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:

m Overview of how RadCAD works

m Defining and assigning Optical Properties

m Overview of Radiation Calculation functionality

Prerequisites:

m 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

als\Thermal Desktop\parallel directory.

allel directory.

in this tutorial.

1. Copy the template thermal.dwg file created in the first tutorial to the \Tutori-

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-

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

50
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




Overview Parallel Flat Plates (Continued)

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.

[4]

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.
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Overview Parallel Flat Plates (Continued)

15.

16.

17.

18.

[

or Thermal > Surfaces/Solids >

Rectangle.

The Command line should now read:
Origin point <0.0.0>:

Type 0,0 in the Command line.

The Command line should now read:

Point for +X axis and X-size
<@1,0,0>:

Type 10,0 in the Command line.
The Command line should now read:

Point to set XY plane and Y-size
<@0,1,0>:

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

Thermal Madel Data [

Subdwision | Mumberng | Radiation | Cond/Cap | Contact | insimion | Surface | Trana Rt

Enter ininsier nodal houneanes 23 tmction frem 340 01 1.0

ok J[owen J[ )

Create a 10 x 5 square in the x-y plane at
Z=0 for the bottom surface.
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Overview Parallel Flat Plates (Continued)

19.
20.

21.

22.

23.

24.

25.

Select the Radiation tab.

Select BASE both in the Analysis Group
Name, Active Side field if not already
highlighted.

Select Edit.
The Edit Active Side dialog box appears.

Edit Active Side X

O Top/Out

) Bottom/In

(%) Bath

() Mone [will reflect and absorb energy)

() Mot in analysis group (Mot part of the calculations

[ [alS ] [ Cancel ]

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

Select OK to close the dialog box.

The Thin Shell Data dialog box returns
with BASE top/out displayed.

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

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,

26.

27.

the bottom side optical property is set
here to facilitate copying the surface in a
later step.

Select OK to close the Thin Shell Data
dialog box.

"
or View > Zoom > Extents.

Change the active side of the surface in
the surface group BASE to be active on the
top (+2) 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)

28. or Thermal > Preferences.

The User Preferences dialog box
appears.

29. Select the Graphics Visibility tab.

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

User Preferences ._.
Graphics Visbdty | Gemphica See | Calculations | SINDA | Acceierstion | Advanced
Gichal Show Oglicns Frite Bement Edge Options
TOVRC Nodes | Luirpe ¥| Conducton hiodal Boundases
o User Defirnd Hodes | Patha | Cortacicr | Edges in Shaded Verws
i : —— 5 Mats th permiive sdges ane
V! Srfaces ¥| Ties of | Het Loads / Hesters / Fressures cordroled wih ACAD wisual shis
ppborg
¥ Sobd Finte Blaments | Pipas | Matedsl Odenters
| Mepsures « | Rotaton Axes | Tracknn
[egiery P i
o Mesh kmporiers o = of | Amsambles Frpe Surlaces Draen
| IFaces
Mesh Displayen / FP
| Magpan / BCM / Cutting #| Hamt Exchangen | Cortact Conductance
Flares
| Comparimerts o | Poety irsudation Ribe
Thickress Wirstame | Color Condours
Seimct A1 Desalact A
ok || Coxe Holp

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.




Overview Parallel Flat Plates (Continued)

@
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.

“a
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)

38.

39.

40.

41.

42.

43.

*]
or Thermal > Edit.

The Command line should now read:
Select Objects or [Indiv MB]:

Click on the newly created surface (top
plate).

The Command line should now read:
Select Objects or [Indiv MB]:
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.

Double-click BASE top/out in the Analy-
sis Group Name, Active Side filed.

The Edit Active Side dialog box appears.

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

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 (-Z2) 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.

Thermal Model Data

Sibchwsiar,

Humbenng

Radiation | Cond/Cap | Contact | insulntion | Surface

Trana/Ret

x|

Change the node IDs for the upper sur-
face.

ok [ oo [ B

45. Highlight the current value in the Use

Start ID field and type 2.
46. Select OK to close the dialog box.




Overview Parallel Flat Plates (Continued)

]

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.

==

Display Preferences

Mode

® Astive Sides for cunent analysis group: | BASE |

Insulation Modes
Area Contact Conductance
Top Side

Active Sides for Tag

Display

@) Arows

Color sides only

Surface Selection

Prampt for subset of sufaces

@) Use al surfaces

Cancel Help

| Display ‘

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.
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Overview Parallel Flat Plates (Continued)

50. Select Thermal > Radiation Calculations | Sets the control parameters for calcula-

> Set Radiation Analysis Data.... tions. Shoot lots of rays just for fun.
The Radiation Analysis Data dialog box
appears.
Radiation Analysis Data &J
Control | Advanced Control | Radk Output | Radk Time Vary Output | Heatrate Output | Ray Plot
Defautt
Fiays Per Node: 20
Desired Percenrt Error. 0 k4 \W|
Fiays Before Initisl Enor Check: 200
Eneray Cutoff Fraction: 01
Heating Fiate Sources
V| Salar V| Planetshine /| Albedo
Diffuse Sky Solar Diffuse Sky IR Diffuse Sky Albedo
Nodes Positiars
m @ &l
@ List List
MAIN.T
ok [ corea [ rep |

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.

Radiation Analysis Data S|

Corttrol | Advanced Cortrol | Radk Output | Rack Time Vary Output | Heatrate Output | Ray Plot
Oct Cells

Use Octdree to accelerats calculations
Max oct iree subdivisions
Max sufaces per cell
Random Number Seed Cortrol
@ Use unique random number seed at start of calculations
Use same random number seed sequence at start of caloulations

Use same random number seed sequence at start of every node

Nedalization Schemes

8 General Specic Top/Bottom Speciic

Radk Calculation Spectrum - Used for Modeling Lamps

@ Infrared Solar

Wavelength Dependent Properties
7] Enble Wavelength Dependent Calcs Edi...

Not enabled

OK [ Cancel ][ Hebo
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Overview Parallel Flat Plates (Continued)

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.

Cantred | Adv Cortral | Fincke Cutpnt | Riack: Time Viary Outout | Hestate Outout | Pay Pt
2] Gt SINOAFLUINT rput sher cabiudators
Fiache Outret Fiename SIHDAK
Form Fctor Outint Fleriams ARGARLDAT

Outead Submedel

Co ) Cow]

56. Highlight the current value in the List

summary if % kept is off by more than:

field and type O.

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.

1 E Continue with Radk Database: BASE-R.cOptics.rck?
L

[ OK H Cancel ]

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.
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Overview Parallel Flat Plates (Continued)

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.

Append/Replace Database EJ

A databasze currently exists, and a restart run is possible.

Select "Append" to add the results of this calculation
to the existing databaze [restart].

Select "Replace” to create a new databaze with the results
of this calculation run. The old database will be deleted.

(%) Append results to existing databaze

() Replace existing database

[ Ok ] [ Cancel ]

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.
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Overview Parallel Flat Plates (Continued)

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.

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

HEADER CONDUCTOR DATA, MAIN
SINDA/FLUINT data created with Thermal Desktop 6.0 FRC 2
Generated on Mon Apr 10 21:45:49 2017

C
C
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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Overview Parallel Flat Plates (Continued)

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.
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Overview Parallel Flat Plates (Continued)

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.
Radistion Analysis Data [
Cortrol | Advanced Control | Radk Output | Radk Time Vary Output | Heatrate Output | Ray Plot
Default
Rays Per Node: 20
Desired Percent Enar: i) b4 |m‘
Rays Before Intial Error Check: 200
Eneray Cutalf Fraction: 01
Heating Rate Sources
V| Salar V| Planetshine V| Albeda
Diffuse Sky Solar Diffuse Sky IR Ditfuse Sky dlbedo
Nodes Pasitions
Al o Al

@ List List

MAINT

OK || Cancel || Heb

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.
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Overview Parallel Flat Plates (Continued)

77.

78.

Type LTSCALE in the Command line.
The command line should now read:

Enter new linetype scale factor
<39.3701>:

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.

Figure 21-1: After LTSCALE Assigned

79.

80.

81.
82.

Select Thermal > Radiation Calculations
> Calc Radks Ray Trace.

A Thermal Desktop/AutoCAD dialog box
asking for confirmation to continue
appears.

Select OK to close the dialog box.

The Append/Replace Database dialog
box appears.

Leave Append selected.

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.

Figure 21-2: Ray Calculation Example
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Overview Parallel Flat Plates (Continued)

If additional rays are shot, they will be

¥ L added to the rays already on the screen.
83. - or Thermal > Radiation Calcula- | yse the Clear Ray Plot command to delete
tions > Clear Ray Plot. the rays.
Figure 21-3: Clear Ray Display
84. Select File > Exit. Exit Thermal Desktop and save as
. prompted.
A Thermal Desktop/AutoCAD dialog box
appears asking to save the drawing
changes.
85. Select Yes.
86. Examine the working folder Tutorials\Thermal Desktop\parallel and open the
SINDA .xIs 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.

Some additional things the user might try:

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

rays. Examine the difference between specular and diffuse transmissivity.

21-17



21.2 Space Station Oct Tree Example
What will be learned:

m How to use oct-trees to accelerate execution time

m 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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Space Station Oct Tree Example

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.

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

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

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

m Red means that the surface is
not in the analysis group cur-
rently being used and will not
be used for calculations.
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Space Station Oct Tree Example

3. Select Thermal > Radiation Calculations

> Set Radiation Analysis Data.

The Radiation Analysis Data dialog box

Radiation Analysis Data |
Control | Advanced Control | Radk Output | Radk Time Vary Output | Heatrate Output | Ray Plot
Default
Riaps Per Mods: 500 =)
Add
Desired Percent Error 0 % |W|
clete
Flaps Before Initial Enor Check: 200
Eneray Cutalf Fraction: 01
Heating Riate Saurces
@] Solar U] Planetshine 9] Albeda
Diffuse Sky Solar [7] Diffuse Sky IR Diffuse Sky Absdo
Hodes Positions
@ Al 4l
List List
0
0K |[ Cancd ][ Hep |

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.
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Space Station Oct Tree Example

6. Select the Advance Control tab.

Radiaticn Analysis Data

=

Control | Advanced Control | Radk Qutput | Radk Time Vary Output | Heatrate Output | Ray Plot
Oct Cells

| Use Octtree to accelerate calculations
Max octree subdivisions: [

Max surfaces per cell. 8

Random Number Seed Control
@ Use unique random number seed at start of calculations
Use same random number seed sequence at start of calculations

Use same random number seed sequence at start of every node

Nodalization Schemes

© Generel Specfic Top/Batiom Spectic

Radk Calculation Spectrum - Used for Modeling Lamps

@ Infrared Solar

Wavelength Dependent Propetties
V| Enable Wavelength Dependent Cales Edit.

Not enabled

[ ok ][ camcel ][ Heb

Notice the Max oct-tree subdivisions:

field is set to 6.
7. Select the Radk Output tab.

Radiation Analysis Data

Cortrol | Advanced Cortrol | Radk Output | Radk Time Vary Output | Heatrate Output | Ray Plot

Generate SINDA/FLUINT input after calculations

Radk Output Flename SINDAK
Form Factor Output Filename: AREAFILDAT

Octput Scbmodel MAIN

Initial Conductor ID: 1

Space Node Submodel 1D SPACE1

Spacs Nods Temperaturs 273 K

List summary f %kept is off by more than: 10

Which Radks Output To SINDA
Bii/Fi Cutoff Factor: 0.001
Output Bis Unti BjSum >=
Output 1-8ijSum to ERN Node BISUM.1
Disable Racks To Space

Output as Heating Rates Edi.

[ ok [ Cacel ][ hebp

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

Select OK to close the Radiation Analysis
Data dialog box.

Remove the option to generate the
SINDA/FLUINT input.
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Space Station Oct Tree Example

10. Select Thermal > Radiation Calculations
> Calc Radks Ray Trace.

A Thermal Desktop/AutoCAD dialog box
asking for confirmation to continue
appears.

1 E Continue with Radk Database: BASE-R.cOptics.rck?
L

[ OK H Cancel ]

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.
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Space Station Oct Tree Example

18.

19.

Select Thermal > Radiation Calculations
> Calc Radks Ray Trace.

A Thermal Desktop/AutoCAD dialog box
asking for confirmation to continue
appears.

Select OK to close the dialog box.

The Append/Replace Database dialog
box appears.

Append/Replace Database @

A database currently exists, and a restart run is possible.

Select "Append” to add the results of this calculation
to the existing database [restart).

Select "Replace to create a new databage with the results
of thiz calculation run. The old database will be deleted.

* Append results to existing database

" Replace exigting database

]

Cancel |

20.

21.
22.

23.

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

Select OK.

Press <F2> to find the time to calculate
the radks.

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.
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24. Select Thermal > Radiation Calculations
> Optimize Cells.

The Optimize Cells form opens.
Optirnize Cells @

Analysis Group: BASE b |

ary the Subdivisions
From 5

To 9

Increment 1

Wary the Surfaces Per Cell
From L

To 12

Increment 1

Mumber of Rays 1000

[ ]

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.
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- ™
)| OptimizeCells.txt - Notepad [E=REER
p p

File Edit Format View Help
[ AutoCAD - Fri sep 06 01:26:39 2013 J--————-———— - -

rResults for Ooct-tree cell optimization for analysis group 'BASE'

Database setup I/0 time = 0.028000
Ray tally I/0 time = 0.757000
Total I,/0 time = 0.785000

OCT-TREE GENERATION TIME

Max surfaces Per Cell

Levels 8
4] 0.23
7 0.36
8 1.01
9 3.95

ACTUAL MAX SURFACES PER CELL

Max surfaces per Cell
8

Levels
3] 217
7 75
8 50
2! 34

RAY TRACING TIME (500 rays)

Max surfaces pPer Cell

Levels 8
4] 22.61
7 14.63
8 11.60
9 10.42
Notes:

1) Database setup I/0 time, Ray tally I/0 time, and Oct-tree generation
time are all independent of the number of rays shot.

2) Ray tracing time scales with the number of rays shot.

3) Time for a different number of rays can be estimated from the results:
Estimated ray time = ray tracing time * desired rays / rays shot
Total time = Total I/0 time + OcCt-tree time + Estimated ray time

4) an actual number of surfaces Eer cell greater than the desired number of
surfaces per cell indicates that the max number of subdivision levels was
reached before the maximum surfaces per cell condition was met.

5) The following is a summary of the submodels used in the last cell that
calculations were made.
Submodel Count
N2SCBM 30
ALENIA 2
JEM 2
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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.

Post Processing Data Set Source Selection lﬁj

Postprocessing set name:
Data Source

@ SIMDA/FLUINT Compressed Solution Results [CSR] Directary or Save File
Text File
Tent Transient File
Radks
Form Factors
Healing Rates

Sindatw orks XML

Compare Data Sets

Heat Flux between nodes

kK ] Cancel Help

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.
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The Directory Select dialog box appears. | View the calculated data using a color
map. Enter a descriptive comment for the

Directory Select E\ . .
post-processing dataset if preferred.
Click directly in the edit field to enter the
Cunent Directon:  C:hDocuments and Settings\Bewerly StahlsMy
DocumentsaT utarisls_TD_48\0ctCels comment.

Select the dataset to be post processed

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

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

Set FF/Radk Dataset Properties 9]

Select an orbit position fime:
Allrode data

) Hemispherical emissivity
() Exchange factor to space
G FilBijto space

Single node data
Node:

() Exchange factors from node
© FiifBii hom node:

© FivBito node
Camment
Fiatk Datsbase: BASEFicOpiics ck
Descrption
ok | [ Cancel | [ Hep

40. Select OK.

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

41. Select Close.
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Return to the normal display mode.

¥
42. or Thermal > Postprocessing >
PostProcessing off. 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. Exit Thermal Desktop and save as
A Thermal Desktop/AutoCAD dialog box prompted.
appears asking to save the drawing
changes.
44, Select Yes.

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.
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21.3 Importing a TRASYS Model and Using Articulators

What will be learned:
Importing a TRASYS input file

m  Working with layers
m Creating trackers
m 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
hecessary 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. &

—=' orView > 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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Importing TRASYS Files and Using Articulation

3. Select Thermal > Import > TRASYS.
The TRASYS Import Options dialog box

appears.

TRASYS Import Options o 1
Input File: g3 inp -
TRASYS Unitz | m v

Optical Property Options

@ Reure propeity names with same vabues
Create new propsity for each surface
o | Corvert MODPH calls
Only build BCS*s that are on the build card

Remove pre-existing correspondence for submodeks in the
impotted TRASYS model

[ ok | [ camcel | [ Heb

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.

oy -
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.
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Importing TRASYS Files and Using Articulation

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.

: it Ligas 0 - Create New Layer Semehforlyer  Q
g O | = £ £ Lk ¥ Current Layer G i
Filters o S‘ﬁa’m: & O Fre L Cedos  Linetype  Lineweig.. Trami.. PletSt— P.. N Dest *
=B A o) =
All Wsed Layers BCS ALTA Yy T gf Oye. CONTIN. — Defa.. 0 = &
BCS_BUIS L it o Ewh.. CONTIN. — Defa. © (=
A i " Mot CONTIN. — Defa_ 0 2 n
S HEA I3 Bred CONTIN. — Defa 0 = -
= Freeze/Thaw BCS MAP r of 13 CONTIN. — Defa 0 e B
= Y & o Eblue CONTING — Defa. 0 =l
% BCS_PROP 0 4 o BB CONTIN. — Defa_ 0 =T -,
o Color BCS_REML y % of @9 CONTIN- — Defa— 0 e B
] BCS_REM2 T & oFf H10 CONTIN. — Defa_ 0 e i
E. BCS_REM3 Y 1t off @11 CONTIN. — Defa~ 0 12 82
=] BCS_REMA 0 & o H12 CONTIN. — Defa— 0 - -,
= BCS REMSH] i &f g E15 CONTIN. = Defa. © & I .
= Invwert Filter ;
5
& Alk: 20 layers desplayed of 20 total layers
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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

10.

and 18 will be affected, leaving BCS_SAPX
untouched.

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

Close the dialog box.

“q
or View > Zoom > Extents or
m type zoom (or just the letter z) in

the Command line and press
<Enter>.

m 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.

12.

13.

14.

15.

16.

Type pan in the Command line.

The cursor changes into a small hand—
this is the Pan Realtime command.

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

Click the right mouse button to display
the popup menu.

Select Zoom.

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

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

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.
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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.

Single Axis Tracker

Mame: unnamed

Track
@ Sun
M adir
Star

Declination:
Lock
Angle:

Prograrn

Right Ascensior: 0

‘wiorking Mode
@) Alwaps
In Sun Only
In Shade Only

Between Anomalies [deg)

Start:
End:

True Anomaly

Mean Anomaly

Dizable [Mewver Woarking)

Program |
Fiange of Mation Dizplay
From: degiees
- Size: 1
To: 360 degress
| Active
[ Ok, l | Cancel | ‘ Help |

=3

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.
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22.

"
or View > Zoom > Extents.

23.

24.

25.

26.

or Thermal > Articulators >
Attach Geometry.

The Command line should now read:
Select an articulator:

Select the articulator you just created
The Command line should now read:

Select objects to attach to
articulator or [MB]:

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]:

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.
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27.

28.

[ or Thermal > Orbit > Manage
Orbits.

The Heating Rate Case Manager dialog
box appears.

Select Add.

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

Create New External Heating Environment

New Heating Case Mame:

Tesd|

Twpa

@ Basic Orba
K.eplenian Oirbit
Planetary LatibadesLongitude/Aldude List
Oibital Sun/Plaret/Radius Vector List
Free Molecular Heating Waelocity Vector List
Free Molecular Heating with Reference Orbe

Celestial Coordinate System Locabon/Onentation

| Cancel Help

29.

30.

Type Test in the New Heating Case
Name field.

Select OK to close the Create New Exter-
hal 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.
Orkit: Test ﬁ'

Euasie 04 | Onertation | Pestenn | Pranctery Dota | Soiar | Mowde | IR Plarmtstne | Fast Som

Setn Ane: i Degress  (Anghe between solar vector and piane of o]

[ ok ][ Caees || Hee

31. Select the Orientation tab.

Oriit Test B . ===

Bosc Orbe | Crertation | Postions | Planstary Data | Solar | Abeds [ IR Planetshins [ Fast Son

barteg Addenal Conarare
hes (42w hes s v
@ Nade Hadr

Sn

S Sar
Fight Asceraion 0 Degrves Fight Aoscrreacr o Degroes
Decinaion 0 Uegrees. Deciraton 0 Degrees
Vilocty vedtor B Velockty vectar
Oneceation Dvenide Addbcnal Fotstons

x = 0 Degrmes
Akgr 10 Crlestil Coamnate Sysiom ¥ = @ Degrees

zZ = 0 Degroes.

ok ]| cance || Heo

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.
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36. or Thermal > Orbit > View Vehicle

> Set Orbit Position/Prefs.

The View Vehicle In Orbit dialog box
appears.

[ |

e |

View Vehicle In Environment

Model Scale Factor i

| Center Vehicle About Orbit Coordinate System

Model Transdation Faclor: 1
@ View Yehicls at Posiion: 0 :
") View Vehicle at Muliple Posiions ~(Set Positions...
Aramale
[ ok | [ cocel | [ Heo |

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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&

Autohide automatically turns offf the

39. or Thermal > Orbit > Display planet.

Preferences.

The Orbit Display Preferences dialog

box appears.

40. Check Autohide to select it.

41. Select OK.

Orbit Display Preferences
Vesity | Size/Colors |
Flanet

<1 Show Planst
| Show Lat Long
Show Continents (Earth)
7| Sun Lighting Efects
| Aatto Hide

Continents requires graphics hardware
accaleration

2
[¥] Shadow Gnd 7] Dbzt Path
Shadow Cone | Heading Line
| Solar Vector/ Teminator Markers /] Cvbit Plane
v | Calestial Coordnate System | Ovbit Posttions
o Texd Label | Focal Coordingte System
OK [ Cancel |[ Hep |

planet if the vehicle will be hidden by the
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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
43. Press <Enter>. not attached to the articulator).

42. or Thermal > Orbit > View Vehicle
> Next Position.

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

Bosic: T

i

ST - ‘“EJEQ_'AQ:_ _BFEIEE : os: 2. In Shacge
|

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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Turn off the orbit display.

[

44, or Thermal > Orbit > Orbit Dis-

play Off.

3 Work in wireframe mode.

45. 7 or View > Visual Styles > 2D Wire-

frame

The articulators must be reset to the
) starting value. The model should look

46. or Thermal > Articulators > Reset | cimilar to the view below.

Trackers.
47. Select File > Save. Save the geometry often.
48. Type zoom. Use Pan and Zoom to position the model

The command line area should now to focus on the tracker.

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.
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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.

5T.

52.

Select the articulator.

The articulator is highlighted—the lines
become dashed lines and blue grip

boxes appear along the X, Y and Z axes.

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

53.

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.

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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Create the articulator to account for
movement around the planet. Make the

55. or Thermal > Articulators > Cre- | o\ articulator 1.5x the size of the previ-
ate Tracker. ous articulator.
The command line should now read: When these steps are complete the model

Enter origin of tracker: should look similar to the view bﬁlow.

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- z
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.

“a
62. or View > Zoom > Extents or

m type zoom in the Command line and
press <Enter>.

m type extents in the Command line and
press <Enter>.
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Attach the smaller articulator to the larger
one.

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>.
67. or Thermal > Orbit > Edit Current 1
Orbit.
The Orbit: Test dialog box appears with
90 displayed in the Additional Rotations P —I— T
Z field. T T\
fl\ %
68. Select the Basic Orbit tab. I—f - %
69. Highlight the current value in the Beta I[f - . hi
Angle field and type 30. T/‘ T "-'—-"‘I
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. Exit Thermal Desktop and save as
A Thermal Desktop/AutoCAD dialog box prompted.
appears asking to save the drawing
changes.
74. Select Yes.
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21.4 Orbital Heating Rates
What will be learned:

m 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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Orbital Heating Rates (Continued)

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.
Create Mew External Heating Environment L&J
MHew Heating Caze Marne:
Test
Type
@ Basic Orbit
K.eplerian Orbit
Planetary LatitudeLongitude/Altitude List
Orbital Sun/Planet/R adius Vector List
Free Maolecular Heating Velocity Yector List
Free Molecular Heating with Reference Orbit
Celestial Coordinate System Location/Onentation
[ Ok ] | Cancel | | Help |
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.
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Orbital Heating Rates (Continued)

The Orbit: beta90 dialog box appears.

11.

12.
13.

14.

Ugdatn

[ Coreel Helo

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

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

Additional Rotations field and type 180.

Select the Positions tab.

Check the Use Positions radio button to
select it (place a dot in the circle).

The list field below the button activates.

Delete all of the entries in the list box
below the radio button.

s Highlight all of the entries.
m  Press <Delete>.

Type 90 on a single line.

Select OK to close the dialog box.

The Heating Rate Case Manager dialog
box reappears.

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>.
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Orbital Heating Rates (Continued)

15.

16.
17.

B
or Thermal > Orbit > Orbit Dis-
play Preferences.

The Orbit Display Preferences dialog
box appears.

Select the Size/Colors tab.

Highlight the value in the Solar Shadow
Length field and type 1 if the current
value is different.

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.

18. Highlight the value in the Orbit Position
Scale field and type 3 if the current value
is different.
19. Select OK.
“a
20. or Zoom > Extents.
Verify the orientation of the model by
¥ . L viewing it as it appears from the sun.
21. | O%r Thermal > Orbit > Orbit Dis- | The solar arrays should be hiding the bat-
play Off.

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.
View Vehicle Setup
Wiews From: fSun - | i
| Andi - Vector
@ View vehicle at postion: o
Animate
7] Shade Model
@ Zoom Extents
Center about WCS
Center about LICS
Keep Current Cerles
[ ok ] [ cance | Help
23. Set View From to Sun
24. Select OK.
25. Select Thermal > Radiation Calculations | Compute orbital heating rates for solar,

> Calc Heating Rates Ray Trace.

A Thermal Desktop/AutoCAD dialog box
appears.

Thermal Desktop

1 E Continue with Heating Rate Database: external_pr-betad0-RoOptics.rch?
L

]

Cancel

26. Select OK.

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.
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Orbital Heating Rates (Continued)

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.
Post Processing Data Set Source Selection o] |

Postprocessing set name: Gl
Data Source

@ SINDAFLUINT Campressed Solution Results (CSR) Directory or Save File
Text File
Text Transient File
Radks
Form Factors
Heating Rates

SindaWorks XML

Compare Data Sets

Heat Flux between nodes

ok ] | Cancel | [ hep |

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.
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Orbital Heating Rates (Continued)

The Directory Select dialog box appears

with the dataset already selected.

Directory Select k

Change Directory...

Documerts\CR Techiew

Select the dataszet to be post processed:

E sternal-betad0-Rel

Curent Directory:  C:A\Documents and Settings\DougiMy

X

32. Select OK.

The Set HR Dataset Properties dialog

box appears.

=

Set HR Dataset Properties

[ Sources
Solar [ Diffuse Sky Solar
Albedo [T Diffuse Sky IR
Planetshine [ Diffuse Sky Albedo

Type

@ Tatal Absorbed (7 Direct Absorbed
() Direct Incident () Reflected Absorbed
() Humber of rays (7 Direct Errar
() Time Awg Total Abs () Absorbed Erar
Divide by area

Camrnent:

HR Database: External-betad0-ReOptics.rch
[rescription:

33. Select OK.
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Orbital Heating Rates (Continued)

The Postprocessing Datasets dialog box
reappears.

34. Select Close.
The color bar was set to use fixed limits
) from the last exercise. Change to use

35. or Thermal > Post Processing > autoscaling.

Edit Layout ColorBar/Viewports. .

The Color Bar Settings dialog box m

appears. M.
36. Select the Auto Scaling drop-down and

select On - Program Calculates Visible
Min/Max

Edit Color Bars and Viewports on Layout: TD PP

3|

@) Active for all viewpoarts that do not have a color bar assigned to them

Active for specified viewporte

MNode | Lump | Path | Tie FTie |IFace | WP
Shading Text
Scale Type: @) Colar Grey W Label:
Humn. Shades: 10 < Min Color... Label Pasition
Label Justify:
Data Range
i Murmber Orientati
Autn Scaling 01 - User Input Far Min/tax - | umBEr Lnentation
Min Data Value: 0.000000
Max Data Value: 1.000000 Show File Name
Use Log Scale Significant Digits:
Scale Text:
| Wisible Track Areaz

Track Yolumes

Add...

Delete...

V| Append dataset informaton to label [time wpe,...)

Dizable Data Yalue Dizplay

Create
Colorbar...

Top '@ Bottom Side Delete
Calorbar...
@ Left Right
Alang @ Perpendicular I

Create
Wiewpart...
Delete
4 “Wigwpot....

]

Help

Done

]

37.

Select Done.
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Orbital Heating Rates (Continued)

38. Select View > 3D Views > Back.
39. Select View > 3D Views > Right.

40.

41.

)

or Thermal > Model Checks >
View Model From Sun/Planet > Set Orbit
Position/Location.

The View Vehicle Setup dialog box
appears.

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.

43.
44,
45,

46.

47.

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

Type zoom in the Command line.
Type .8x in the Command line.

Pick anywhere on the black box outlin-
ing the viewport to select the box.

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.

Click the left mouse button to accept the
position.

240.3426, 0.0000, 243.1774 MODEL Fiié e b G2 - d-rETagone7-If & ~+ @ P =

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.

oo oo

B Bl |8

48.

or Zoom > Previous.
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Orbital Heating Rates (Continued)

49.

50.

51.

52.

53.

54.

55.

56.

57.

Click on the color bar associated with
the model in the drawing area to high-
light it.

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.

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

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.

Continue dragging the cursor up to
increase the size.

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.

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

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

“a
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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Orbital Heating Rates (Continued)

58. Select View > 3D Views > SE Isometric. Look at some of the other heating rate

data.
59. @ or Thermal > Post Processing> Pressing the <Enter> key will recall the
Edit Current Dataset. last command, which will bring up the
The Set HR Dataset Properties dialog post-processing set editing dialog box
again.
box appears. 9
Set HR Dataset Properties tﬂh,lﬁ
[T Sources
V| Solar Diffuse Sky Solar
V| Albedo Diffuse Sky IR
V| Planetshine Diffuse Sky Albedo
Type
@) Total Absorbed Direct Absorbed
Direct Incident Reflected Absorbed
Mumber of rays Direct Emor
Time Awg Tatal Abs Absorbed Error
V| Divide by area

Comment:

HR Database: Esternal-betad0-Relptics.rch
Diescription:

[ QK ] | Cancel | Help |

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.
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Orbital Heating Rates (Continued)

65.

Select Thermal > Radiation Calculations
> Set Radiation Analysis Data....

The Radiation Analysis Data dialog box
appears.

66.

67.

68.

69.
70.

71.

72.

Radistion Ansbyiiz Dats ——

Admnced Certrol | Radke Outpu | Pack Time Vary Outoust | Hesrate Oupu | Ray Pt

Select the Control tab if not already dis-
played.

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

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

Select OK.

Select Thermal > Radiation Calculations
> Calc Heating Rates Ray Trace.

A Thermal Desktop/AutoCAD dialog box
appears asking for confirmation to con-
tinue.

Select OK.

The Append/Replace Database dialog
box appears with Append selected.

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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Orbital Heating Rates (Continued)

Bring up the dataset editing dialog box

@ . and select OK to reload the data. The
73. == orThermal > Post Processing> post-processing set always “points” to the
Edit Current Dataset. data, it does not contain the data values.
The Set HR Dataset Properties dialog Updating the display will show the most
box appears. currently computed values.
74. Select OK.

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

75. Select File > Save.

Use the Orbit Manager to create a new

) basic orbit with a beta angle of 30
76. or Thermal > Orbit > Manage degrees.

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.

The Heating Rate Case Manager dialog
box reappears.

83. Select Display Orbit.
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Orbital Heating Rates (Continued)

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.

Editing 1 Case Set - Case Set 0 - _ I.éj

Radiation Tasks |Ca|culaiiun5 I Output I SINDA I Dynamic I Advanced I Frops I Symbols I Cummerrt5|

Analysis Group Orbit Calc Method

Options

g Re-use calculated data f valid,
~ otherwise recalculate

= Recaloulate data (cument
= database will be replaced)

Add rays to database i possible,
=, otherwise recalculate
= {accumacy of cument database wil
be refined)

=, Mways reuse data {no testing
= peformed)

[ ok ][ cancel |[ Hep

———
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Orbital Heating Rates (Continued)

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.

-
Radiation Analysis Data ﬁ

| Control | Advanced Control | Radk Output | Spin | Overlap |

Calculation Type
@ Radks

() Heating Rates

() Aticulating Radks

() Free Molecular Conduction

() Adiculating Free Malecular Conduction
) View Factors

() Aticulating View Factors

Analysis Group: Extemal -

Calculation Method

@ Monte Caro

() Progressive Radiosity

Add to Database MName: Mone - ]

beta

Apply Reciprocity To View Factors

[0k |[ Cancel |[ Hep |
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Orbital Heating Rates (Continued)

88. Click on the Heating Rates radio button | Define the radiation job to be performed.
to select it (place dot in the circle).
The Orbit field activates. Exarr_nne the Heatrate Output tab and note
the file names.
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).
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. Add another Radiation task.
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. Examine the Heatrate Output tab and note
97. Click on the Monte Carlo radio button to thatithe f”(.a' names are different than the
. . . earlier Radiation Task.
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.
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Orbital Heating Rates (Continued)

99.

Select the Calculations tab.

100. Deselect the following options (remove

101.

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

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:

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

Prerequisites:

m 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.

Honeycomb panel

Multi-layer insulation
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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.
Open the folder named simpleSatellite. (create it if it does not exist).

1.
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.

Rename the copied template file to simpleSatellite.

4. Start Thermal Desktop by double clicking on the simpleSatellite drawing file icon in
the simpleSatellite directory.
Add three new materials:
:F'] . m structure:k=100;Cp=1;p=
5. or Thermal > Thermophysical 1000
Properties > Edit Property Data.
_ _ _ _ m ML, 7-layer: k=Cp=p=0; ¢* =
The Edit Thermophysical Properties dia- 0.05
log box appears. Your properties list
may or may not be empty. u thngy()c;)mb: k=20; Cp=p=0;
e*=0.
6. Type structure in the New property to
add field.
7. Select Add. “_, -
The Thermophysical Properties dialog ! :ﬁ: .
box appears. | Name Cond [Wimer] Dera frgim™3] G W‘"LI EMf Emes
8. Highlight the value in the Conductivity T ) 2 : o
field and enter 100.
9. Highlight the value in the Density field
and enter 1000.
10. Select OK to close the dialog box. S

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.
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Simple Satellite Demo Example

11.

12.

13.

14.

15.

16.

Type MLI, 7-layer in the New property to
add field.

Select Add.

The Thermophysical Properties dialog
box appears.

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

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

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

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.

18.

19.
20.

21.

22.

23.

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

Type honeycomb in the Copy Material
Property form that appears.

Select OK.
Double-click Honeycomb.

The Thermophysical Properties dialog
box appears.

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

Select OK.

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

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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Define optical properties:

v | _ _ m MLl surface: o = 0.15; ¢ = 0.05
24. or Thermal > Optical Properties > ) _ _
Edit Property Data. m White, zinc oxide: oo = 0.16; ¢
=0.93
The Edit Optical Properties dialog box
appears. Your properties list may or may m solarcells: o = 0.82; ¢ = 0.85
not be empty. Any surfaces without an assigned prop-
25. Type MLI surface in the New property to | erty will have the DEFAULT property which
add field. isa=T1ande =1
26. Select Add. The surface properties are given in the
The Thermophysical Properties dialog optical properties and the internal prop-
box appears. erties, including internal effective emis-
27. Set Solar Absorptivity to 0.15 sivity, are given in the thermophysical
properties.
28. Set Infrared Emissivity to 0.05
29. Select OK.
30. Repeat for ‘white, zinc oxide’ and ‘solar
cells’ properties.
31. Select OK. to close Edit Optical Proper-

ties window.

Edit Optical Properties

Cunend Opbical Propeity Database

RecDphce rco

Ncw-pm-,‘:-elt_l,l o add I_":'"dd |
M anme Sola Absomplvety | Emissevty ale Type
MLI sueface 0150 0050 3000
zolar cells 0Ez0 0asn 0.965
Whte, St coadle [iR =1 0.9z (i b
Imnpcit
ak. Camical Heldp
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.

is
[default] Add Fiemove
the outside of the spacecraft
al o the spacecralt
Ferane
Copy
Copy Selected
Mege
Set Defaul Sean DB
ok Cancel Hep |

Add Analysi

M arme:

Comment:

The Add Analysis Group dialog box
appears.

internal

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

m Internal

m 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.

[Pe———
oo . —~

surfaces interal to the spacecraft

35.

36.

Type Internal in the New radiation group
name field.

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.
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37.

external

M ame:

Comment:

Select Add.

38.

39.

40.

surface on the outside of the spacecrafy

[ QK ] | Cancel | | Help

The Add Analysis Group dialog box
appears.

Type External in the New radiation
group name field.

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.

Select OK to the close the dialog box.

41.

42.

43.

44,

45.
46.

O
or Thermal > Surfaces/Solids >
Rectangle.

The Command line should now read:
Origin point <0,0,0>

Press <Enter>.

The Command line should now read:

Point for +X axis and X-size
<@1,0,0>: 2,0,0

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>:

Type 0,0,1 in the Command line.
The Thin Shell Data dialog box appears.
Click on the Radiation tab.

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.

Edit Active Side 53

O Top/Dut

) Bottam/In

() Both

(O Mone [will reflect and absorb energy)

(%) Mot in analysis group (Mot part of the calculations

[ Ok ] [ Cancel ]

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.

54.

55.
56.

Click on the Cond/Cap tab.

Generate Nodes and Conductors is
already set by default.

Click on the arrow next to the Material
field and select structure from the drop-

down list.
Select the Insulation tab.

Click in the check box next to Put on
top/out side to select it.

The Top/Out field activates.

| Subdivision I Numbering I Radiation I Cond/Cap I Contact | Insulation |Surface I Tmns,-"Rot|

Put on top/out side E

Top/Out Side Material/ Thickness
@ Single Material

Material:
Thickness: 0 m
() Multiple Materials (Stack)
DEFAULT

Top/Out Side Node Mumbering./Creation
(@ Offset Node |D's by: 10000

() Use new submodel:

MAIN

Number Nodes:

1

Calc Type: [Based On Material Props

[] Put on bottom/in side E

Bottom//In Side Material
@ Single Material
DEFAULT

Multiple Materials (Stack)
DEFAULT
Bottom/In Side Node Mumbering/Creation
@ Offset Node |D's by: 20000
Use new submodel:
MAIN

Based On Material Props

Init Temp: 25315 K 253.15
oK | [ Cancel |[ Hep
57. Click on the arrow next to the Material

58.

field and select MLI, 7-layer from the
drop-down list.

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.

60.

61.

62.

63.

Select the newly created rectangle.

o
(Copy).
The Command line should now read:

Specify base point or [Displacement/
mQOde] <Displacement>:

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>:

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.

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.

65.

66.

67.

Type ROTATE3D.
The Command line should now read:

Specify first point on axis or
define axis by [Object/Last/
View/Xaxis/Yaxis/Zaxis/2points]:

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:

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]:

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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Simple Satellite Demo Example

69. Click on the new top side of the box to The top side of the box is the radiator.
select it. Change the top side of the box to have a
5x5 breakdown and also to take the insu-
*] lation off of it.
70. or Thermal > Edit.
The Thin Shell Data dialog box appears
with the Insulation tab displayed. Po o
71. Click on Put on top/out side to deselect S>SIK \
it (remove the check mark from the [ P
box). e PO
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.
79. Create a rectangle to represent the chip | Create the CHIP. Use the snap points to

80.
81.

82.

83.
84.

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.

Place the Node ID in the submodel CHIP.

Set the radiation for the top side in the
Internal analysis group.

Place the conductors in the CHIP sub-
model.

Set the material to structure.
Close the Thin Shell Data form

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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Simple Satellite Demo Example

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/m?2K 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:

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

sides

m Place nodes and conductors in
the SOLAR_PANEL submodel

m Set the separation distance to
be 0.01.

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

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

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

m Subdivide 3 intheyand 1 in

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-
tomto 11

the x.
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Simple Satellite Demo Example

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.

E‘:
g
f
e
Z ’ o
-H"'-._:___'.-__:\/_< —_re ; i
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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Simple Satellite Demo Example

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

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

NAL to the default group

(rotation about X)

96. Use the display active sides and the

Model Browser to make sure the model

is correct.
97. Display the Case Set Manager. Edit the radiation jobs to cal-
98. Set up and run the case. 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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Simple Satellite Demo Example

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.

21-84



21.6 Orbital Maneuvers

What will be learned:
m Using array-based symbols
m Using expressions
m Creating heating rate environments
m Using heating-rate-environment symbols
m Creating Thermal Desktop Finite Difference Surfaces
Prerequisites:
m 20.2 Setting Up a Template Drawing
m Using the Symbol Manager
m 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.

Rename the copied template file to maneuvers.

Start Thermal Desktop by double clicking on the maneuvers drawing file icon in the
Orbital maneuvers directory.

4. A or View > Visual Styles > 2D Wireframe to ensure consistency with the images
in this tutorial.
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Orbital Maneuvers Example (Continued)

10.

11.

or Thermal > Surfaces > Cylinder.

The Command line should read:

Pick or enter point for base of
cylinder <0,0,0>:

Press <Enter>.
The Command line should read:

Pick or enter point for top of
cylinder: <@0,0,1>:

Press <Enter>.
The Command line should read:

Enter radius or pick/enter point
<1.0>:

Press <Enter>.
The Command line should read:

Enter start angle or pick/enter
point <0.0>:

Press <Enter>.
The Command line should read:

Enter end angle or pick/enter
point <360,0>:

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

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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Orbital Maneuvers Example (Continued)

12.

13.

14.

15.

16.

17.

18.

19.

o

or Thermal > Surfaces > Disk.
The Command line should read:

Pick or enter point for center of
disk <0,0,0>:

Press <Enter>.
The Command line should read

Pick or enter point for +Z axis
of disk <@0,0,1>:

Press <Enter>.
The Command line should read

Enter maximum radius or pick/
enter point <1.0>:

Press <Enter>.
The Command line should read

Enter minimum radius or pick/
enter point <0.0>:

Press <Enter>.
The Command line should read

Enter start angle or pick/enter
point <0.0>:

Press <Enter>.
The Command line should read

Enter end angle or pick/enter
point <360.0>:

Press <Enter>.

The Thin Shell Data dialog box appears.

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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Orbital Maneuvers Example (Continued)

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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Orbital Maneuvers Example (Continued)

27.

28.

or Thermal > Orbit > Manage
Orbits.

The Heating Rate Case Manager dialog
box appears.

Select Add.

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

e

Create New External Heating Environment

S

Mew Heating Case Mame:

Test

Type

B azic: Orbit

K.eplerian Orbit

Flanetary Latitude/Longitudedltitude List
Orbital Sun/Planet/F adius Vector List

Free Molecular Heating Velocity Yector List
Free Molecular Heating with Feference Orbit

Celestial Coordinate Systerm Lacation/Orientation

%] |

Cancel | | Help |

29.

30.

Type Basic in the New Heating Case
Name field.

Select OK to close the dialog box.

Create a Basic orbit named Basic.
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Orbital Maneuvers Example (Continued)

The Orbit: Basic dialog box appears.

Grbit: dd Pt

Easc 02 | Onaraion: | Fostions | Planetary Data | Sclwr | Mackc | 17 Paristins | Fist Spim

eta Angle: ] Degrees Anghe between solar vecior and plane of odd]

OK Lol Help.

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.
Orbit dd é

Bowc Orbt | Orersation | Pestons | Panetory Data | Sciar | Abedo [ IR Plenetshne | Fast Son

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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Orbital Maneuvers Example (Continued)

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. 1 '

Basic Basic

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.

y Create an assembly at the location 1, 0, 1.
36. or Thermal > Orbit > Orbit Dis- Note: See 4.15.1 Assemblies.

play Off.

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

38. Attach the top disk to the assembly. The top disk has an origin at 0, O, 1.
39. Select the assembly. Edit the assembly.
*] Type the following c-style conditional
40. or Thermal > Edit. input:
The Edit Assembly dialog box appears. (hrieanAnom < 120.1 || hrileanAnom >
41. Select the Trans/Rot tab. 239.1) 7 180 : O

42. Double click in the Rotation 2 field. hrMeanAnom is a symbol that is automat-

The Expression Editor dialog box ically created with heating rate environ-
appears. ments.
43. Typg the following into the Expression To avoid typos, right-click in the expres-
field: ) ) .
sion field, select orbital and choose
hrMeanAnom.

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

44. Click OK.
45. Click OK.
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Orbital Maneuvers Example (Continued)

46.

47.
48.

Select Thermal > Orbit > View Vehicle >
Set Orbit Pos/Prefs.

The View Vehicle in Orbit dialog dialog
box appears.

Select Animate.
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.

50.

51.

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

Select ARRAY from the Symbol Type field
pulldown.

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.

53.

54.

Create a second symbol called cover_ar-
ray.

Select ARRAY from the Type filed pull-
down.

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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Orbital Maneuvers Example (Continued)

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. Edit the orbit to the orbital engineer’s
59. Select the Orbit dialog box Orientation | SPecifications.
tab.
60. Double click in the first Additional Rota-
tions field.
61. Make 5*hrMeanAnom expression.
62. View the orbit and then the model ani- | The first thing of notice is that the coor-
mating in orbit. 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. Exit Thermal Desktop and save as
A Thermal Desktop/AutoCAD dialog box prompted.
appears asking to save the drawing
changes.
64. Select Yes.
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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 Te...
	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:
	Even though most of these tutorials are based on spacecraft (RadCAD originated in the aerospace 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 sim...
	21.1 Radks for Parallel Plates
	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 Thermal Desktop; later examples will delve into RadCAD concepts in more...
	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.
	Solar absorptivity = 0.23
	Infrared emissivity = 0.8
	File Sample 21-1: SINDA.K File for Parallel Plates
	Figure 21-1: After LTSCALE Assigned
	Figure 21-2: Ray Calculation Example
	Figure 21-3: Clear Ray Display
	Some additional things the user might try:


	21.2 Space Station Oct Tree Example
	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
	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...
	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 surf...
	Overlapping surfaces can be corrected by offsetting the surfaces slightly.


	21.3 Importing a TRASYS Model and Using Articulators
	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 preproces...
	TRASYS surfaces will be seen being drawn on the viewport as they are read from the preprocessor output. After the TRASYS model is read in, the preprocessor intermediate files are automatically deleted. The status of the preprocessor run is retained i...
	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.

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

	21.5 Simple Satellite
	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. Conductio...

	21.6 Orbital Maneuvers
	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 ...



