ka/s
p a rt i C I es to exit at a F I oW BC v/ Automatically control fluid flow rate v/ Use transient particle flow file

. Target particle volume fraction: [ | FlliseIRG Connector oats @‘
* Easier to control than a Pressure BC e @ e [ || tovere
’ = _\ @ Particle out flow

* Specrﬁed Value IS d maleum, and . Specify values \~ Particle radius (m) range allowed to exit:
particles will exit at the BC only if S Jme(@)|[N\in=lo | tomax= [unumen
they are near to and traveling Pressure(0_Jre |\ partice exit control On) |
tOW8 rd the BC face a Temp ‘K  Particle feed (Slip and volume fraction)

() Particle feed (Slip and mass flux)

Fluid composition ) Particle feed (Slip and mass flow rate)
Specify a negative particle flow rate (“"p"e"""“’ﬁ[ vefne uds | Edit particle feed
Particle feed control
. . ] || —
Always use a transient flow file! P e

SFF file: | cyclone_dipleg_outlet.sff H Edit ][ﬁ]

[anncel H ‘gK

BARRACUDA VIRTUAL REACTOR cpfd
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Using Particle Exit BC at Cyclone Dipleg Exit

Particle Exit BCs are useful for a number of

situations:

e Standpipes in large vessels

. \
* Bed drains \ ”
* Cyclone dipleg exits
Flow Boundary Conditions Editor
Time (s) Velocity (m/s) Temperature (K) Pressure (Pa) Particle Mass Flow Rate (kg/s) Particle Volume Fraction LY
10 -0.1 1123.15 101175 0 0.4
215 -0.1 1123.15 101175 0 0.4 Pa rticle
3|16 0.1 1123.15 101175 -600 0.4 1] Exit BC
: N . > 1
‘ & Add Row ‘ | &= Delete Row ‘ ‘ +# Check Data | | :Graph | | EUpdate Simulation | @ y
File: |cyclnne_dipleg_¢uﬂet.sff ‘ ‘ H Save ‘ ‘HSave As ‘ ‘ Clcse ‘ \
\
BARRACUDA VIRTUAL REACTOR cpfd
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Particle Exit BC Post-Processing and Analysis

0.0000000e+00

- = ke by

t = 0 to 15 s: no particle exit at cyclone dipleg Partices VolFrac

t = 16+ s: particles exit at 600 kg/s [

Flow into cyclone Integrated Flow into cyclone JrbAt
2000 " T " T " T " s 20000 " T " T ; T ; - —0.94
Inlet Inlet
——— Dipleg f —— Dipleg 035
o 10000 -
B 03
=< 1000 - —
s 2
= w 0.25
E o
o Q
E % 0.2
o K - |
) 0 |
=
& -10000 - ] 013
_ | . ! 0.1
-1000 - " L " L " L " .| —-20000 - " L " L " L " | 0 05
0 10 20 30 40 0 10 20 30 40 '
Time (s) Time (s)
0
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BC Connectors: Heating / Cooling Rate

Added in release 17.2.0

BC Connectors can add or remove heat from gas and

particles \ /

Industrial applications: \ /
|

BC Connector

* FCCU Catalyst Coolers e
* Fluidized Bed Heat Exchangers (FBHEs) removal to

act as FBHE

Sign convention:
* Positive = heat added to gas and particles
* Negative = heat removed from gas and particles

BARRACUDA VIRTUAL REACTOR cpfd
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Specifying BC Connection Heating / Cooling Rate

BC Connector Editor x

—+ Enabled

—BC Connection Input from Domain (outlet BCs)

ID * Flux plane name BC type Farticle split fz

“ 000 FLUXBC cyclone_dipleg_outlet Flow BC 1

BC Connection Heating / Cooling Rate Editor *

1
2

Time (s)  Heating / Cooling Rate (]/s)

0 -10000 300

Minimum Temperature (K}

Maximum Temperature (K)

2000

—BC Connector Properties

Name: | CONN_fbhe

—BC Connection Qutput to Domain (inlet BCs) ——

ID * Flux plane name BC type U

Comment: [Fluidized bed heat exchanger

Time delay: | 0

Reset particle residence time

+| Draw connectors for post-processing

[ Fluid Filter (Scale)

[ Particle Filter (Random)

—Thermal Control

@ Transient heating/cooling rate:

<

iﬁh’-\dd Row | | @ Delete Row ‘ | o Check Data | ‘

I Graph

‘ | eUpdate Simulation |

File: |ﬂ::ht:_heat_transfer_r:a.te.sﬂc

I| HSave HESaveAsH k.4 Close |

(4]

[*]

v| Advanced feature: All Flow BC flux planes available as inputs

| Add ||

Edit H Copy H Delete

'eat_transfer_rate.sff |

Fixed heating/cooling rate:

Heating / Cooling Rate :]] /s
Minimum Temperature [:] K
Maximum Temperature :] K

Direct temperature adjustment

Fluid temperature control =
Fluid temperature factor: :]
Particle temperature control =

Farticle temperature factor: [:]

D

H Copy H Delete l

€9 Help

‘ egancel | | ngc:

BARRACUDA VIRTUAL REACTOR
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Heat Removal Post-Processing and Analysis

1.8701904¢e+01 |

-

BC Connector Particle Temperatures

Heat addition or removal from the

Particles Temperat

. 1135 |
BC Connector can be analyzed in T
several ways ] S— 4
* GMV can be used to visually i $ s
. . g
confirm temperature increases
—1114.492 ‘s 1105 {
or decreases | :
—1111.6086
 Raw particle data from the BC oy
. 1108.72
flux planes contains s | P . |
temperature data for every Time (9 |
particle passing through 1102948 ‘
1100.062 Particles exit the BC Connector
- __— atlower temperature
1094.29 et 4 ‘ .
BARRACUDA VIRTUAL REACTOR cpfd
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New Features for Internal Flux Planes

AddEd in release 17.4.0 Surface plane direction |x: 3

—Plane Location

Enter Location by

Output raw particle data 132
 Allows for very detailed analysis of :i::

particles crossing flux plane

—Flux plane options

* Previously available only for BC flux Name: [Hux;]m:,_cyc.one (@)
Gas species behavior:
p|aneS | No Output :

+| Subdivide by radius Divisions [ 100  [%

P ¥ Output raw particle data

Reset particle residence time ol / Reset particie residence time

e Useful for tracking time for particles to ~Comment
travel or circulate through a system cycloneniet

uﬁeference Grid ‘ ‘ egancel | ‘ ‘QK

BARRACUDA VIRTUAL REACTOR cpfd
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Options for Calculating PSD at Internal Flux Planes

“Subdivide by Radius”
e Can analyze data using Flux2PSD.tcl
* Must choose number of uniform bins at beginning of simulation

e Data is written every time-step, whether particles pass through flux plane or not —
can result in large flux plane files

“Output raw particle data”
e Cannot analyze data using Flux2PSD.tcl
e Can choose any number of uniform or non-uniform bins when analyzing data

* Data is written for each particle that passes through the flux plane — can result in flux
plane files that are either smaller or larger than “Subdivide by Radius”, depending on
how many particles pass through the flux plane.

BARRACUDA VIRTUAL REACTOR
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Calculating PSD of Sand Particles using Python

In [1]: %=matplotlib inline
from future  import print function
from future  import division
import matplotlib.pyplot as plt
import numpy as np

In [2]: # Function to calculate PSD from Barracuda raw particle data

#

# Inputs:

= massArray = numpy array containing particle cloud mass data
= diameterArray = numpy array containing particle diameter data
= numBins (optional) = integer number of bins to use for PSD calculation (default = 100)
#

#

#

#

#

d

Outputs:
cumulativeMassPercent = numpy array containing cumulative mass percent
diameterEdges = edges of diameter bins, ranging from min to max diameter

ef calculatePSD(massArray, diameterArray, numBins=108a):
massFractions, diameterEdges = np.histogram(diameterArray, bins=numBins, weights=massArray)
massCumulative = np.cumsum(massFractions)
massCumulative = np.insert(massCumulative, @, @)
maxMass = np.amax(massCumulative)
cumulativeMassPercent = massCumulative # 180 / maxMass

return cumulativeMassPercent, diameterEdges

BARRACUDA VIRTUAL REACTOR cpfd
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Read Data from the Internal Flux Plane Raw Data File

In [3]: | # Raw particle data at flux plane

'"Flux_into cyclone raw particle’

1 "Time"

2 "Unique particle ID"

3 "Particle cloud mass"

4 "Particle radius"

5 "Particle density"

& "Number of particles in cloud"
7 "Residence time (on)"

& "Species"

. and more lines ...

sEEXZ3EZ388

tCol = 1

pidCol = 2
massCol = 3
radiusCol = 4
resTimeCol
speciesCol

7
8

n 5 n

n kg n
"micron"
n kglll,l'm.l\.j n

"5"

# Read data into arrays using the genfromtxt() function
t, pid, mass, radius, resTime, species = np.genfromtxt(f,

# Convert radius to diameter
diameter = radius * 2

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

usecols=(tCol-1,
pidCol-1,
massCol-1,
radiusCol-1,
resTimeCol-1,
speciesCol-1},
unpack=True, skip footer=1)
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Use the PSD Function and Create a Plot

In [4]: # Calculate and plot the PSD of sand particles passing through the internal flux plane
# Sand 1is species 1 in this simulation

# Initialize the figure and axes
fig, ax = plt.subplots()

# Analyze the data for species 1 from the raw particle file

myFilter = (species == 1)

psdMass, psdDiameter = calculatePSD(mass[myFilter], diameter[myFilter])
ax.plot(psdDiameter, psdMass, linewidth=2, label='Cyclone Inlet Flux Plane')

# For comparison, let's also plot the PSD from the initial sand
radius, cumulativeMassFraction = np.genfromtxt('POPUL 01 ©.800e+00.log', usecols=(0,1), unpack=True)
ax.plot(radius * 2, cumulativeMassFraction * 188, color='red', linewidth=2, label='Full PSD of Sand')

ax.set title('PSD at Internal Flux Plane')
ax.set xlabel('Particle Diameter (microns)') 100 ___ PSD atnternal Flux Plane
ax.set ylabel('Cumulative Mass Percent')
ax.legend(loc="best")

an |
p = 'psd of sand at internal flux plane’ E
fig.savefig(p + '.png', format="png') & gl
fig.savefig(p + '.pdf', format="pdf') i

=

L=

20 1
— Cyclone Inlet Flux Plane

— Full PSD of Sand

50 w00 150 200 250 300 350 400 450 500
Particle Diameter (microns)

BARRACUDA VIRTUAL REACTOR cpfd
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Resetting Particle Residence Time at Internal Flux Planes

1.0000624e+01

1

Useful for calculating:

Particles ResTime

e Circulation time in looping systems 1900062
* Travel time between two specific planes of 000361
interest ~8.000499

—7.000437

Most useful when also selecting “Output raw
particle data” at flux planes

6.000374

5.000312

Current example: particle residence time is 400025
reset to zero as particles cross cyclone inlet 000167
flux plane —

1.000063

2.969971e-07

BARRACUDA VIRTUAL REACTOR cpfd
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Exploring Particle Circulation Time Data with print()

In [5]: | # Identify particles that have passed through the flux plane multiple times
u, indices, counts = np.unique(pid, return index=True, return counts=True)

print("Total number of entries in flux plane raw particle data: ", len(pid})

print("Number of unique particles that have passed through plane:", len{np.unique(pid)))

print("Maximum number of times any particle has passed through: ", np.amax(counts))

print("Mumber of particles that have passed through ‘"max\" times: ", len(u[(counts == np.amax(counts))])}
Total number of entries in flux plane raw particle data: 1549481

Mumber of unigque particles that have passed through plane: 1178418

Maximum number of times any particle has passed through: 5

Number of particles that have passed through "max" times: &1

In [6]: | # Look at some detailed data for a specific particle
myPID = u[(counts == np.amax(counts)}][@]

print("PID of first particle in list of those with \"max\" times: ", myPID)

print("Times at which this particle passed through flux plane: ", t[(pid == myPID)])}

print("Circulation times between each pass through flux plane: ", t[(pid == myPID)][1:]-t[(pid == myPID)][:-1])
print("Average circulation time for this particle (s): ", np.mean(t[(pid == myPID)][1:]-t[(pid == myPID}][:-1]))}
PID of first particle in list of those with "max" times:  28357.8@

Times at which this particle passed through flux plane: [ 3.981584 25.5759 45.69334 59.48454 78.25766 ]
Circulation times between each pass through flux plane: [ 21.594316 20.11744 13.7912 18.77312 ]

Average circulation time for this particle (s): 15.569819

»» cpfd
BARRACUDA VIRTUAL REACTOR o fisortwarecom §
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Plotting Particle Circulation Time Distribution

In [7]: | # calculate and plot distribution of circulation times for particles that have passed through
# the cyclone inlet flux plane at least four times.
pidList = u[(counts == 4)]
print("Number of particles that have passed through at least 4 times:", len(pidList}}

# Create an array to hold circulation time values
dilList = np.array([]}

for myPID in pidList:
tList = t[(pid == myPID)]
myDtList = tList[1:]-tList[:-1]
dtList = np.append(dtList, myDtList)

print("Number of dt values collected:", len(dtList)})
# Use numpy's histogram function to evaluate the distribution of circulation times

hist, bin edges = np.histogram(dtList, bins=108)
bin centers = (bin edges[1:] + bin edges[:-1]) / 2

Particle Circulation Time Distribution

fig, ax = plt.subplots() =0 ' ' ' ' '
ax.plot(bin centers, hist, linewidth=2) 00 |

ax.set title('Particle Circulation Time Distribution')

ax.set xlabel('Circulation time (s)') 250 |

ax.set ylabel('Count')

p = 'circulation time distribution® =
fig.savefig(p + '.png', format='png'} 8 150t
fig.savefig(p + '.pdf', format='pdf')

100
Number of particles that have passed through at least 4 times: 2825
Number of dt values collected: 8536 s |
ﬂ i i i "
0 10 20 30 40 50 B0

Circulation time {s)
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Using Isovolumes to Analyze Wear on Wall Surfaces

The Wall Erosion model must be
enabled in order to get this data

Model settings:

* Angle dependence (for more info,
see How do | set wall erosion
parameters for my unit?)

* Mass exponent

Velocity exponent

The “Impact” variable in GMV
indicates erosion potential on walls

BARRACUDA VIRTUAL REACTOR
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Barracuda Virtual Reactor with Chemistry - 17.4.0 - cfb_with_bc_connector/CFB_combustor_main_loop.prj
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(" Barracuda Virtual Rea...
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) tangent: 8=0°
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Minimum Limit Angle weight is a coefficient of the
ﬂ_imit value[D l ‘ impact (wear) as a function of 0.
[,fdatalfsam.cIark,-’?_()19-05-28_cfb_erosion_exampIe,fcfb_with_bc_connector ]
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Creating an Isovolume

Use a “View Particle Data” GMV shortcut
» Easy way to get transparent geometry

Turn off the particles

* Display = Particles > None = Apply

Create an isovolume
* Calculate = Isovolume
* New Field 2 Impact

e Set an “Isovolume Range”
* Try Max/10 to Max as a first guess

BARRACUDA VIRTUAL REACTOR
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File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflectionz Yiew |

Current file: kA2019-05-28_cfb_erozion_example/cfb_with_bc_connector G, O
Tui
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Elew,
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Field: i
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Set Isovolume Color

Isovolumes can be colored by:

 Node Field: this can sometimes be useful,
but keep in mind you only see colors on the
outer surface of the isovolume

e Constant color: this option removes the
need for a colorbar and can be simpler to
understand and explain

To set a constant color:
* Ctll = Coloredit > Materials...
* Get Color = Choose a color from “lsos.”
* Set Color = Click “Volume”

BARRACUDA VIRTUAL REACTOR

cpfd-software.com

Opper

Elnsel
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File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections

GMV V4.6.2 with Mesa built 2015-05-19

Wiew |
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Blaser and Corina: Erosion Reduction in a Circulating Fluidized Bed Boiler 11

Explore "Min” Value Settings

Adjust the “Min” value for the Isovolume Range M !ﬂ
* Focus on the region of interest for wall erosion
* Alow “Min” value will make the isovolume larger “m ] | w | H“ |
* A high “Min” value will make the isovolume smaller e e e e

Figure 8. Comparison of cyclone erosion characteristics

Figure 9 ¢ compares s the mass flow of the various solids through the
sus; pensxon tube regions in the cyclone outlet streams for the various designs

What range of values shows useful information? Pl L b b Fo gt

th de sign hang s have a minimal impact on the separation of the fly ash.
H ever. it is apparent in Figure 9 that the amount o fsandp mgthr ugh the

vclone is the primary factor influ encmg the erosion on the suspension tube
surf This 1s not immediately obvious, since the sandsepart fﬁxencyls

When comparing multiple cases, open them side-by- e e e T T
T %rom Figure 9 it is apparent that alternatives 1. 2 and 4 will result in

side and explore the “Min” value across all cases pi e cos i € s s i v

However. alternative 3 proved to have unacceptably high erosion in the cyclone
inlet. Thus. alternative 5 was judged to have the best overall erosion

simultaneously s

e The wall erosion model is most useful when

comparing several cases / design choices ez
Blaser & Corina, IJCRE 2012 Volume 10, A51
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Choose Low, Medium, and High Values for “"Min”

- GMV V4.6.2 with Mesa built 2015-05-19 - O x

File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections Yiew

Current file: k/2019-05-28_cfb_erosion_example/cfb_with_be_connector Gy, O
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File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections Yiew

£
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Create a Rotating View Showing Wall Erosion
R

Elnsel |15|j; AFade  Mector Flow J5Subset JIsozurface
U f I f h H h 3D H - f H Eremes JAExplode JCut Plane _ICut Sphere
Se u or s OWIng t e pOSItlon o erOSIon ROTATION TRAMSLATE CEWTER HAGMIFY
Begin f,0 0.0 .0 Po-0.B20 F 0,001 14,072 [ 2.178
End  fo.0 0.0 36 E-0.620 f 0,001 f 14,072 fo2amm
U GMV’ l‘A 1 t. ” f t wrot yrot zrot HCEN yoen zoen mag.,
se S nimation rteature :
A Quick Look | Shapshot Stgr‘tl Stupl F‘ausel F‘r‘eu,l Hextl Resumel (30 Tio Fr‘ame:lE_I

) Ctll 9 Anlmatlon % ROtat|On @ Arimation Snapshot File Prefi: x
* Select the “Snapshot” option Filter

» Create frames using “Start” button e
 Specify the desired image prefix ez [ ||
 Combine frames with jpg2mpg or jpg2mp4
¥l ¥l
jpg2mpg rotating erosion*jpg -o rotating movie.mpg = 1= k=

jpg2mp4 rotating erosion*jpg -o rotating movie.mp4 selection

I =/cfb_with_bc_connectordrotating_erosion

0k, | Filterl Eancell Help |
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Rotating Erosion Animation

Options to enhance erosion movie:
* MULTIFRAME.tcl with multiple erosion
“Min” values (Low, Medium, High)
e ADDLOGO.tcl to stamp your company’s
logo onto the movie

* See Barracuda post-processing training
material for the Wednesday gasifier,
which discusses these topics
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