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'Why are flow characteristics important to APC equipment?

> Performonce -
o Flow/Temperature unlforml’ry
o Sorbentinjection
o Ash capture / avoid build-up
> Operating costs
" o Pressure drop
o Sorbent usage / cost
- > Maintenance i Issues
o FErosion
o Pluggage
o Vibration




Introduction
~ Fow Modeling"A.pb[ié_a’r.’ifc})_h_s" =3
>> Design of new eqUipmen’f = w g
£ > Retrofits of eX|s’r|ng equipment
s > Solvmg operohonal or maintfenance i NES
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'Fobri‘c FiITer'Pé_rform'G'n'ce ,Goglé "

Flow distribution
- Flow balance -
Pressure loss

Temperature distribution

YOy e

Sorbent distribution and

residence time

\

Parficle deposition

Performance targets usually based on ICAC F;7 standards or
' industry/vendor standards -



'Fobri‘c FiITer'Véloci’ry Di's’rribu’_ri,orﬂ :

> Uniform velocity at inlet flange
= Typlcol target ranges from 7.5% RMS (ICAC F-7) to 20% RMS
e W\Zelle hlgh velocities impinging bags




Fabric Filter Flow Balance

4-..._.,__‘_‘_,, o

: i_-_;__.;> Equal ﬂow bc;lc:nc.e k;;e’rween cempor‘rmen‘rs
_, ICAC -7 goal is to be Wl’rhln +/-10% of Theore’rlcol flow spll’r

some vendors/chen’r ’rorge’r 5% deviafion

> Equal flyash balance to compOT fments.

== Airflow Sciences -
U Corporation
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Fabric Fil’rer'Témpero’rUre ,S’rrq’rifi"Ca’rion
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- :Por’rlculo’re In]ec’rlon =

> Mercury obsorp’rlon
0 Powdered cchvo’red corbon
> 250, mITIgCITIOh = |
smo e
g SBC

o Trona

5 Other
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Com‘pu’rc’riond_l Fluid D‘ynamics_(CFD)

Y

Numerical simulation of flow .

Utilize high speed computers and sophisticated software

Calculate flow properties
o Velocity |

o Pressure

o Temperature

o Chemical species

o Particle streamlines

Azore ® software
Ansys-Fluent ® software _ =



CFD History

> Developed in the oerospece mdus‘rry c. 1970 (WITh ’rhe
.advent of “high speed” computers)
> Applied to industrial equ1pmen’r for 40+ years
> Underlylng principle is to solve the firsi- principles equations
- governing fluid flow behavior i

Source
' NASA -




CED Me’rhoddl_ogy

£ ATciece |

> Geometry (3D CAD) -
- > Computational mesh

> Boundary conditions

2. Solve

3. Analyze

> Contour plots =
- > Flow statfistics and integrations
> Particle/species tracking




CFD Mesh

> Control Volume Approach
-0 Divide the flow domain into distinct control volumes

o Solve the NG\)iei—STokes equations (Conservation of Mass,
- Momentum, Energy) in each confrol volume

Inflow

Control Volume
or “Cell”

" 10 million cells
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Physical Flow Modeling

Yoy v-ﬁ -\7.-_;;"_\/ iy

Laboratory r‘ebresé‘h’rd-’ribh— of. geomeffy._ "
Typical scale between 1 8 and 1:16
“Cold flow” modeling -

Visualize flow with smoke

Simulate ash drop- out/re- en’rrolnmem‘
Measure flow proper’nes

o Velocfry (Hot wire or pl’ro‘r) |

o Pressure (Pitot-static probe w/ monome’rer)

o Tracer gas (Gas analyzer)
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Phy5|cctl Modellng Hls’rory

> UTI|IZ€d for f|UId~ﬂOW dneJy5|s ford cen’rury .or more2 -
- > Applled ’ro mdus’rrldl equmen’r for decodes |

' > Underlylng prmaple IS TO reproduce fluid flow behdwor m a
~ controlled, laboratory: enwronmen‘r ' |

— Airﬂow'oiences"
L/ Corporation




Physical Model Methodology

> Key criterion is to generate “similarity” between the scale -
‘model and the real-world object
o Geometric similarity _
< ‘Accurate scale representation of geometry
% Inclusion of all influencing geomeftry elements
< Selection of scale can be important ,
o ‘Fluid dynamic similarity | : N o
# Precise Reynolds number (Re) mo‘r&:hing is not feasible

< General practice is to match full scale velocity but ensure that Re
remains in the turbulent regime throughout the model

'D '
- 




Physical Model Methodology

“it- Sehup = | iy

> Fabricate(from CAD)

- > Boundary conditions

- > Similarity calculations
2. lest

3. Analyze

- > Contour plofs _
> Flow statistics and integrations
> Flow visualization

4. Opftfimize




~ Physical Model Smoke Flow

B Airflow Sciences -
U Corporation



Flow Modeling Pros and Cons

> Physical Modeling - Pros
Proven technique
Can “touch and feel” model -
Complex flow simulations and solutions
“Sorbent distribution modeling using tracer gas
Ash drop-out and re-entrainment
Flow wsuollzo’non

O V@O0 L YW )

Phy5|c0l Modelmg Cons .

o Design iterations can be time consuming (no parallelization)

o Thermal mixing difficult

o Limited number of measurement points

o Cannot simulate complex physics (chemical reactions, densfry vorlohons)
o Model storage can take up significant space ——

U



Flow Modeling Pros and Cons

> CFD Modeling - Pros
-o Iterations can be done in parallel
o Detailed representation of flow and mixing padtterns
o Data available at millions of traverse points
o Output can be customized to maximize information
o Can track particulate in flight
o Model stored on computer or CD/DVD

> CFD Modeling - Cons _

o Accuracy of results relies on mesh quality and resolution
Particulate drop-out/re-entrainment capabillity is limited
Sorbent distribution modeling requires detailed (dense) mesh
Some physics and geometries are difficult to resolve in mesh

O
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Case Stuay |

> Mid-sized US plant
> Two new PJFFs

>~ Activated Carbon Injection



\Vlele[<] Geomé’rry

Unit 1 and Unit 2 PJFF Inlet and Outlst Models Schematics

sometric View: Fabric Filter




Compc:r’rmen"r_Gcs Flow Split

Goal was to achieve
equal gas flow split -
between
compartments.

Flow split ranged
between 8.2 and 8.6%
vs 8.3% theoretical
split. .

This implies a deviation
of +/-3.2%, meeting
ICAC goal of +/-10%

—
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'Velo‘ci’ry Dis‘rrib_u’rion' Under Bq‘gé "

> Goal was to quantify

ghdreduce gas o =
velocities impinging on

- bags '

| 240 360

20 0 380
Vertical Yelocity (ft/s)



Activated Carbon Injection

Aifflow Sciences 15

Corporation

Goal was to achieve |
equal flow split of carbon
to the compartments.



Activated Carbon Injection

Baseline Design i Final Design : .
PAC Split = +/-44% from Average - PAC Split = +/-8% from Average



Agenda

> Infroduction
> Performance Goadls for Fabric Filters

> Flow Modeling Methods
Zo Co_mpu’ro’rionol'Fluid Dynamics
- o Physical Modeling '
Case Study
Conclusions

Questions

Yoy

A\



Conclusions

> Gas flow patterns have a significantimpact on the
~ performance of fabric filters and other pollution con’rrol
_ equipment
> Flow models (CFD and physical) are W|dely employed .
for pollution confrol equipment orlglnol deS|gn and

- retrofit: ,
o Each method has advantages and disadvantages
o Provide accurate results to within typical engineering
tolerances when used correctly
o Leads to better performance and reduced costs

—
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Questions / Discussion |

o Contact information

o Kanthan Rajendran, P.E.
srajendran@airflowsciences.com
734-525-0300
12190 Hubbard Street, Livonia, M 48150
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