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1 A TWO DIMENSIONAL EXAMPLE PROBLEM

The following example will introduce some of the featuresincluded in SVHEAT and will set up amodel of a
simple buried pipeline. The purpose of this problem is to determine the effects of the heated pipeline on the
frozen ground and the nearby roadway foundation. The problem is modeled using 2 regions and 2 soils. The
problem data and soil properties are provided below.

ProjectID: Tutorial ProblemID: Tutorial2D

Heated Pipline near Roadway

o
e
Region Geometry
Slope Region Seam Region
Shape 1 - polygon Shape 2 - circle
X Y X Y X Y
0 0 Center: 50 18 0 10
100 0 55 10
100 30 Radius: 40 15
90 30 0 15
80 28
50 28
40 20
35 20
33 22
23 22
21 20
20
15
10
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Soil Properties

Soil 1: Thermal Conductivity curve laboratory data:

Temperature (°C) | Conductivity (J/hr-m-°C)

-10 1.58E+05
-1 1.57E+05
-0.1 1.56E+05
0 1.43E+05
0.1 1.28E+05
1 1.29E+05
10 1.30E+05

Soil 22 Thermal Conductivity curve laboratory data:

Temperature (°C) | Conductivity (J/nr-m-°C)

-10 2.00E+05
-1 1.90E+05
-0.1 1.80E+05
0 1.50E+05
0.1 1.30E+05
1 1.25E+05
10 1.20E+05

1.1 ADDING A PROJECT

Thefirst step in defining a problem isto decide the project under which the problem is going to be organized.
If the project is not yet included you must add the project before proceeding with the problem. In this case, the
problem is placed under a project called Tutorial.

In order to add

1

2.
3.

this project follow these steps:

Select Model > Projects/Problems... from the menu to open the Projects / Problems

form.
Click New Project... in the lower |eft of the form.
The Project Properties form is opened along with a prompt asking for a new ProjectID.

B Mew Project

Mewy ProjectiD: [Tutorial

Cancel |

Type“Tutoria” asthe new ProjectID and press OK.
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The Project Properties form is where you information specific to each project is stored. Thiswill include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.

K The Project ID is the only required information needed to define a project. The rest of the fields

are optional.
Tip!

The form is opened ready to accept information.

B Project Properties
e Project | ciient | Phone | Client Adcress | Contractor | Project Engineer |
Tutorial30

ora Project ICx Tutorisl
Project Mame: |Tut|:urial Example Prokblems
Project Location: “askatoon, SK Canada

Project Start Date: Jul 0302003
Project End Date: Jul 04,2003

Project Motes: The tutarial example problems are stored
under this project.

Edlit PrajectiD...

It should be noted that once the project is defined it would be identified by the ProjectI D throughout the rest of
the program. Also, SYHEAT does not allow you to specify two projects with the same ProjectID.

5. Fill out the form with the desired information.
6. To exit thisform and return to Projects/ Problems click ok. The project information is
automatically saved upon entry.
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1.2 ADDING A PROBLEM

E Projects / Problems [ x|

Mewy Project...

=% Tutorial — Selected Problem

-\ 2D ProjectiD: | |

i b Steady-State Eroinct MName: | |

P b A Transient IRef=te T

H-"% 3D System: | |
Type: | |
ProblermiC: | |
Crestion Date: | |
Description:

Delete | * Edit ProblemiD... open New Problem Form o Cancel

Once a project has been created any number of problems may be stored iniit. When the Projects/Problems form
is opened there will be alist of the projects that have been defined. In this case thereis only the Tutorial
project. To add a problem:

1.
2.

3.

Click on the plus sign and expand the project Tutorial.

This example will be modeled in two-dimensions and is steady-state so we must
expand 2D by clicking the plus sign beside “2D”

Select Steady-State.

Click the New Problem button. The New Problem form will open.
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B Mew Problem |
Projectil: Tutarial |
Project Mame: |Tutu:uria| Example Problems |
System: |2D |
Type: |Stead3-' State |
EroblemiD: [Tutorial2D

Creation Date: |Ju| 072003

Description; The 20 futorial example problem. Hested pipeline near
roadweay .

Cancel

5. Enter the ProblemID: Tutorial2D. The description is optional .
6. Click the oK button to save the problem and close the New Problem form.
7. The new problem will automatically be opened in the workspace.
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1.3 OPENING THE PROBLEM

E Projects / Problems [ x|

=% Tutarial — Selected Problem
=% 2D PrajectiD: Tutorial |
E- "% Steadp-State . -
C Lo TutonialD Project Mame: |Tutur|al Example Problems |
: L™ Transient Syatem: |2D |
- 3D
Type: |Sh3a5|d\).f State |
ProklemiD: Tutorisizn |
Cregtion Date: |Ju| 07 2003 |
Description:

The 20 tutorial example problem. Heated pipeline near
roachoay.

Mewy Project... I Meswe Problem. .. I

Delete | EdtProkiemp.. | Cancel

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:

1. Navigate back to the problem via Tutorial, 2D, Steady-State.

2. Select Tutorial2D.

3. The problem may opened by clicking the ok button or by double clicking on the
ProblemiD.

1.4 DEFINING THE PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

1.4.1 Specify Settings

The first step in defining the problem isto specify the settings that will be used for the problem. To open the
Settings form select Model > Settings in the workspace menu.
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E3 Settings

General lTime ] Initial Conditions ] Yolumetric Heat Capacity ] Phaze Change Energy ]

System
2D
Plan
A issmmetric
3D

Type
* Steady-State
Tranzient
The ahove choices are are

zet when & new problem is
created.

Unit=
(¥ Metric

" Imperial

Time:
Lenigth:
Temperature:

Conductivity:

Hest Capacity:

Zolution Files Path...

The Settings form will contain information about the current problem System, Type, Units, and Transient
Settings. The thermal conductivity data for the soils contained in the problem are reported as Jhr-m-°C.

Select hr from the Time drop-down to set the problem time units to hours.

1.4.2 Setting the Workspace
Before entering any problem geometry it is best to set the World Coordinate System to ensure that the problem

will fit in the drawing space.

1. Accessthe World Coordinate System form by either of two ways. Click on the button:

&

or select view > wCs. The button islocated in the view toolbar to the |eft of the

drawing space.
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B World Coordinate Syztem |
—world Coordinate System — A D Wincowy
— Battam Lett — Battam Lett
H -5000 | -5.000 e -5000 | -5.000
—Upper Right —Upper Right
X 105.000 0 % | 105.000 X 105000 % | 105000
—Region Geometry Extents —=urface Grid Extents
— hinitmuim — hlinimuim
X 0000 v | 0.000 X: A
— hlaximum — laximum
: 0000 v | 0.000 : | v |
— Global Coordinate Offset
¥: 0000 v 0.000| Set Offset...
*&) coordinate-related data will be adjusted by thiz offset on an import or paste operation. Adjusting
this offzet once data is entered will rezult in a problem-wide adiustment.

2. Enter theworld coordinate system coordinates as shown above.

3. Also set the cAD window (drawing space) coordinates.
4. Click ok to close the form.

The workspace grid spacing needs to be set to aid in defining region shapes. The filter portion of the problem
has coordinates of a precision of 0.5m. In order to effectively draw geometry with this precision using the
mouse the grid spacing must be set to a maximum of 0.5.

5. Select view > Grid Spacing from the menu.
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E3 Grid Spacing

Hotizontal Spacing:

Yertical Spacing:

6. Enter 2 for both the horizontal and vertical spacing.
7. Click oK to close the form.

1.4.3 Define Material Properties

E3 Soilz Manager E3

Soil Index [ Sail Mame [UsCs Texture | Cond Pairits

958540 20 Tutarizl 1 7 e Sail |
447479 20 Tutarisl 2 7 mport Sol.. |
Delete Soil |

Properties... |

r Suppress Warning Messages

The next step in defining the problem is to enter the material properties for the 2 soils that will be used in the
model. A soil called 2D Tutorial 1 is defined for the major soil region and the soil called 2D Tutorial 2 is
defined for the seam. This section will provide instructions on creating the first soil. Repeat the process to add
the other soil.

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,

B in the Tools toolbar.
2. Click the New soil button to create a soil in the database. A unique Soil Index is
generated that is used to reference the soil in other SYHEAT forms.
3. Double-click on the new soil to open the Soil Properties form.
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B Soil Properties

Description lThermaI Conductivity ] Yolumetric Hest Capacity ] Phase Change Energy ]

Soil Inces: 399540
Soil Mame:; |20 Tutorial 1
USCS Texture: | j

Soil Description: |

Geologic Description: |

Motes: Thiz =0il iz defined for the zlope region in the
problem Tutorial2D.

4. Enter the information above into the appropriate fields on the Description tab
5. Moveto the Thermal Conductivity tab.
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B Soil Properties
Description  Thermal Conductivity l"-.-"u:ulumetriu: Hest Capacity ] Phase Change Energy ]
Laboratory Data
Temperature Conductivity =
(C) {Jhr-m-C)
> A0 1 S30E+05
-1 1.57T0E+05
-0 1.560E+05
0 1.430E+05
0.1 1.280E+05
1 1.290E+05 [
10 1. 300E+05 ﬂ
Tatal Paints: ¥
Paste Poirts... |
Graph... |

6. Refer to the data provided at the beginning of thistutorial. Enter the laboratory data
points as provided.
7. Repeat these stepsto create the other soil.

K To view the thermal conductivity curve of the |aboratory data press the Graph button.
Tip!

1.4.4 Adding Regions

A region in SVHEAT isthe basic building block for amodel. A region represents both a physical portion of
soil being modeled and a visualization areain the SYHEAT CAD workspace. A region will have a set of
geometric shapes that define its soil boundaries. Also, other modeling objects including features, flux sections,
text, and line art are defined on any given region.

This problem will be divided into 2 regions, which are named Slope and Seam. Each region will have one of
the soils just defined specified asits soil properties. To add the necessary regions follow these steps:

1. Open theregionsform by clicking the Regions button, 0 at the top of the
workspace.
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Nouokrw DN

©

B Regions |
# | Parme: | on | Lock | Soil | Shapes |i
Pl o1 Siope 7 = saesen =] 2
2 Seam 7 =Y 447479 =] 1
=
[ Delete hovve L Move Diowen |
[+ Display Boundary Condtion Graphics

Change the first region name from Region 1 to Slope. Highlight the name and type
new text.

Select the soil Index from the drop-down corresponding to the soil: 2D Tutorial 1.

Press the New button to add a second region.

Change the name of the second region to Seam.

Select the Soil Index from the drop-down corresponding to the soil: 2D Tutorial 2.
Select the box Display Boundary Condition Graphics. Thiswill display graphical
representations for the boundary conditions when they are defined later in this tutorial.
Click ok to close the form.

1.4.5 Defining Region Geometry Shapes

The shapes that define each soil region will now be created. The Slope region will consist of 2 shapes: the
dominant shape defining the slope and a circular interior shape representing the pipe. Note that when drawing
geometry shapestheregion that is current in the region selector is the region the geometry will be added
to. The Region Selector is at the top of the workspace.

o Definethe Slope Region — Shape 1

1

AN

Ensure the “Slope” region is current in the region selector.

Click on the Draw Polygon Region Shape button,

The cursor will now be changed to cross hairs.

Move the cursor near (0,0) in the drawing space. Y ou can view the coordinates of the current
position the mouse is at in the status bar just above the command line.

When the cursor is near the point, right click. Thiswill cause the cursor to snap to the point
(The SNAP and GRID optionsin the status bar must both be bold).

To select the point as part of the shape left click on the point.

Now move the cursor near (100,0). Right click to snap the cursor to the exact point and then left
click on the point. A lineisnow drawn from (0,0) to (100,0).

Repeat this process for the remaining points as provided at the beginning of thistutorial.
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9. For thelast point (0,10), right click to snap the cursor to the point. Double click on the point to
finish the shape. A lineisnow drawn from (0,15) to 0,10) and the shape is automatically
finished by SVHEAT by drawing aline from (0,10) back to the start point, (0,0).

X At times it may be tricky to snap to agrid point that is near aline defined for aregion. Turn the
object snap off by clicking on “OSNAP” in the status bar to alleviate this problem.
Tip!

o Definethe Slope Region — Shape 2
1. Ensurethe“Slope” regionis current in the region selector.

2. Click onthe Draw Circle Region Shape button,

3. Thecursor will now be changed to cross hairs.

4. Movethe cursor near (50,18) in the drawing space. Y ou can view the coordinates of the current
position the mouse is at in the status bar just above the command line.

5. When the cursor is near the point, right click. Thiswill cause the cursor to snap to the point
(The SNAP and GRID optionsin the status bar must both be bold).

6. To select the point asthe circle center left click on the point.

7. Draw the cursor out to aradius of 2.

8. Left-click tofinish thecircle.

9. Toensurethat the radiusis set to 2 open the double-click on the circle shape to open the Region
Propertiesform.

10. Enter aradiusof 2 if necessary.

11. Click OK to close the Region Properties form.

If the slope geometry been entered correctly the shape should look like the following:

Select a shape with the mouse and press the Delete button, =~ if amistake was made entering
the coordinate points for a shape. This will remove the entire shape from the region. To edit the
shape use the Region Properties form.

Tip!

e Definethe Seam Region
In the instructions for drawing the slope shapes the mouse was used. To draw the seam the
instructions below explain the use of the command line to create the seam shape.

1. Ensurethat “Seam” is current in the region selector.
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Click on the Draw Polygon Region Shape button,

The command line will be set to Start Point and the cursor focus will be in the command line.
Type 0,10 and press the Enter key on the keyboard.

Type 55,10 and press Enter.

Type 40,15 and press Enter.

Type 0,15 and press Enter.

Typef and press Enter to complete the region shape.

N~ WN

e Formatting a Shape
To set the Seam region shape fill to adiagona brown:

1. Select the Seam shapein the drawing space.

=] ) .
2. Pressthe Object Properties button, to open the Region Properties form:

B Hegion Properties
Fedgion: Seam Mumber of Shapes: 1
Sinil: |2D Tutorial 2 ] Dominart Shape: | 705020632 = |

Shapes Display Propeties l
Biarder
Style: |Salid ]

Calor; .
Wigight: 1 = | pizels

Fill
Style: J Diagonal Up
Foreground Calor: .

Background Color:

Mesh Spacing: | [ Sticky Points - Global Setting

Click theFill Style button. The Fill form will open.

Select the Diagonal UP fill style and press OK.

Click the Foreground color box on the Region Properties form. The Color Palette will appear.
Select abrown color and press OK.

o0k w
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7. Click the Background color box on the Region Properties form. The Color Palette will appear.
8.  Select white and press OK.
9. Close the Region Properties form by pressing OK.

After al the region geometry has been entered it will as appear as in the diagram at the beginning of this
tutorial.

1.4.6 Specify Boundary Conditions

Now that all of the regions and the problem geometry have been successfully defined, the next step isto specify
the boundary conditions. An approximate geothermal gradient of 1°C/30m will be simulated by setting the
temperature at the surface to -6 °C and the base of the problem to -5°C. The temperature of the pipeis 9°C and
the heat generated by the warming of the roadway is set as 200 kJ/hr. The steps for specifying the boundary
conditions are thus:

e Slope-—Dominant Shape
[ )

1. Select the“Slope” dominant region in the drawing space.
2. From the menu select Model > Boundaries. The boundary conditions form will open.

E3 Boundaries | x|

[ Region:  Slope Select Shape Indesx: | 243533053 |
X |“rr |Elaundary Condition |Expressian |Units *l
35 20 Caontinue
33 22 Flux Expression 200000 Jitritm
Tempersture Exp i
il 20 Caontinue
1] 20 Zero Flux
0 15 Caontinue
1] 10 Cartinue -
Update Selected Segment Segment Length: 25828 m
1. Select Boundary Concdition: |Tempera1ure Expression ;l C
2. Pravide: a) Expression: -6 Build Equiation. . I
_ar - Expr Reference. ..
3. Uprlate b Eoundary (nde: [ =l
MSTE: boundary conditions defined at a point remain in effect until re-defined ot a subsequent poirt 0K

3.  Sdect thepoint (0,0) from the list.

4. Fromthe Boundary Condition drop down select a Temperature Expression boundary
condition. Thiswill cause the Temperature Expression box to be enabled.

5. Inthe Temperature Expression box enter atemperature of -5.

6. Click the Update button to save the boundary condition to the list.
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7. Select the point (100,0) from the list.
8. FromtheBoundary Condition drop down select aZero Flux boundary condition.
9. Click the Update button to save the boundary condition to the list.
10. Repeat for the remaining points referring to this table:
X Y Boundary Condition
] ] Temperature Expression = 5
100 0 Ferao Flux
100 a0 Temperature Expresszion = £
=1 30 Continue
go 25 Continue
ad 25 Continue
40 20 Corntinue
35 20 Cortinue
33 22 Flux Expression = 200000
23 22 Temperature Expression = £
y 20 Corntinue
20 Zerao Flux
15 Continue
10 Continue

The Temperature Expression boundary condition for the point (100,30) becomes the boundary
condition for the following line segments that have a Continue boundary condition until a new
boundary condition is specified. By specifying aZero Flux condition at point (33,22) the

Continue boundary condition is stopped.



SoilVision Systems Ltd. A Two Dimensional Example Problem Page 21 of 60

o Slope—Circle Shape
E3 Boundaries

[ Region:  Slope Select Shape Indesx: | 294314775 |

X ki Boundary Condition Expression Units

Temperature Expr

Update Selected Segment Segment Length: 12566 m
1. Select Boundary Concdition: |Tempera1ure Expression j C
2. Provide; a) Expression; =] |
_ar - Expr Reference. .. |
3. Update | J

MSTE: boundary conditions defined at a point remain in effect until re-defined ot a subsequent poirt

1. Select the Slope circle region from the drawing space.

Pressthe Boundaries button, to open the Boundaries form.
In the Boundary Condition drop down select a Temperature Expression boundary condition.
Enter the value 9.

Click the Update button to save the change.
Click OK to return to the workspace.

O~ WN

1.5 SPECIFYING A FLUX SECTION

Flux sections are used to report the rate of heat flow across a portion of the problem for a steady state analysis
and the rate and total heat flow moving across a portion of the problem in atransient analysis.

Click on the Flux Section button, + .

With the mouse click on the point (21,20).

To finish the Flux Section click on the point (35,20). A blue line with an arrow on the
end should be drawn across the dam.

4. Select Model > Flux Sections from the menu. The Flux Section List form will open.

5. Select Flux 1 from thelist.

6. Click Properties to open the Flux Section Properties form.

wn e
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B Flux Section Properties |

—Flux Section

rumber: |1 |

Drrawyn an Region: |Slnpe |

REestrict Report to Region: I ;l

—Label —_— Pointz

Tet: Flux 1 | X Y

. » 21 20
Displary: v
L 5 0

Edt...

— Titne [hr)

Stert: Continue from Enct:

I ]
(o= I 1 |zt I
Enmi I 10 e I

¥ Include Report
[ Include Histary Graphs Solyemeel. |

Output Options

¥ PLOT [dizplay and werite 1o file)
[T MONTOR [dizplay in solver])

7. Notice that the flux section label is partially on the region boundary in the workspace.
To move the label location, first click the Edit button to open the Format Textbox

form.
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B3 Format Textbox |
;"ﬁ%ﬁé?ﬁé"ﬂ Fort |

Text:  [Flux 1

WWCS Location (4 f 2000 | 12.000

— Boarder —Fill

' Automatic  Avtomatic

= Custom ' Custom

&+ pang & pone

Style: ISDIid = I Calor:
Colar: .
yWeight: I 1= I pixels

8. Enter 32 and 12 in the WCS Location fields.
9. Press ok to closethe form.
10. Close the Flux Section Properties form.
11. Closethe Flux Section List form.
K Flux Section labels can be formatted in the same manner as regular textboxes.

Tip!

1.6 SPECIFY PLOTS

There are many plot types that can be specified to visualize the results of the model. Three will be generated
for this tutorial example problem: temperature contours, thermal gradient vectors, and the solution mesh.

1. Open the Plot Manager form by selecting Model > Plot Manager from the menu.
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B Plot Manager
Type | Title | Variable | Region | -
ﬁéﬂ(ﬁ Temp Te
i_>> Gradients grac: grady

@ Soltion Mesh

— Mesw
Properties... | Set Al PLOTMONTOR... | Settings... |
2 |2 :
8ba| 2] o~ T B |
h‘ = ﬁ J Delete Custom...
on

2. Thetoolbar at the bottom left of the form contains a button for each plot type. Click on
the Contour button to begin adding the first contour plot. The Plot Properties form will
open.

B Plot Properties ]

Description lz.;..;.m l

il Title: [Temp Dutput Options
Variable: |Te [+ PLOT [dizplay and write ta filz)
[ MOMITOR [dizplay in solver)
RBestrict to Region: | -
3. Enter thetitle Templ.
4. Select Teasthe variableto plot from the drop-down.
5. Select the PLOT output option.
6. Click OK to close the form and add the plot to the list.
7. Repeat these steps 2 — 6 to create the plots shown above. Note that the Mesh plots do

not require entry of avariable.
8. Click ok to close the Plot Manager and return to the workspace.
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1.7 SPECIFY OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. Two will be generated for
thistutorial example problem: atransfer file of temperatures, and a plot to transfer the results to AcuMesh.
Note that the file TempTransfer.trn is already present. It is generated by default for every problem.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.

B OQutput Manager E3

Type |File Mame |'\-"ariables | Region | -
a ﬁ AcumeshOut . dat Te o Ky gracx grady wwo usat L

s TempTransfertrn Te
— Mlesy —
Properties... | Set All'Wiite File... Settings... Custom.. |
|
ol-ee — .

2. Thetoolbar at the bottom left of the form contains a button for each output file type.
Click on the AcuMesh button to begin adding the output file. The Output File
Properties form will open.



SoilVision Systems Ltd. A Two Dimensional Example Problem Page 26 of 60

B2 Output File Properties ]
De=cription l
File Maime: |&.cuMeshout et
Sariables: |Te,Hx,Hy,gradx,grady,vwc,usat,uwc,mzi
“ariable List: Wariable “ariable Mame -
Te Temperature
C Walumetric Heat Capacity
W » Conductivity
Ky Y Conductivity
gradx * Gradient ﬂ
Zelect Al Add Selection |
[ wite File
3. Enter thetitle AcuMeshOut.
4. Select dl the variablesin the variable list.
5. Pressthe Add Selection button.
6. Check the write File box.
7. Click OK to close the form and add the output file to the list.
8. Click ok to close the Output Manager and return to the workspace.

1.8 ANALYZE

The next step isto analyze the problem. Click the Analyze button located on the left of the workspace. This
action will write the descriptor file and open the SYHEAT solver. The solver will automatically begin solving
the problem.

1.9 RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVHEAT solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This
section will give abrief analysis for each plot that was generated.
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1.9.1 Solution Mesh

[ hesh
o1.4 -
al i
o 4 i
- RN .. I
[
o i
B I A e I
1

Tutarial_Tutorial2D: Gridéd p2 Nodes=1045 Cells=485 RMS Err= 2.e-4

The Mesh plot displays the finite-element mesh generated by the solver. The mesh is automatically refined in
critical areas such as around the pipe contact where there is a significant change in temperature.
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1.9.2 Temperature Contours

Templ
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Tutarial_Tutorial2D: Grid#d p2 Nodes=1045 Cells=455 RMS Err= 2.e-4
Irtegral= -10560.20

The temperature contours indicate that the temperature of the pipe does not significantly influence the base of
roadway. Instead the heat flux due to the warming of the roadway surface has an influence of afew degrees.
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1.9.3 Gradient Vectors

Gradients
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Gradient Vectors show both the direction and the magnitude of the heat flow at specific pointsin the problem.
Vectorsillustrate that heat flow is away from the pipeline.

1.9.4 Flux Section Report

Flux Section Report: Flux 1

X Component of Flow in (J/hr)=  0.00
Y Component of Flow in (J/hr)=-466233.7
Normal Flow in (J/Ar)=-466233.7

The Flux through the base of the roadway is displayed in the form of report showing a breakdown of the X, Y,
and Normal components of flow through the problem.
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2 A THREE DIMENSIONAL EXAMPLE PROBLEM

The following example will introduce you to the three dimensional model in SYHEAT. The model will be used
to investigate the steady-state condition of a soil resulting from a heated foundation in winter conditions. The
tutorial is a detailed set of instructions guiding the user through the creation of the 3D heat transfer problem.
The problem is modeled using 2 regions, 3 surfaces, and 1 soils. The problem data and soil properties are
provided below.

ProjectID: Tutoria ProblemID: Tutorial3D
Heated Foundation

Ground

Basement
Soil:  Thermal Conductivity curve laboratory data:

Temperature Conductivity
(°C) (J/s-m-°C)

2000
1999
1000
1001
1002

N PO &N

21 ADDING A PROJECT

Thefirst step in defining a problem isto decide the project under which the problem is going to be organized.
If the project is not yet included you must add the project before proceeding with the problem. In this case, the
problem is placed under a project called Tutorial.

Follow these steps in order to add this project:
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1. Select Model > Projects/Problems... from the menu to open the Projects/ Problems
form.

2. Click New Project... in the lower left of the form.

3. TheProject Properties form is opened along with a prompt asking for a new ProjectID.

B New Project

Mewy ProjectiD: [Tutarial

Cancel |

4. Type“Tutoria” asthe new ProjectID and press OK.

The Project Properties form is where you information specific to each project is stored. Thiswill include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.

K The Project ID is the only required information needed to define aproject. The rest of the fields
are optional.
Tip!

The form is opened ready to accept information.

B Project Properties
e Project | ciient | Phone | Client Adcress | Contractor | Project Engineer |
Tutorial30

ora Project ICx Tutorisl
Project Mame: |Tut|:urial Example Prokblems
Project Location: “askatoon, SK Canada

Project Start Date: Jul 0302003
Project End Date: Jul 04,2003

Project Motes: The tutarial example problems are stored
under this project.

Edlit PrajectiD...

It should be noted that once the project is defined it would be identified by the Projectl D throughout the rest of
the program. Also, SYHEAT does not alow you to specify two projects with the same ProjectID.
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5.
6.

Fill out the form with the desired information.
To exit thisform and return to Projects/ Problems click oK. The project information is
automatically saved upon entry.

2.2 ADDING A PROBLEM

Once a project has been created any number of problems may be stored in it.

E Projects / Problems [x]

=% Tutarial — Selected Problem
B\ 2D ProjectiD: [ |
B\ 30 Project Mame: | |
e Steady-State TOJRCL Mame:
------ . Tranzsient System: | |
Type: | |
PratalemiC: | |
Crestion Date: | |
Description:
Mewe Project... I Mesy Problem... L\\\J
Delete I Edit ProblemiD... Oﬁen Mew Problem Form Cancel

When the Projects/Problems form is opened there will be alist of the projects that have been defined. In this
casethereisonly the Tutorial project. To add a problem:

1.
2.

3.

Click on the plus sign and expand the project Tutorial.

This example will be modeled in three-dimensions and is steady-state so we must
expand 3D by clicking the plus sign beside “3D”

Select Steady-State.

Click the New Problem button. The New Problem form will open.
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B Mew Problem |
Projectil: Tutarial |
Project Mame: |Tutu:uria| Example Problems |
System: |3D |
Type: |Stead3-' State |
EroblemiD: [Tutorial3D

Creation Date: |Ju| 0472003

Description; & 30 tutarial example proklem. Heated foundstion.

Cancel

5. Enter the ProblemID: Tutorial3D. The description is optional .
6. Click the ok button to save the problem and close the New Problem form.
7. The new problem will automatically be opened in the workspace.

2.3 OPENING THE PROBLEM

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:
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E Projects / Problems [ x|

=% Tutarial — Selected Problem
% 2D ProjectiD: | Tutarisl |
B\ 3 Praject Mame: [Tutarial Example Problems |
E“— Stead_l,l-State roje Sme: arial Example Frobiems
T Tutarial30 System: |3D |
LW Trangient
Type: |Sh3a5|d\).f State |
ProklemiD: Tutorigisn |
Cregtion Date: |Ju| 04,2003 |
Description:
A 3D tutorial example problem. Hested foundsation.
Mewy Project... I Meswe Problem. .. I
Delete | EdtProkiemp.. | Cancel
1. Navigate back to the problem via Tutorial, 3D, Steady-State.
2. Select Tutorial3D.
3. The problem may opened by clicking the ok button or by double clicking on the

ProblemID.

24 DEFINING THE PROBLEM
The following section provides instructions on how to begin defining the problem in the workspace.

2.4.1 Specify Settings

Thefirst step in defining the problem is to specify the settings that will be used for the problem. To open the
Settings form select Model > Settings in the workspace menu.
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E3 Settings

General lTime ] Initial Conditions ] Yolumetric Heat Capacity ] Phaze Change Energy ]

System Unit=
20 (¢ Metric
Plan " Imperial

A issmmetric

S Titme: - =
Lenigth: m
Type Temperature: i
*! Steady-State Conductivity: Jiz-m-iC
Tran=ient Hest Capacity: e

The ahove choices are are
zet when & new problem is
created.

Zolution Files Path...

The Settings form will contain information about the current problem System, Type, Units, and Transient

Settings. The thermal conductivity data for the soils contained in the problem are reported as J/s-m-°C so the
time units will remain s, for seconds.

2.4.2 Setting the Workspace
Before entering any problem geometry it is best to set the World Coordinate System to ensure that the problem
will fit in the drawing space.

1. Accessthe World Coordinate System form by either of two ways. Click on the button:

or select view > wcs. The button islocated in the view toolbar to the left of the
drawing space.
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B World Coordinate Syztem
Wiarld Coordinate System CAD WIndow
Bottom Lett Bottom Lett
X -10.0000 vy -10.000 R -10.0000 vy -10.000
Upper Right Upper Right
X 30,0000 ¥ 30,000 X 30,0000 ¥ 30,000
Region Geometry Extent= Surface Grid Extents
himitrim himitrim
X 0.000) v 0.000 R 0.000) v 0.000
hzimum hzimum
X 0.000) v 0.000 X 100000 10.000
Global Coordinste Offzet
X 0.0o0) 0.000 Set Offzet...
*&) coordinate-related data will be adjusted by thiz offset on an import or paste operation. Adjusting
this offzet once data is entered will rezult in a problem-wide adiustment.

2. Enter theworld coordinate system coordinates as shown above.
3. Also set the cAD window (drawing space) coordinates.
4. Click ok to close the form.

The workspace grid spacing needs to be set to aid in defining region shapes. The geometry datafor this
problem has coordinates of a precision of 1m. In order to effectively draw geometry with this precision using
the mouse the grid spacing must be set to a maximum of 1.

5. Select view > Grid Spacing from the menu.



SoilVision Systems Ltd. A Three Dimensional Example Problem Page 37 of 60

E3 Grid Spacing

Hotizontal Spacing:

Yertical Spacing:

6. Enter 1 for both the horizontal and vertical spacing.
7. Click oK to close the form.

2.4.3 Define Material Properties

E3 Soilz Manager E3

Soil Index [ Sail Mame [UsCs Texture | Cond Pairits

118391 30 Tutarisl Sail 5 e Sail |
Impart Soil... |
Delete Soil |

Properties... |

v Suppress Warning Messages

The next step in defining the problem is to enter the material properties for the soil that will be used in the
model.

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,

M in the Tools toolbar.
2. Click the New Soil button to create a soil in the database. A unique Soil Index is
generated that is used to reference the soil in other SYHEAT forms.
3. Double-click on the new soil to open the Soil Properties form.
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B Soil Properties

Sail Index: 115351
Soil Mame: |3D Tutorial Sail
USCS Texture: | j

Soil Description: |

Geologic Description: |

Motes:

4. Enter the information above into the appropriate fields on the Description tab
5. Moveto the Thermal Conductivity tab.
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B Soil Properties
Description | Thermal Conductivity l Yolumetric Hest Capacity ] Phase Change Energy ]
Laboratory Data
Temperature Conductivity s
(C) (Jiz-m-C})
| 2 -2 2 000E+03
-1 1 999E+03
] 1 000E+03
1 1.001E+03
2 1 .002E+03
*
-
Tatal Paints: =
Paste Poirts... |
Graph... |

6. Refer to the data provided at the beginning of thistutorial. Enter the laboratory data
points as provided.

K To view the laboratory data press the Graph button.
Tip!

7. Press ok on the Soils Manager form to close both forms.
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2.4.4 Define 3D Surfaces

This problem consists of three surfaces. Although it is not required the surface grids have the same dimensions
and grid densities. By default every problem initialy has 2 surfaces.

Geometry | 23 Jul 2002 | (null)

Surface 3

Surface 2

ol

Surface 1

o Define Surface 1
This surface is already present so the next step is to define the grid lines.

1. Select Surface 1 in the Surface Selector.

2. Click the Surface Grid Setup button, ﬁ
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B Surface Grid Setup |
£= Surface 1
¥ Grid Lines I Y Grid Lines |

-2 - Add Regular... |
-1

0 b Add Irregular... |
.1

2 Ecit... |
3

Delet

4 Delete |
5

G

7

g

L

10

11

12

13 x| Tetal 25
Total Grid Paints: B25

Copy Surface Grid... | Ok I

3.  Therewill be default grid lines of 0 and 10 present. Click the Add Regular button to open the
Add Regular X Gridlinesform.

4, Enter -2 for Start, 1 for Increment Value, and 22 for End.

5. Click Add to add the gridlines and close the form.

6. MovetotheY Grid Lines tab and repeat steps 3 —5 for the Y gridlines

Now that the grid has been set up, elevations must be specified for al the grid points:

1. Select Surface 1 in the Surface Selector.

o
2. Click the Elevationsbutton, =
3. Enter Ointhe Set Nulls Tofield.
4. Click the button to the | eft of the Set Nulls To field and all the missing elevations will be set to

0.

to open the Elevations form.

o Define Surface 2
This surface is already present. Follow the steps for defining Surface 1 except set al the Surface
2 elevations to 10m.



SoilVision Systems Ltd. A Three Dimensional Example Problem Page 42 of 60

e Define Surface 3
Follow these steps to add the third surface to the problem. Since Surface 2 and Surface 3 have
the same grid lines the Surface 2 grid will be copied during insertion of the new surface:

=
1. To open the surface form you may click on the Surface command button, located at the
top of the workspace or select View > Surfaces from the menu.

B Surfaces |
£ |Mame | Grid | BC | Pinch Out Surface |
3 Surface 3 - r
2 Surface 2 r r
P 1 Surface I~ r

Inzert... Delete

2. Click Insert to open the Insert Surfaces form:
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E Insert Surfaces

Mumber of Mew Surfaces: I 1

]|

— Place Mewy Surfaces
% At The Top
™ Below Surface: I ;l

—Inzert hewy Surfaces
™ yith Detault Grid
fe Copy Grid From An Existing Surface

Surfaces with Grids: [surface 2 =]

Elessations
i~ Exclude
= Include

Offzet Elevations By: I 10 m

Cancel

Enter 1 asthe Number of New Surfaces.
Select to place the new surface At The Top.
Select Copy Grid From An Existing Surface.
Select Surface 2 from the drop-down.
Choose to Include the elevations.

Enter 10m as the offset from Surface 2.
Press OK to add the surface.

2.4.5 Adding Regions

A region in SVHEAT isthe basic building block for amodel. A region represents both a physical portion of
soil being modeled and a visualization areain the SYHEAT CAD workspace. A region will have a set of
geometric shapes that define its soil boundaries. Also, other modeling objects including features, flux sections,
text, and line art are defined on any given region.

This problem will be divided into 2 regions, which are named Ground and Basement. Each region will have
one of the soilsjust defined specified asits soil properties. To add the necessary regions follow these steps:

1. Open the regions form by clicking the Regions button,
workspace.

at the top of the
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BRegons |

# | MName | on | Lock |a
| 1 Ground W =Y
2  Bazemert i =
~
[ ey I hlave Ll |
Delete I hove Dowwn |

Change the first region name from Region 1 to Ground. Highlight the name and type
new text.

Press the New button to add a second region.

Change the name of the second region to Basement.

Click ok to close the form.

2.4.6 Defining Region Geometry Shapes

The shapes that define each region will now be created. Note that when drawing geometry shapes the region
that is current in the region selector is the region the geometry will be added to. The Region Selector is at
the top of the workspace. Refer to Appendix A for the geometry points for each region.

e DefinetheMain region

1

Rl SN

Ensure the “Ground” region is current in the region selector.

Click on the Draw Polygon Region Shape button,

The cursor will now be changed to cross hairs.

Move the cursor near (0,0) in the drawing space. Y ou can view the coordinates of the current
position the mouse is at in the status bar just above the command line.

When the cursor is near the point, right click. Thiswill cause the cursor to snap to the point
(The SNAP and GRID optionsin the status bar must both be bold).

To select the point as part of the shape l€eft click on the point.

Now move the cursor near (12,0). Right click to snap the cursor to the exact point and then left
click on the point. A lineisnow drawn from (0,0) to (12,0).

Repeat this process for the remaining points.

For the last point (0,10), right click to snap the cursor to the point. Double click on the point to
finish the shape. A lineisnow drawn from (0,20) to 0,10) and the shape is automatically
finished by SVHEAT by drawing aline from (0,10) back to the start point, (0,0).

If the Main geometry been entered correctly the shape should look like the following:
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| | i N
N . | |
| B I
—E Select a shape with the mouse and press the Delete button, = ~  if amistake was made entering

the coordinate points for a shape. Thiswill remove the entire shape from the region. To edit the
shape use the Region Properties form.

o Definethe Basement
In the instructions for drawing the Ground shape the mouse was used. To draw the basement the
instructions below explain the use of the command line to create the Basement shape.

1. Ensurethat “Basement” iscurrent in the region selector.

Click on the Draw Polygon Region Shape button,

The command line will be set to Start Point and the cursor focus will be in the command line.
Type 12,0 and press the Enter key on the keyboard.

Enter the remaining coordinates.

Typef and press Enter to complete the region shape.

ok whN

X At timesit may be tricky to snap to agrid point that is near aline defined for aregion. Turn the
object snap off by clicking on “OSNAP” in the status bar to alleviate this problem.
Tip!

e Formatting a Shape
To set the Basement region shape to diagona green lines:
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1.

2.

Select the Main shape in the drawing space.

-] ) .
Press the Object Properties button, to open the Region Properties form:

B Region Properties

Region: Bazement
Pairit=
X Y Fillet Radius Hode s
Spacing
[ 3 12 0 a
20 0 0 Insert Point |
20 10 a =
] 12 10 0 Divide Segment... |
Delete Pointz: Select Paoints,
Prez= DEL key
z Paste Shape Data... |
Display Properties
Barder Fill
Style: |S|:|Iid j Style: J Diagonal Up
Calor: . Fareground Colar:
Wieight: 1 = | pixelz Background Colar:

Mesh Spacing:

—

[ Sticky Points - Global Setting

©oOND U AW

Click the Fill Style button. The Fill form will open.
Select the Diagonal Up fill style and press OK.
Click the Foreground color box on the Region Properties form. The Color Palette will appear.

Select agreen color and press OK.

Click the Background color box on the Region Properties form. The Color Palette will appear.
Select white and press OK.
Close the Region Properties form by pressing OK.

After all the region geometry has been entered it will as appear like the diagram at the beginning of thistutorial.
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2.4.7 Specifying a Soil by Region and Layer

Each region will cut through all the layersin a problem creating a separate “block” on each layer. Each block
can be assigned a soil or be left asvoid. A void areais essentially air space. In this problem all “blocks” will be
assigned a soil.

1
2.

w

N ouk

Select “Ground” in the Region Selector.

Press the Region Soils button, = at the top of the workspace to open the Region Soils
form.

Select the soil from the drop-down for Layer 2. (Note that the Soil Indexes will be
different than depicted here)

Select the soil from the drop-down for Layer 1.

Close the form using the ok button.

Select “River” in the Region Selector.

Press the Region Soils button, = at the top of the workspace to open the Region Soils
form.

B3 Region Soils |

Redion: |Elasemer|t |

Bound By | Layer | Soil | -

Surface 3
Surface 2 2 I ;I

-

Surface 2
Surface 1

1 [118391 [= |

Kl

8. Leavethe drop-down blank for Layer 2.
9. Select the soil from the drop-down for Layer 1.
10. Close the form using the OK button.
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2.4.8 Specify Boundary Conditions

Now that all of the regions, surfaces, and the soils have been successfully defined, the next step is to specify the
boundary conditions on the region shapes. A temperature of —3°C will be defined on the Ground region to
simulate an outdoor temperature. The basement will be set to a temperature of 10°C.

Boundary Conditions | 23 Jul 2002 | {null)

5___.——'
D_'__,_,_. ——
0 5 10 20
10
15
X 20 0 Y

The steps for specifying the boundary conditions are thus:

1. Select the“Ground” region in the drawing space.

2. From the menu select Model > Boundaries. The boundary conditions form will open
and display the boundary conditions for Surface 1. These boundary conditions will
extend from Surface 1 to Surface 2 over Layer 1.

3. Select surface 3 from the drop-down box.
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4. Select aTemperature Expression boundary condition from the surface boundary
condition drop-down box.
5. Enter -3 in the Temperature Expression field.

6. Select the“Basement” region in the drawing space.

7. From the menu select Model > Boundaries. The boundary conditions form will open
and display the boundary conditions for Surface 1.

8. Select surface 2 from the drop-down box.

ES Boundanes
Location Surface Boundary Candition
[y Region: 1. Zelect Boundary Condition: |Temperature Expreszion j C
Basement 2. a) Expression: 10
Iz Surface: ==
Surface 2 < | J

Zegment Boundary Conditions

L L Boundary Condition Expression Unitz
20 0 Cortinue
20 10 Temperature Expression 10 c
12 10 Cortinue
Update Selected Segment Segmert Length: g m
1. Select Boundary Condition: |N|:| BC j
2. Provide: |
-ar - Expr Beference. .. |
3. Update | J
Copy To Surface... | Motes ... |

9. Select the point (12,0) from thelist.

10. From the Boundary Condition drop down select aNo BC boundary condition.

11. Select the point (20,10) from thelist.

12. From the Boundary Condition drop down select a Temperature Expression boundary
condition. Thiswill cause the Expression box to be enabled.

13. Inthe Expression box enter atemperature of 10.

14. Click the update button to save the boundary condition to the list.



SoilVision Systems Ltd. A Three Dimensional Example Problem Page 50 of 60

15. Select aTemperature Expression boundary condition from the surface boundary
condition drop-down box.
16. Enter 10 in the Expression field.

17. Press OK to close the form.

2.5 SPECIFY PLOTS
There are many plot types that can be specified to visualize the results of the model. A few will be generated

for thistutorial example problem including a plot of the temperature contours on both an X and Y plane,
gradient vectors, temperature surface plot, and the solution mesh.

1. Open the Plot Manager form by selecting Model > Plot Manager from the menu.

Type | Title: | erisble | Region | Projection | ]
a ’@___(Q Temp2 Te =10
’@H(Q Templ Te H=12
= Gradients Y =10
o TempSurface Te Z=10
A Solution Mesh 30
=
_N:BW i Properties... | Set Al PLOTMONTOR... | Seftings... |
ot |2 | B e | o |

2. Thetoolbar at the bottom left of the form contains a button for each plot type. Click on

the Contour button to begin adding the first contour plot. The Plot Properties form will
open.
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B Plot Properties ] |

Dezcription |F‘r|:|jec:tic|n| Zoom I

S Tite: |Temp2 Cutput Options
Variable: ITE ;I ¥ PLOT [digplay and write ta file)
[T MOMITOR [display in solver]
RBestrict to Region: | ;l
Reztict to Layer: | ;l

Enter the title Temp2.

Select Te asthe variable to plot from the drop-down.

Move to the Projection tab.

Select Plane Projection option.

Select x from the Coordinate Direction drop-down.

Enter 12 in the Coordinate field. Thiswill generate a2D dice at X = 12m on which the

temperature contours will be plotted.

9. Select the PLOT output option.

10. Click OK to close the form and add the plot to the list.

11. Repeat these steps 2 — 9 to create the plots shown above. Note that the Mesh plots do
not require entry of avariable.

12. Click ok to close the Plot Manager and return to the workspace.

©ONO U AW

2.6 SPECIFY OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. Two will be generated for
thistutorial example problem: atransfer file of temperatures, and a plot to transfer the results to AcuMesh.
Note that the file TempTransfer.trn is already present. It is generated by default for every problem.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.
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B Output Manager
Type |File Mame |\-"ariables | Region | -

a3 E AcumteshOut. dat Te o Ky Kz gradx grady gradz wwo
& TempTransfer trn Te
-]
— MeEse ]
Properties... | Set Al File. . Seftings... Custom...
L
o -ee - ...

2. Thetoolbar at the bottom left of the form contains a button for each output file type.
Click on the AcuMesh button to begin adding the output file. The Output File

Properties form will open.

= Output File Properties

De=cription l
File hame: [&.cubeshout dat
“ariables: |Te,Hx,Hy,Hz,gradx,grady,gradz,ku:
“Wariable List: Y arighle |Variable Marme -
Te Temperature
C Yolumetric Heat Capacity
154 ¥ Conductivity
Ky Y Conductivity
Kz I Conductivity ﬂ
Select Al Add Selection |
[+ wite File

3. Enter thetitle AcuMeshOut.
4, Select dl thevariablesin the variable list.
5. Pressthe Add Selection button.
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6. Check the write File box.
7. Click OK to close the form and add the output file to the list.
8. Click ok to close the Output Manager and return to the workspace.

2.7 ANALYZE

The next step is to analyze the problem. Click the Analyze button located on the left of the workspace. This
action will write the descriptor file and open the SVHEAT solver. The solver will automatically begin solving
the problem.

When the Regrid Limit message appears click No and the solver will begin generating the plots.

2.8 RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVHEAT solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This
section will give a brief analysis for each plot that was generated.

2.8.1 Solution Mesh

hzsh
[58.8,-81.8 340

Tutorial_Tutorial3D: Grid#s p2 hNodes=11426 Cellz=7148 EMS Err=1 3e-4

The Mesh plot displays the finite-element mesh generated by the solver. The mesh is automatically refined in
critical areas. Right-click on the plot and select Rotate to enable the rotate window.
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2.8.2 Temperature Contours

21. 1 1 1 1 1 1 1

- Temp?
on =10

dadararts L Lo s o e ek L L £ O O o]~ 00 DO D — —
[ o e ey e e Y = Ty ST S o Sy S oY Y

Tutarial_TutorialaD: Grid#s p2 Modes=11426 Cellz=7148 EM= Err=1 .3e-4
Integral= 1264 163

The influence of the basement heat in the surrounding soil is represented here.
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2.8.3 Heat Flow Vectors

- Gradients
- on =10

HIIIH

T
o R o e e e e L e e P

[T

gmm-\qmbn—nmwghm
ST T e T )

o Scale = B4

R N A
H

Tutorial_Tutorial3D: Grid#s p2 hodes=11426 Cellz=7145 REMS Err=1 3e-4

Gradient Vectors show both the direction and the magnitude of the heat flow at specific pointsin the problem.
Vectorsillustrate that flow is away from the basement as expected.
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Appendix A - Data
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4 3D EXAMPLE PROBLEM DATA

Region Shape Data for Tutorial — Tutorial3D:

Ground Region

Basement Region

X Y X Y
0 0 12 0
12 0 20 0
20 0 20 10
20 10 12 10
20 20
12 20

20
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5 INDEX

Boundaries, 20, 22, 50, 51

Boundary Conditions, 19, 50

Color, 19, 48

Conductivity, 6, 31

Dominant Shape, 20

Elevations, 42

Fill, 7, 19, 33, 47

Flux Section, 22, 23, 24, 30

Geometry, 5, 16, 45

Grid, 12, 37, 41, 42, 44

Heat, 57, 58

Mesh, 25, 28, 53, 55

Plots, 24, 52

Problem, 5, 8, 9, 10, 31, 33, 34, 35, 60

ProblemlD, 5, 9, 10, 31, 34, 35

Problems, 6, 7, 8, 32, 33, 58

Project, 6, 7, 31, 32

ProjectID, 5, 6, 7, 31, 32, 33

Projects, 6, 7, 8, 32, 33

Properties, 6, 7, 13, 17, 18, 19, 23, 24, 25, 26,
32, 38, 46, 47, 48, 52, 54

Region, 5, 16, 17, 18, 19, 45, 46, 47, 48, 60
Regions, 15, 16, 44, 45, 58

Selector, 16, 41, 42, 45, 48

Shape, 5, 16, 17, 18, 22, 45, 46, 47, 60
Shapes, 16, 45

Sail, 6, 13, 16, 31, 38, 48, 58

Soils, 13, 38, 40, 48, 58

Solution, 28, 55, 58

Steady- State, 8, 10, 33, 35

Surface, 41, 42, 43, 44, 50, 51

Surfaces, 41, 43, 44

Tecplot, 26, 53, 54

Temperature, 6, 20, 21, 22, 29, 31, 51, 52, 56
Thermal, 6, 14, 31, 39, 58

Thermal Conductivity, 6, 14, 31, 39

Time, 11

Transient, 11, 36

View, 11, 12, 36, 37, 43

Workspace, 11, 36

Zero Flux, 20, 21
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