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1. Read the case file (*.cas) and data (*.dat) files in FLUENT containing the desired model. The case file contains the mesh, boundary conditions, and other user settings.  The data file contains the data results of previous simulations (e.g., flow simulation).
2. Run the DO radiation Model
a. Turn DO radiation model on (Define > Models > Radiation).  Energy equation will automatically be turned on.
i. The angular discretization controls the refinement of the DO model.  The default for the theta and phi divisions is 2 x 2, which is coarse (5x5 is better).  Default for theta and phi pixels is 1 x 1 (3x3 is recommended for specular or semi-transparent boundaries).  Increasing the divisions will increase cost of computation.  Increasing pixilation will also increase computation, but not as much (see Section 13.3.13 of the User’s Guide).
ii. The number of wavelength bands for a non-gray model can be specified as well (see Section 13.3.13 of the User’s Guide).

b. Define appropriate materials for the model (Define > Materials)
i. May have to change the fluid material type from air to water-liquid.  Change solid materials if modeling quartz sleeve.
ii. Change the absorption coefficient to reflect the UV transmittance (UVT) of the water, where:

UVT = I/Io = exp(-ax), where I/Io is the reduction in intensity over x=1 cm (Note that Fluent uses base e in this formula, not base 10)

Therefore, absorption coefficient, a = -ln(UVT)*100, where 100 is used to convert cm-1 to m-1

Example: for a UVT of 0.9 (90%), the absorption coefficient is 10.5 m-1
iii. Include refractive indices for semi-transparent boundaries, if desired
c. Define radiation boundary conditions (Define > Boundary Conditions)

i. In our CFD models, different zones have been defined including the lamp sleeves, sensors, and the reactor body.

ii. For the sleeve, click Set:

1. Under the Thermal tab, the refractive index can be set if radiation is being modeled through the sleeve (current models do not model the lamp and air annulus explicitly, only the sleeve). 

a. Emissivity can be set here, too.  This plays a role in the diffusely reflected energy, fd(1-)q_in, and the absorbed energy, fdq_in.  The specularly reflected energy is (1-fd)q_in.  “fd” is the diffuse fraction,  is the emissivity, and q_in is the radiative energy incident on the wall.
2. Under the Radiation tab, set the BC Type to “semi-transparent” 

a. Set the Diffuse Fraction to a value between 0 and 1.  For a value of 1, all of the emitted radiation will be diffuse equal in all directions.  For a value of zero, the emitted radiation will follow the beam direction (reflecting surfaces will be specular (i.e., a highly polished, mirror-like surface)).  For circular lamps, the diffuse fraction must be set to 1 to apply the irradiation uniformly around the lamp (circumferentially).
b. Set the Irradiation to be the intensity desired from each lamp sleeve.  Calculate using lamp power (W) divided by the surface area of the sleeve.  Correct for efficiencies or spectral distributions (if using non-gray radiation model).
c. [image: image1.png]Zone Name

sleeve

Adjacent Cell Zone
Fluid

Momentum | Thermal Radiation | Species | DPM | Multiphase | UDS |

BC Type Beam Width Beam Direction
Theta (deg) [1e-06  Phi (deg] [1e-05 X[ Yo

Irradiation Diffuse Fraction

(wim2) (g constant - 1 =

OK | cancel| Help



Uncheck the “Apply Irradiation Parallel to the Beam.”  This will allow the specified irradiation to originate normal to the surface of the sleeve.  Otherwise, the specified irradiation will originate in a direction parallel to the beam direction specified by the X,Y, and Z vector, and a component normal to each surface will be calculated. 




d. The Beam Width (theta and phi) specifies the solid angle over which the irradiation is distribution (see Fig. 13.3.13 in User’s Guide). 
3. Alternatively, a thermal radiation boundary condition can be applied

a. Under the “Thermal” tab, click on “Radiation” for Thermal Conditions and set the External Radiation Temperature to a value that yields and equivalent lamp output power according to q (W/m2) = T4, where  is the external emissivity,  is the Stefan-Boltzmann constant (5.67x10-8 W/m2-K4.

b. Under the fluid zone (Define > Boundary Conditions > fluid > Set), click on Fixed Values and assign a constant value (say 1) to the fluid.

c. Make sure that the Energy equations are activated in Solution Controls (Solve > Controls > Solution)

iii. For the “reactor_body” and “sensor zones,” these boundary conditions can be treated as opaque walls with or without reflection.   

1. Under the Radiation tab, setting the diffuse fraction to 1 will allow diffuse reflection only if the internal emissivity is set to a value less than one in the “Thermal” tab.

Diffusely reflected energy = fd(1-)q_in

Absorbed energy = fdq_in

2. Set the diffuse fraction to 0 to allow specular (mirror-like) reflection from these surfaces.

d. To minimize the effect of thermal radiation from temperature differences between the fluid and the lamp sleeves, which have power being applied to them, reduce the temperature of the fluid to 1 K:
i. If a previous data file with flow field results was read, use Solve > Initialize > Patch.  Select Temperature as the Variable and “fluid” as the Zone to Patch.  Change value to 1 K.
ii. If a flow simulation has not been run yet, use Solve > Initialize > Initialize and scroll down to set the initial temperature to 1 K.

e. Turn off flow models and only activate DO Model:

i. Solve > Controls > Solution 

1. Activate only the Discrete Ordinates in Equations

f. Run Model

i. If a previous run has not been made, the model must be initialized first

1. Solve > Initialize (specify initial parameters)

ii. Solve > Iterate

1. Choose number of iterations to be ~15-20 (shouldn’t take that many iterations to converge on the radiation solution; the default convergence criteria for the do-intensity values is a residual of 1e-6).  Click Iterate.

g. View Results

i. Contours
1. Display > Contours, choose Radiation… and Incident Radiation. You can view the incident radiation on the sleeve or other defined surfaces.  This is the sum of all incident radiation on surfaces.

a. To view the true irradiation boundary condition, use Wall Fluxes… and Beam Irradiation Flux.

b. To view the incident radiation directed toward a particular surface, choose Wall Fluxes... Surface Incident Radiation.  This is useful for quantifying incident radiation entering the face of a sensor, for example.

i. Alternatively, go to Report->Surface Integrals and select the surface you want to get a quantified report of the incident radiation entering the face of the sensor.  The field variable should be Wall Fluxes... Surface Incident Radiation.
ii. To view radiation from individual solid angles, use text command:
Solve > “set expert”  and make the following settings:

use conservative form of energy equation? [yes] 

· use alternate formulation for wall temperatures? [no] 

· Save cell residuals for post-processing? [no] 

· Keep temporary solver memory from being freed? [no] yes

· Allow selection of all applicable discretization schemes? [no]

Then, you can view the Radiation results for each individual solid angle (“Intensity Magnitude 0, 1, …”)in Display Contours.  However, it is not clear how to associate the magnitudes with individual solid angles.

3. Run the particle tracking model

a. Copy or extract the “libudf” files and folders into the current working directory.  There are separate “libudf” zip files for 3D and 3D DP.  These are the user-defined function to calculate dose from the particles
i. For Linux, the folder name in the working directory should be “libudf” and the required subfolder is “lnamd64,” which contains subfolders named by the version (e.g., “3d” or “3ddp”).  Inside these subfolders are the required files.
b. Load the UDF into FLUENT

i. Define > User-Defined > Functions > Compiled

1. Click Load

ii. Add dose scalar to discrete phase model

1. Define > Models > Discrete Phase

a. In the UDF tab, increase the number of scalars to 1

b. In the Scalar Update field, change from “none” to “uv_dosage::libudf”

c. In the Tracking tab, the max. number of steps can be increased to change the particle lengths.

c. Define Injections

i. Define > Injections

1. Click Create

a. Under Injection Type, select either surface (to release particles from each element of the inlet, for example ) or file.  If surface is selected, choose an appropriate surface (e.g., inlet).  If file is selected, click on File... and select a file.

b. In the Turbulent Dispersion tab, the Discrete Random Walk Model can be checked to randomly assign a random fluctuating velocity component to the mean velocity.  The number of tries indicates how many realizations will be simulated for the given set of injection points.
d. Compute dose to each particle

i. Report > Discrete Phase > Sample
1. Select the outlet for the Boundaries and the injection name for Release from Injections.  Select as Output the “uv_output::libudf”.  This will place an “outlet.dpm” in the same location where the injection file was read (if a file was used) or in the working directory.  This file contains the cumulative dose distributions for each particle in [J/m2].  The dose is the cumulative product of the incident radiation [W/m2] and the time [s] along each step of the particle path.
a. Be sure that the outlet.dpm file is not open or being read by Excel.  If so, an error will result in Fluent.

e. Display histogram of dose

i. Report > Discrete Phase > Histogram

1. Click Read… and select the “outlet.dpm” file

a. Make sure to read in the outlet.dpm file each time a new sample is created.  Otherwise, it will plot the previously stored outlet.dpm file.

2. Click on “UV-Dosage” in the Fields window (last parameter) and click Plot

f. Display particle tracks of dose

i. Display > Particle Tracks

1. Select Particle Variables… and “User Value 0” in the dropdown menu

2. Select injection file

3. Select Track Single Particle Stream or Skip factor (choosing all the particles is graphically intensive)

g. Display particle tracks of incident irradiation

i. Display > Particle Tracks

1. Select Radiation… and “Incident Radiation” in the dropdown menu

2. Select injection file

ii. Write particle tracking data to files

iii. Solve > Particle history > Export Particle Data

1. Choose Standard, which will create a *.fvp Fieldview file that contains x, y, z, and the selected scalar (e.g., time, incident radiation).  Select a name for the file.  Note that these files can be quite large if the number of steps for the particles is large.

a. C:\Fluent.Inc\fluent6.3.26\help\html\ug\node1132.htm contains information on this format

h. Write particle path data to files

i. Display > Pathlines

1. Select desired scalar variable (e.g., incident radiation)

2. Select surface to release paths

3. Select a large step size if you just want points at the inlet and outlet of cells.  If you want points in between, select a smaller step size (smaller than the cell size).

4. Select the number of steps that each path will take.  

5. Select number of paths to skip.

6. “Path coarsen” will remove points along a path (use 1)

7. Click “Write to File” and choose “Standard” type

8. Click “Write…”

9. The resulting *.fvp file can be opened with a text editor or Excel.  The output will contain x, y, z, scalar, and particle ID. 
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