Chapter 7: Modeling Radiation and Natural Convection

This tutorial is divided into the following sections:
7.1.Introduction
7.2.Prerequisites
7.3.Problem Description
7.4.Setup and Solution
7.5.Summary
7.6.Further Improvements

7.1.Introduction

In this tutorial combined radiation and natural convection are solved in a three-dimensional square box on
a mesh consisting of hexahedral elements.

This tutorial demonstrates how to do the following:

+ Use the surface-to-surface (52S) radiation model in ANSYS FLUENT.
+ Set the boundary conditions for a heat transfer problem involving natural convection and radiation.
+ Calculate a solution using the pressure-based solver.

+ Display velocity vectors and contours of wall temperature, surface cluster ID, and radiation heat flux.

7.2.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.

7.3.Problem Description

The problem to be considered is shown schematically in Figure 7.1 (p. 278). A three-dimensional box
(0.5%0.5%0.5) has a hot wall at 473 K and all other walls at 293 K. Gravity acts downwards. The medium
contained in the box is assumed to be absorbing and emitting, so that the radiant exchange between the
walls is attenuated by absorption and augmented by emission in the medium. All walls are black. The ob-
jective is to compute the flow and temperature patterns in the box, as well as the wall heat flux, using the
surface-to-surface (52S) model available in ANSYS FLUENT.

The working fluid has a Prandtl number of approximately 0.71, and the Rayleigh number based on L (0.5)
is 5% 105 This means the flow is most likely laminar. The Planck number k/(40LT3) is 0.003, and measures

the relative importance of conduction to radiation.
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Figure 7.1 Schematic of the Problem
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7.4.Setup and Solution

The following sections describe the setup and solution steps for this tutorial:
7.4.1.Preparation
7.4.2.5tep 1:Mesh
7.4.3.Step 2: General Settings
7.4.4.Step 3:Models
7.4.5.Step 4: Materials
7.4.6.Step 5:Boundary Conditions
7.4.7.Step 6:Solution
7.4.8.Step 7:Postprocessing
7.4.9.Step 8: Compare the Contour Plots after Varying Radiating Surfaces
7.4.10.Step 9: 525 Definition, Solution and Postprocessing with Partial Enclosure

7.4.1.Preparation

1.  Download radiation_natural_convection.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)).

2. Unzip radiation_natural_convection.zip
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7.4.3.Step 2: General Settings

The mesh file r ad. msh. gz can be found in the r adi ati on_nat ur al _convect i on folder created
after unzipping the file.
3. Use FLUENT Launcher to start the 3D 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 the mesh, it will be displayed
in the embedded graphics window.

7.4.2.Step 1: Mesh

1.  Read the mesh file rad.msh.gz

File - Read — Mesh...
As the mesh is read, messages will appear in the console reporting the progress of the reading. The mesh

size will be reported as 64,000 cells.

7.4.3.Step 2: General Settings

.
“*General

1.  Check the mesh.

rF
‘~*General — Check

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

2.  Examine the mesh.
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Figure 7.2 Graphics Display of Mesh
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Retain the default solver settings.

3.

+*General

Y
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7.4.4.Step 3:Models

General

Mesh

[ Scale, ., ] [ Check, ] [ Repart Quality ]

Solver

Tvpe Yelocity Formulation
Pressure-Based (%) Absalute

) Density-Based ) Relative

Tirne:
%) Steady
{:} Transienk

Graviky

faravitational Acceleration

% m)s2) | o E
\"I{m,l'szjl |'9.81 E
Z(m)s2) | o E

4. Enable Gravity.

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

7.4.4.Step 3: Models

s
~'Models

1. Enable the energy equation.

“+'Models — Energy — Edit...

R Energy g]

Energy
Emergy Equation

[ ok | [Cancel] [Help ]

2. Enable the Surface to Surface (S2S) radiation model.

“*Models — Radiation — Edit...
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& Radiation Model X]

Mode Iteration Parameters
) off Energy Iterations per Radiation Iteration || 1 [«]
() Rosseland hd|
Or1 Mazimurn Mumber of Radiation Iterations [ g []
() Discrete Transfer (DTRM) [=]
O] SPrFaEE @ S'flrfa':e (525) Residual Convergence Criteria [ oy
() Discrete Ordinates (Do) '

Wiews Factors and Clusktering

[ Settings. . i

[ Compuke/'ritefRead. .. ]

[ Read Existing File. .. ]

Solar Load
Model

(%) OFff

() =alar Ray Tracing

Solar Caloulator, .,

[ QK ] [Cancel] [Help ]

a. Select Surface to Surface (S2S) in the Model list.
The Radiation Model dialog box will expand to show additional inputs for the S25 model.

The surface-to-surface (S2S) radiation model can be used to account for the radiation exchange in an
enclosure of gray-diffuse surfaces. The energy exchange between two surfaces depends in part on their
size, separation distance, and orientation. These parameters are accounted for by a geometric function
called a “view factor’.

The S2S model assumes that all surfaces are gray and diffuse. Thus according to the gray-body model,
if a certain amount of radiation is incident on a surface, then a fraction is reflected, a fraction is ab-
sorbed, and a fraction is transmitted. The main assumption of the S25 model is that any absorption,
emission, or scattering of radiation by the medium can be ignored. Therefore only “surface-to-surface”
radiation is considered for analysis.

For most applications the surfaces in question are opaque to thermal radiation (in the infrared spectrum),
so the surfaces can be considered opaque. For gray, diffuse, and opaque surfaces it is valid to assume
that the emissivity is equal to the absorptivity and that reflectivity is equal to 1 minus the emissivity.

When the S2S model is used, you also have the option to define a “partial enclosure” which allows you
to disable the view factor calculation for walls with negligible emission/absorption or walls that have
uniform temperature. The main advantage of this option is to speed up the view factor calculation
and the radiosity calculation.

b. Click the Settings... button to open the View Factors and Clustering dialog box.

You will define the view factor and cluster parameters.
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7.4.4.Step 3:Models

& View Factors and Clustering g]

Zlustering
Options

%) Manual
) automatic

Manual Autarmatic

Faces per Surface Cluster
for Flow Boundary fones

1 g 2

...........................................

2Apply to All Yialls
View Factars
Basis Method

(%) Face to Face {(*)Ray Tracing
) Clusker bo Cluster ) Hemicube

Parameters

Resolution [1q | [=]

[*]
F'y
-
Zones Participaking in

Wieww Fackor Caloulation

[ K ] [Cancel] [Help ]

i.  Retain the value of 1 for Faces per Surface Cluster for Flow Boundary Zones in the
Manual group box.

ii. Click Apply to All Walls.

The S2S radiation model is computationally very expensive when there are a large number of ra-
diating surfaces. The number of radiating surfaces is reduced by clustering surfaces into surface
“clusters” The surface clusters are made by starting from a face and adding its neighbors and
their neighbors until a specified number of faces per surface cluster is collected.

For a small 2D problem, the default value of 1 for Faces per Surface Cluster for Flow Boundary
Zones is acceptable. For a large problem you can increase this number to reduce the memory
requirement for the view factor file that is saved in a later step. This may also lead to some reduc-
tion in the computational expense. However, this is at the cost of some accuracy. This tutorial il-
lustrates the influence of clusters.

iii. Ensure Ray Tracing is selected from the Method list in the View Factors group box.
iv. Click OK to close the View Factors and Clustering dialog box.
Click Compute/Write/Read... in the View Factors and Clustering group box to open the Select

File dialog box and to compute the view factors.

The file created in this step will store the cluster and view factor parameters.
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i. Enterrad_l1.s2s.gz  as the file name for S2S File.
ii. Click OK in the Select File dialog box.

Note

The size of the view factor file can be very large if not compressed. It is highly re-
commended to compress the view factor file by providing .gz or .Z extension
after the name (i.e.rad_1.9z orrad_1.Z ).For small files, you can provide
the.s2s extension after the name.

ANSYS FLUENT will print an informational message describing the progress of the view factor
calculation in the console.

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

7.4.5.Step 4: Materials

Y
**Materials

1. Set the properties for air.

“*Materials — = air — Create/Edit...

& Create/Edit Materials E]

Name ekt Order Makerisls by
o fud v | @Name
Al ohaiil FLLENT Fhid Materials st
7 o | FuEnT Dstabase... |
' [User-Defined Database... |
Properties
Cp (Spedific Hoat) (ihg-h) |\ v =
1021
Thermal Conductivity (wim-k) |, v
0,0371
viscosky (haimes) [ v
| 2.4852-05
Mobecudar Welght (kafkgmod) [ 3
£, 900
[chongsjCreste] [ ocelte | [_cose | [ e |
a. Select incompressible-ideal-gas from the Density drop-down list.
b. Enter 1021 J/kg-K for Cp (Specific Heat).
c¢. Enter 0.0371 W/m-K for Thermal Conductivity.
d. Enter 2.485e-05 kg/m-s for Viscosity.
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7.4.5.Step 4: Materials

e. Retain the default value of 28.966 kg/kmol for Molecular Weight.
f.  Click Change/Create and close the Create/Edit Materials dialog box.

2. Define the new material, insulation.

“’Materials —~ = Solid — Create/Edit...

& Create/Edit Materials

:.=...=. — Material Type Orcher Materials by
insulation o 3 gm
: ) Chemical Formila
e FLUENT Sckd Matrials
ek Al v | FuenT Databass... |
[User-Defined Database... |
Properties
-
Densty (kafm3) constant b
50
Cp (Specific Haat) (Wbl [ ~
|g20
Thermal Conductiviby (wimek) [ 2 ~
[
o
[chengejcreste] | ocelete | [ Cose | [ nep |

a. Enter insulation for Name and delete the entry in the Chemical Formula field.

b. Enter 50 kg/m3 for Density.

Enter 800 J/kg-K for Cp (Specific Heat).
d. Enter 0.09 W/m-K for Thermal Conductivity.
e. (Click Change/Create.

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

Question

L

‘T) hange/Create mixture and Owerwrite aluminum?

[ | [

f.  Click No in the Question dialog box to retain aluminum and add the new material (insulation)
to the materials list.
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The Create/Edit Materials dialog box will be updated to show the new material, insulation, in the
FLUENT Solid Materials drop-down list.

g. Close the Create/Edit Materials dialog box.
7.4.6.Step 5: Boundary Conditions

+*Boundary Conditions

Boundary Conditions

Zone

defaulk-inkerior

w-high-v
w-high-z
-l
=l
w-low-z

Type 1]
wiall w | |7

| Edit.. | [ copy.. |[prafies... |

[ Parameters... ] [Operating Cu:unditi-:uns...]

Display Mesh...

[ ] Highlight Zane

1. Set the boundary conditions for the front wall (w-high-x).

+'Boundary Conditions - = w-high-x — Edit...

2 Release 13.0- © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
86 of ANSYS, Inc.and its subsidiaries and affiliates.



7.4.6.Step 5:Boundary Conditions

Momenturn  Thermal | Radiation | Speces| DPM | Mukphase| 105 |

Thermnal Conditions
() Heat Flux Heat Transfer Cosfficent (wim2-k) (g constant -
() Temparatiuses
Oc Free Stream Temperabure (k) 209 45 corstant b
() Radiation
IE}M External Emisstvity 0.75 constant b
Material Mame atermial Radkation Temperature (k) *2qq g5 leartant »
s v o] |

iterl Emsty [ 505 onans v
Wall Thickness {m) [ g,n5

Haat Generation Rate (wim3) o | constant w

[ ] shell Conduction

Lok | [cancel| [ Helo |

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

b. Select insulation from the Material Name drop-down list.

c. Enter5 W/ m®—K for Heat Transfer Coefficient.

d. Enter 293.15 K for both Free Stream Temperature and External Radiation Temperature.
e. Enter 0.75 for External Emissivity.

f.  Enter 0.95 for Internal Emissivity.

g. Enter 0.05 m for Wall Thickness.
h. Click OK to close the Wall dialog box.

Copy boundary conditions to define the side walls w-high-z and w-low-z.

1'v'Boundary Conditions — Copy...

T Copy Conditions

From Boundary Zone T Boundary Zores (E) =)

wi-lo-y w-low-z

[Copy | [Clnse] [Help]
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a. Select w-high-x from the From Boundary Zone selection list.
b. Select w-high-z and w-low-z from the To Boundary Zones selection list.
¢. Click Copy.

A Warning dialog box will open, asking if you want to copy the boundary conditions of w-high-x to
w-high-z and w-low-z.

Warning r5_<|

L] E Copy w-high-» boundary conditions ta (w-high-z w-low-2)7
[

Ik ’ Cancel ]

d. Click OK in the Warning dialog box.
e. Close the Copy Conditions dialog box.

3. Set the boundary conditions for the heated wall (w-low-x).

1'v"'Boundary Conditions — = w-low-x — Edit...

S Wall g]

Zomne Name
wilowe-x

Adjacent Cell Zone
iFH-:I

Momentum  Thermal | Radistion | Species| DeM | muiphase | LDs |
Thermal Corditions
() Heat Fiue: Temperature (k) [ 473,15 constant v

(%) Temperature : s

{7) Corvection Irkernal Emisshity | g og coratant ~
() Radiation

) Mieed Wal Thickness (m) |

Material Name mat Genarakion Rate (wim3) | o
e - = [n} CONELant W,
et - )
Shell Conduction

Lok ) [cancel] [ el |

Click the Thermal tab and select Temperature in the Thermal Conditions group box.

o v

Retain the default selection of aluminum from the Material Name drop-down list.
c. Enter 473.15 K for Temperature.
d. Enter 0.95 for Internal Emissivity.
e. Click OK to close the Wall dialog box.

4. Set the boundary conditions for the top wall (w-high-y).

1'v"'Boundary Conditions — w-high-y - Edit...
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7.4.6.Step 5:Boundary Conditions

Zone Narme
| Wiy

iﬁ.t:l

Momenturn  Thermal | Radiation | Speces| DPM | Mukphase| 105 |

Thermnal Conditions
() Heat Flux Heat Transfer Cosfficent (wim2-k) | 5 constant -
() Temparatiuses
Oc Free Stream Temperabure (k) 209 45 corstant b
() Radiation
@mﬂ External Emisshity 0,75 corstant b
Material Mame atermial Rackation Temperature (k) | a0 leartant »
s v o] |

iterl Emsty [ 505 onans v
Wall Thickness {m) [ g,n5

Haat Generation Rate (wim3) "5 | constant v

[ ] shell Conduction

Lok ) [cancel] [ e |

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

b. Select insulation from the Material Name drop-down list.

c. Enter3 W/m2 —K for Heat Transfer Coefficient.

d. Enter 293.15 K for both Free Stream Temperatureand External Radiation Temperature.
e. Enter 0.75 for External Emissivity.

f.  Enter 0.95 for Internal Emissivity.

g. Enter 0.05 m for Wall Thickness.
h. Click OK to close the Wall dialog box.

Copy boundary conditions to define the bottom wall (w-low-y).

1'v'Boundary Conditions — Copy...

T Copy Conditions

From Boundary Zone T Boundary Zores (E) =)
w-high-x
w-high-z
-l

w-low-z

[Copy | [Clnse] [Help]
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Select w-high-y from the From Boundary Zone selection list.
b. Select w-low-y from the To Boundary Zones selection list.
¢. Click Copy.

A Warning dialog box will open, asking if you want to copy the boundary conditions of w-high-y to
w-low-y.

Warning

L] E Copy w-high-y boundary conditions bo (w-law-ywi7?
L

(0] 4 [ Cancel l

d. Click OK in the Warning dialog box.
e. Close the Copy Conditions dialog box.

7.4.7.Step 6: Solution

1. Set the solution parameters.

+*Solution Methods

Solution Methods

Pressure-Yelocity Coupling

Scherne

|SIMPLE v
Spatial Discretizakion

Gradient

|Least Squares Cell Based w |

Pressure

|Eh:u:|~;.-' Force Weighted w |

Momenturn

|First Crder Upwind w |

Ermergy

|First Order Upwind w |
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7.4.7.Step 6:Solution

a. Select Body Force Weighted from the Pressure drop-down list in the Spatial Discretization
group box.

b. Retain the default selection of First Order Upwind from the Momentum and Energy drop-down
lists.

2. Set the under-relaxation factors.

+*solution Controls

Solution Controls

IInder-R.elaxation Factors

Pressure
| 0.3

Density
| 1

Body Forces
| 1

Mornenkum
| 0.4

Energy
| 1

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

a. Enter 0.4 for Momentum.

Buoyancy driven cases will need stiffer relaxation for better results. A good starting point for momentum
would be 0.4.

3. Initialize the solution.

*solution Initialization
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Solution Initialization

Initialization Methods

I Hybrid Initialization
%) standard Initialization

Zompuke From

Reference Frame

(%) Relative to Cell Zone
) nbsolute

Initial Yalues

Gauge Pressure (pascal)
| 0

# Welocity (m/'s)
| 0

Y Yelocity (m)'s)
| 0

Z Welacity {m/s)
| 0

Temperature (k)
| 450

[Initialize][ Reset ][F‘atch...]

a. Ensure that Standard Initialization is selected from the Initialization Methods group box.
b. Enter 450 for Temperature.
c.  Click Initialize.

4, Create the new surface, zz_center_z.

Surface — Iso-Surface...
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7.4.7.Step 6:Solution

& |so-Surface @

Surface of Conskant From Surface E] E]
|Mesh. " b | defaulk-inkerior ~
w-high-x
|Z-Cu:u:uru:|inate b | w-high-y
- w-high-z
Mlin ) Max () w-lu:wg-.l-x
-0.25 0.25 1=l —
w-law-2 b
Iso-values {m)
0 From Zones E] E]
Fhuid
2 fm] )
Mew Surface Mame
2z_center_z

[ cCreate | [Cu:umpute] [Manage...] [ Close ] [ Help ]

a. Select Mesh... and Z-Coordinate from the Surface of Constant drop-down lists.

b. Click Compute and retain the value 0 in the Iso-Values field.
c. Enterzz _center z for New Surface Name.
d. Click Create and close the Iso-Surface dialog box.

Save the case file (rad_a_l.cas.gz )

File — Write — Case...

Start the calculation by requesting 100 iterations (Figure 7.3 (p. 294)).

‘+*Run Calculation

Run Calculation

[ Check Case... ]
Mumber of Ikerations Reporting Interval
100 [«] i []
[=] [*]
Prafile Update Inkerval
i [a]
[~]

| Data File Quantities... |

[ Calculate ]

a. Enter 100 for Number of Iterations.
b. Click Calculate.
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Figure 7.3 Scaled Residuals

Rel_ﬁidu |= ] T
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An inspection of the residual plot at this stage suggests that the solution is not converging in a stable

manner. This can be a common problem with natural convection (buoyancy driven) flows which tend to
be unstable in their physical nature.

7. Display contours of static temperature.

1'v'Graphics and Animations - Contours — Set Up...

Release 13.0- © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information
294 of ANSYS, Inc. and its subsidiaries and affiliates.



7.4.7.Step 6:Solution

& Contours rz|
Cpkions Contours af
Filled | Temperature... b |
Mode Walues X
I [Ey—— |Stat||: Temperature W |
[ ] Auko Range Min (k) Ma (k)
Clip ko Range 421 473,15
[ ] Draw Profiles
Draw Mesh Surfaces E=
w-high-v ~
w-high-z 0
Levels Setup w-lo-3x
21 [=] [ [&] |lw-lowe-y
[*] ("] |{|w-low-z =
s
Surface Marme Pattern Mew Surface * |
Match
[—] Surface Twpes [E] E]
axis N
clip-surf =
exhaust-Fan
Fan b

[ Display [Campute] [ Close ] [ Help ]

e n T o

S0

7 Qe

Enable Filled in the Options group box.

Select zz_center_z from the Surfaces selection list.

Enable Draw Mesh in the Options group box to open the Mesh Display dialog box.
i. Select Outline in the Edge Type list.

ii. Click Display and close the Mesh Display dialog box.

Disable Auto Range.

Enter 421 for Min and 473.15 for Max.

Click Display and rotate the view as shown in Figure 7.4 (p. 296).

Close the Contours dialog box.

Select Temperature... and Static Temperature from the Contours of drop-down lists.
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Figure 7.4 Contours of Static Temperature
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A regular check for most buoyant cases is to look for evidence of stratification in the temperature field, near
horizontal bands of similar temperature. These may be broken or disturbed by buoyant plumes. For this
case you can expect reasonable stratification with some disturbance at the vertical walls where the air is
driven round. However, the results show very little evidence of this. This is most likely due to the physical
instability of the flow process. To help overcome this, make use of relaxation to damp out the instabilities.

8. Change the under-relaxation factor for Momentum.

.*solution Controls

a. Enter 0.1 for Momentum.

The relaxation factor on momentum was already reduced to 0.4 before solving. We shall now drop it even
further to 0.1. In general, avoid this type of stiff relaxation as it will slow down the solution speed, but in
cases like this it is necessary. However, avoid reducing the relaxation factor much further.

9. Request 100 more iterations.

‘+*Run Calculation

7.4.8.Step 7: Postprocessing
1. Create the new surface, zz_x_side.

Surface — Line/Rake...
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7.4.8.5tep 7: Postprocessing

& Line/Rake Surface

X

Cpkions Tvpe
. o

[ ]Line Tool ILIHE—VI -
End Paints

x0 Iil'ﬂ:l -0.25 x1 I:ITI:I 0.25

vl ) ||:, viim) [

20 Iil'ﬂ:l 0.25 z1 I:ITI:I 0.25
[ Select Paints with Mause ]
Mew Surface Mame

zz_x_side

[ create | [Manage... ] [ Close ] [ Help ]

a. Enter (-0.25, 0, 0.25) for (x0, y0, z0) respectively.
b. Enter (0.25, 0, 0.25) for (x1, y1, z1) respectively.
c. Enterzz_x_side for New Surface Name.

d. Click Create and close the Line/Rake Surface dialog box.

Display contours of wall temperature (outer surface).

1'v"'Graphics and Animations — Contours — Set Up...
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& Contours rz|
Cpkions Contours af
Filled | Temperature... b |
[ Imode Yalues
Global Range |'-.-'u'a|| Temperature (Ouker Surface) w |
[ ] Auko Range Min (k) Ma (k)
Clip ko Range 413 473,15
[ ] Draw Profiles
[ Draw Mesh Surfaces EE
A
Levels Setup
20 |l
[+] =
K b’
Surface Marme Pattern Mew Surface * |
Match
Surface Twpes [E] E]
axis N
clip-surf =2
exhaust-Fan
Fan b’

[ Display [Campute] [ Close ] [ Help ]

Make sure that Filled is enabled in the Options group box.
b. Disable Node Values.

c. Select Temperature... and Wall Temperature (Outer Surface) from the Contours of drop-down
lists.

d. Select all surfaces except default-interior and zz_x_side.

e. Disable Auto Range and Draw Mesh.

f.  Enter 413 for Min and 473.15 for Max.

g. Click Display and rotate the view as shown in Figure 7.5 (p. 299).
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Figure 7.5 Contours of Wall Temperature
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3. Display contours of static temperature.

Y

+*Graphics and Animations —

Contours — Set Up...
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& Contours rz
Cpkions Contours af
Filled | Temperature... b |
Mode Walues X
I [Ey—— |Stat||: Temperature W |
[ ] Auko Range Min (k) Ma (k)
Clip ko Range 421 473,15
[ ] Draw Profiles
Draw Mesh Surfaces E=
w-high-z e
-l I
Levels Sekup w-low-y
21 [=] [ [&] ||w-lowe-2
[+ ) T
zz_x_side b
Surface Marme Pattern Mew Surface * |
Match
Surface Twpes [E] E]
axis N
clip-surf =
exhaust-Fan
Fan b
[ Display | [ Compute ] [ Clase ] [ Help ]

o n T W

@ ™o

Make sure that Filled is enabled in the Options group box.

Select Temperature... and Static Temperature from the Contours of drop-down lists.
Deselect all surfaces and select zz_center_z from the Surfaces selection list.

Enable Draw Mesh in the Options group box to open the Mesh Display dialog box.
i.  Make sure that Outline in the Edge Type list is selected.

ii. Click Display and close the Mesh Display dialog box.

Enable Node Values.

Disable Auto Range.

Enter 421 for Min and 473.15 for Max.

Click Display and rotate the view as shown in Figure 7.6 (p. 301).
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Figure 7.6 Contours of Static Temperature
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The temperature field now ties in with expectations, displaying good stratification with disturbance at the
walls.

Display contours of radiation heat flux.

+*Graphics and Animations — Contours — Set Up...
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& Contours f'5_<|
Cpkions Contours af
Filled | wall Fluxes... b’ |
[ Mode Yalues -
w
Global Range |Ra|:||at||:|n Heat Flux |
Auto Fange
Clip to Range
[l oraw Profiles
[ Draw Mesh Surfaces EE
S
Levels Setup
20 |l
[*] =
w
Surface Mame Pattern Mew Surface « |
Match
Surface Twpes [E] E]
axis ~
clip-surf =
exhaust-fan
Fan b

[ Display [Campute] [ Close ] [ Help ]

SR

-~ oo oo N

Make sure that Filled is enabled in the Options group box.

Disable both Node Values and Draw Mesh in the Options group box.

Select Wall Fluxes... and Radiation Heat Flux from the Contours of drop-down list.
Select all surfaces except default-interior and zz_x_side.

Click Display and rotate the view as shown in Figure 7.7 (p. 303).

Close the Contours dialog box.

Figure 7.7 (p. 303)shows the radiating wall (w-low-x) with positive heat flux and all other walls with
negative heat flux.
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Figure 7.7 Contours of Radiation Heat Flux
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5. Display vectors of velocity magnitude.

Y

+*Graphics and Animations —

Vectors — Set Up...
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& Yectors r5_(|
Cpkions Weckars af
Global Range | Welority w |
fwta Range Color by
Welocity .., L
#uto Scale | i |
Draw Mesh |welncity Magritude v |
Skyle
|arru:uw L |
Seale okip [a] Surfaces ElE=
! 0 [*] ||w-high-y -
w-high-z m
Weckor Opkions. .. -l
= -te
Custom Yectars. .. w-low-z

Surface Mame Pattern

2z _w_side W

[Match

Surface Types E]
axis

clip-surf

exhaust-Fan

fFan

I|>[E|

54

[ Display [Cu:umpute] [ Close ] [ Help ]

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.

Deselect all surfaces and select zz_center_z from the Surfaces selection list.

Enable Draw Mesh in the Options group box to open the Mesh Display dialog box.
i.  Make sure that Outline is selected in the Edge Type list.

ii. Click Display and close the Mesh Display dialog box.

Enter 7 for Scale.

Click Display and rotate the view as shown in Figure 7.8 (p. 305).

Close the Vectors dialog box.
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Figure 7.8 Vectors of Velocity Magnitude
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6. Compute view factors and radiation emitted from the front wall (w-high-x) to all other walls.

Report — S2S Information...

M 525 Information @

E

Report Options
View Fackors

Incident Radiation

Boundary Tyvpes E] E]

exhaust-Fan
inlet-wenk
inkake-Fan
rass-Flow-inlet
aukFlo

rniHek-vemnk

< [

|

Y

54

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

Make sure that View Factors is enabled in the Report Options group box.

b. Enable Incident Radiation.

c. Select w-high-x from the From selection list.

Release 13.0 - © SAS IR Inc. Allrights reserved. - Contains proprietary and confidential information

of ANSYS, Inc. and its subsidiaries and dffiliates. 305



Chapter 7: Modeling Radiation and Natural Convection

d. Select all zones except w-high-x from the To selection list.

e. Click Compute and close the S2S Information dialog box.
The computed values of the Views Factors and Incident Radiation are displayed in the console. A
view factor of approximately 0.2 for each wall is a good value for the square box.

7. Compute the total heat transfer rate.

FS

v Reports —

Fluxes — Set Up...

3

& Flux Reports

Cptions Boundaries |5 (5] Results

(") Mass Flow Rate default-inkerior
(%) Total Heat Transfer Rate ®
() Radiation Heat Transfer Rate

-50,47530935665945
-50,37568551225586
-51.16364669739505
251.47804260253591

-48, 59963607 735036
-51.165830062666211

Boundary Types
axis
exhaust-fan
Fan

inlet-went

Boundary Mame Patkern

[ Match

£ [ 1>

Sawe Qutput Parameter., . ] Met Resulks (a0
-0,311034

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

a. Select Total Heat Transfer Rate in the Options group box.
b. Select all boundary zones except default-interior from the Boundaries selection list.

c. Click Compute.

Note

The energy imbalance is approximately 0.12%.

8. Compute the total heat transfer rate for w-low-x.

Y

v Reports —

Fluxes — Set Up...
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& Flux Reports [z|
Options Boundaries |5 (=] Results
) Mass Flow Rate default-inkerior
() Total Heat Transfer Rate W'E!QE'X
() Radiation Heat Transfer Rate xh:gh:
mt 251.4780426025391
Boundary Types EE wi-loi-y
axis A || w-low-z
exhaust-Fan =
Fan
inlet-went v
Boundary Mame Patkern
[ tatch
< I
Sawve Qutput Parameter, . ] Met Resulks (a0
251.478
[Compute | [ Write. .. ] [ Close ] [ Help ]

a. Retain the selection of Total Heat Transfer Rate in the Options group box.

b. Deselect all boundary zones and select w-low-x from the Boundaries selection list.

c. Click Compute.

Note

The net heat load is approximately 251.48 W

9. Compute the radiation heat transfer rate..

FY =

“ Reports —

Fluxes — Set Up...
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x]

& Flux Reports

Options Boundaries |5 (=] Results

) Mass Flow Rate def ault-inkerior
() Tokal Heat Transfer Rate x
{*) Radiation Heat Transfer Rate

-42.037387584790039
-30,453133059692333
-42,54064453642575
208, 0000457763672

-50.0665435 7210156
-42,88397216796575

Boundary Types
axis
exhaust-Fan
fFan

inlet-went

Boundary Mame Patkern

[ Makch

< |

|

Sawve Qutput Parameter, . ] Met Resulks (a0
-0,3103333

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

Select Radiation Heat Transfer Rate in the Options group box.
b. Select all boundary zones except default-interior from the Boundaries selection list.

c. Click Compute.

Note

The net heat load is approximately -0.31 W.

10. Compute the radiation heat transfer rate for w-low-x.

FY

' Reports —

Fluxes — Set Up...
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11.

& Flux Reports [z|
Options Boundaries |5 (=] Results
) Mass Flow Rate default-inkerior
() Total Heat Transfer Rate W'E!QE'X
{*) Radiation Heat Transfer Rate xh:gh:
mt 208, 0000457 Fe367 2
Boundary Types EE wi-loi-y
axis A || w-low-z
exhaust-Fan =
Fan
inlet-went v
Boundary Mame Patkern
[ tatch
< I
Sawve Qutput Parameter, . ] Met Resulks (a0
20a
[Compute | [ Write. .. ] [ Close ] [ Help ]

a. Retain the selection of Radiation Heat Transfer Rate in the Options group box.
b. Deselect all boundary zones and select w-low-x from the Boundaries selection list.

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

The net heat load is approximately 208 W. After comparing the total heat transfer rate and radiation heat

transfer rate, it can be concluded that radiation is the dominant mode of heat transfer.

Display temperature profile for the side wall.

“'Plots — XY Plot — Set Up...

& Solution XY Plot

Qpkions Plat Direction ¥ Axis Function
Mode Yalues %10 |TEI'I'IF'EF-3'ILIFE- a0 w |
v | Position on = Axis
an |'-.-'u'a|| Temperature (Ouker Surface) w |
[ ] terite ko File # Axis Function
Zn |Directi|:|n Veckar w |
File Data BB Surfaces EE
w-high-x 4
w-high-v 0
w-high-z
w-low-x
= -te
w-low-z
zz_cenker 2 —
w
Load File, .. =

[ Ploc [.ﬁ.xes... ] [Curves...] [ Close ] [ Help
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12.

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

b. Retain the default selection of Direction Vector from the X Axis Function drop-down list.
Select zz_x_side from the Surfaces selection list.

d. Click Plot (Figure 7.9 (p.310)).

e. Enable Write to File and click the Write... button to open the Select File dialog box.
i. Entertp_1.xy for XY File.
ii. Click OK in the Select File dialog box.

f.  Disable the Write to File option.

g. Close the Solution XY Plot dialog box.

Figure 7.9 Temperature Profile Along Outer Surface
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Save the case and data files (rad_b_1.cas.gz andrad_b_1.dat.gz ).

File —» Write — Case & Data...

7.4.9. Step 8: Compare the Contour Plots after Varying Radiating Surfaces

1.

Increase the number of faces per cluster to 10.

‘“*Models - = Radiation - Edit...

a. Click on the Settings... button to open the View Factors and Clustering dialog box.

i. Enter 10 for Faces per Surface Cluster for Flow Boundary Zones in the Manual group box.

310
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ii. Click Apply to All Walls and close the View Factors and Clustering dialog box.

b. Click Compute/Write/Read... to open the Select File dialog box and to compute the view factors.

Specify a file name where the cluster and view factor parameters will be stored.
i. Enterrad 10.s2s.gz  for S2S File.
ii. Click OK in the Select File dialog box.

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

Initialize the solution.

+*Solution Initialization

Start the calculation by requesting 650 iterations.

‘+*Run Calculation

The solution will converge in approximately 605 iterations.

Save the case and data files (rad_10.cas.gz and rad_10.dat.gz ).

File — Write — Case & Data...

In a manner similar to the steps described in Step 7: 11. (a)-(g), display the temperature profile for the
side wall and write it to a file named tp_10.xy

Repeat the procedure outlined in Step 8: 1.-5. for 100, 400, 800, and 1600 faces per surface cluster and
save the respective case and data files (e.g., rad_100.cas.gz ) and temperature profile files (e.g.,
tp_100.xy ).

Display contours of wall temperature (outer surface) for all six cases, in the manner described in Step
7:2.

1'v'Graphics and Animations —» = Contours — Set Up...
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Figure 7.10 Contours of Wall Temperature (Outer Surface): 1 Face per Surface Cluster
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Figure 7.11 Contours of Wall Temperature (Outer Surface): 10 Faces per Surface Cluster
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Figure 7.12 Contours of Wall Temperature (Outer Surface): 100 Faces per Surface Cluster
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Figure 7.13 Contours of Wall Temperature (Outer Surface): 400 Faces per Surface Cluster
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Figure 7.14 Contours of Wall Temperature (Outer Surface): 800 Faces per Surface Cluster
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Figure 7.15 Contours of Wall Temperature (Outer Surface): 1600 Faces per Surface Cluster
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8. Display contours of surface cluster ID for 1600 faces per surface cluster (Figure 7.16 (p. 316)).

+*Graphics and Animations — Contours — Set Up...

& Contours E'

Cptions Conkours af

Filed |Radiatian. . v|
[ ]Mode values
Global Range | Surface Clusker ID W |
Auko Fange
Clip ko Range
[ ] oraw Profiles

[ ] Draw Mesh Surfaces EE

Levels Setup

[&]
z0 (=] 1

Surface Mame Pattern Mew Surface * |
Match
[—] Surface Types [E]

axis
clip-surf
exhaust-Fan
fFan

[

& )@

[ Display | [Cumpute] [ Close ] [ Help ]

Make sure that Filled is enabled in the Options group box.
Make sure that Node Values is disabled.

o v

Select Radiation... and Surface Cluster ID from the Contours of drop-down lists.
Select all surfaces except default-interior and zz_x_side.

Click Display and rotate the figure as shown in Figure 7.16 (p. 316).

-~ o o n

Close the Contours dialog box.
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Figure 7.16 Contours ofSurface Cluster ID—1600 Faces per Surface Cluster (FPSC)
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9. Read rad_400.cas.gz and rad_400.dat.gz and, in a similar manner to the previous step, display
contours of surface cluster ID (Figure 7.17 (p. 317)).
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10.

Figure 7.17 Contours ofSurface Cluster ID—400 FPSC
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Figure 7.17 (p. 317)shows contours of Surface Cluster ID for 400 FPSC. This case shows better clustering
compared to all of the other cases.

Display the temperature profile plot for 400 FPSC on a plot that includes the temperature profile plots
for 1,10, 100, 800, and 1600 FPSC.

“'Plots — = XY Plot — Set Up...

-~ oo oo N

Make sure that Write to File in the Options group is disabled.

Make sure that Temperature... and Wall Temperature (Outer Surface) are selected from the Y
Axis Function drop-down lists.

Retain the default selection of Direction Vector from the X Axis Function drop-down list.
Make sure that zz_x_side is selected from the Surfaces selection list.

Click Plot (Figure 7.18 (p. 318)).

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

i. Select tp_1.xy.

ii. Click OK to close the Select File dialog box.

Click Plot.

In a similar manner, click the Load File... button to read the files tp_10.xy, tp_100.xy, tp_800.xy,
and tp_1600.xy, and plot the temperature profiles.

Close the Solution XY Plot dialog box.
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Figure 7.18 A Comparison of Temperature Profiles along the Outer Surface

IT_¥_=ide " i
* T ETEe AN
e

IZ_x_=de o4 fGife-Hl2 |
& TTTEEIge

L x=ide
4 filleslz =
[ ]
[ ]
4 SfeHl2
4 AleHl2
4 45e412 &
e
Wigll  ddbes0z X
TEFI"IFIEI’EItUFE Lo PP
(OUtEr 4 3haHl2 -
saataas sl ag s o o 5
Sur‘l‘a[l::i% 4 30e+12 sei e
L |
4 26402 « e nusn
|} -
e bH -::a:::unh
4 2eH2 T
4. 15e+12
028 02 015 -0 -DDA 1] 0.05 0.1 0.1s 0.z 0.25
Position (m)

iall Tempergture (Outer Surface)
ANSYS FLUENT 13.0 (3d, pbns, lam)

Note

The legend entries in Figure 7.18 (p. 318) have been changed for display purposes. You will
see similar changes in Figure 7.19 (p. 322). You do not need to make these changes.

7.4.10.Step 9:52S Definition, Solution and Postprocessing with Partial Enclos-
ure

As mentioned previously, when the S25 model is used, you also have the option to define a “partial enclosure”;

i.e,, you can disable the view factor calculation for walls with negligible emission/absorption, or walls that have
uniform temperature. Even though the view factor will not be computed for these walls, they will still emit radiation
at a fixed temperature called the “partial enclosure temperature” The main advantage of this is to speed up the
view factor and the radiosity calculation.

In the steps that follow, you will specify the radiating wall (w-low-x) as a boundary zone that is not participating
in the S2S radiation model. Consequently, you will specify the partial enclosure temperature for the wall. The
partial enclosure option may not yield accurate results in cases that have multiple wall boundaries that are not
participating in S2S radiation and that each have different temperatures. This is because the a single partial en-
closure temperature is applied to all of the non-participating walls.

1. Read the case file saved previously for the S2S model (rad_b_1.cas.gz ).

File -~ Read - Case...

2. Set the partial enclosure parameters for the S2S model.
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‘v*Boundary Conditions — w-low-x — Edit...

S Wall gl

Fone Names
| w=howe

Adiacent Cell Zone
| ad

Momentum | Thermal Radistion | Species| DPM | Mutiphase | LDS |
525 Paramebers
Faces Per Surface Cluster || [

[id ]

[ Participates in Wiew Factor Calculation

Lok | [cancel] [ Helo

a. Click the Radiation tab.
b. Disable Participates in View Factor Calculation in the S2S Parameters group box.
c. Click OK to close the Wall dialog box.

Compute the view factors for the S2S model.

“’Models - = Radiation — Edit...
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& Participating Boundary Zones

—
—

Participating Boundary Fones [E] E] Mon-Participating Boundary Zones [E] E]
w-high-z -lot-3

w-low-z

w-high-y
w-lo-y

w-high-x

Mon-Participating Boundary Zones Temperature (k) (475

[ ok | [Cancel] [Help ]

Click Settings... to open View Factors and Clustering dialog box.

b. Click Select... to open Participating Boundary Zones dialog box.
i. Enter 473 K for Non-Participating Boundary Zones Temperature.
ii. Click OK to close Participating Boundary Zones dialog box.
Click OK to close View Factors and Clustering dialog box.

d. Click Compute/Write/Read... to open the Select File dialog box and to compute the view factors.
The view factor file will store the view factors for the radiating surfaces only. This may help you control
the size of the view factor file as well as the memory required to store view factors in ANSYS FLUENT.

Furthermore, the time required to compute the view factors will reduce as only the view factors for
radiating surfaces will be calculated.

Note

You should compute the view factors only after you have specified the boundaries that
will participate in the radiation model using the Boundary Conditions dialog box. If
you first compute the view factors and then make a change to the boundary conditions,
ANSYS FLUENT will use the view factor file stored previously for calculating a solution,
in which case, the changes that you made to the model will not be used for the calcu-
lation. Therefore, you should recompute the view factors and save the case file
whenever you modify the number of objects that will participate in radiation.

i. Enter rad_partial.s2s.gz as the file name for $28S File.
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ii. Click OK in the Select File dialog box.
e. Click OK to close the Radiation Model dialog box.

4. Initialize the solution.

+*solution Initialization

5. Start the calculation by requesting 650 iterations.

+*Run Calculation

The solution will converge in approximately 625 iterations.

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

File — Write — Case & Data...

7. Compute the radiation heat transfer rate.

. =
“ Reports —

Fluxes — Set Up...

x]

& Flux Reports

Opkions Boundaties =) [=] Results

(") Mass Flow Rate default-inkerior
() Total Heat Transfer Rate w-high-x -42,91580200195313
1A

-31.57943534851074
'@} Radiatiu:un Heat TI’EII'ISFEI’ Rate -43,55493001 095633

-0
-50.69164657592773
-43.51767 730712891

Boundary Types
axis
exhaust-fan
Fan

inlet-went

Baoundary Mame Patkern

[ Makch

£ >

Save Oukput Parameter. .. ] Met Results {w)
-212.2895

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

a. Make sure that Radiation Heat Transfer Rate is selected in the Options group box.
b. Select all boundary zones except default-interior from the Boundaries selection list.
¢. Click Compute and close the Flux Reports dialog box.

8. Compare the temperature profile for the side wall to the profile saved in tp_1.xy

“'Plots — = XY Plot — Set Up...
Select all of items in the File Data selection list and click Free Data.

b. Display the temperature profile and write it to a file named tp_partial.xy , in @ manner similar
to the instructions shown in Step 7: 11. (a)-(f).
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¢. Read and display the temperature profile saved in tp_1.xy ,in a manner similar to the instructions
shown in Step 8: 10. (f)-(g).

d. Close the Solution XY Plot dialog box.

Figure 7.19 Temperature Profile Comparison on Outer Surface
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7.5.Summary

In this tutorial you studied combined natural convection and radiation in a three-dimensional square box
and compared the performance of surface-to-surface (S2S) radiation models in ANSYS FLUENT for various
radiating surfaces. The S2S radiation model is appropriate for modeling the enclosure radiative transfer

without participating media whereas the methods for participating radiation may not always be efficient.

For more information about the surface-to-surface (S2S) radiation model, see Modeling Radiation in the
User’s Guide.

7.6.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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