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Overview
Radiation Dose Modeling in FLUENT®

}'

e Discrete Ordinates Radiation Model
 Particle Tracking and Dose

e Calculation of RED
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}‘ Discrete Ordinates Radiation Model

 Solves the radiative transfer
equation over a domain of A
discrete solid angles sauermgloss  Ouigoing radiation

I+ (dl/ds)ds

o Calculates radiation intensity

as a function of absorption, o (1)
scattering, reflection, and
emISSIOn CGas emission: G addition
[ac:T'*;'n:]ds 0
e Integrated within FLUENT s

[
Y

CFD/hydraulic model

— Impacts of geometry within the
reactor (shadowing, reflection)
readily implemented
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Step-by-Step Guide

www.sandia.gov/cfd-water
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http://www.sandia.gov/cfd-water

urn on Radiation Model in FLUENT

FLUEMTzcholla [3d, pbns, rke]
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799
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2484566
26998
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599569
599569

Opening li; S = .
Library "1 Custom Field Functions.. .50" opened

National
Lahoratories




DO Model Parameters

*¢ Radiation Model

hodel Iteration Parameters
~ Off Flow Iterations per Radiation Iterationl 10 #
- Rosseland
P1 Angular Discretization 5 Mon-Gray tModel
v —
- .. " A
- Discrete Transfer (DTRM) Theta Divisions | 5 i\ Mumber of Bands I 0] /)
+ Surface to Surface {S25) Phi Divisions | 5 :
: 4 Discrete Ordinates (DO) |) "
Theta Pixels | 3 =
_I DO/Energy Coupling i
Phi Pixels | =
4
Solar Load
kModel
2 Off
~ aolar Ray Tracing
+ DO Irradiation
Solar Calculator...
Ok Cancel Help
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- ' Impact of Theta x Phi
}' Discretization on Simulated Incident
Radiation Field

theta x phi =2 x 2 thetax phi=5x5

Calgon 12" Sentinel® UV Reactor
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e Define > Materials..

Specify UV Transmittance of Water

¢ Materials

Mame Material Type Order Materials By
water—liguic fluid ﬂ “* Mame
Chemical Formula Fluent Fluid Materials ~» Chemical Formula
h2oll> —licui i Y
= wdlgr iuid iZe=1) ﬂ Fluent Database... |
Sddh User-Defined Database...|
Boie ﬂ
Properties
: 5 £
Absorption Coefficient (1/m) e j g I-
| 20.09 |
Scattering Coefficient (1/m) UVT - = e_ax
constant j
0o
| 0
Scattering Phase Funcion [ - 5 | /1, = Intensity reductionat x =1cm
| a = Absorption coefficient (1/ m)
ReElcus Index -)constant ﬂ e H O
| 1
Yi
Change/Create | Delete Close Help
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 Define > Boundary Conditions.

Zone Mame

sleeve_1

Adjacent Cell Zone

fluid

Momentum ‘ Thermal I Radiation | 55;}%{:5%‘:‘9] DPI'u'I] baitinhasse | LHRE \

BC Type Beam Width

Beam Direction

|ﬁ§?semi—tr*aﬂspaf‘9ﬂ ﬂ Theta (deqg) | 1=e-06  Phi (deq) | 1e—06

x|1

¥

IrradiatioD

Diffuse Fraction

(wfm2]| 1000 I:Eizunstar‘lt j

_I Apply Irradiation Parallel to the Beam

| E— =

—

|

0K Cancel Help
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pecify UV Radiation Boundary Condition
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Applying Wall Reflection

e Define > Boundary Conditions...

Zone Name

I reactor_body

Adjacent Cell Zone
‘Fluid

Momentum | Thermall Radiation ‘ S})é&ﬁ?%i&l DPM] %;%a;%?%&%sa&&tl 8{‘}&‘

Thermal Conditions

4 Heat Flux Heat Flux (w/m2) | 0 Fonstant 7|

~ Temperature C_ Internal Emissiviwy iconstant j
~ Convection

Whall Thickness (m) | O

+ Radiation

~ Mixed Heat Generation Rate (w/m3) | 0 constant j

Material Name _| Shell Conduction

aluminum Edit...l

(0],4 Cancel Help
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| Incident Radiation Fields

Simulated UV radiation field with and without wall reflection
(Calgon 12" Sentinel® UV Reactor)

600
%00 ' Vs
s o
~ 3 c
N % ]
T 400 - < %
S o um
S ©® <
2300 - =0 y
2 .I<><> <><>I.
% ';oo : oo-'\
= 200 - g | = Fluent (reflection) %
3 & o Fluent (No Reflection) %,
100 - y=0m
UVT = 88% X=0.39m
O T T T
-0.2 -0.1 0 0.1
z (m)

0.2

2 With Wall Reflection

Lo«

\®
®

No Wall Reflection

®

UVT=88%
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Overview
Radiation Dose Modeling in FLUENT®

ol

e Discrete Ordinates Radiation Model

 Particle Tracking and Dose

e Calculation of RED
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e Define injection points

« Define particle tracking model

e Define user-defined function to accumulate dose

for each particle

_ '
}' Particle Tracking and Dose
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' ' Define Injections and
Particle Tracking Model

* Define > Injections...
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Injection Pre-Processor

« Defines arbitrary number of injection points in a circular
region (e.g., pipe inlet) and writes to a file for FLUENT

— www.sandia.gov/cfd-water
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http://www.sandia.gov/cfd-water

Particle Tracking

Discrete Random Walk model

No-DRW

DRW

Calgon 12" Sentinel® UV Reactor
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Calculating Dose from Particle Tracks
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}. User-Defined Function (UDF)

Particle Dose Calculation

 Dose UDF (“libudf”) for Windows and Unix can be
found at www.sandia.gov/cfd-water

— Extract “libudf” directory into same directory as
case and data files being used in FLUENT

 Load the Dose UDF into FLUENT
— Define > User-Defined > Functions > Compiled...
— Specify “libudf” for the library name

For each particle:

Dose (J/m?) = Incident radiation (W/m?) x Exposure time (s)

[ Sandia
|1'| National
19 Laboratories



http://www.sandia.gov/cfd-water

Dose UDF Settings

e Define > Models > Discrete Phase...

¢ Discrete Phase Model

Interaction Particle Treatment
_| Interaction with Continuous Phase I Unsteady Particle Tracking
Tracking | Physical Models l UDF l Mumerics | Parallel l
User-Defined Functions User VYariables
Body Force| none I (" Number of Scalars I 1 #
Scalar Updd@ uy_dosage::libudf 2
Source none 5
DPM Time Step| none 1
OK Injections... Cancel Help
S . m [%:at?ﬁ%ém
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Display Particle Tracks

e Display > Particle Tracks...

¢ Particle Tracks

Options Style Color by
™ Node Values Il ine j I:EFarticle Yarilables. .. j
Auto Range ; T
= g Style Attributes ... ~— [ Cser Yelue @ j
7 Draw Grid
Report Type i Ko
_| X¥ Plot P
o el 100 300
_ Wivie fo Rl
~ Summary
Uindals Mindhday
Pulse Mode ~ Step by Step
~ Continuous | eport 1o _I Track Single Particle Stream
4 Single ~ Srroam B3 Skip Coarsen
F-y Y &
O Consols I 1 W I 200 4 I 1 ¥
@ase from Injectm FIE
e
Display Pulse Track Faes,, LAVES.. Close Help |
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- Particle Tracks Colored by Dose

Calgon 12" Sentinel® UV Reactor
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Particle Tracks Colored by Dose

Calgon 12" Sentinel® UV Reactor
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Output Dose Results

 Report > Discrete Phase > Sample

»¢ Sample Trajectories

Boundaries = o Planes gz = Release From Injections g o4
T =

baf -plane-0 IR —
+ Generates i
1’ n £ llar 1 -plane=0.47
[O utl et] .d pm file Eﬁuib ;—F;l:rr:;u
: llar_3 —plane=0.1
— Cumulative cetaut-tntertor [ [z-plane-o
particle doses | -
2 Swall
@mdare [
contained in this 1 Append Files
f| I e I Aveumulate BroslonfAqeretion Hales

User-Defined Functions

— Can be read by

Out
Excel <: uv_output:libudf | ¥| D
Computel Close | Help |
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View Dose Histogram

 Report > Discrete Phase > Histogram

»¢ Trajectory Sample Histograms

Options Sample Fields
[y
" Auto Range u
W
I” Percent ”
. . diameter
Divisions
‘ t
50 = mass—flow J
ti
_ | eTTr—
7 By B Axes...
*7 62 .6353 | 3128.92 Curves...|
30 —
25 -
% ] Plot Computem Delete Close | Help |

15
10

5 -

]
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Overview
Radiation Dose Modeling in FLUENT®

}‘
e Discrete Ordinates Radiation Model

 Particle Tracking and Dose

e Calculation of RED
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Calculate Reduction Equivalent

_ '
} Dose (RED)

« Use appropriate dose-response curve to calculate survival
ratio (N/No) for each particle

e Sum particle survival ratios and divide by total number of
particles to yield cumulative survival (and inactivation) ratios

« Use dose-response curve to get RED

log Inactivation
log (N,/N)

N, = initial number of microbes Detailed procedure

N =number of infectious microbes > outlined in Munoz et
remaining after UV exposure al. (2007)
Dose o
— ndia
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RED Post-Processors

 Takes data from “[outlet].dpm” and calculates
RED and log inactivation

 Available at www.sandia.gov/cfd-water
— (1) Windows-based executable and source file
— (2) Excel spreadsheet

Output from FluentRED.exe

Pealizatinn, Particles, ng_Ina:tivatiDningiNDHN]]; RED
1, Tal, 9.Z07ZE-01, 1.6130E401

2 Taz, 9.5030E-01, 1.6719E401
3., Tao, 9.5016E-01, 1.8706E4+01
4, Tan, 9.4099E-01, 1.6528E4+01
5 Tan, 9.53580E-01, 1.6876E4+01
Nutber of realizations = o
L—wvaluse = 2.770
Mean RED = 1.6591E4+01 wd/cw™z2
standard Dewviation of RED = 2.8613E-01
standard Error of RED = 1.2796E-01
25% pconfidence interval [(plus/minus) = 3.545ZE-01
——— Sandia
2 ) o



http://www.sandia.gov/cfd-water
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So now we have a simulated RED...

Now what???

« Compare simulated RED to measured RED
— Evaluate the model

 Use simulated RED as a metric to compare
alternative reactor/piping designs

— Installed vs. validated configurations

29
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Measured RED vs. Simulated RED
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}' Summary

 Simulating UV dose distributions in FLUENT

— Discrete ordinates radiation model in FLUENT
generates UV incident radiation field

« Honors geometry used in hydraulic CFD simulation
(e.g., shadowing, reflection)

— Particle tracking yields dose distribution
— Dose distribution yields RED

 Tutorial and tools are available at:
— www.sandia.gov/cfd-water
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FluentUV

Custom Reactor: Circular Cross Section

Length Unit Selected is: Fest | Inlet Piping
Reactor Diameter |5 Length Unit Selected is: Fest |
b WI Zar d _I I ke Reactor Length [0 Inlet Fiping L Bend

template for o [
generating models =t
and grids of UV

reactors and T

Reactor Inlet Diamerer

Lengthl

Radius

piping In FLUENT Longtt |2
eactor Length
Radius |z
Lengthz |l
e Muhammad.Sami oset___|
@an SyS . C O m Reactor Diameter Previous | Mext....(outlet Fiping)|
Reactor Outlet Diameter
Reset to Default Values l
Previous | Hext |
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