Spacecraft Reentry Heating Plugin

The Spacecraft Reentry Heating Plugin was written to take advantage of the STK AGI
UiPlugin interface to create a customized User Interface Plugin. Some of the options for
UiPlugins can be found in the STK Help materials.

This plugin was created to allow users the ability to supply design parameters for capsule
styled reentry vehicles similar to NASA’s Apollo program
(http://en.wikipedia.org/wiki/Space capsule). The Plugin will create stagnation point
heating data for the designed capsule as well as deceleration (G-Load) data which can be
reported or graphed natively inside of STK.

Install instructions

Unzip the ReentryHeating.zip file. Then
- Copy the entire ReentryHeating folder to C:\ProgramData\AGI\STK 11
(x64)\Plugins
- Copy ReentryHeatingPlugin.RegistryFree.xml to C:\ProgramData\AGI\STK 11
(x64)\Plugins
- Copy the content of the ReportStyles folder to where STK expects them. Either
one of
o scenario folder
o C:\Users\<user name>\Documents\STK 11 (x64)\Config\Styles\Satellite

Using the Plugin

The plugin is accessed by right clicking the Scenario Object in the Object Browser and
selecting the Plugins option.
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Alternatively, this plugin can be turned on via the Toolbar options for STK and be made
available as a separate Toolbar by right-clicking in the Toolbar area and selecting the
Reentry Heating Toolbar.
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The Spacecraft Reentry Heating Plugin will allow users to define specific reentry
parameters including dimensions of the reentry capsule.



Spacecraft Reentry Heating Tool

Spacecraft Reentry Heating Tool

Blunt Bady Spacecraft

Orbit | Time Frame | Report/Graph |

Reertry Parameters

Latitude: 0.00 (Deg)
Longitude: 0.00 (Deg)

Altitude: 300 (km)
Horiz FPA: -35 (Deg)
Azimuth:  45.0 (Deg)

Velocity:  7.80 (kmisec)

Spacecraft Parameters

Atmos Model: Select...

Cd: |15
Mass: 5500 (kag)
Area: 35 (m"2)
Nose Radius: 3.0 (m)

Once the parameters have been defined (including the desired Atmosphere Model), the
Create button can be used to create the spacecraft’s reentry trajectory. The reentry
assumes a zero-lifting entry.

The stagnation point heating and deceleration data is computed based on the supplied
parameters and reentry profile and are made available to the user through reports and
graphs. It is of interest to note that this data is stored for the Satellite Object in the Data



Providers under ‘User Supplied Data’ in the event that it is necessary to use it for other
reporting/graphing functions.

Spacecraft Reentry Heating Tool

Blunt Body Spacecraft

| Obit | Time Frame | Report/Graph

Stagnation Point Heating

Graph

G-Loading




EIE) S@He @
Start: 6 Jun 2012 04:00:00.000 UTCG Stop: 6 Jun 2012 04:14: 16,000 UTCG Step:  lsec

Satellite-Reentry_Sat - 06 Jun 2012 15:07:20

60

= o I

55

50

451

o

T T T T T
400 401 402 403 404 405 405 407 405 409 410 411 412 413 414
&Wed Jun 2012 (UTCG)

StagnationPointHeating (W/m*2)

@]

Start: 6 Jun 2012 04:00:00.000 UTCG Stop: 63un201204:14:15.000UTCG (@] Step: 1sec

Satellite-Reentry_Sat - 06 Jun 2012 15:08:16

oL L L L L L L L L P T S 0 I T 1

T T T T T T T T T T
400 401 402 403 404 405 406 407 408 409 410 411 412 413 414

&Wed Jun 2012 (UTCG)

Deceleration (G's)

Examples of the Heating/Deceleration Graphs

@



Time Period - There is a tab for changing the Analysis Start/Stop time of the STK
Scenario if necessary. This can easily be done through the standard methods inside of
STK, but is provided with this plugin simply for ease of use.

Reentry Heating Plugin Configuration

The configuration page for any UiPlugin can be found by going to the Edit->Preferences
menu.
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Here you can access the Configuration page for the Reentry Heating Plugin.
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This allows a user to determine if the plugin should be made available in a ‘context’
mode, meaning that it can be accessed by right clicking STK Objects in the Object
Browser and selecting the Plugins sub-menu.

There is also a Help button which will simply open this documentation file.

Reentry Heating Plugin Math Specification

The following methodology was used in determining the heating and deceleration values.

Parameters:

p = Atmospheric Density (kg/m?)

vi = Gas Transport Parameter

a = Vehicle Acceleration (m/s?)

A = Vehicle Cross-Sectional Area (m?)
ci = Mass Fraction

Cp = Drag Coefficient (unitless)

Farag = Drag Force (N)

K = Sutton-Graves Coefficient (unitless)
m = Vehicle Mass (kg)

M; = Molecular Weight

q = Vehicle Heating Rate (W/m?)

Rn = Vehicle Nose Radius (m)

V = Vehicle Velocity (m/s)

Deceleration: Assuming a zero-lifting reentry profile

a= Fdrag/m (1)

Farag= (112)pV:CpA  (2)



Therefore, combining equations 1 and 2 yields,

a = (1/2)pV2CpA/m 3)

Deceleration in terms of G-Loading,

G’s=a/9.798 (m/s?) 4)

Stagnation Point Heating Rate:
Utilizing the studies of Sutton-Graves [ 1], the equation used for stagnation point heating

rate given in (W/m?) is as follows:

| R
V. )

The constant K is derived from a gas mixture correlation as a function of mass fractions,

gas transport parameters, and molecular weights.
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The following table can be used as a reference.

Table 1. Constant K

Coeff. for equation Mass fractions

M; K; | Earth | Mars | Titan | Venus | Neptune | Juptter | Satuun | Uranus
N, | 28.013 | 0.11| 0.785 | 0.027 | 0.984 | 0.035
O, | 31.999]0.12] 0.215 | 0.001
H, | 2.016 | 0.04 0.8 0.898 | 0.967 | 0.825
He | 4.003 | 0.08 0.19 | 0.102] 0.033 ] 0.152
Ne | 20.180 | 0.15
Ar | 39948 [ 0.15 0.016
CO,| 44.010 | 0.12 0.956 | 0.016 | 0.965
NH;| 17.031 ] 0.1 0.01 0.023
CH,| 16.042 | 0.08
K*10™ 1.7623]1.8980|1.7407|1.8960| 0.6719 |0.6556{0.6356/0.6645
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