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21 RadCAD® Tutorials

RadCad Tutorials is a continuation of the tutorials presented in 20.2 Setting Up a Template 
Drawing. It is assumed the user has completed the tutorials in that chapter before beginning 
the new tutorials presented in this chapter. 20.2 Setting Up a Template Drawing introduce 
the user to how things work inside of Thermal Desktop, as well as the nomenclature used in 
the tutorials.

The tutorials in this chapter all focus on setting up and analyzing models for radiation and 
heating rate purposes. There are seven tutorials, as follows:

■ 21.1 Radks for Parallel Plates
■ 21.2 Space Station Oct Tree Example
■ 21.3 Importing a TRASYS Model and Using Articulators
■ 21.4 Orbital Heating Rates
■ 21.5 Simple Satellite
■ 21.6 Orbital Maneuvers

Even though most of these tutorials are based on spacecraft (RadCAD originated in the aero-
space industry, after all), lessons learned in each of these tutorials may be applied to other 
systems, as well. In other words, do not skip over a tutorial simply because it uses a space-
craft; the lesson are still useful if you plan to use RadCAD.



21.1 Radks for Parallel Plates

What will be learned:

■ Overview of how RadCAD works
■ Defining and assigning Optical Properties
■ Overview of Radiation Calculation functionality

Prerequisites:

■ 20.2 Setting Up a Template Drawing

In this example, a set of parallel plates will be constructed, and the radks between them and 
to space will be computed. This example is intended to give an overview of RadCAD in Ther-
mal Desktop; later examples will delve into RadCAD concepts in more detail.

The parallel plates will be identical and directly opposed to each other. Length and width will 
be 10 X 5 inches. The plates will be separated by 12 inches. Surface 1 will be defined as the 
lower pate, leaving the upper plate designated as surface 2.

Overview Parallel Flat Plates

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\Thermal Desktop\parallel directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to the new 
directory so that the file is copied, rather than moved.

2. Rename the copied template file to parallel.
3. Start Thermal Desktop by double clicking on the parallel drawing file icon in the par-

allel directory.

4.  or View > Visual Styles > 2D Wireframe to ensure consistency with the images 
in this tutorial.

5.  or Thermal > Optical Properties > 
Edit Property Data.
The Edit Optical Properties dialog box 
appears. 

6. Type White Paint in the New Property to 
add field.

7. Select Add.
The Edit Optical Properties-White Paint 
dialog box appears. 

Define the optical property “White Paint”. 
Spaces are allowed in optical property 
names.

Solar absorptivity = 0.23

Infrared emissivity = 0.8
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8. Type 0.23 in the Solar Absorptivity field.
9. Type 0.8 in the Infrared Emissivity field.
10. Select OK to close the Edit Optical Prop-

erties-White Paint dialog box.
The Edit Optical Properties dialog box 
reappears and reflects the changes.

11. Select OK to close the Edit Optical Prop-
erties dialog box.

12.  or Thermal > Preferences. 
The User Preferences dialog box 
appears with the Units tab displayed.

13. Click on the arrow next to the Model 
Length field and select in from the 
drop-down list.

14. Select OK to close the dialog box.

The model will be built in inches. Notice 
that the energy units are in Joules, time in 
seconds, thus the energy rate units are 
Watts.

Overview Parallel Flat Plates (Continued)
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15.  or Thermal > Surfaces/Solids > 
Rectangle.
The Command line should now read:
Origin point <0.0.0>:

16. Type 0,0 in the Command line.
The Command line should now read:
Point for +X axis and X-size 
<@1,0,0>:

17. Type 10,0 in the Command line.
The Command line should now read:
Point to set XY plane and Y-size 
<@0,1,0>:

18. Type 0,5 in the Command line.
The Thin Shell Data dialog box appears. 

Create a 10 x 5 square in the x-y plane at 
Z=0 for the bottom surface.

Overview Parallel Flat Plates (Continued)
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19. Select the Radiation tab. 
20. Select BASE both in the Analysis Group 

Name, Active Side field if not already 
highlighted.

21. Select Edit.
The Edit Active Side dialog box appears. 

22. Select Top/Out to place a dot in the cir-
cle.

23. Select OK to close the dialog box.
The Thin Shell Data dialog box returns 
with BASE top/out displayed.

24. Click on the arrow next to the Top/Out 
Side Optical Property field and select 
White Paint from the drop-down list.

25. Click on the arrow next to the Bottom/In 
Side Optical Property field and select 
White Paint from the drop-down list.

Note: Although the bottom side is not active, 
the bottom side optical property is set 
here to facilitate copying the surface in a 
later step.

26. Select OK to close the Thin Shell Data 
dialog box.

27.  or View > Zoom > Extents.

Change the active side of the surface in 
the surface group BASE to be active on the 
top (+Z) side (). The active side for this 
surface in the surface group BASE is 
updated in the Thin Shell Data dialog box 
to show that it is now active on the top 
side.

When these steps are completed, the 
screen should look similar to the example 
below. 

Overview Parallel Flat Plates (Continued)
21-5



28.  or Thermal > Preferences.
The User Preferences dialog box 
appears. 

29. Select the Graphics Visibility tab. 

30. Click on TD/RC Nodes to deselect it 
(remove the check mark from the box).

31. Select OK to close the User Preferences 
dialog box.

Notice the small ring in the center of the 
plate. That is the node. Turn off the dis-
play of all nodes.

Overview Parallel Flat Plates (Continued)
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32.  or Modify > Copy.
The Command line should now read:
Select objects:

33. Click on any part of the rectangle.
The rectangle is selected and the Com-
mand line should now read:
Select objects:

34. Press <Enter>.
The Command line should now read:
Specify base point or [Displace-
ment/mOde] <Displacement>:

35. Type 0,0,12 in the Command line.
The Command line should now read:
Specify second point or <use 
first point as displacement>:

36. Press <Enter> to use the entered coor-
dinates as a displacement.

37.  or View > Zoom > Extents.

These steps copy the bottom plate to 
make the upper plate, which is located 12 
inches above the bottom. See the Auto-
CAD® help for more options for the copy 
command. The copy will be moved 12 
inches in the Z direction.

A second plate is created. The thermal 
model information entered for the first 
plate is also copied to the second. The 
second plate is therefore also a Thermal 
Desktop surface. 

Overview Parallel Flat Plates (Continued)
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38.  or Thermal > Edit.
The Command line should now read:
Select Objects or [Indiv MB]:

39. Click on the newly created surface (top 
plate).
The Command line should now read:
Select Objects or [Indiv MB]:

40. Press <Enter>.
The Thin Shell Data dialog box appears 
with the Radiation tab displayed and the 
thermal model information that is 
assigned to the upper surface.

41. Double-click BASE top/out in the Analy-
sis Group Name, Active Side filed.
The Edit Active Side dialog box appears.

42. Select Bottom/In to place a dot in the 
circle.

43. Select OK to close the dialog box.
The Thin Shell Data dialog box returns 
with BASE bottom/in displayed.

These steps change the active side of the 
surface in the surface group BASE to be 
active on the bottom (-Z) side. The active 
side for this surface in the surface group 
BASE is updated in the Thin Shell Data 
dialog box to show that it is now active on 
the bottom side.

44. Click on the Numbering tab. 

45. Highlight the current value in the Use 
Start ID field and type 2.

46. Select OK to close the dialog box.

Change the node IDs for the upper sur-
face.

Overview Parallel Flat Plates (Continued)
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47.  or Thermal > Model Checks > 
Active Display Preferences.
The Display Preferences dialog box 
appears.

48. Select Arrows in the Display field to 
place a dot in the button.

49. Select Display to close the Display Pref-
erences dialog box.
Arrows appear in the drawing area to 
designate the active plate sides.

Set the display preferences for active side 
verification. Colors indicating active sides 
are always available with the shade com-
mand. If only colors are being displayed, 
the shade command will automatically be 
executed. The Display Active Sides com-
mand must be executed each time to 
update the display.

Verify that correct active sides have been 
input.

The drawing should look similar to the image below. If it does not, retrace the steps to deter-
mine what went wrong. Once the drawing is at this stage, it is ready to calculate radks. 

Overview Parallel Flat Plates (Continued)
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50. Select Thermal > Radiation Calculations 
> Set Radiation Analysis Data....
The Radiation Analysis Data dialog box 
appears. 

51. Select the Control tab if not already dis-
played.

52. Highlight the current value in the Rays 
per node field and type 100000 (one 
hundred thousand, no comma).

53. Select the Advance Control tab. 

Sets the control parameters for calcula-
tions. Shoot lots of rays just for fun.

Overview Parallel Flat Plates (Continued)
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54. Clear Use oct-tree to accelerate calcula-
tions (remove the check mark from the 
box).

Oct-tree acceleration is not necessary for 
this small of a problem.

55. Select the Radk Output tab. 

56. Highlight the current value in the List 
summary if % kept is off by more than: 
field and type 0.

57. Select OK to close the Radiation Analysis 
Data dialog box.

The default for List if % kept is off 
by more than: is set to 10%. This is so 
that only the surfaces with errors are 
printed and it makes it easy to find the 
errors in large models. This output will be 
viewed later.

58. Select Thermal > Radiation Calculations 
> Calc Radks Ray Trace.
A Thermal Desktop/AutoCAD dialog box 
asking for confirmation to continue 
appears. 

59. Select OK to close the dialog box.
60. In the Windows directory where the 

tutorial was started, open the SINDA.K 
file using any test editor.

61. Review the file and note the Weighted 
Error.

62. Close the file and return to Thermal 
Desktop.

This step calculates radks for the Analysis 
Group Base using the Monte Carlo ray-
tracing method. The radks will be output 
to the file “SINDA.K” in the working direc-
tory.

Output options can be controlled with 
Thermal > Radiation Calculations > Set 
Radiation Analysis Data, Radk Output 
page.
See the Thermal Desktop Users Manual 
10.1.1.1 Rays Per Node for a discussion of 
error vs. rays.
Radiation calculations automatically 
include a boundary node, SPACE.1.

Overview Parallel Flat Plates (Continued)
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63. Select Thermal > Radiation Calculations 
> Calc Radks Ray Trace.
A Thermal Desktop/AutoCAD dialog box 
asking for confirmation to continue 
appears. 

64. Select OK. 
The Append/Replace Database dialog 
box appears. 

65. Leave Append results to existing data-
base selected.

66. Select OK.

Run the problem again. A dialog box veri-
fying the analysis group and property file 
appears. Since radks have already been 
calculated, a dialog box will appear giving 
the option of adding data to this data-
base, or continuing with a brand new one.
Rays shot will be cumulative for all runs if 
Append is selected.

Overview Parallel Flat Plates (Continued)
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Radk data is output in the file “SINDA.K” located in the current working directory, in this case 
the \Tutorials\Thermal Desktop\parallel directory. Use an editor such as the Windows Note-
pad to look at this file or look at the output shown below. 

Overview Parallel Flat Plates (Continued)

File Sample 21-1: SINDA.K File for Parallel Plates

HEADER CONDUCTOR DATA, MAIN
C     SINDA/FLUINT data created with Thermal Desktop 6.0 FRC 2
C     Generated on Mon Apr 10 21:45:49 2017
C
C        Generated from database BASE-RcOptics.rck
C        Bij Cutoff factor:      0.001000
C        Conductor units are: in^2
C        (more information at end of file)
C
C PSTOP causes the radks not to be echoed to the preprocessor pp.out file
PSTOP
C
C Optical Properties Used:
C PROPERTY NAME EMISS ALPHA IR TRANS SOL TRANS IR TSPEC SOL TSPEC IR REFL 
SPEC SOL REFL SPEC
C white paint   0.8   0.23 
C
C
C    radk format: 
C    cond_id    node_1     node_2     Area*e*Bij $  Bij  Bji
C

-1,  MAIN.1,  SPACE.1, 37.137  $    0.928425
-2,  MAIN.2, SPACE.1,  37.1451  $    0.928627
-3, MAIN.1, MAIN.2, 2.808908  $    0.070223,  0.070223

C
C Summary data for nodes with Bij sums < 1.000000 or > 1.000000
C BijSum always contains Bij Self
C
C Summary data for position 1
C  node area rays emiss Bij Bij Bij Weighted
C sum self inact   % Error
C MAIN.1   50.000000    200000  0.800000  0.999861   0.001 0.2
C MAIN.2   50.000000    200000  0.800000  1.000140   0.001  0.2
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The file lists the analysis group and optical property file used to create the data, followed by 
radks to space, then node-to-node radks. At the end of the file will be radks to inactive nodes 
(if any), radks to self, and statistics for the calculation process. The statistical summary data 
lists the node, area, number of rays shot, the sum of all the radks for this node, the effective 
emissivity, and the weighted error.

The rays shot is 200,000 since the model was run twice. The effective emissivity should be 
equal to the emissivity input on the optical property form. If the emissivity were input as 
angular dependent, this quantity is the integrated hemispherical emissivity. The output is 
shown in Table 21-1.

The BijSum is a useful quantity for error checking. It should be within a few hundredths of 1.0. 
Excessively low percentages indicate views to inactive sides or overly aggressive filtering of 
the smaller radk values. Rays shot from both node i and node j are used to compute the radk 
between i and j.

Notice the BijSelf value is non-zero. The Bij is the fraction of energy leaving Surface i that is 
absorbed by Surface j by all possible paths. Since the emissivities are less than 1, some energy 
emitted by Surface 1 is reflected from Surface 2 back to Surface 1.

Overview Parallel Flat Plates (Continued)
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67. Select Thermal > Radiation Calculations 
> Set Radiation Analysis Data....
The Radiation Analysis Data dialog box 
appears with the Radk Output tab dis-
played. 

68. Select the Control tab.
69. Highlight the current value in the Rays 

per node field and type 20.
70. Select List in the Nodes field (place a dot 

in the circle).
71. Type MAIN.1 in the List input field. 

To get an idea of how calculations are 
made, plot the calculated rays on the 
model.

Set the number of rays to be a smaller 
value, since many rays will just clutter the 
screen. An option is to set the Maximum 
number of rays to plot on the Ray plot 
tab, which will be opened next.
Also, only shoot rays from Node MAIN.1 
so the results can be seen.

72. Select the Ray Plot tab. 
73. Click on Plot rays to space to select it 

(place a check mark in the box).
74. Click on Plot rays for surface-to-surface 

reflection to select it (place a check 
mark in the box).

75. Highlight the current value in the Length 
of “to space” and “from source” rays 
field and type 12. 

76. Select OK to close the dialog box.

Choose to plot the rays to space and the 
rays for surface-to-surface reflection.
Limit the length of the rays to 12 inches.

Overview Parallel Flat Plates (Continued)
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77. Type LTSCALE in the Command line.
The command line should now read:
Enter new linetype scale factor 
<39.3701>:

78. Type 0.5.
Lines appear inside the plates.

The rays to space (as well as nodal cen-
terlines) are drawn according to the LTS-
CALE value. These lines are drawn by a 
series of dots. The LTSCALE value deter-
mines how close to put the dots together. 
A smaller value means more dots are 
printed for each line. 

79. Select Thermal > Radiation Calculations 
> Calc Radks Ray Trace.
A Thermal Desktop/AutoCAD dialog box 
asking for confirmation to continue 
appears. 

80. Select OK to close the dialog box.
The Append/Replace Database dialog 
box appears. 

81. Leave Append selected.
82. Select OK to close the dialog box with-

out making any changes.

Several orange lines (and possibly some 
blue lines) will appear representing rays. 
These rays are random, so they will be 
different every time the calculations are 
made.

The color of the rays is a function of the 
energy of the ray. Energy values of 1 are 
red and scale down to dark blue for zero 
values. The color will change as energy is 
absorbed and the ray is reflected. 

Overview Parallel Flat Plates (Continued)

Figure 21-1: After LTSCALE Assigned

Figure 21-2: Ray Calculation Example
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Some additional things the user might try:

■ Move the rectangles closer together so that multiple reflections may easily be seen.
■ Make the optical property of the upper surface to be transmissive and then plot the 

rays. Examine the difference between specular and diffuse transmissivity.

83.  or Thermal > Radiation Calcula-
tions > Clear Ray Plot.

If additional rays are shot, they will be 
added to the rays already on the screen.
Use the Clear Ray Plot command to delete 
the rays. 

84. Select File > Exit.
A Thermal Desktop/AutoCAD dialog box 
appears asking to save the drawing 
changes.

85. Select Yes.

Exit Thermal Desktop and save as 
prompted.

86. Examine the working folder Tutorials\Thermal Desktop\parallel and open the 
SINDA.xls file.
This files provides the same information as found at the bottom of the *.k file, but in 
a convenient format for searching, sorting, etc.

87. Close SINDA.xls.

Overview Parallel Flat Plates (Continued)

Figure 21-3: Clear Ray Display
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21.2 Space Station Oct Tree Example

What will be learned:

■ How to use oct-trees to accelerate execution time
■ How to postprocess radk results

In this example, the use of Oct-trees in accelerating RadCAD radiation calculations will be 
explored. The space station model will show how changing a single oct-tree parameter can 
significantly decrease the amount of time required to perform radiation analyses. It is rec-
ommended that all users work through this example, even if not employed in the aerospace 
industry. Decreasing the computational time can be applied to any type of radiation problem.

Space Station Oct Tree Example

1. Double click on the file spaceStation.dwg located in the Tutorials\Thermal Desk-
top\OctCells folder.
Thermal Desktop opens with the spaceStation drawing on the screen. 

Figure 21-7: Space Station Oct Tree Initial View
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2.  or Thermal > Model Checks > 
Display Active Sides.

Verify active sides. Everything should be 
green and yellow. Note that some 
machines without decent graphics cards 
may show the solar panels as blue. This is 
an artifact of color bleeding as the solar 
panel has been created in this model as 
two surfaces, that are separated by a 
small amount, and are active in opposite 
directions.

■ Green indicates that one side 
is active and the opposite side 
is inactive.

■ Light blue indicates that the 
side being looked at is inac-
tive, and the opposite side is 
active.

■ Yellow indicates that both 
sides are active, dark blue 
indicates that both sides are 
inactive.

■ Red means that the surface is 
not in the analysis group cur-
rently being used and will not 
be used for calculations.

Space Station Oct Tree Example
21-23



3. Select Thermal > Radiation Calculations 
> Set Radiation Analysis Data.
The Radiation Analysis Data dialog box 
appears. 

4. Select the Control tab if not already dis-
played.

5. Highlight the value in the Rays per node 
field and type 500 if the current value is 
different.

Set the number of rays to 500 and note 
the number of Oct-tree subdivisions.

Space Station Oct Tree Example
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6. Select the Advance Control tab. 

Notice the Max oct-tree subdivisions: 
field is set to 6.

7. Select the Radk Output tab. 

8. Click on Generate SINDA/FLUINT input 
after calculations to deselect it (remove 
the check mark from the box).

9. Select OK to close the Radiation Analysis 
Data dialog box.

Remove the option to generate the 
SINDA/FLUINT input.

Space Station Oct Tree Example
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10. Select Thermal > Radiation Calculations 
> Calc Radks Ray Trace.
A Thermal Desktop/AutoCAD dialog box 
asking for confirmation to continue 
appears. 

11. Select OK to close the dialog box.
12. Press <F2> to find the time to calculate 

the radks.
13. Press <F2> to close the text window.

Calculate radiation conductors. The 
default analysis group and the currently 
loaded optical properties will be used to 
calculate radks.

Record the amount of time required to 
perform the radk calculations. This is 
most easily done by hitting the <F2> 
function key. The text window will appear. 
The amount of time to calculate the radks 
is needed. That value can vary based on 
CPU speed, the number of CPU’s available 
and the number of other applications 
running.

14. Select Thermal > Radiation Calculations 
> Set Radiation Analysis Data.
The Radiation Analysis Data dialog box 
appears with the Radk Output tab dis-
played. 

15. Select the Advanced Control tab.
16. Highlight the current value in the Max 

oct-tree subdivisions field and type 7.
17. Select OK to close the dialog box.

Space Station Oct Tree Example
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18. Select Thermal > Radiation Calculations 
> Calc Radks Ray Trace.
A Thermal Desktop/AutoCAD dialog box 
asking for confirmation to continue 
appears. 

19. Select OK to close the dialog box.
The Append/Replace Database dialog 
box appears. 

20. Select the desired option (place a dot in 
the circle).

21. Select OK.
22. Press <F2> to find the time to calculate 

the radks.
23. Close the text window when finished 

reviewing.

Since the database from the previous run 
already exists, the program asks if the 
user wants to “append” or “replace” the 
existing database.

Appending will add 500 more rays to the 
existing database, making it 1000 total 
rays. Replacing will replace the database.
For this example, either selection is suffi-
cient.

Record the amount of time required to 
perform the radk calculations. This run 
should be about 30% faster.

Note: The times are clock times, so 
the time required to respond to 
the Append/Replace Database 
form will affect the results. If your 
new time is slower, try again, but 
respond more quickly to the form 
that appears.

Each run shot 500 radk rays, and only one parameter was different, the Max oct-tree subdivi-
sions. Please keep in mind that the oct-tree does not affect the answers, but only the speed at 
which they are arrived. The oct-tree breaks the model into smaller regions, and limits the 
amount of intersection tests performed.

Every model has an optimal number of Max oct-tree subdivisions and Max surfaces per cell 
that will calculate the radiation job the fastest. CRTech has found that the subdivisions 
parameter affects the results much more drastically than the surfaces per cell. Some models 
will run 10 times faster by changing the subdivision setting. In other models, the subdivision 
setting does not affect the CPU time. Some models may run fastest with subdivisions equal to 
five, while others may require subdivisions equal to 9. In conclusion, the user should run test 
cases to find the optimal parameters.

An easier method to determine the optimum Oct-Cell settings is to use the Optimize Cells 
command as described below.

Space Station Oct Tree Example
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24. Select Thermal > Radiation Calculations 
> Optimize Cells.
The Optimize Cells form opens.

25. Under Vary the Subdivisions, enter 6 for 
From and 9 for To.

26. Under Vary the Surfaces Per Cell, enter 8 
for From and 8 for To and 1 for Incre-
ment.

27. Enter 500 for Number of Rays.
28. Select OK and confirm any dialogs that 

appear.
After the calculations are completed, a 
document called OptimizeCells.txt is 
opened.

29. Close OptimizeCells.txt and AutoCAD 
Text Window.

The Optimize Cells command runs a small 
radiation calculation using a variety of 
settings for the Oct-Cells. Each run uses 
the same random seed number to mini-
mize the differences between the runs.

The stronger variation in run time is usu-
ally caused by the number of subdivi-
sions. For time reasons, we will only 
change subdivisions for this tutorial.

It is important that the amount of time 
required for each test is substantial 
enough to see true run time changes, and 
not just CPU or operating system effects. 
Ideally, each setting should run for at 
least 30 seconds of CPU time. This can be 
controlled by the number of rays shot per 
run.

Examining the document, you will see at 3 main sections. The first section is the OctCell 
generation time. The second section is the maximum number of surfaces in any one cell. 
The third section Provides the ray tracing time.

With a large change in the values in the second section, as seen from 6 to 7 subdivisions, 
a large benefit can be realized. With a smaller change in Surfaces per Cell, as seen from 7 
to 8 subdivisions or 8 to 9 subdivisions, a smaller benefit will be realized.

Space Station Oct Tree Example
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30. Select OK to close the dialog box. 
A Thermal Desktop/AutoCAD dialog box 
asking for confirmation to continue 
appears. 

31. Select OK.
32. Press <F2> to view test progress and 

results.
33. Close the text window when finished 

reviewing.

34. Select Thermal > Post Processing > 
Manage Datasets.
The Postprocessing Datasets dialog box 
appears. 

35. Select Add New.
The Data Set Source Selection dialog box 
appears. 

36. Type radks in the Postprocessing set 
name field.

37. Select the Radks radio button (place a 
dot in the circle).

38. Select OK to close the dialog box.

Create a new radks post-processing 
dataset named radks.

Space Station Oct Tree Example
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The Directory Select dialog box appears. 

39. Select OK.
The Set FF/Radk Dataset Properties dia-
log box appears. 

40. Select OK.
The Postprocessing Datasets dialog box 
appears with radks displayed in the Cur-
rent Data Set field. 

41. Select Close.

View the calculated data using a color 
map. Enter a descriptive comment for the 
post-processing dataset if preferred. 
Click directly in the edit field to enter the 
comment.

A lower value for the radk to space for the 
interior or shuttle payload bay should be 
seen. 

Space Station Oct Tree Example
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42.  or Thermal > Postprocessing > 
PostProcessing off.

Return to the normal display mode.

Note: The drawing may be left in 
postprocessing mode when exit-
ing if desired. It will be reloaded in 
post-processing mode when the 
session is resumed. 

43. Select File > Exit.
A Thermal Desktop/AutoCAD dialog box 
appears asking to save the drawing 
changes.

44. Select Yes.

Exit Thermal Desktop and save as 
prompted.

Additional practice:

Use the Model Checks > Check Overlapping Surfaces command to find the surfaces that 
might be overlapping in the same plane. Surfaces that overlap in the same plane will most 
likely cause problems with radiation calculations. Once the overlapping surfaces are 
found, use the Model Browser to isolate the overlapping nodes and try to determine what 
is wrong with the geometric model. In the Model Browser, select List > Groups to see 
groups of overlapping surfaces.

Overlapping surfaces can be corrected by offsetting the surfaces slightly.

Space Station Oct Tree Example
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21.3 Importing a TRASYS Model and Using Articulators

What will be learned:

■ Importing a TRASYS input file
■ Working with layers
■ Creating trackers
■ Creating environmental heating rate cases

In this example, a TRASYS model will be imported. Following that we will articulate the solar 
arrays.

Thermal Desktop will automatically run the TRASYS input file through the Thermal Desktop 
supplied TRASYS preprocessor. If the TRASYS model has errors, a window will be displayed 
describing the errors and the import will be aborted. When the preprocessor is finished, an 
input dialog box will appear prompting for a desired display resolution. This dialog box con-
trols the degree of fidelity to which non-Thermal Desktop curved surfaces are modeled (such 
as an ogive). Higher resolutions use more facets per degree of curvature.

TRASYS surfaces will be seen being drawn on the viewport as they are read from the prepro-
cessor output. After the TRASYS model is read in, the preprocessor intermediate files are 
automatically deleted. The status of the preprocessor run is retained in the file “TRA-
SYS.OUT”. 

All imported TRASYS nodes are placed into the current analysis group. Use this analysis 
group to perform radk or view factor computations. The imported model has all the data 
necessary to begin calculations.

Active side and submodel/node number data may be verified using the Thermal > Model 
Checks operations. Each BCS is placed on its own layer.

Importing TRASYS Files and Using Articulation

1. Double click on the file trasys.dwg located in the Tutorials\Thermal Desktop\trasys 
folder.
Thermal Desktop opens with the trasys drawing on the screen.

2.  or View > Visual Styles > 2D Wireframe to ensure consistency with the images 
in this tutorial.Before using Insert > Block, optionally create or display an item that 
will allow selection of the insert location.
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3. Select Thermal > Import > TRASYS.
The TRASYS Import Options dialog box 
appears. 

4. Click on the arrow to the right of the 
Input File field and select TMG3.INP 
from the drop-down list, if it is not 
already visible.

5. Select OK to close the dialog box.

Import the example TRASYS model, 
TMG3.INP. 

6.  or type Layer.
The Layer Properties Manager dialog 
box appears.

Note: Format > Layer will also display the 
Layer Properties Manager dialog box.

Invoke the Layer Property Manager. 

Importing TRASYS Files and Using Articulation
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The Layer Properties Manager dialog box is shown below. All newly created entities are placed 
on the current active layer.

Click the lightbulb icon in the On column to toggle layer visibility on and off. A layer that is 
turned Off is not visible on the screen. Click on the sun/snowflake icon in the Freeze column 
to freeze or thaw a layer, respectively. When working with large models, freezing is a better 
option than turning off since frozen layers are not redrawn during graphical updates.

The display list is not regenerated for frozen layers. The lock icon can be used to prevent 
modification to any object that is on the locked layer, however, CRTech recommends leaving 
all user-defined layers unlocked. 

Importing TRASYS Files and Using Articulation
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7. Click on the Freeze (sun) icons for all of 
the BCS_ xxx except for BCS_SAPX to 
turn them off.
The sun icons will change to look like 
snowflakes.

Note: There are 19 rows of BCS_ xxx layers 
and 18 will be affected, leaving BCS_SAPX 
untouched. 

8. Make sure the current layer, 0, is not 
turned off (light bulb is gray) or any new 
items created will not be visible.

9. Close the dialog box.

10.  or View > Zoom > Extents or
■ type zoom (or just the letter z) in 

the Command line and press 
<Enter>.

■ type extents (or just the letter e) in 
the Command line and press 
<Enter>.

The goal of this command is to turn off 
the display of the model except for the 
solar panel on layer BCS_SAPX.
When completed, the view on the screen 
should be similar the image below

Note: The <Ctrl> and <Shift> short-
cut keyboard command works in 
this dialog box to select and 
change more than one layer. 

Note: Turning the layers off instead of 
freezing them are visually the 
same, however, the Zoom Extents 
command will work differently. Off 
layers, while not visible are still 
included in any “all” command 
(e.g. Zoom Extents). Frozen layers 
are not included in “all” com-
mands.
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11. Type pan in the Command line.
The cursor changes into a small hand—
this is the Pan Realtime command.

12. Hold down the left mouse button to 
move the model across the drawing 
area.

13. Click the right mouse button to display 
the popup menu.

14. Select Zoom.
The cursor changes to a small magnify-
ing glass with a plus and a minus sign—
this is the Zoom Realtime command.

15. Alternate between pan and zoom until 
the model is positioned similarly to the 
image to the right.

16. Press <Esc> to end the pan/zoom com-
mand mode.

Use the pan and zoom command to posi-
tion the model to look like the image 
below. Use the right mouse button to 
switch between pan and zoom. 

Importing TRASYS Files and Using Articulation
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17.  or Thermal > Articulators > Cre-
ate Tracker.
The Command line should now read:
Enter origin of tracker:

18. Hold down the <Shift> key and click the 
right mouse button to display the right 
mouse popup menu.

19. Select Center.
The Command line should now read:
Enter origin of tracker: _cen of

20. Click in/on the left-most positioned cir-
cle as shown by the arrow in the image 
to the right. Notice as the cursor moves 
over the circles, a yellow circle appears.
The Single Axis Tracker dialog box 
appears. 

21. Select OK to close the dialog box.

The tracker must be placed at the point 
that the solar array will rotate. 

Note: See 4.15.2 Trackers for more 
information on trackers.

Importing TRASYS Files and Using Articulation
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22.  or View > Zoom > Extents.

23.  or Thermal > Articulators > 
Attach Geometry.
The Command line should now read:
Select an articulator:

24. Select the articulator you just created
The Command line should now read:
Select objects to attach to 
articulator or [MB]:

25. Draw a box around all of the objects in 
the display.
The Command line should now read:
Select objects to attach to 
articulator or [MB]:

26. Press <Enter>.

Note: If <F2> is selected the text window will 
show that 13 objects were attached to the 
articulator.

The surfaces that will rotate with the 
tracker must be attached to that tracker.
The attach command will not attach a 
tracker to itself, so it is OK to select it 
when attaching the surfaces.

Importing TRASYS Files and Using Articulation
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27.  or Thermal > Orbit > Manage 
Orbits.
The Heating Rate Case Manager dialog 
box appears.

28. Select Add.
The Create New External Heating Envi-
ron dialog box appears. 

29. Type Test in the New Heating Case 
Name field.

30. Select OK to close the Create New Exter-
nal Heating Environment dialog box.

Create an orbit with a beta angle of zero. 

New orbits are created using the Orbit 
Manager. Multiple orbit definitions can be 
created and saved under a user defined 
name. Orbit definitions are stored in the 
drawing file along with the model geome-
try.
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The Orbit: Test dialog box appears. 

31. Select the Orientation tab. 

32. Highlight the current value in the Z 
Additional Rotations field and type 90.

33. Select OK.
The Heating Rate Case Manager dialog 
box reappears with Test displayed in the 
Current Heating Rate Case field. 

34. Select Display Orbit.
The drawing area displays the orbit.

35. Select View > 3D Views > SE Isometric.

Rotate the entire model by 90 degrees 
about the Z axis. This will put the solar 
panels in a position so that they can track 
the sun.

Want to Learn More?  More infor-
mation about creating orbits may be
found in 6 External Heating Envi-
ronments and Orbits.

Importing TRASYS Files and Using Articulation
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36.  or Thermal > Orbit > View Vehicle 
> Set Orbit Position/Prefs.
The View Vehicle In Orbit dialog box 
appears. 

37. Select OK to close the dialog box with-
out making any changes.

The vehicle can now be viewed in orbit. 
The size parameter allows the user to 
manipulate the size of the vehicle with 
respect to the size of the planet. 

38.  or Thermal > Orbit > View From 
> Sun.

View the orbit and model from the sun. 
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39.  or Thermal > Orbit > Display 
Preferences.
The Orbit Display Preferences dialog 
box appears. 

40. Check Autohide to select it.
41. Select OK.

Autohide automatically turns offf the 
planet if the vehicle will be hidden by the 
planet.

Importing TRASYS Files and Using Articulation
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42.  or Thermal > Orbit > View Vehicle 
> Next Position.

43. Press <Enter>.

The geometry will move to the next posi-
tion in the orbit. Notice that the bottom 
solar array stays perpendicular to the sun, 
while the top array does not (because it is 
not attached to the articulator). 

Use the right mouse button or <Enter> to 
step all the way around the orbit. 

This example lines up the solar arrays for maximum solar flux only if the beta angle is set to 
zero. 

Now go back and add a second axis of rotation so that the solar arrays will line up indepen-
dent of beta angle. The orientation of the current tracker will be changed so that it will 
account for the beta angle. A second tracker will then be added that will account for the 
movement around the planet. The original tracker will be attached to the second tracker. The 
order of attachment is extremely important. Thermal Desktop determines the nesting of the 
trackers and performs the rotation of the highest level tracker first.
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44.  or Thermal > Orbit > Orbit Dis-
play Off.

Turn off the orbit display. 

45.  or View > Visual Styles > 2D Wire-
frame

Work in wireframe mode. 

46.  or Thermal > Articulators > Reset 
Trackers.

The articulators must be reset to the 
starting value. The model should look 
similar to the view below. 

47. Select File > Save. Save the geometry often.

48. Type zoom.
The command line area should now 
show:
Specify corner of window, enter a 
scale factor (nX or nXP), or 
[All/Center/Dynamic/Extents/Pre-
vious/Scale/Window/Object] <real 
time>:

49. Type all.

Note: Use the pan and zoom icons as desired.

Use Pan and Zoom to position the model 
to focus on the tracker.
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50. Select Thermal > Articulators > Toggle 
Global Activation.
Articulators are now globally turned 
off—see confirmation of this in the 
Command line area.

Change the orientation of the current 
tracker. To do this, first turn off all track-
ers so that when the tracker is manipu-
lated, the geometry will not move with it.

51. Select the articulator.
The articulator is highlighted—the lines 
become dashed lines and blue grip 
boxes appear along the X, Y and Z axes.

52. Click on the grip point at the end of the 
X axis (Red).
Specify stretch point or [Base 
point/Copy/Undo/eXit]: appears in 
the Command line area.

Note: A yellow box appears in the middle of 
the cursor when placed over the grip box. 
The yellow box becomes thicker when the 
cursor is positioned over the grip point 
and the grip box becomes red once it is 
selected. A “rubberband line” attaches the 
cursor to the first selected grip point and 
moves as the cursor moves.

53. Move the cursor to the grip point on the 
end of the Y axis (Green) and click the 
left mouse button to select it.

Rotate the articulator 90 degrees about 
the Z-axis using the grip points. This 
redefines the articulator to account for 
various beta angles.

54. Select Thermal > Articulators > Toggle 
Global Activation.
The articulators are now globally turned 
back on

Manual manipulation of the articulators is 
now complete and they must be turned 
back on.
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55.  or Thermal > Articulators > Cre-
ate Tracker.
The command line should now read:
Enter origin of tracker:

56. Hold down the <Shift> key and click the 
right mouse button to display the right 
mouse popup menu.

57. Select Center.
The command line should now read:
Enter origin of tracker: _cen of

58. Click in/on the left-most positioned cir-
cle as directed by the arrow shown ear-
lier. Notice as the cursor moves over the 
circles, a yellow circle appears.
The Single Axis Tracker dialog box 
appears. 

59. Highlight the current value in the Dis-
play Size field and type 1.5.

60. Type Tracker 2 in the Name field
61. Select OK to close the dialog box.

Create the articulator to account for 
movement around the planet. Make the 
new articulator 1.5x the size of the previ-
ous articulator.
When these steps are complete the model 
should look similar to the view below. 

62.  or View > Zoom > Extents or
■ type zoom in the Command line and 

press <Enter>.
■ type extents in the Command line and 

press <Enter>.
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63.  or Thermal > Articulators > 
Attach Geometry.
The command line should now read:
Select an articulator:

64. Click on the new larger articulator to 
select it.
The command line should now read:
Select objects to attach to 
articulator...:

65. Click on the smaller articulator to select 
it.
The command line should now read:
Select objects to attach to 
articulator...:

66. Press <Enter>.

Attach the smaller articulator to the larger 
one.

67.  or Thermal > Orbit > Edit Current 
Orbit.
The Orbit: Test dialog box appears with 
90 displayed in the Additional Rotations 
Z field.

68. Select the Basic Orbit tab.
69. Highlight the current value in the Beta 

Angle field and type 30.
70. Select OK.

71. Display the model on the orbit and step through each position.
72. For practice, add 2 more articulators and get the second solar panel to track the sun.

73. Select File > Exit.
A Thermal Desktop/AutoCAD dialog box 
appears asking to save the drawing 
changes.

74. Select Yes.

Exit Thermal Desktop and save as 
prompted.
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21.4 Orbital Heating Rates

What will be learned:

■ Calculating orbital heating rates.
■ Viewing a model in orbit.
■ Post-processing heating rates.
■ Adjusting the color bar while in paper space.
■ Using the Case Set Manager to set up multiple heating rate jobs.

In this exercise, orbital heating rates using Monte Carlo ray tracing will be computed.

Orbital Heating Rates

1. Double click on the file satellite.dwg located in the Tutorials\Thermal Desktop\Heat-
ingRate folder.
Thermal Desktop opens with the satellite drawing on the screen.
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2.  or Thermal > Orbit > Manage 
Orbits.
The Heating Rate Case Manager dialog 
box appears. 

3. Select Add.
The Create New External Heating Envi-
ron dialog box appears. 

4. Type beta90 in the New Heating Case 
Name field.

5. Select OK to close the dialog box.

Create a new external heating environ-
ment named beta90.

Orbital Heating Rates (Continued)
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The Orbit: beta90 dialog box appears. 

6. Highlight the current value in the Beta 
Angle field and type 90.

7. Select the Orientation tab. 
8. Highlight the current value in the X 

Additional Rotations field and type 180.
9. Select the Positions tab.
10. Check the Use Positions radio button to 

select it (place a dot in the circle).
The list field below the button activates.

11. Delete all of the entries in the list box 
below the radio button.
■ Highlight all of the entries.
■ Press <Delete>.

12. Type 90 on a single line.
13. Select OK to close the dialog box.

The Heating Rate Case Manager dialog 
box reappears.

14. Select Display Orbit. 

The beta angle is the angle between the 
vector to the sun and the orbital plane.

“List” fields, like the one on the Positions 
tab, are edited directly. Click the cursor in 
the list field and use the <Backspace> or 
<Delete> keys to remove text. Text in list 
fields may also be selected (highlighted), 
cut, <CTRL><C>, and pasted, 
<CTRL><V>. 

Orbital Heating Rates (Continued)
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15.  or Thermal > Orbit > Orbit Dis-
play Preferences.
The Orbit Display Preferences dialog 
box appears. 

16. Select the Size/Colors tab.
17. Highlight the value in the Solar Shadow 

Length field and type 1 if the current 
value is different.

18. Highlight the value in the Orbit Position 
Scale field and type 3 if the current value 
is different.

19. Select OK.

20.  or Zoom > Extents.

The single position for which calculations 
will be performed is shown crossing over 
the north pole of the planet. The coordi-
nate system for the vehicle is shown with 
red used for the X axis, green used for the 
Y axis, and blue used for the Z axis 
(xyz=>rgb).

The small green triangle near the origin 
shows the start position. 

21.  or Thermal > Orbit > Orbit Dis-
play Off. 

Verify the orientation of the model by 
viewing it as it appears from the sun.
The solar arrays should be hiding the bat-
tery.

Be sure to turn the orbit display off before 
viewing the model, otherwise the orbit 
display will be repositioned, not the 
model. 
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22.  or Thermal > Model Checks > 
View Model From Sun/Planet > Set Orbit 
Position/Location.
The New Vehicle Setup dialog box 
appears. 

23. Set View From to Sun
24. Select OK.

25. Select Thermal > Radiation Calculations 
> Calc Heating Rates Ray Trace.
A Thermal Desktop/AutoCAD dialog box 
appears. 

26. Select OK.

Compute orbital heating rates for solar, 
albedo, and planetshine using full monte 
carlo.

A verification screen will appear showing 
the name of the analysis group, orbit, and 
optical property file to use for this calcu-
lation.

Orbital Heating Rates (Continued)
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27. Select Thermal > Post Processing > 
Manage Datasets.
The Processing Datasets dialog box 
appears. 

28. Select Add New.
The Data Set Source Selection dialog box 
appears. 

29. Type Heating Rate in the Postprocessing 
set name field.

30. Click on the Heating Rates radio button 
to select it (place a dot in the circle).

31. Select OK to close the dialog box.

Create a post-processing set for the 
orbital heating rates.

A confirmation screen appears as notifi-
cation that the default analysis group, the 
current orbit, and the currently loaded 
optical properties will be used to create 
the post-processing set. After the set is 
created, the orbital heating rate data may 
be viewed for this case even if other anal-
ysis groups, orbits, or property files are 
currently being used.

Orbital Heating Rates (Continued)
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The Directory Select dialog box appears 
with the dataset already selected. 

32. Select OK.
The Set HR Dataset Properties dialog 
box appears. 

33. Select OK.

Orbital Heating Rates (Continued)
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The Postprocessing Datasets dialog box 
reappears.

34. Select Close.

35.  or Thermal > Post Processing > 
Edit Layout ColorBar/Viewports. 
The Color Bar Settings dialog box 
appears.

36. Select the Auto Scaling drop-down and 
select On - Program Calculates Visible 
Min/Max

37. Select Done.

The color bar was set to use fixed limits 
from the last exercise. Change to use 
autoscaling. 
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38. Select View > 3D Views > Back.
39. Select View > 3D Views > Right.

40.  or Thermal > Model Checks > 
View Model From Sun/Planet > Set Orbit 
Position/Location.
The View Vehicle Setup dialog box 
appears. 

41. Select OK.

The view is currently looking at total 
absorbed flux using the sum of all heat-
ing rate sources (solar, albedo, and plan-
etshine).

Look for some reflections onto the back-
side of the right-hand panel.

The model checking feature may also be 
used to orient the model as seen from the 
sun or planet.

Named views may also be used, and lay-
ers can be toggled on and off to aid in 
examining data.

42. On the bottom status bar of the screen, 
click on the MODEL button. It will 
change to read PAPER.

43. Type zoom in the Command line.
44. Type .8x in the Command line.
45. Pick anywhere on the black box outlin-

ing the viewport to select the box.
46. Click on the lower left grip of the view-

port and drag the corner towards the 
center of the screen so that the view 
port does not overlap the colorbar or the 
color bar label.

47. Click the left mouse button to accept the 
position.

48.  or Zoom > Previous.

Switch to paper space and adjust the 
position of the viewport.

Note: If the black box outlining the 
viewport is not visible, issue the 
RcTouchALL command to force a 
regeneration of the data.
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49. Click on the color bar associated with 
the model in the drawing area to high-
light it.

50. Position the cursor on the lower left 
grip, hold down the left mouse button 
and drag the color bar a little bit to the 
left and down.

51. Click the left mouse button when satis-
fied with the position of the color bar.

52. Position the cursor on the upper right 
grip, hold down the left mouse button 
and drag the cursor to the right to 
increase the width and text size.

53. Continue dragging the cursor up to 
increase the size.

54. Drag the cursor all the way over to the 
lower right hand corner until the width 
becomes greater than the height. Notice 
that the colorbar automatically switches 
to a horizontal format as the width 
grows greater than the height.

55. Click the left mouse button when satis-
fied with the size.

56. On the bottom status bar of the screen, 
click on the PAPER button. It will change 
back to read MODEL.

57.  or Zoom > Extents.

Experiment with moving the color bar 
around and changing its size. After 
switching back to model space, zoom the 
viewport to reposition the model in the 
new viewport location.
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58. Select View > 3D Views > SE Isometric.

59.  or Thermal > Post Processing> 
Edit Current Dataset.
The Set HR Dataset Properties dialog 
box appears. 

60. Click in the check box next to Solar to 
deselect it (remove check mark from the 
box).

61. Click in the check box next to Albedo to 
deselect it (remove check mark from the 
box).

62. Make sure Planetshine is selected (check 
mark in the box).

63. Click on the Type Total Absorbed radio 
button to select it (place check mark in 
the box) if not already selected.

64. Select OK.

Look at some of the other heating rate 
data.

Pressing the <Enter> key will recall the 
last command, which will bring up the 
post-processing set editing dialog box 
again.
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65. Select Thermal > Radiation Calculations 
> Set Radiation Analysis Data....
The Radiation Analysis Data dialog box 
appears. 

66. Select the Control tab if not already dis-
played.

67. Highlight the current value in the Set 
Rays per node field and type 20000.

68. Deselect Solar and Albedo in the Heating 
Rate Sources field (remove check marks 
from the boxes).

69. Select OK.
70. Select Thermal > Radiation Calculations 

> Calc Heating Rates Ray Trace.
A Thermal Desktop/AutoCAD dialog box 
appears asking for confirmation to con-
tinue.

71. Select OK.
The Append/Replace Database dialog 
box appears with Append selected.

72. Select OK.
The process runs.

Shoot some more rays for just planetshine 
calculations.

A dialog will appear to confirm the analy-
sis group, orbit, and optical property file.
Another dialog will appear allowing the 
existing database to be appended, or to 
start with a brand new database. Append 
the existing database to increase the 
accuracy.
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73.  or Thermal > Post Processing> 
Edit Current Dataset.
The Set HR Dataset Properties dialog 
box appears.

74. Select OK.

Bring up the dataset editing dialog box 
and select OK to reload the data. The 
post-processing set always “points” to the 
data, it does not contain the data values. 
Updating the display will show the most 
currently computed values.

Verify that the heating on the solar arrays 
appears more uniform, and that heating 
rates in general look more symmetrical.

75. Select File > Save.

76.  or Thermal > Orbit > Manage 
Orbits.
The Heating Rate Case Manager dialog 
box appears.

77. Select Add.
The Create New External Heating Envi-
ron dialog box appears.

78. Type beta30 in the New Heating Case 
Name field.

79. Select OK to close the dialog box.
The Orbit: beta30 dialog box appears. 

80. Select the Basic Orbit tab.
81. Highlight the current value in the Beta 

Angle field and type 30.
82. Select OK to close the dialog box.

Use the Orbit Manager to create a new 
basic orbit with a beta angle of 30 
degrees.

The Heating Rate Case Manager dialog 
box reappears.

83. Select Display Orbit.
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84.  or Thermal > Case Set Manager.
The Case Set Manager dialog box 
appears with Case Set 0 highlighted.

85. Select Edit.
The Case Set Information Case Set 0 
dialog appears

86. Switch to the Radiation tab.

Use the Case Set Manager to set up two 
radiation jobs.

Note: When using the Case Set Man-
ager to calculate radiation, the 
Radiation Analysis Data must be 
defined through the Case Set 
Manager, not the Thermal menu.
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87. Select Add.
The Radiation Analysis Data dialog box is now shown. This is similar to the one dis-
played earlier with the Thermal > Radiation > Set Radiation Analysis data, but with a 
new tab at the beginning and tabs specific to the Job selected.

This dialog box allows the user to choose the calculations that will be made and to set the 
number of rays and other control parameters for this job. Change some parameters if desired. 
Please note that the output file names are programmed to be unique so that one job does not 
overwrite another.
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21-66



88. Click on the Heating Rates radio button 
to select it (place dot in the circle).
The Orbit field activates.

89. Select External from the Analysis Group 
drop-down list.

90. Select beta30 from the Orbit drop-down 
list.

91. Click on the Monte Carlo radio button to 
select it (place dot in the circle).

Define the radiation job to be performed.

Examine the Heatrate Output tab and note 
the file names.

92. Select OK to close the dialog box.
The Case Set Information Case Set 0 
dialog box reappears and the External-
beta30 job is added to the Radiation 
Task list.

93. Select Add.
The Radiation Analysis Data dialog box 
is now shown.

94. Click on the Heating Rates radio button 
to select it (place dot in the circle).
The Orbit field activates.

95. Select External from the Analysis Group 
drop-down list.

96. Select beta90 from the Orbit drop-down 
list.

97. Click on the Monte Carlo radio button to 
select it (place dot in the circle).

98. Select OK to close the dialog box.
The Case Set Information Case Set 0 
dialog box reappears and the External-
beta90 job is added to the Radiation 
Task list.

Add another Radiation task.

Examine the Heatrate Output tab and note 
that the file names are different than the 
earlier Radiation Task.
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99. Select the Calculations tab.
100. Deselect the following options (remove 

check marks from the boxes):
■ Generate Cond/Cap
■ Build SINDA input file
■ Run SINDA Model
■ Post Process SINDA Save File

101. Select OK to close the Case Set Informa-
tion Case Set 0 dialog box.
The Case Set Manager dialog box reap-
pears.

Since a conduction model was not built, 
all of the items to set up and run SINDA 
can be disabled.

102. Select Run 1 Selected Case.
The jobs are processed.

This will run both of the heating rate jobs 
that are defined.

Bring the Case Set Manager up again and select Run 1 Selected Case again. Notice that the 
program does not actually do any of the calculations. This is because the previous calculations 
are still valid. If a surface is moved, or an optical property changed, and then try the same Run 
1 Selected Case to see the program will recalculate the required data.

103. Select File > Exit.
A Thermal Desktop/AutoCAD dialog box 
appears asking to save the drawing 
changes.

104. Select Yes.

Exit Thermal Desktop and save as 
prompted.
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21.5 Simple Satellite

What will be learned:

■ Using trackers
■ Using insulation
■ Creating double sided Thermal Desktop surfaces

Prerequisites:

■ 20.2 Setting Up a Template Drawing

In this example the simple satellite shown below will be built. This satellite will have two 
radiation analysis groups, one for internal of the box and one for the external. The five lower 
surfaces of the box will be coated with insulation. Conduction within the box is going to be 
ignored. 
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Simple Satellite Demo Example

Start by opening the folder titled simpleSatellite. Copy the template DWG file into the demo-
Satellite folder.

1. Open the folder named simpleSatellite. (create it if it does not exist).
2. Copy the template thermal.dwg file created in the first tutorial to the new \Tutori-

als\Thermal Desktop\demoSatellite directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to the new 
directory so that the file is copied, rather than moved.

3. Rename the copied template file to simpleSatellite.
4. Start Thermal Desktop by double clicking on the simpleSatellite drawing file icon in 

the simpleSatellite directory.

5.  or Thermal > Thermophysical 
Properties > Edit Property Data.
The Edit Thermophysical Properties dia-
log box appears. Your properties list 
may or may not be empty.

6. Type structure in the New property to 
add field.

7. Select Add.
The Thermophysical Properties dialog 
box appears.

8. Highlight the value in the Conductivity 
field and enter 100. 

9. Highlight the value in the Density field 
and enter 1000. 

10. Select OK to close the dialog box.
The Edit Thermophysical Properties dia-
log box reappears with ‘structure’ dis-
played in the list field. Notice that the 
conductivity is 100, specific heat is 1 
and density is 1000. 

Add three new materials:
■ structure: k = 100; Cp = 1;  = 

1000
■ MLI, 7-layer: k=Cp==0; * = 

0.05
■ honeycomb: k=20; Cp==0; 

*=0.05
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11. Type MLI, 7-layer in the New property to 
add field.

12. Select Add.
The Thermophysical Properties dialog 
box appears.

13. Highlight the current value in the Con-
ductivity field and type 0.

14. Highlight the current value in the Spe-
cific Heat field and type 0.

15. Highlight the current value in the Effec-
tive Emmissivity e-star field and type 
0.05.

16. Select OK.
The Edit Thermophysical Properties dia-
log box reappears displaying MLI.

The MLI material has a conductivity of 
zero and an effective emissivity of 0.05. 
This means that when used as insulation, 
or as a core material for surfaces with dif-
ferent node numbers on each side, the 
conductor through the material will be 
radiation. If the conductivity were greater 
than zero and the effective emissivity 
were zero, the conductors through the 
material would all be linear. If both values 
were greater than zero, both radiation 
and linear conductors would be generated 
through the material.

The internal properties of the insulation 
are given in the thermophysical proper-
ties and the surface properties are given 
in the optical properties.

17. Select MLI, 7-layer in the property list 
and select the Copy button.

18. Type honeycomb in the Copy Material 
Property form that appears.

19. Select OK.
20. Double-click Honeycomb.

The Thermophysical Properties dialog 
box appears.

21. Highlight the current value in the Con-
ductivity field and type 20.

22. Select OK.
The Edit Thermophysical Properties dia-
log box reappears displaying MLI. 

23. Select OK.

The honeycomb material has a conductiv-
ity of 20 and an effective emissivity of 
0.05. This means that when used as insu-
lation, or as a core material for surfaces 
with different node numbers on each 
side, two conductors will be created 
through the material: one linear and one 
radiation.
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24.  or Thermal > Optical Properties > 
Edit Property Data.
The Edit Optical Properties dialog box 
appears. Your properties list may or may 
not be empty.

25. Type MLI surface in the New property to 
add field.

26. Select Add.
The Thermophysical Properties dialog 
box appears.

27. Set Solar Absorptivity to 0.15
28. Set Infrared Emissivity to 0.05
29. Select OK.

Define optical properties:
■ MLI surface:  = 0.15;  = 0.05
■ White, zinc oxide:  = 0.16;  

= 0.93
■ solar cells:  = 0.82;  = 0.85

Any surfaces without an assigned prop-
erty will have the DEFAULT property which 
is  = 1 and  = 1

The surface properties are given in the 
optical properties and the internal prop-
erties, including internal effective emis-
sivity, are given in the thermophysical 
properties.

30. Repeat for ‘white, zinc oxide’ and ‘solar 
cells’ properties.

31. Select OK. to close Edit Optical Proper-
ties window.

32. Select View > 3D Views > SE Isometric.
The UCS icon reflects the change.
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33. Select Thermal > Radiation Analysis 
Groups. 
The Radiation Analysis Group Manager 
dialog box appears.

34. Select Add. 
The Add Analysis Group dialog box 
appears. 

35. Type Internal in the New radiation group 
name field. 

36. Select OK to close the Add Analysis 
Group dialog box.
The Radiation Analysis Group Manager 
dialog box reappears with Internal dis-
played in the Analysis Group list field.

Radiation analysis groups designate iso-
lated regions of the model for radiation 
calculation purposes. Two analysis 
groups are created for this model:

■ Internal
■ External

The default analysis group Base can 
remain in the model and will not affect 
the calculations if it is not used for any 
calculations.
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37. Select Add. 

The Add Analysis Group dialog box 
appears.

38. Type External in the New radiation 
group name field. 

39. Select OK to close the Add Analysis 
Group dialog box.
The Radiation Analysis Group Manager 
dialog box reappears with the 2 new 
groups displayed in the Analysis Group 
list field. 

40. Select OK to the close the dialog box.

41.  or Thermal > Surfaces/Solids > 
Rectangle.
The Command line should now read:
Origin point <0,0,0>

42. Press <Enter>.
The Command line should now read:
Point for +X axis and X-size 
<@1,0,0>: 2,0,0

43. Type 2,0,0 in the Command line.
The Command line should now read:
Point to set XY plane and Y-size 
<@0,1,0>:

44. Type 0,0,1 in the Command line.
The Thin Shell Data dialog box appears. 

45. Click on the Radiation tab.
46. Double click on External in the Analysis 

Group Name, Active Side field.

Create the box shown in the inital image 
of this tutorial by creating a series of six 
rectangles.

Set the top side to be in the External 
Analysis Group and the bottom side to be 
in the internal group. Make sure to gener-
ate nodes and conductors and put insula-
tion on the top side. 
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The Edit Active Side dialog box appears. 

47. Select Top/Out (place a dot in the cir-
cle).

48. Select OK.
The Thin Shell Data dialog box reap-
pears with top/out displayed next to 
External.

49. Double click on Internal in the Analysis 
Group Name, Active Side field.
The Edit Active Side dialog box appears.

50. Select Bottom/In (place a dot in the cir-
cle).

51. Select OK.
The Thin Shell Data dialog box reap-
pears with top/out displayed next to 
External.

52. Using the drop-down list for Top/Out 
under Optical Properties for Radiation 
Calculation, select MLI surface.

The surface was created such that the top 
(the +Z of the surface) is on the outside of 
the spacecraft.
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53. Click on the Cond/Cap tab.
Generate Nodes and Conductors is 
already set by default.

54. Click on the arrow next to the Material 
field and select structure from the drop-
down list.

55. Select the Insulation tab. 
56. Click in the check box next to Put on 

top/out side to select it.
The Top/Out field activates. 

57. Click on the arrow next to the Material 
field and select MLI, 7-layer from the 
drop-down list.

58. Select OK to close the dialog box.
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Create the top and the other sides of the box by copying the first rectangle. Do this so that the 
top side is always out.

One option is to begin by copying the first rectangle and rotating it 90 degrees to create a new 
side. The rotation can be completed using the grip point Aim X Rotating About Y.

A second, possibly easier, option is to use the ARRAY or ARRAYCLASSIC command to cre-
ate a polar array.

59. Select the newly created rectangle.

60.  (Copy).
The Command line should now read:
Specify base point or [Displacement/
mOde] <Displacement>:

61. Click at the origin to set the first point.
The Command line should now read:
Specify base point or [Displacement/
mOde] <Displacement>: Specify sec-
ond point or <use first point as dis-
placement>:

62. Click on bottom right corner of the 
existing rectangle (as currently oriented 
in the drawing area), on the X axis.
A second rectangle appears adjacent to 
the first.

63. Click on the second rectangle to select 
it.

The steps to create the first of the 5 
remaining sides is shown to the left.
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64. Type ROTATE3D.
The Command line should now read:
Specify first point on axis or 
define axis by [Object/Last/
View/Xaxis/Yaxis/Zaxis/2points]:

65. Click on the point at the base of the line 
separating the two rectangles.
The Command line should now read:
[Object/Last/View/Xaxis/Yaxis/
Zaxis/2points]: Specify second 
point on axis:

66. Click on the point at the top of the line 
separating the two rectangles.
The Command line should now read:
Specify rotation angle or [Refer-
ence]:

67. Type 90 in the Command line.
The second rectangle now displays as a 
side of the box.

68. Repeat the process to create the other 2 sides of the box and the top and the bottom 
of the box.
The top and bottom of the box use the same concepts of copying and rotating. Pay 
attention to the angles and the axes for the top and bottom. The sides of the box are 
smaller than the top and the bottom so they will need to be stretched to fit—use the 
grip points. It is also possible to use the copy and move commands, but remember to 
keep the top sides out.
It is also fine to zoom in for a closer view and rotate the view.
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69. Click on the new top side of the box to 
select it.

70.  or Thermal > Edit.
The Thin Shell Data dialog box appears 
with the Insulation tab displayed.

71. Click on Put on top/out side to deselect 
it (remove the check mark from the 
box).

72. Select the Subdivision tab.
73. Highlight the current value in the X-

direction Equal field and type 5.
74. Highlight the current value in the Y-

direction Equal field and type 5.
75. Leave Centered Nodes selected.
76. Select the Radiation tab.
77. Select white, zinc oxide from the Top/

Out drop-down list of the Optical Prop-
erties for Radiation Calculations.

78. Select OK to close the dialog box.

The top side of the box is the radiator. 
Change the top side of the box to have a 
5x5 breakdown and also to take the insu-
lation off of it. 

79. Create a rectangle to represent the chip 
using the snap points on the radiator to 
place the chip as shown in figure to the 
right. Orient the chip such that the +Z 
(top) of the chip is facing the inside of 
the spacecraft.
The Thin Shell Data dialog box appears 
as a part of the creation process.

80. Place the Node ID in the submodel CHIP.
81. Set the radiation for the top side in the 

Internal analysis group.
82. Place the conductors in the CHIP sub-

model.
83. Set the material to structure.
84. Close the Thin Shell Data form

Create the CHIP. Use the snap points to 
put it directly in the same plane as the 
radiator.

Note: Hint — remember how to create 
a submodel — 20.4 Circuit Board 
Conduction Example.
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85. Select the chip.
86. Select Modify > Move.
87. Follow the prompts and move the chip 

down in the Z direction 0.01.

Offset the chip from the radiator for radi-
ation calculations. Move the chip into the 
box. 

Note: Hint - Select a corner of the chip 
as a base and use @0,0,-.01 as 
the “to” point.

88. Create a contactor from the chip to the 
radiator with a value of 5 W/m2K and 
place in the CHIP submodel.

89. Create a heat load with power of 15 W 
on the chip surface and place in the 
CHIP submodel.

90. Create a double sided solar panel.

Note: Refer to this image on the next page for 
a visual reference. Pan and zoom as 
needed.

Create a solar panel and a tracker.
For the solar panel:

■ Place the surface origin at 
1,0,2

■ Make the rectangle 2 m x 3 m
■ Make it a double sided surface 

and set initial node ID for bot-
tom to 11

Note: Hint - Go to Numbering tab and 
uncheck Use Same ID’s on both 
sides

■ Place nodes and conductors in 
the SOLAR_PANEL submodel

■ Set the separation distance to 
be 0.01.

■ Use the structure material for 
the faces and honeycomb for 
the separation.

■ Set the radiation analysis 
External group to “Both”.

■ Use the solar cells optical 
property for the Top and 
white, zinc oxide for the bot-
tom.

■ Subdivide 3 in the y and 1 in 
the x.
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91. Create the tracker. Create the tracker and modify it to be ori-
ented as shown in the below graphic.

Note: Hint, see 4.15.2 Trackers. 

92. Attach the solar panel to the tracker. Attaching geometry to a tracker can be 
accomplished by either using the Thermal 
> Articulators > Attach Geometry com-
mand or by using drag-and-drop in the 
Tracker list of the Model Browser.
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93. Create a basic orbit with default proper-
ties

Note: Hint, refer to 6.1.3 Basic Orbit.

94. Display the vehicle in the orbit to ensure 
the solar panel orientation makes sense.

95. Edit the orbit to change the orientation 
(rotation about X)

You may need to open the radiation anal-
ysis group manager to set BASE or EXTER-
NAL to the default group

96. Use the display active sides and the 
Model Browser to make sure the model 
is correct.

97. Display the Case Set Manager.
98. Set up and run the case.

■ Edit the radiation jobs to cal-
culate

■ radks for the internal analysis 
group

■ articulating radks for the 
external analysis group (the 
geometry is changing over the 
orbit)

■ heating rates for the external 
group.

■ Set for a steady state solution 
followed by a transient run of 
15000 seconds.

■ Set the output increment to 
100 seconds.

■ Run 1 Selected Case (allow 
node IDs to be automatically 
resequenced)
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99. Select File > Exit.
A Thermal Desktop/AutoCAD dialog box 
appears asking to save the drawing 
changes.

100. Select Yes.

Exit Thermal Desktop and save as 
prompted.
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21.6 Orbital Maneuvers

What will be learned:

■ Using array-based symbols
■ Using expressions
■ Creating heating rate environments
■ Using heating-rate-environment symbols
■ Creating Thermal Desktop Finite Difference Surfaces

Prerequisites:

■ 20.2 Setting Up a Template Drawing
■ Using the Symbol Manager
■ Creating Assemblies

Imagine analyzing a telescope, and at certain positions in the orbit, it is preferable to have a 
lens cover for the telescope open, and at other times, the lens cover closed. The following 
example will demonstrate how this can be done by programming an assembly to accomplish 
this task.

Orbital Maneuvers Example

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-
als\Thermal Desktop\OrbitalManeuvers directory.

Note: Be sure to hold the <Ctrl> key down if dragging the template file icon to the new 
directory so that the file is copied, rather than moved.

2. Rename the copied template file to maneuvers.
3. Start Thermal Desktop by double clicking on the maneuvers drawing file icon in the 

Orbital maneuvers directory. 

4.  or View > Visual Styles > 2D Wireframe to ensure consistency with the images 
in this tutorial.
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5.  or Thermal > Surfaces > Cylinder.
The Command line should read:
Pick or enter point for base of 
cylinder <0,0,0>:

6. Press <Enter>.
The Command line should read:
Pick or enter point for top of 
cylinder: <@0,0,1>:

7. Press <Enter>.
The Command line should read:
Enter radius or pick/enter point 
<1.0>:

8. Press <Enter>.
The Command line should read:
Enter start angle or pick/enter 
point <0.0>:

9. Press <Enter>.
The Command line should read:
Enter end angle or pick/enter 
point <360,0>:

10. Press <Enter>.
The Thin Shell Data dialog box appears.

11. Select OK to close the dialog box with-
out making any changes.

Create a cylinder using the default values 
shown in the Command line. 

At the current view, the cylinder appears 
small but notice the top and bottom of 
the cylinder are displayed with solid lines 
and a dotted line is shown around the 
middle. There is also a small symbol in 
the lower left area of the cylinder.
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12.  or Thermal > Surfaces > Disk.
The Command line should read:
Pick or enter point for center of 
disk <0,0,0>:

13. Press <Enter>.
The Command line should read:
Pick or enter point for +Z axis 
of disk <@0,0,1>:

14. Press <Enter>.
The Command line should read:
Enter maximum radius or pick/
enter point <1.0>:

15. Press <Enter>.
The Command line should read:
Enter minimum radius or pick/
enter point <0.0>:

16. Press <Enter>.
The Command line should read:
Enter start angle or pick/enter 
point <0.0>:

17. Press <Enter>.
The Command line should read:
Enter end angle or pick/enter 
point <360.0>:

18. Press <Enter>.
The Thin Shell Data dialog box appears.

19. Select OK to close the dialog box with-
out making any changes.

Create a disk using the default values 
shown in the Command line. 
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20. Click on the newly created disk to select 
it.

Note: It may be hard to see the disk. Remem-
ber it was created at the 0,0,0, origin. 
Position the cursor on the origin, the disc 
symbol and/or the dotted line outlining 
the disc and use the tool tip feature to 
find the disk. 

The disk is selected and blue grip points 
are displayed.

21. Click on one of the grip points—this 
makes the grip point “hot”.

22. Press the right mouse button and select 
Copy Selection from the popup menu.
The Command line should read:
Specify base point or [Displace-
ment mOde]<Displacement>:

23. Click a snap point at the origin
24. Press Shift and the right mouse button 

and select Center
25. Move the cursor near the top edge of the 

cylinder until a green circle appears at 
the top center of the cylinder and click 
the left mouse button.

26. Press Enter to end the copy command

Copy the new disk to the top of the cylin-
der. 
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27.  or Thermal > Orbit > Manage 
Orbits.
The Heating Rate Case Manager dialog 
box appears. 

28. Select Add.
The Create New External Heating Envi-
ronment dialog box appears. 

29. Type Basic in the New Heating Case 
Name field.

30. Select OK to close the dialog box.

Create a Basic orbit named Basic.
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The Orbit: Basic dialog box appears. 

The Beta angle is already set at 0 so no 
change needs to be made.

31. Highlight the current value in the Alti-
tude field and type 4000. 

32. Select the Positions tab. 

33. Highlight the current value in Incre-
ments field and type 100.

34. Select OK.

Set the orbit altitude to 4000 km and 
increase the number of orbit positions to 
100.
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The Heating Rate Case Manager dialog 
box reappears with Basic displayed in 
the Current Heating Rate Case field. 

35. Select Display Orbit.
The drawing area displays the orbit.

Note: Exit the orbit view and return to 
a wireframe view.

The orbit engineer has specified that the telescope will be closed when the Mean Anomaly is 
120 and then should reopen when the Mean Anomaly is greater than 240.

36.  or Thermal > Orbit > Orbit Dis-
play Off. 

37. Create an assembly at the location 
1,0,1. (Select Thermal > Articulators > 
Create Assembly.)

Create an assembly at the location 1, 0, 1.

Note: See 4.15.1 Assemblies.

38. Attach the top disk to the assembly. The top disk has an origin at 0, 0, 1.

39. Select the assembly.

40.  or Thermal > Edit.
The Edit Assembly dialog box appears.

41. Select the Trans/Rot tab.
42. Double click in the Rotation 2 field.

The Expression Editor dialog box 
appears.

43. Type the following into the Expression 
field:

Edit the assembly.

Type the following c-style conditional 
input:

(hrMeanAnom < 120.1 || hrMeanAnom > 
239.1) ? 180 : 0

hrMeanAnom is a symbol that is automat-
ically created with heating rate environ-
ments.

To avoid typos, right-click in the expres-
sion field, select orbital and choose 
hrMeanAnom.

(hrMeanAnom < 120.1 || hrMeanAnom > 239.1) ? 180 : 0

44. Click OK.
45. Click OK.
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46. Select Thermal > Orbit > View Vehicle > 
Set Orbit Pos/Prefs.
The View Vehicle in Orbit dialog dialog 
box appears.

47. Select Animate.
48. Select OK.

You may wish to adjust the view and 
repeat to get a different perspective

The orbit engineer has come back and said that a step change in the cover position is no lon-
ger acceptable. They want the cover to start to close when the mean anom is 60, and then be 
completely closed at mean anom = 120. On the other side, they want the cover to start open-
ing at mean anom = 240, and then be completely open when the mean anom = 300.

49. Bring up the Symbol Manager and create 
a new symbol called angle_array.

50. Select ARRAY from the Symbol Type field 
pulldown.

51. Type the following data into the Expres-
sion Editor angle_array field, one entry 
per line:
0
60
120
240
300
360

In this step, create an array of various 
Orbital Angles.

Note: See 11.1.1 Symbol Manager for 
information on symbols and the 
Symbol Manager.

52. Create a second symbol called cover_ar-
ray.

53. Select ARRAY from the Type filed pull-
down.

54. Type the following data into the Expres-
sion Editor angle_array field, one entry 
per line:
180
180
0
0
180
180

In the next step, create an array for the 
angle of the cover.

55. Edit the assembly, and double click in 
Edit Assembly dialog box Rotation 2 
field.

After the arrays are created, program the 
assembly to rotate based on the interpo-
lation of the arrays for the current posi-
tion being analyzed.
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56. Edit the expression to be: interp is an internal function that simply 
does linear interpolation.

You can right-click in the expression field 
to select functions, constants, and sym-
bols.

interp(angle_array, cover_array, hrMeanAnom)

57. View the model in orbit.

The orbital engineer has come back and wants to run a case where the entire spacecraft is 
spinning about the velocity vector. The orbital engineer has details that the spacecraft will 
make 5 full rotation per orbit.

58. Edit the orbit.
59. Select the Orbit dialog box Orientation 

tab.
60. Double click in the first Additional Rota-

tions field.
61. Make 5*hrMeanAnom expression.

Edit the orbit to the orbital engineer’s 
specifications.

62. View the orbit and then the model ani-
mating in orbit.

The first thing of notice is that the coor-
dinate systems look a little funny—that is 
because they are rotating about the X 
axis. When the model is viewed in orbit, 
notice that the entire spacecraft is spin-
ning as the cover is opening and closing.

63. Select File > Exit.
A Thermal Desktop/AutoCAD dialog box 
appears asking to save the drawing 
changes.

64. Select Yes.

Exit Thermal Desktop and save as 
prompted.
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	In this example, the use of Oct-trees in accelerating RadCAD radiation calculations will be explored. The space station model will show how changing a single oct-tree parameter can significantly decrease the amount of time required to perform radiati...
	Figure 21-7: Space Station Oct Tree Initial View
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