Chapter 8: Using the Discrete Ordinates Radiation Model

This tutorial is divided into the following sections:
8.1.Introduction
8.2.Prerequisites
8.3.Problem Description
8.4.Setup and Solution
8.5.Summary
8.6.Further Improvements

8.1.Introduction

This tutorial illustrates the set up and solution of flow and thermal modelling of a headlamp. The discrete
ordinates (DO) radiation model will be used to model the radiation.

This tutorial demonstrates how to do the following:

+ Read an existing mesh file into ANSYS FLUENT.

* Set up the DO radiation model.

« Set up material properties and boundary conditions.
+ Solve for the energy and flow equations.

+ Initialize and obtain a solution.

«  Postprocess the resulting data.

« Understand the effect of pixels and divisions on temperature predictions and solver speed.

8.2.Prerequisites

This tutorial is written with the assumption that you have completed Introduction to Using ANSYS FLUENT:
Fluid Flow and Heat Transfer in a Mixing Elbow (p. 111), and that you are familiar with the ANSYS FLUENT nav-
igation pane and menu structure. Some steps in the setup and solution procedure will not be shown explicitly.

8.3.Problem Description

The problem to be considered is illustrated in Figure 8.1 (p. 324), showing a simple two-dimensional section
of a headlamp construction. The key components to be included are the bulb, reflector, baffle, lens, and
housing. For simplicity, the heat output will only be considered from the bulb surface rather than the filament
of the bulb. The radiant load from the bulb will cover all thermal radiation - this includes visible (light) as

well as infra-red radiation.

The ambient conditions to be considered are quiescent air at 20 C. Heat exchange between the lamp and
the surroundings will occur by conduction, convection and radiation. The rear reflector is assumed to be
well insulated and heat losses will be ignored. The purpose of the baffle is to shield the lens from direct ra-
diation. Both the reflector and baffle are made from polished metal having a low emissivity and mirror-like
finish; their combined effect should distribute the light and heat from the bulb across the lens. The lens is
made from glass and has a refractive index of 1.5.
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Figure 8.1 Schematic of the Problem
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8.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
8.4.1.Preparation
8.4.2.Step 1:Mesh
8.4.3.Step 2: General Settings
8.4.4.Step 3: Models
8.4.5.Step 4: Materials
8.4.6.Step 5:Cell Zone Conditions
8.4.7.Step 6:Boundary Conditions
8.4.8.Step 7:Solution
8.4.9. Step 8:Postprocessing
8.4.10. Step 9: Iterate for Higher Pixels
8.4.11.Step 10:Iterate for Higher Divisions
8.4.12.Step 11: Make the Reflector Completely Diffuse
8.4.13.Step 12:Change the Boundary Type of Baffle

8.4.1.Preparation

1. Download do_rad.zip  from the ANSYS Customer Portal or the User Services Center to your working
folder (as described in Preparation (p. 4) of Introduction to Using ANSYS FLUENT in ANSYS Workbench:
Fluid Flow and Heat Transfer in a Mixing Elbow (p. 1)).
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8.4.3.Step 2: General Settings

2. Unzip do_rad.zip

The mesh file do. msh. gz can be found in the do_r ad folder created after unzipping the file.
3. Use FLUENT Launcher to start the 2D version of ANSYS FLUENT.

For more information about FLUENT Launcher, see Starting ANSYS FLUENT Using FLUENT Launcher in
the User’s Guide.

Note

The Display Options are enabled by default. Therefore, after you read in the mesh, it will be
displayed in the embedded graphics window.

8.4.2.Step 1: Mesh
1. Read the mesh file do.msh.gz
File -~ Read — Mesh...

As the mesh file is read, ANSYS FLUENT will report the progress in the console.

8.4.3.Step 2: General Settings

Y
**General

1. Check the mesh.

“*General - Check

ANSYS FLUENT will perform various checks on the mesh and report the progress in the console. Ensure that
the reported minimum volume is a positive number.

2. Scale the mesh.

FY
“*General - Scale...
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a. Select mm from the View Length Unit In drop-down list.

The Domain Extents will be reported in mm.
b. Select mm from the Mesh Was Created In drop-down list.
c. Click Scale and close the Scale Mesh dialog box.
3. Check the mesh.

Y

“*General - Check

Note

It is good practice to check the mesh after manipulating it (scale, convert to polyhedra,
merge, separate, fuse, add zones, or smooth and swap).

4. Examine the mesh.
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8.4.3.Step 2: General Settings

Figure 8.2 Graphics Display of Mesh
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5. Change the unit of temperature to centigrade.

Y

“*General - Units...

& Set Units
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a. Select temperature from the Quantities selection list.
b. Select ¢ from the Units selection list.
¢. Close the Set Units dialog box.

6. Retain the default solver settings.
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e
“*General

General

Mesh

[ Scale. .. ] [ Check, ] [ Report Quality ]

Salver

Type ‘Welocity Formulation
Pressure-Based {*) Absolute
() Density-Based ) Relative

Tirme 2D Space
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7. Enable Gravity.

a. Enter-9.81 m/s2 for Gravitational Acceleration in the Y direction.

8.4.4.Step 3: Models

Fy
“*Models

1. Enable the energy equation.

+'Models — Energy — Edit...

& Energy g|

Ermergy
Energy Equation

[ ok | [Cancel] [Help ]

2. Enable the DO radiation model.
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“*Models — Radiation — Edit...

= Radiation Model X
Modsl Iteration Parameters
O cif Flows Iterations per Radiation Iteration |1 =]
() Rosseland [=]
Pt
() Discrete Transfer (DTRM) | Angular Discretization hon-Gray Model
Qsurfaceto Suface (525) | | yharapivisions |2 |la] || NumbercfBands[p L]
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Thieta Pixels T [[a]
z (=]
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a. Select Discrete Ordinates (DO) in the Model list.

The Radiation Model dialog box expands to show the related inputs.
b. Set the Flow Iterations per Radiation Iteration to 1.
As radiation will be the dominant mode of heat transfer, it is beneficial to reduce the interval between
calculations. For this small 2D case we will reduce it to 1.
Retain the default settings for Angular Discretization.

d. Click OK to close the Radiation Model dialog box.

An Information dialog box will appear, informing that material properties have changed.

e. Click OK in the Information dialog box.

Information [5__<|

‘\I) fyvailable material properties or methods have changed.
Please confirm the property walues before conkinuing,

QK

8.4.5.Step 4: Materials

Fy
**Materials

1. Set the properties for air.

“*Materials — = air — Create/Edit...
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& Create/Edit Materials
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a. Select incompressible-ideal-gas from the Density drop-down list.
Since pressure variations are insignificant compared to temperature variation, we choose incompressible-
ideal-gas law for density.

b. Retain the default settings for all other parameters.

c¢. Click Change/Create and close the Create/Edit Materials dialog box.

2. Create a new material, lens.

“*Materials — Solid - Create/Edit...
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8.4.5.Step 4: Materials

& Create/Edit Materials
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a. Enterlens for Name and delete the entry in the Chemical Formula field.

b. Enter 2200 Kg/m3 for Density.

c¢. Enter 830 J/Kg-K for Cp (Specific Heat).

d. Enter 1.5 W/m-K for Thermal Conductivity.
e. Enter 200 1/m for Absorption Coefficient.
f.  Enter 1.5 for Refractive Index.

g. Click Change/Create.

A Question dialog box will open, asking if you want to overwrite aluminum.

Question

‘p Change/Create mixture and Cverwrite aluminum?

W

(= | [

h. Click No in the Question dialog box to retain aluminum and add the new material (lens) to the
materials list.

The Create/Edit Materials dialog box will be updated to show the new material, lens, in the ANSYS
FLUENT Solid Materials drop-down list.

i.  Close the Create/Edit Materials dialog box.
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8.4.6.Step 5: Cell Zone Conditions
4':'*Cell Zone Conditions

Cell Zone Conditions

Zone

Fluid

Tvpe D
|su:u|iu:| v| 2
[ Edit. .. ] [ Copy... ”F‘ru:ul:iles... ]
[ Parameters... ] [Operating Cu:unu:litiu:uns...]

Display Mesh, ..

1. Ensure that air is selected for fluid.

+*Cell Zone Conditions — = fluid — Edit...
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= Fluid x|
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a. Retain the default selection of air from the Material Name drop-down list.
b. Click OK to close the Fluid dialog box.

2. Set the cell zone conditions for the lens.

+*Cell Zone Conditions — lens — Edit...
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& Solid X

Zone Mame
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[ ok | [Cancel] [ Help ]

Select lens from the Material Name drop-down list.
b. Enable Participates In Radiation.

c. Click OK to close the Solid dialog box.

8.4.7.Step 6: Boundary Conditions

‘+’Boundary Conditions
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Boundary Conditions

Zone
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Set the boundary conditions for the baffle.

—_

‘v'Boundary Conditions — baffle — Edit...
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a. Click the Thermal tab and enter 0.1 for Internal Emissivity.
b. Click the Radiation tab and enter O for Diffuse Fraction.
c. Click OK to close the Wall dialog box.

2. Set the boundary conditions for the baffle-shadow.

~*Boundary Conditions — baffle-shadow - Edit...

R Wall X]
Zone MNams
i

Adjacent Cell Zone
iFH-:I

Shadow Face Zone
| baffle

Momentum  Thermal | Radiation | Species| DPM | tstiphase | DS |
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: :
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Lok J [Cancel] [ el |

a. Click the Thermal tab and enter 0.1 for Internal Emissivity.
b. Click the Radiation tab and enter O for Diffuse Fraction.
¢. Click OKto close the Wall dialog box.

3. Set the boundary conditions for the bulb-outer.

‘+*Boundary Conditions — bulb-outer — Edit...
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a. Click the Thermal tab and enter 150000 W/m2 for Heat Flux.
b. Retain the value of 1 for Internal Emissivity.
¢. Click OK to close the Wall dialog box.

Set the boundary conditions for the housing.

1'v'Boundary Conditions — housing — Edit...

£0na Name
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a. Click the Thermal tab and select Mixed in the Thermal Conditions group box.

b. Enter 10 W/m2 —K for Heat Transfer Coefficient.

c. Enter 20 C for Free Stream Temperature.
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d. Retain the value of 1for External Emissivity.

e. Enter 20 C for External Radiation Temperature.
f.  Enter 0.5 for Internal Emissivity.

g. Click OK to close the Wall dialog box.

5. Set the boundary conditions for the lens-inner.

4v'Boundary Conditions — lens-inner — Edit...

The inner and outer surface of the lens will be set to semi-transparent conditions. This allows radiation to
be transmitted through the wall between the two adjacent participating cell zones. It also calculates the
effects of reflection and refraction at the interface. These effects occur because of the change in refractive
index (set through the material properties) and are a function of the incident angle of the radiation and
the surface finish. In this case, the lens is assumed to have a very smooth surface so the diffuse fraction will

be set to 0.

On the internal walls (wall/wall-shadows) it is important to note the adjacent cell zone: this is the zone the
surface points into and may influence the settings on diffuse fraction (these can be different on both sides

of the wall).

Zone MNama
bsrg-irnes

Adiacent Cell Zone
| Fluad
Shadow Face Zong
| lers-inner-shadow
Momentum | Thermal Radiation | Species| DPM | Mutiphase | DS |
BC Typs
sefni-transparent w

Daffuse Fraction

o #

Lok ) [cancel] [ e |

a. Click the Radiation tab.

b. Select semi-transparent from the BC Type drop-down list.
c. Enter O for Diffuse Fraction.

d. Click OK to close the Wall dialog box.

6. Set the boundary conditions for the lens-inner-shadow.

*v'Boundary Conditions — lens-inner-shadow - Edit...

a. Click the Radiation tab.

b. Retain the default selection of semi-transparent from the BC Type drop-down list.
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c. Enter O for Diffuse Fraction.
d. Click OK to close the Wall dialog box.

Set the boundary conditions for the lens-outer.

1'v'Boundary Conditions — lens-outer - Edit...

The surface of the lamp cools mainly by natural convection to the surroundings. As the outer lens is trans-
parent it must also lose radiation to the surroundings, while the surroundings will supply a small source of
background radiation associated with the temperature. For the lens, a semi-transparent condition is used
on the outside wall. A mixed thermal condition provides the source of background radiation as well as
calculating the convective cooling on the outer lens wall. For a semi-transparent wall, the source of back-
ground radiation is added directly to the DO radiation rather than to the energy equation - an external
emissivity of 1 is used, in keeping with the assumption of a small object in a large enclosure. As the back-
ground radiation is supplied from the thermal conditions, there is no need to supply this as a source of ir-
radiation under the Radiation tab for the wall boundary condition. The only other setting required here is
the surface finish of the outer surface of the lens - the diffuse fraction should be set to 0 as the lens is assumed
to be smooth.

lefig-tuter
Adiscent Call Tone
lens
Momantum  Thermal | nadiation | Speciss | 0eM | Multiphass | 1S |
Therrnal Conlitions
£ Hotk Flcx Heak Trancher Coefficent (wim2-k) [ g constant 32
() Tampetaturs
O tiori Frea Stream Temperature (c] | - constant bt
) Radiabion
& External Emisavity | | corstant b
IMasbesrial M nal Radistion Temperature (¢) | Convatant -
s i v |EdE,.. :
Internal Emissivity | constant "
wall Thickness (mm) *
Heat Generabon Rate (wimd) | o constant ¥

i

Lo ) (concel] [Heb |

a. Click the Thermal tab and select Mixed in the Thermal Conditions group box.

b. Enter 10 W /m*>—K for Heat Transfer Coefficient.
Enter 20 C for Free Stream Temperature.

d. Retain the value of 1for External Emissivity.
For a semi-transparent wall the internal emissivity has no effect as there is no absorption or emission
on the surface. So the set value is irrelevant.

e. Enter 20 C for External Radiation Temperature.

f.  Click the Radiation tab.
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£
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g. Select semi-transparent from the BC Type drop-down list.
h. Enter O for Diffuse Fraction.
i.  Click OK to close the Wall dialog box.

8. Set the boundary conditions for the reflector.

‘+'Boundary Conditions — reflector — Edit...

Like the baffles, the reflector is made of highly polished aluminum, giving it highly reflective surface property.
About 90% of incident radiation reflects from this surface. Only 10% gets absorbed. Based on Kirchhoff's

law, we can assume emissivity equals absorptivity. Therefore, we apply internal emissivity = 0.1. We also
assume a clean reflector (diffuse fraction = 0).

a. Click the Thermal tab and enter 0.1 for Internal Emissivity.
b. Click the Radiation tab and enter O for Diffuse Fraction.
c. Click OK to close the Wall dialog box.

8.4.8.Step 7: Solution

1. Set the solution parameters.

*Solution Methods
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Solution Methods
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Scheme

SIMPLE W
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First Order Upwind w
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a. Select Body Force Weighted from the Pressure drop-down list in the Spatial Discretization

group box.

2. Initialize the solution.

“*solution Initialization
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Solution Initialization

Initialization Methods

i Hybrid Initialization
(%) standard Initialization

Zompute from

Reference Frame

(%) Relative ko Cell Zone
() Absolute

Initial Yalues

Gauge Pressure (pascal)
| 0

¥ Welocity (my)'s)
| 0

Y Welocity (m/s)
| 0

Tempetature ()
| 20

[ Initialize ] [ Reset ]

a. Retain the selection of Standard Initialization from the Initialization Methods group box.

b. Enter 20 C for Temperature.
c. Click Initialize.

3. Save the case file (do.cas.gz )

File — Write — Case...

4, Start the calculation by requesting 1000 iterations.

‘+*Run Calculation
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5.

Run Calculation

[ Check Case... ]

Mumber af Ikerations Reparting Interval

[] i
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Prafile Update Inkerval
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[=]

| Data File Quantities... |

[ Calculate ]

a. Enter 1000 for Number of Iterations.

b. Click Calculate.
Figure 8.3 Residuals
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The solution will converge in approximately 120 iterations.

Save the case and data files (do.cas.gz

File — Write — Case & Data...

and do.dat.gz

ANS¥S FLUENT 13.0 (2d, pbns, lam)

).
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8.4.9. Step 8: Postprocessing

1. Display velocity vectors.

1'v'Graphics and Animations — Vectors — Set Up...

& Vectors

Ophions ‘“eckors of
ilobal Range |"-"E|'3"Iit':-" b |
auto Fange Color by
Welocity. ., W
auto Scale | G |
(] Draw Mesh |'I.I'E:||:n:it';.-' Magnitude w |
Skyle
|arru:uw w |
ezl Slsp [a] Surfaces E] E]
1o [»] | air-inkeriar A
baffle E
Vector Opkions, .. baffle-shadow
bulb-outer B
Custom Yeckors.,. housing
lens-inner
lens-inner-shadow hal
Surface Mame Pattern
Match | [Mew Surface = |
Surface Twpes E] E]
axis A
clip-surf =
exhaust-fan
Fan hat
[ Display ] [Cu:umpute ] [ Close ] [ Help ]

Enter 10 for Scale.
b. Retain the default selection of Velocity from the Vectors of drop-down list.

¢.  Retain the default selection of Velocity... and Velocity Magnitude from the Color by drop-down
list.

d. Click Display (Figure 8.4 (p. 345)).

e. Close the Vectors dialog box.
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8.4.9. Step 8: Postprocessing

Figure 8.4 Vectors of Velocity Magnitude

2 36e-01
. 2 .24e-01
S R

2.00=-01
18901
1.77e-01
1. ffe-01
1.453%e-01
1.4He-1
1.30e-1
1.18e-1

- 1.06e-01
! 94302
&.25e-02
¥.03e-02
& A0e-02
4.72e-02
3 5e-02
2.37e-02
1.19e-02
1.3e-04

“wisloity “ectors Colored By “velocity hagnitude (mis)
AMEYS FLUENT 13.0 (2d, pbns, lam)

Create the new surface, lens.

Surface — Zone...

X

& Fone Surface

Zone Surfaces
air-inkerior A || || air-inketior -
baffle baffle =3
baffle-shadow baffle-shadow
bulb-outer bulb-outer
Fluid hiousing
hiousin lens-inner B
_ lens-inner-shadow
lens-inner lens-inkeriar b’
lens-inner-shadaw
lens-interior Mew Surface Mame
lens-outer
lens-sides ||| lens
reflectar b
[ cCreare § [Manage...] [ Close ] [ Help ]

a. Select lens from the Zone selection list.
b. Click Create and close the Zone Surface dialog box.

Display contours of static temperature.

1'v"'Graphics and Animations — Contours — Set Up...
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& Contours [Z|
Options Contaurs of
Filled | Temperature, .. " |
Node Yalues
E Global Range | Skatic Temperature W |
Auko Range
[ ] Draw Profiles
[ ] Draw Mesh surfaces E (=
air-inkeriar s
baffle =3
Lewvels Setup baffle-shadow E
21 [=] [ [«] |bulb-outer
£3| [*] ||housin
_ o

Surface Mame Pattern Mew Surface « |

Match
Surface Twpes [E] E]
axis A
clip-surf =
exhaust-fan
Fan ol

[ Display [Campute] [ Close ] [ Help ]

a. Enable Filled in the Options group box.

b. Disable Global Range in the Options group box.

c. Select Temperature... and Static Temperature from the Contours of drop-down lists.
d. Select lens from the Surfaces selection list.

e. Click Display (Figure 8.5 (p. 347)).
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Figure 8.5 Contours of Static Temperature

1 fZesdl2 ?
© 1 ATeddd

{ BELTET
153402
1.50e+02
1. 48e402
1. 46e+02
1. 42e402
F4iedd2
1.38e402
- 1.36e402
1.34e+02
1.3 1edl2
1. 28e402
1.2 7edl2
1. 2dedl2
1. 22edl2
1. 2002

1.17eHl2
1. 15e402

Caontours of Static Temperature (c)

ANSY S FLUENT 13.0 (2d, pbns, lam)

f.  Close the Contours dialog box.

4. Display temperature profile for the lens-inner.

FY

“'Plots — = XY Plot — Set Up...
& Solution XY Plot X
Cptions Plat Direction Y Axis Funckion
[IMode Yalues %o |Directin:|n Yeckar “ |
. A Axis Function
| Pasition on ¥ Axis 1
Temperature, .. W
[ Write ko File | i |
|'-.-'-.-'a|| Temperature {Outer Surface) W |
File Diata EE Surfaces EE
air-imkeriar .
baffle E
baffle-shadow
bulb-outer
hiousing -
lens
i - L
Load File. . lens-inner-shadow hal
Flak ] [ Axes,,, | [Curves. y ] [ Close ] [ Help
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a
b.

a o

Disable both Node Values and Position on X Axis in the Options group box.

Enable Position on Y Axis.

Enter 0 and 1 for X and Y in the Plot Direction group box.

Retain the default selection of Direction Vector from the Y Axis Function drop-down list.

Select Temperature... and Wall Temperature (Outer Surface) from the X Axis Function drop-
down lists.

Select lens-inner from the Surfaces selection list.

Click the Axes... button to open the Axes - Solution XY Plot dialog box.

B pxes - Solution XY Plot

Bz Murmber Farrmat Major Rules
®x Type
O Float w

Label Precision

| Temperature on Lens Inner | ] E:}

Options Range Minor Fules
[Log
Auta Range |
[ ] Major Rules
[ IMiner Rules

[ apply [Cluse] [ Help ]

i.  Ensure that X is selected in the Axis list.

ii. Enter Temperature on Lens Inner for Label.

iii. Select float from the Type drop-down list in the Number Format group box.
iv. Set Precision to O.

v. Click Apply.

348
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B Awes - Solution XY Plot

Axis Mumber Formak Major Rules
O Type
@ Float w
Label Precision
- 0 [&]
Y Position on Lens Inner [v]
Options Range Minor Fules
[Log
Auka Range
[ Imajor Rules
[ Iminor Rules
[apply | [Clnse ] [ Help ]

vi. Select Y in the Axis list.

vii. Enter Y Position on Lens Inner for Label.

viii. Select float from the Type drop-down list in the Number Format group box.
ix. Set Precision to O.

x.  Click Apply and close the Axes - Solution XY Plot dialog box.

Click the Curves... button to open the Curves - Solution XY Plot dialog box.

& Curves - Solution XY Plot

Curve # Line Style Marker Style
Y
o E"} Paktern Symbal
Sample |"" 4 | | ~ |
= Calar Color
|F|:uregr|:|unu:| b | |F|:ure|;|ru:uun|:| w |
Weight Size
1 0.3
[appl [Cluse] [ Help ]

i. Select the line pattern as shown in the Curves - Solution XY Plot dialog box.

ii. Select the symbol pattern as shown in the Curves - Solution XY Plot dialog box.
iii. Click Apply and close the Curves - Solution XY Plot dialog box.

Click Plot (Figure 8.6 (p. 350)).
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Figure 8.6 Temperature Profile forlens-inner
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j.  Enable Write to File and click the Write... button to open the Select File dialog box.
i. Enterdo_2x2_1x1.xy for XY File and close the Select File dialog box.
k. Close the Solution XY Plot dialog box.

The key in this plot is changed to 1x1 instead of lens-inner.

8.4.10. Step 9: Iterate for Higher Pixels

1. Increase pixelation for accuracy.

“*Models — Radiation — Edit...

For semi-transparent and reflective surfaces, increasing accuracy by increasing pixilation is more efficient
than increasing theta and phi divisions.
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R Radiation Model @

Model Tteration Parameters
O Cff Flowe Ikerations per Radiation Iteration || [a]
1
(") Rosseland (]
CP1
(") Discrete Transfer (DTRM) | Angular Discretization hon-Gray Mods!
O Surfate to Surface (525) | | thata Divisions |2 [a] | mumber of Bands | g [la)
(%) Discrete Ordinates (DO} [= [+ ? [=]
Theta Pixels [ 2 ' {.*}
Phi Pixels |2 [[a]
| [=]
Lok | [concel] [ Hebo |

a. Set both Theta Pixels and Phi Pixels to 2.
b. Click OK to close the Radiation Model dialog box.

Request 1000 more iterations.

‘+*Run Calculation

The solution will converge in approximately 100 additional iterations.

Save the case and data files (do_2x2_2x2_pix.cas.gz and do_2x2_2x2 pix.dat.gz ).

File — Write — Case & Data...

Display temperature profile for the lens-inner.

*Plots - = XY Plot - Set Up...
Disable Write to File.
b. Retain the default settings and plot the temperature profile.
c. Enable Write to File and click the Write... button to open the Select File dialog box.
i. Enter do_2x2 2x2 pix.xy for XY File and close the Select File dialog box.
d. Click the Load File... button to open the Select File dialog box.
i. Select do_2x2_1x1.xy and click OK to close the Select File dialog box.
e. Click the Curves... button to open Curves - Solution XY Plot dialog box.
i. SetCurve #to 1.
ii. Select the line pattern as shown in the Curves - Solution XY Plot dialog box.
iii. Select the symbol pattern as shown in the Curves - Solution XY Plot dialog box.

iv. Click Apply and close the Curves - Solution XY Plot dialog box.
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& Curves - Solution XY Plot E]
Curve # Line Skvle Marker Style
[«]
1 [*] Pattern Syrmbal
Sarnple o 4 4
- Color Color
red W red w
Wgight Size
| 1 | 0.3
[.ﬁ.ppl';.-'] [Cluse] [ Help ]

f.  Disable Write to File.
g. Click Plot (Figure 8.7 (p. 352)).

Figure 8.7 Temperature Profile forlens-inner
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h. Close the Solution XY Plot dialog box.

5. Increase both Theta Pixels and Phi Pixels to 3 and continue iterations.

“’Models - = Radiation — Edit...

6. Click the Calculate button.

‘+*Run Calculation
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8.4.10.Step 9:Iterate for Higher Pixels

10.

The solution will converge in approximately 100 additional iterations.

Save the case and data files (do_2x2_3x3_pix.cas.gz and do_2x2_3x3_pix.dat.gz ).

File — Write — Case & Data...

Display temperature profile for the lens-inner.

“'Plots ~ = XY Plot — Set Up...

a. Make sure Write to File is disabled.

b. Ensure that all files are deselected from the File Data selection list.
c.  Ensure that lens-inner is selected from the Surfaces selection list.
d. Click Plot.

e. Click Write to File and save the file as do_2x2_3x3_pix.xy

Repeat the procedure for 10 Theta Pixels and Phi Pixels and save the case and data files
(do_2x2_10x10_pix.cas.gz and do_2x2_10x10_pix.dat.gz ).

a. Save the file as do_2x2 10x10 pix.xy
Read in all the files and plot them.

“'Plots — = XY Plot — Set Up...

a. Click the Load File... button to open the Select File dialog box.

i.  Select all the xy files and close the Select File dialog box.

Note

Selected files will be listed in the XY File(s) selection list.

Make sure you deselect lens-inner from the Surfaces list so that there is no duplicated plot.

b. Click the Curves... button to open Curves - Solution XY Plot dialog box.

Make sure you deselect lens-inner from the Surfaces list so that there is no duplicated plot.

A& Curves - Solution XY Plot

Curve # Line Skyle Marker Style
[]
o [*] Pattern Symbal

Sample o w v

= Calor Color
foreground w foreground w
Weight Size
| 1 ||:|.3

[appl [Cln:nse] [ Help ]

i.  Select the line pattern as shown in the Curves - Solution XY Plot dialog box.
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ii. Select the symbol pattern as shown in the Curves - Solution XY Plot dialog box.
iii. Click Apply to save the settings for curve zero.
iv. Set Curve # to 1.
v. Follow the above instructions for curves 2, 3, and 4.
vi. Click Apply and close the Curves - Solution XY Plot dialog box.
Click Plot (Figure 8.8 (p. 354)).
d. Close the Solution XY Plot dialog box.

Figure 8.8 Temperature Profile
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8.4.11.Step 10: Iterate for Higher Divisions

1. Retain the default division as a base for comparison.

“*Models — Radiation — Edit...
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= Radiation Model [X]
Modsl Iteration Parameters
O off Flow Iterations per Radiation Iteration | | (la]
() Rosseland | (]
(@1
(O Discrete Transfer (DTRM) | Angular Discretization Non-Gray Model
O surface to Suface (525) | | yhatapivisions (3 |[a] | | Number of Bands [a]
(%) Discrete Ordinates (DO) .;2 [l | ; |t
[JoojEnergy Coupling Phi Divisions 2 I
Theta Pixels [3 =]
| 1]
Phi Pixels |3 (=]
| [+
| Cancel | Help

Retain both Theta Divisions and Phi Divisions as 2.
b. Enter a value of 3 for Theta Pixels and Phi Pixels.

c¢. Click OK to close the Radiation Model dialog box.

This creates a baseline giving better solution efficiency.

2. Set the under-relaxation factors.

.*solution Controls

Solution Controls

IInder-R.elaxation Factors

[

Pressure
0.3

Density
0.9

Body Forces
0.9

Mormentum
0.6

Energy
1

[Equatiu:uns... ] [Limits... ] [.ﬂ.dvanced...

[%

a. Enter 0.9 for Density.
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b. Enter 0.9 for Body Forces.
c. Enter 0.6 for Momentum.

3.  Request 1000 more iterations.

~*Run Calculation

The solution will converge in approximately 80 iterations.

4. Save the case and data files (do_2x2_3x3_div.cas.gz and do_2x2_3x3_div.dat.gz ).

File — Write — Case & Data...

5. Display temperature profiles for the lens-inner.

“'Plots — = XY Plot — Set Up...

a. Select all the files from the File Data selection list.

b. Click Free Data to remove the files from the list.

c. Retain the settings for Y axis Function and X axis Function.

d. Select lens-inner from the Surfaces selection list.

e. Click Plot.

f.  Enable Write to File and click the Write... button to open the Select File dialog box.

i. Enter do_2x2_ 3x3_div.xy for XY File and close the Select File dialog box.
6. Repeat the procedure for 3 Theta Divisions and Phi Divisions.
a. Save the file as do_3x3_3x3_div.xy
7. Save the case and data files (do_3x3_ 3x3_div.cas.gz and do_3x3_3x3_div.dat.gz ).

File — Write — Case & Data...
8. Repeat the procedure for 5 Theta Divisions and Phi Divisions.
a. Save the file as do_5x5_3x3_div.xy
9. Read in all the files for Theta Divisions and Phi Divisions of 2, 3, and 5 and display temperature

profiles.

Make sure you deselect lens-inner from the Surfaces list so that no plots are duplicated.
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Figure 8.9 Temperature Profiles for Various Theta Divisions
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File — Write — Case & Data...

11. Compute the total heat transfer rate.

r
1'v"'Reports -

Fluxes — Set Up...

and do_5x5_3x3_div.dat.gz
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%)

& Flux Reports

Qpkions EBoundaries E] E] Results
Mass Flaw Rate air-inktetior
% Total Heat Transfer Rate -32,54062271118164
L 32.540554564205895
(") Radiation Heat Transfer Rate O BPOCEENEAGATE
-44, FEFEE0352T 32
Boundary Types E = -552, 055847 1679655
axis - 5205959238281 25
exhaust-Fan ==
fFan -245. 4187622070313
inlet-went b I
0
Boundary Mame Patkern
[ Makch
< | >
Save Qukput Parameter., .. ] Met Resulks (w)
6.627171
[Compute § [ Write, ., ] [ Close ] [ Help ]

Select Total Heat Transfer Rate in the Options group box.
b. Select all zones from the Boundaries selection list.

c. Click Compute.

Note

The net heat load is 6.627 W, which equates to an imbalance of approximately 1.1% when
compared against the heat load of the bulb.

12. Compute the radiation heat transfer rate.

"v"Reports - Fluxes — Set Up...
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& Flux Reports E

[E] 5] Results

Qpkions
() Mass Flow Rate

Boundary Tvpes

Boundaries

air-inktetior

() Total Heat Transfer Fate baf
(%) Radiation Heat Transfer Rate

axis
exhaust-Fan
fFan
inlet-wenk

Boundary Mame Patkern

[

Makch

Save Oukput Parameter, .. ]

-39.56124569162912
17.552277 72191855
520,27 FO262F T
-20, 332925958 735213
-461. 7133129557561
461, 7135129587561

-307.593197 7861675

-1.213986528337985
-16.2343336351 4045

< |

|

Met Resulks (w)

152.8905

[Compute § ['-.-'u'rite...] [ Close ] [ Help ]

Select Radiation Heat Transfer Rate in the Options group box.

b. Retain the selection of all boundary zones from the Boundaries selection list.

c. Click Compute and close the Flux Reports dialog box.

Note

The net heat load is 152.92.

13. Compute the radiation heat transfer rate incident on the surfaces.

r
v Reports —

Surface Integrals — Set Up...
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& Surface Integrals

Repart Type Field Yariable
|Integral V| |'-.-'u'a|| Fluxes. .. b |
surface Types EE |Surface Incident Radiation v |
axis e
clip-surf =
exchaust-fan
F "
a0 — Surfaces E] E]

air-inkteriar

Surface Mame Pattern

Makch |:|;J||:|

hiausing
lens
lens-inner

lens-inner-shadow

<€

Inkeqral (wimZimz]
4621.518

Save Oukput Parameter, .. ]

[Compute § ['-.-'-.-'rite...] [ Close ] [ Help ]

Select Integral from the Report Type drop-down list.

(S

Select Wall Fluxes... and Surface Incident Radiation from the Field Variable drop-down lists.

c. Select all surfaces except air-interior and lens-interior from the Surfaces selection list.

d. Click Compute.

The incident load on lens-inner is slightly less than that on the reflector. This is because some radiation has

been absorbed by the housing. However the incident load on the lens-outer is notably lower due to the
amount of radiation which has been absorbed in the solid lens.

14. Compute the reflected radiation flux.

“'Reports — = Surface Integrals — Set Up...
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15.

& Surface Integrals [z|
Repart Type Field Yariable
|Integral V| |'-.-'u'a|| Fluxes. .. b |
surface Types EE |Reflected Radiation Flux w |

axis .

clip-surf =

exhaust-fan

F L

a0 — Surfaces E]E]

o——
Surface Marme Pattern e -
rakch
v
Inkeqral (wimZimz]
Save Oukput Parameter, .. ] ZEE) A
[ Compute | [ Write, .. ] [ Close ] [ Help ]

(S

C.
d.

Retain the selection of Integral from the Report Type drop-down list.
Select Wall Fluxes... and Reflected Radiation Flux from the Field Variable drop-down lists.
Select all surfaces except air-interior and lens-interior from the Surfaces selection list.

Click Compute.

Reflected radiation flux values are printed in the console for all the zones. The zone baffle is facing the fil-
ament and its shadow (baffle-shadow) is facing the lens. There is much more reflection on the filament

Si

de than on the lens side, as expected.

lens-inner is facing the fluid and lens-inner-shadow is facing the lens. Due to different refractive indexes
and non-zero absorption coefficient on the lens, there is some reflection at the interface. Reflection on lens-
inner-shadow is the reflected energy of the incident radiation from the lens side. Reflection on lens-inner

is

the reflected energy of the incident radiation from the fluid side.

Compute the transmitted radiation flux.

Y
v Reports —

Surface Integrals — Set Up...
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& Surface Integrals

Repart Type Field Yariable
|Integral V| |'-.-'u'a|| Fluxes. .. b |
surface Types @ E] |Transmitted R adiakion Flx hd |
axis e
clip-surf =
exchaust-fan
F w
an — Surfaces E] E]
airiteriu:ur s

Surface Mame Pattern

Makch

<€

Inkeqral (wimZimz]

Save Qukput Parameker.. ., ] 1433.352

[Compute § ['-.-'-.-'rite...] [ Close ] [ Help ]

Retain the selection of Integral from the Report Type drop-down list.
b. Select Wall Fluxes... and Transmitted Radiation Flux from the Field Variable drop-down lists.

c. Ensure that all surfaces are selected except air-interior and lens-interior from the Surfaces se-
lection list.

d. Click Compute.
Transmitted radiation flux values are printed in the console for all the zones. All surfaces are opaque except
lens. Zero transmission for all surfaces indicate that they are opaque.

16. Compute the absorbed radiation flux.

Y

+'Reports —

Surface Integrals — Set Up...
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& Surface Integrals

Repart Type Field Yariable
|Integral V| |'-.-'u'a|| Fluxes. .. b |
Surface Types EE |.ﬁ.bsnrl:ued Readiation Flux v |
axis .

clip-surf =

exhaust-fan

F L

Sl — Surfaces E]E]

o——
Surface Marme Pattern STIEEnar 2
rakch
v
Inkeqral (wimZimz]
Save Oukput Parameter, .. ] JEELE
[Compute § [ Write... ] [ Close ] [ Help ]

d.

e.

A

Retain the selection of Integral from the Report Type drop-down list.
Select Wall Fluxes... and Absorbed Radiation Flux from the Field Variable drop-down lists.

Ensure that all surfaces are selected except air-interior and lens-interior from the Surfaces se-
lection list.

Click Compute.

Close the Surface Integrals dialog box.

bsorption will only occur on opaque surface with a non-zero internal emissivity adjacent to participating

cell zones. Note that absorption will not occur on a semi-transparent wall (irrespective of the setting for
internal emissivity). In semi-transparent media, absorption and emission will only occur as a volumetric
effect in the participating media with non-zero absorption coefficients.

8.4.12.Step 11: Make the Reflector Completely Diffuse

1.
2.

Read in the case and data files (do_3x3_3x3_div.cas.gz and do_3x3_3x3_div.dat.gz ).

Increase the diffuse fraction for reflector.

1'v"'Boundary Conditions —

reflector — Edit...
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L Wall

Zone Mama

| reflector
Adjacent Cell Zone
{ Pt

Momentum | Thermal Radiation | species| pem | mutiphase | wos |
B Type
opaque v

E:gi-hntF-ra:m'-

(5] (Gonea) (5]

a. Click the Radiation tab and enter 1 for Diffuse Fraction.
b. Click OKto close the Wall dialog box.

3.  Request another 1000 iterations.

‘+*Run Calculation

The solution will converge in approximately 80 additional iterations.

4. Plot the temperature profiles after increasing the diffuse fraction for the reflector.

“'Plots ~ = XY Plot — Set Up...
a. Save the file as do_3x3_3x3_div_df=1.xy

b. Save the case and data files as do_3x3_3x3_div_dfl.cas.qgz and
do_3x3_3x3_div_dfl.dat.gz
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8.4.13.Step 12:Change the Boundary Type of Baffle

Figure 8.10 Temperature Profile for Higher Diffuse Fraction
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8.4.13.Step 12: Change the Boundary Type of Baffle

1. Read in the case and data files (do_3x3_3x3_div.cas.gz and do_3x3_3x3_div.dat.gz ).
2. Change the boundary type of baffle to interior.

1'v'Boundary Conditions — = baffle

a. Select interior from the Type drop-down list.

A Question dialog box will open, asking if you want to change Type of baffle to interior.

Question

?/ 2k ko change baffle's tvpe
. Fram wall b inkerior?

| ves | o |

b. Click Yes in the Question dialog box.

Zone Marne

baffle

[ ok [Cancel] [Help ]
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Chapter 8: Using the Discrete Ordinates Radiation Model

¢. Click OK in the Interior dialog box.
3. Request another 1000 iterations.

O .

= Run Calculation

The solution will converge in approximately 160 additional iterations.

4, Plot the temperature profile for baffle interior.

“'Plots . = XY Plot — Set Up...
a. Save the file as do_3x3_3x3_div_baf _int.xy

b. Save the case and data files as do_3x3_3x3_div_int.cas.gz and
do_3x3_3x3_div_int.dat.gz

Figure 8.11 Temperature Profile of baffle interior
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8.5.Summary

This tutorial demonstrated the modeling of radiation using discrete ordinates (DO) radiation model in ANSYS
FLUENT. In this tutorial, you learned the use of angular discretization and pixelation available in discrete
ordinates radiation model and solved for different values of Pixels and Divisions. You studied the change

in behavior for higher absorption coefficient. Changes in internal emissivity, refractive index, and diffuse
fraction are illustrated with the temperature profile plots.

8.6. Further Improvements

This tutorial guides you through the steps to reach an initial solution. You may be able to obtain a more
accurate solution by using an appropriate higher-order discretization scheme and by adapting the mesh.
Mesh adaption can also ensure that the solution is independent of the mesh. These steps are demonstrated
in Introduction to Using ANSYS FLUENT: Fluid Flow and Heat Transfer in a Mixing Elbow (p. 111).
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