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V. Glossary

Term Description

Application ESABASE application such as e.g. the "Debris" or the "Sun
light" applic ation.

Eclipse Eclipse is an open source community whose projects are
focused on providing an extensible develo pment pla t-
form and application frameworks for building software.

For detailed inform ation refer to http://www.eclipse.org/

ESABASE Unix-based analysis software for various space applic a-
tions. For details refer to th e ESABASE User Manual/4/.

ESABASE/Debris ESABASE framework and the debris and meteoroid flux
and damage anal ysis application.

ESABASE?2 New ESABASE version running on PC-based Win dows

platforms (to be distinguished from the "old" Unix -based
ESABASE).

Geometric(al) (anal ysis)

Flux and damage analysis of a full geometric model.

Georelay

object pointing keyword: tracking of a GEO satellite.

non -geometric(al) (anal ysis)

Flux and dam age analysis of a plate, which can be spec i-
fied as a randomly tumbling plate or an oriented plate.

STEP

Acronym which stands for the Standard for the Exchange
of Product model data.

VI. List of Abbreviations

Abbrevi ation Description

GUI Graphical User Int erface

JVM Java Virtual Machine

NASA National Astronautics and Space A dministration

OCAF Open CASCADE Application Framework (co ntains the ESABASE?2 data

model)
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1 Introduction

ESABASEZ2is a software application (and framework) for space environment analyses,
which play a vital role in spacecraft mission planning. Currently, it encompasses D e-
bris/M ete oroid, Atmosphere/l onosphere, Sunlight and C ontamination/O utgassing anal y-
ses; with this, it complements other aspects of mission planning like thermal or power
design.

The application grew from ESABASE?2 /Debris, an application for space debris and micro -
meteoroid impact and damage analy sis, which in turn is based on the original
ESABASE/Debrissoftware develop ed by the European Space Agency. ESABASE2adds a
modern graphical user interface enabling the user to interactively establish and m a-
nip ulate three -dimensional spacecraft models and to display the s elected orbit. Analysis
results can be displayed by means of the colour-coded surfaces of the 3 D spacecraft
model, and by means of various di agrams.

The development of ESABASE2 was undertaken by etamax space GmbH under the
European Space Agency contract No. 16852/02/NL/JA. The first goal was to port
ESABASE/Debrisand its framework/user interface to the PC platform (Microsoft Wi n-
dows) and to create a modern user interface.

From the start, the software architecture  has been expressively designed to accomm o-
date fur ther applications: the solvers outlined in the first paragra ph were added, and
more modules like radiation are to follow.

ESABASE? is written in Fortran 77, ANSI C++ and Java 6. The GUI is built on top of the
Eclipse rich client platform, with 3D visualisation and STEP import realised by Open
CASCADE.Report and graphs are based on the JFreeReport/JFreeGraph libra ries.

This user manual is the Atmosphere/lonosphere handbook . It complements the Fram e-
work user manual /1/, which explains the common functionality of all solvers (e.g. D e-
bris, Sunlight, Atmosphere/lonosphere, or COMOVA).

ESABASE?2 Atmosphere/lonosphere Date: 2009-12-14
Software User Manual Revidon: 11
Reference: R077-233rep_01_01_Software_User_Manual_Solver_Atomox.doc State: final
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2 Atmosphere/lonosphere Solver

Atomosphere and lonosphere solver are similar in scope, as they both evolved from the
Atomic Oxygen (AtomOx) applicati on within the original ESABASE, which is concerned
with par ticles (mostly O ,) that accumulate on the surfaces of a spacecratft.

In the following sections, the functionalities of the Atmosphere and lonosphere solvers
are described:

1 Geometry Additions . Additions to a spacecraft geometry relevant for both  At-
mosphere and lonosphere solvers.

1 Atmosphere chapters

0 Atmosphere Input : Describes the input editor for Atmo  sphere.

0 Atmosphere Analysis. How to make an Atmosphere run.

0 Atmosphere Results: How to interpret the results of an Atmosphere run.
1 /onosphere chapters -

0 Jonosphere Input . Describes the input editor for lonosphere.

0 Jonosphere Analysis. How to make an lonosphere run.

0 Jonosphere Results: How to interpret the results of an lonosphere run.

2.1 Geometry Additions

Atmosphere and lonosphere rely mostly on  the common spacecraft geometry descri p-
tion. There is no dedicated Atmosphere/lonosphere page in the geometry wizard; ho w-
ever, some pages are of special significance:

1 Material Page : Both solver uses settings from the material page.

1 Meshing Page: Positive/negative sides and meshing recommendations for  At-
mosphere/lonosphere .

The following subsections cover these Wizard pages.

Date: 2009-12-14 ESABASE2 Atmosphere/lonosphere
Revision 1.1 Software User Manual
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2.1.1 Material Page

shown in the lower part of the figure below
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Materials are specified for the su rfaces of shapes (see/1/). Please take care to assign only
materials which contain the necessary at tributes for A tmosphere and lonosphere , as

2 Shape Wizard

Material

Plate Size Meshing Position & Attitude Kinematic Pointing Debris Material
Surfaces D
(@ all surfaces 1 [v] [Irropagate
O Individually
O Replace
Materials
Materials used in File Materials available in library
KAPY ALU
Aluminiumazynitrid
kalnum
KARZ
Mame KAPY
Figure 2.1: Geometry editor, Material page, Atmosphere/lonosphere
In particular, these attri butes are:
range default no full
1 omega: atmospheric absorptivity 0..1 1 0 1
1 speco specularity ratio for reflection ofa  t- 0.1 0 0 1
mosphere
1 accomo. accomodation ratio for particles of 0.1 1 0 1
the atmosphere
1 reacto: reactivity of the material, defining 0..b 0 0 b
the erosion rate , in microns/10 % at-
oms/cm? (which is equivalent to
10**cm?®/atom)
ESABASE2 Atmosphere/lonosphere Date: 2009-12-14
Software User Manual Revigon: 11
Reference: R077-233rep_01_01_Software_User_Manual_Solver_Atomox.doc State: final

etamax space GmbH . Richard -Wagner -Stral3e 1 . 38106 Braunschweig

Page 11/53



qemax 1.

2.1.2 Meshing page

Although the meshing page (shown below) is the same for all solvers, the effects of the
settings may vary.

& Shape Wizard X

Meshing @

Box Size Meshing Position & Attitude Kinematic Pointing Debris Comova Material

Subdivison of the shape’ s boundary surface into node areas ...

na 1

e 1 Z mesh
o R
Number of elements on ...
a-axis: | 1 =
]
braxis: | 1 g I
coaxis | 1 =
Ray Tracing
Ray tracing weighting factor: | 1.0
K mesh
Active Side
Sidet | default [v] D
default

bath

Colour: E pasitive

negative
none

<Back | Mext» | [_Fnsh ][ comel |

Figure 2.2: Geometry editor, Meshing page

Subdivision of surfaces (i.e. "surface nodes") are not supported by Atmosphere or lon  o-
sphere. We recommend using the "Number of elements on" settings for finer meshing.

Regarding active sides: Atmosphere/lonosphere results always comprise both sides of an
element (the solver sums them up). For volumes, this is uncritical, because only one side
is ever affected. For surfacic shapes (e.g. plate), we recommend choosing only one a c-
tive side, because the results can otherwise not be correctly assigned to an element side.

And with this, the geometry file is ready, and we can move to the inputed itor.

Date: 2009-12-14 ESABASE2 Atmosphere/lonosphere
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2.2 Atmosphere Input

Besides the materials specified in the spacecraft geometry file, a global Atmosphere
input file provides input parameters to the solver. The Atmosphere input editor is d i-
vided into 4 tabs, as shown below in Figure 2.3:

1 Environment and Analysis . Parameters used for both geometric and non -
geometric analyses.
1 Geometric: Parameters used only for geo metric analyses, i.e. using a spacecraft
geometry.
1 Non-geom etric: Parameters used only for non -geometric analyses, i.e. using an
in-orbit oriented plate instead of a spacecraft geometry.
1 Model Display : A model display analysis provides atmosphere and wind chara c-
teristics such as number density and temperature from  the models.
Elle Edit Window Help
Ei - Reset perspective @ - (’ - Q - L)
{8 ESABASEZ Explorer 52 = O | l@hd4s 3 =0
B% ~ Environment Analysis _
=t 5 2% [
[t 5 25 Models
g Ez:g:gg = Atmosphere madel MSIS86 [v] [ Thermal motion
|=] ATOPOSTE_45 [v] wind model HWMaD IV] Used particle kype(s) L
(<] J (2] O Helium 1
GE Outline 52 -o Solar activity (for Wind model or IRI90) @ Atomic oxygen
= ] Atmosphere {A @ Direct input O Malecular nitrogen
2 Display Model (O Molecular oyaen
D Enwironment Model F10.7 [107-22 Wim~2/Hz] 140.0 OArqnn
e M F10.7 average [10-22 Wim~2/Hz] 140.0 ) Atamic hydrogen
[5] x 2] Geomagnetic activity index value 15.0 ) Atamic nitragen
B Properties &1 ¥ =08 O From fils () Anomalous © number density
Property Walue (O Altof the above
Model display | Environment and Analysis | Geometric | Non-geometric

Figure 2.3:  Atmosphere input editor
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2.2.1 Environment and Analysis Tab

The environment and analysis tab describes the environment that the spacecraft is mo V-
ing in. It has two sections, which are  shown in the fo llowing figure:

1 Environment . Defines the atmosphere and wind models, and the solar activity.

1 Analysis. Defines which particle types to  be included in the analysis , and whether
to consider thermal motion.

@ clL45 i3 =5
Environment Analysis
Models
Atmozphere model | MSIS8E w | [ Thermal mation
wind madel ||"WMSD v| Used particle type(s]
O Helium
Solar activity (@ Atomic axygen
@ Direct input O Molecular nittogen
(O Molecular oxygen

F10.7 [10™-22 w/m"2/Hz] 140.0 O tugon
F10.7 average [107-22 W/m™2/Hz] 140.0 ) Atomic hydrogen
Geomagnetic activity index value 150 ) Atamic ritrogen

O From file

- - O

Solar activity file |EI:\apps\HD??\ecllpse\Solver\At |
Access flag 977 [+ 2 sigma prediction]
S10[107-22 Wim"2/Hz] [1400 |
510 averaged [10™22 W/m"2/Hz] [100.0 |
W10 (10722 Wiim"2Hz] [1300 |
WM10 averaged [10°22 wWim " 2/Hz]  [35.0 |

Model dizplay | Environment and Analyzis | Geometric . Mon-geometric

Figure 2.4:  Atmosphere input editor, Environment and Analysis tab

2.2.1.1 Environment

The atmosphere environment is described by the following factors:

1 Atmosphere model : Describes the atmospheric conditions , in particular thermo s-
pheric temperatu re, density and composition for altitudes of 85 to 2500 km . Sev-
eral models are selectable.

1 Wind mode I Describes the wind conditions. Currently two Models are selectable
By selecting one Atmosphere can consider the influence of wind in different alt i-

tudes.
Date: 2009-12-14 ESABASE2 Atmosphere/lonosphere
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1 Solar activity . Describes the pertu rbations caused by solar activity of the Sun . This
activity is essential for the behaviour of the selected atmosphere and wind
model.

2.2.1.1.1 Atmosphere Models

You can select among the following  atmosphere models:

1 MSIS86ther mosphere model : " Mass Spectrometer Incoherent Scatter” is a semi -
emperical model of thermospheric temperature, density and compos ition. It was
released in 19 86.

1 NRLMSI/SEOOThis model is an update of the MSIS86 model released by the U.S.
Naval Research Laboratory (NRL. It is based on data of Mass Spectrometer and
Incoherent Scatter radar. In addition itis Extended from the ground to the space.

It was released in 20 00.

1 MET thermosphere mode/ : "Marshall Engineering Thermospheric" describes the
neutral atmos phere between 90 and 2500 km altitude. Internally, it uses the Ja c-
chia 70 model to compute the atmospheric density.

1 DTM atmosphere model/ : "Drag Temperature Model" is a 3D thermospheric
model developed in terms of spherical harmonics from satellite drag dat a cover-
ing a time period of almost two solar cycles. It covers altitudes from 200 to
1200 km.

1 JB2006 +Jacchia-Bowman oc ™ mhj nkc  md” _is basedlan the GIRA72 g =

(Jacchia 71) model. New solar indices have been used for the solar irradiances in

the extreme and far ultraviolet wavelengths. New exospheric temperature and
semiannual density equations were created to represent the major thermo S-
pheric density variations. Temperature correction equations were also deve |-
oped for diurnal and latitudinal ef fects, and finally density correction factors

have been included for model corrections required at high altitudes (1500 - 4000
km). It was released in 2006.

Further i nformation about MSIS86, MET and DTM are contained in /6/; NRLMSISEOQOis
described in Fehler! Verweisquelle konnte nicht gefunden werden. and JB2006 is desc-
ribed in /7/.

2.2.1.1.2 Wind models

Wind models are optional ("None"  being one of the options ). The available mod els are:

1 HWMI0 wind model : "Horizontal Wind Model" is an empirical model of diurnal
variations in the upper thermosphere. It covers altitudes from 100 to 850 km.

T HWMI3 wind model : This model is an update of the HWM90 wind model. It now
covers altitudes fro m 0 to 850 km.

ESABASE?2 Atmosphere/lonosphere Date: 2009-12-14
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2.2.1.1.3 Solar activity

Solar activity consists of particles and radiation from the sun, which causes changes in
the atmosphere . The figure below shows available solar activity parameters.

Solar activity Solar activity
(®) Direct input () Direct input
F10.7 [10™22 wiim™2/Hz] 1400
F10.7 average [107-22 W /m"™2/Hz] 1400
Geormagnetic activity index value 15.0
) From file ®) From file
Solar activity file ChappsiRO7Pheclipzet\ Salveriat
Arcess flag 97.7 [+ 2 zigma prediction] ~]

Figure 2.5: Atmosphere input editor, Environment and Analysis tab, Solar activity

You have the choice between two modes of input: Direct and from a file.

In the direct input, the following parameters are available (see e.g. SWENET /3/ for val-
ues occurring during your mission time):

1 F10.7 cm flux: The F10.7 index is a daily measure of the noise level generated by
the sun at a wavelength of 10.7 cm at the earth's orbit . The range is from 0.0 to
300.0 and a default value is 150.0.

1 F107cm flux, averaged : 1t is the 3 -month average of the F10.7 cm daily flux .

1 Geomagnetic activity index (Ap). The Ap index is a measure of the general level
of geomagnetic activity over the globe for a given (UT) day . The range is from
0.0 to 400.0 and a de fault value is 15.0.

Your second option is t o provide a solar activity file; this is meant only for expert users.
With in such a file, monthly variations of the solar activity can be considered. Access flag
(see figure above) refers to the percentile colu mn to be taken from the file: mean pr  e-
dictions, 2.3 percen tile or 97.7 percentile.

For illustration, the figure below shows the SOLAR9407.DAT file delivered t ogether with
ESABASE?2.
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SOLARS407 Solar activity inputs for upper atmospheric models [Ref ELS54 (54-94)]
[a) From Jan 1953 to July 1924, mean monhthly real values are taken
(b)) Fromw Aug 1994 onwards, long range estimates are taken
Of current solar cyocle for 50% F10P7, BEST ESTIMATE is taken

TIME 10.7CM S30LAR FLUX F10P7Y GEOMAGNETIC INDEX AF

vear month percentile percentile
Q7.7 50% 2.3% Q7,75 S50% 2.3%

1953 .0004 1 142.3 142 .3 142 .3 16 1a 16
19533 .0836 2 122.6 122.8 122.6 27 27 27
1983 .1670 3 118.8 118.8 118.8 23 23 23
19533 .2504 4 115.9 115.9 115.9 24 24 24
19533.3336 5 137.1 137.1 137.1 20 20 20
19583 .4170 & 138.6 138.6 138.6 16 16 16
1953 .5004 7 125.0 125.0 125.0 1z 1z 12
19533 .5836 g 124.4 124.4 124.4 16 1a 16
1983 . 6670 = 109.0 109.0 109.9 14 14 14
1953 .7504 10 112.4 11z2.4 11z.4 17 17 17
19533 .58336 11 9z.5 9z2.5 Q2.5 21 21 21
1953 .9170 1z 93.4 93.4 93.4 15 15 15
1954 .0004 1 116.1 116.1 116.1 13 13 13
1954 .0836 2 140.6 140.6 140.6 17 17 17
1954.1670 3 1zz.0 12z.0 1z2z.0 21 21 21
1954 .2504 4 128.7 128.7 125.7 25 25 25
1954.3336 5 125.3 125.3 125.3 17 17 17
1954 .4170 & 100.3 100.3 100.3 15 15 15

Figure 2.6: Atmosphere input editor, SOLAR9407.DAT solar flux file

Further below in the Environment and analysis tab, you can specify additional solar a Cc-
tivity parameters (only if the JB2006 model is used).

S10[107-22 Wim™2/Hz] 1400
510 averaged [107-22 Wim™“2/Hz) 100.0
M0 10722 W fm ™ 2/Hz] 1300

M0 averaged [107°-22 % /m™2/Hz] 95.0

Figure 2.7:  Atmosp here input editor, Environment and Analysis tab, Solar activity

In addition to the traditional 10.7  -cm flux (F10.7) that is a proxy for solar Extreme Ultr a-
violet ( EUV) irradiances, a new solar irradiance index (S1Q07) and a new proxy (M10.7)
have been de veloped for use in empirica | thermospheric density models. A proxy is a
substitute for a distinctly different energy input while an index expresses the activity
level of an energy input.

These three solar indices and proxies above best represent the comple X interaction b e-
tween the solar emission source (photosphere, chromosphere, corona) with the irrad i-
ances' penetration into the thermosphere (unit optical depth in the middle and lower
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thermosphere) and the length of time for energy transfer between thermos pheric lay-
ers (thermal process of molecular conduction or kinetic process of molec  ular diffusion).

The following four parameters are only used by JB2006 model.

1

1
1

f

S1a The S107 index accounts for the majority of the daily density variability with

a 1-day lag, is reported in units of F10.7, is the chromospheric  EUV energy b e-
tween 26 -34 nm as measured by the SOHO SEM instrument, and is deposited
above 200 km.

S10 (averaged). It is the 81 -day average of the previously described S10 index

XM10: The M10.7 proxy accounts for the next significant factor of the daily de n-
sity variability with a 5 -day lag and is the Mg Il core -to-wing ratio reported in
units of F10.7. It is used as a substitute for the FUV Schumann -Runge Continuum
(SRC) energy dominated by the 145 -165 nm range that has a unit optical depth in
the lower thermosphere and is the main source of thermospheric molecular ox y-
gen dissociation that is not historically included in Jacchia  and MSIS-type m odels.

XM10 (averaged): It is the 81 -day average of the prev iously described XM10 i n-
dex.

Further information about the four proxies and indices used in JB2006 can be found in

71
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2.2.1.2 Analysis

In the Analysis section, you can define output parameters for the Atmo sphere analysis.
1 Thermal mo tion: Whether particles undergo thermal motion.

1 Used particles types: Which particle types are to be considered.

The figure below shows the Analysis section in the Atmosphere input editor.

Analysis

Thermal motion

Used particle type(s)

() Helium

@ Atomic oxygen
() Malecular nitrogen
() Molecular oxeygen

O argon

() Atomic hydrogen

() Atomic nitrogen

() anomalous © number density
() Al of the above

Figure 2.8: Atmosphere input editor, Environment and Analysis tab, Analysis

When thermal motion is activated, the particles do not move in straight lines, but u n-
dergo jittery motions due to thermal effects. The effect is that e.g. the side of a box can
be affected by a "wavy" particle trajectory.

Typical patrticle types that can affect the geometry in the thermosphere are helium ( He),
atomic oxygen (O ,), molecular nitrogen (N,), molecular oxygen (0O,), argon (Ar), atomic
hydrogen (H,), atomic nitrogen (N,), anomalous O n umber densities, or all of the prev -
ously mentioned.
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Depending on the selected model one or all of the valid particle types can be selected.

| g S
2 |38 g | |¢g
n T © s o A
= > -
Helium X X X X -
Atomic oxygen X X X X i,
Molecular nitr ogen X X X X -
Mole cular ox ygen X X X X -
Argon X X X - -
Atomic hydr ogen X X X - -
Atomic nitrogen X X - - -
Anomalous ox ygen - X - - -
All X X X X X

Table 2.1: Selectable particle types for the atmosphere models

Please note: At high altitudes (> 500 km), hot atomic oxygen or ionized oxygen can b
come appreciable for some ranges of subroutine inputs, thereby affecting drag on sate
lites and debris. These speciesare grouped under the term "anomalous oxygen

e_
|-
", since

their i ndividual variations are not presently separable with the drag data used to define

this model comp onent.
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The geometric tab, pictured below, is relevant for the geometric analysis only and fe a-
tures the following parameters:

2.2.2 Geometric Tab

1 Number of rays : Used for raytracing algorithm that calculates the flux

1 Spinning:. Whether the sp acecraft is spinning around an axis (e.g. in velocity d i-
rection) .

1 Multiple reflection : Whether a reflection of a particle shall be considered or not
(possibly multiple times). The behaviour depends on the material properties s e-
lected for the surfaces (see 2.1)

@ "l 45 o2 =5
Geometric
Number of rays 4
Spinning
Spin axis weckar %00 Yol 1.0 Z 0.0

Mumber of spin positions i
Multiple reflection

Mazximum number of reflections 1

Extinction factor 0.01

Mumber of diffuse re-emissions 5

Model display | Environment and Analysis | Geometric | Mon-geometric

Figure 2.9: Atmosphere input editor, Geometric tab

2.2.2.1 Number of Rays

This is a very simple par ameter. Increasing the number of rays improves the accuracy of

the models, e.g. by averaging over extreme effects of one ray. A lower number i m-
proves the performance of the analysis run. If only one ray is set, the ray is fixed from
the centre of the eleme nt and the thermal motion is not considered. |  f several rays are
emitted, the emission points are sampled at random on the element surface. Especially
for analysis with multiple reflection switched on the number of rays should be i n-
creased.
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2.2.2.2 Spinning

Deter mines whether the spacecratft is spinning, and around which axis. While this would
normally be a S/C geometry property, it is included here because it is only used in the
Atmosphere/lonosphere solvers.

The number of spin positions determines the S/C alignment positions to be analysed: 1
means the S/C has always the same position.

2.2.2.3 Multiple Reflection

When multiple reflection is activated, a ray is not only analysed when hitting a surface,
but the ray reflection is further followed.

)l

f

f

Maximum number of reflecti ons is a threshold above which the ray is no longer
reflected. If it is set to 0 no reflection is performed, but the absorbed fluxes and
fluencies are computed. The larger this number is set the longer the analysis
need. 10 is the default value

The extinc tion factor defines the stop criteria (in 100% of direct  impacting flux )
to stop the multiple reflection for that ray. The smaller this value is set the more
multiple reflection will be analysed.

The number of diffuse re -emissionsis the number of rays tha t result from the di f-
fuse part of re -emission. For each hitting ray, part of the flux is absorbed and the
re-emitted part is separated in one specular ray and n diffuse rays. The material
settings (see 2.1) are essential for th e behaviour of the geometry. Ifitis setto 0
no diffuse reflection is performed.
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Similar to the geometric tab, the n  on-geometric t ab shown below allows you to define
parameters for the non -geometrical Atmosphere analysis, which works  on a simple
plate i nstead of a full spacecraft geometry.

2.2.3 Non-Geometric Tab

i@ *d_as i =5

Mon-geometric

[ Flux distribution outpuk

Plate Orientation

RAM [+]

Model display | Environment and Analysis | Geometric | Non-geometric

Figure 2.10: Atmosphere input editor, Non -geometric tab

If the Flux distribution output is selected, the flux distribution versus angle with the
plate normal will be computed at each orbital point . The results are available as 2D plot
in the 2D -result tab of the result file (see  2.4.2).

Plate orientation is the direction that the plate is looking at. Possible options a re:
1 SUN Plate is always facing the sun.
1 EARTH Plate is always facing the earth.
1 RAM: Plate is always facing the velocity direction.
1

USER You can define theta and phi yourself. Theta is the angle between the
plate normal and the Z axis of the satellite f rame. The satellite frame axes are
defined as (XYZ orthogonal system):

X = velocity axis
-Z = opposite to Earth
Y = completes the right handed coordinate system

Phi is the angle between the projection of the normal on the XY plane of the
satellite frame and the X axis of the satellite frame . Example for the RAM dire c-
tion: theta = 90° phi = 0°
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2.2.4 Model Display Tab

In the model display tab, you can specify the parameters for a model display analysis,
which provides you with characteristics of the di  fferent atmosphere and wind models in
tabular and graph form.

The tab contains two section s: Input and output parameters.

2.2.4.1 General Input

The picture below shows the i nput parameters of the Atmosphere model display

Model display | Environment and Analysis | Geometric | Mon-geometric

Figure 2.11: Atmosphere input editor, Model display

@ *d 45 =5
=~
Model Display General Input ]
Specify the input parameters,
Model
MsIses [+]
First variable
altitude [v]
Range: 85.0.. 2500.0 Skark: | 100.0 End: | 400.0 Skeps: | 10
Second variable 3
O
Fixed values
Longitude [deg] 0.0
Latitude [deq] 0.0
F107 [10-22 Wim~2 Hz] 150.0
F107 averaged [107-22 W m™Z/Hz] 150.0
Geomagnetic activity indesx 15.0
ear 1993
Day of vear 100
Hour [h] 0.0 @t Our
el

tab, General input
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Input parameters are splitted into the 4 sections:

1 Mode/: The atmosphere or wind model to use, see 2.2.1.1.
1 First variable : The first variable of the model display.
1 Second variable: Optional second variable; if activated, a 3D plot is generated i n-
stead of a 2D plot.
1 Fixed values. The remaining values remain non -variable.
The following parameters (of which up to 2 are variable, the rest fixed) mu st be speci-
fied:
1 Longitude , Latitude, Altitude : The "position of spacecraft" assumed for the pu  r-
poses of the model display.
1 Solar activity ( F10.7 cm Flux, F10.7 cm Flux (averaged), Geomagnetic activity i n-
dex (Ap)): See environment and analysis tab, section 2.2.1.1.3.
1 VYear: to be analysed year, informat YYYY .
1 Day of Year: to be analysed day (of the year) between 1 and 365 .
1 Hour: to be analysed time (in hour ) can be specified as local solar time (LST) or
universal time (UT).
1 S1Q S10 (averaged), XM10 and XM10 (averaged): See environment and analysis
tab, section 2.2.1.1.3.
ESABASE?2 Atmosphere/lonosphere Date: 2009-12-14
Software User Manual Revison: 1.1
Reference: R077-233rep_01_01_Software_User_Manual_Solver_Atomox.doc State: final
etamax space GmbH . Richard -Wagner -Stral3e 1 . 38106 Braunschweig Page 25 /53



qemax 1

2.2.4.2 Output

Output parameters are split into Atmosphere and Wind parameters, as shown in the

figure below.
@ *d_45 1 =5
]
wodel Display Output
Specify the output parameters.
Atmosphere Wind
[ Heliurm number density [fem~3]
Akomic oxygen number density [fom™3]
[CIMalecular nitrogen number densicy [fom3]
[ malecular oxvgen number density [fome3]
[ argon number density [fcm3]
[ akomic hydrogen number densicy [fome3]
[ askomic nitrogen number density [fom3]
[ Tatal density [gfcrma]
[ Exospheric temperature [K]
[ Temperature at alitude [K]
]
Model display | Environment and Analysis | Geometric | Non-geometric
Figure 2.12: Atmosphere input editor, Model display tab, Output
The availability of the parameters depends on the chosen Atmosphere or Wind model.
For every selected output parameter, a 2D or 3D plot is generated.
The following t able gives you the available Atmosphere output parameters
o
o
L
N
(o] o ™M
0 g S o o
2 - — = 2 = =
AN
= zZ = @) ) I T
Helium number density X X X X - - -
Atomic ox ygen number density X X X X - - -
Molecular nitrogen number de nsity X X X X - - -
Molecular oxygen num ber de nsity X X X X - - -
Argon nu mber density X X X - - - -
Atomic hydrogen number de nsity X X - - - - -
Anomalous oxygen number de nsity - X - - - - -
Total de nsity X X X X X - -
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Exospheric temper ature X X X X X - -
Temperature at alt itude X X X X X - -
Total pre ssure - - X - - - -
Average molec ular weight - - X - - - -
Meridonal wind - - - - - X X
Zonal wind - - - - - X X

Table 2.2: Available Atmosphere output parameters  for different models

The available Atmosphere parameters have the following meaning:

1 Number d ensity. Gives the number of specific particles per cm? at the given pos i-
tion and time .

1 Temperature : Gives the temperatures of the exosphere and the temperature of
the given altitude

1 Total pressure. Gives the pressure at given position and time

1 Average molecular weight : Gives the average molecular weight of the particles
at given position and time

1 Meridonal wind : Gives wind speed from south to north.

1 Zonal wind : Gives wind speed from west to east.
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2.3 Atomosphere Analysis

The atmosphere analysis is started by selecting the right side of the Atmo  s-
phere /lonosphere Run button, and selecting the appropriate analysis type, as depicted
below.

{2 ESABASE2
File Edit “Window - Help
T__I¢ T Reset perspective w T Q = x 2 L]

E%\i ESABASEZ Explorer 7 run geomekric Atrmosphere Analysis
pu Fun non-geometric Atmosphere Analysis
o S Run Model Display Atmosphere Analysis

@ cl_45 Fun geometric Ionosphere Analysis
cl_45 Fun non-geometric Ionosphere Analysis
=l cl_45 Fun Maodel Display Ionosphere Analysis
=l cl_45 i
o
B 4s [v]

< | i | (>]

Figure 2.13: Atmosphere analysis, Run button

Corresponding to the tabs in the Atmosphere input editor, the following analysis types
are available:

1 Geometric Atmospheric Analysis : Uses a spacecraft geometry.
1 Non-geometric Atmosphere Analysis : Uses an oriented plate.

1 Model Display Atmosphere Analysis : Pre-runs some analysis parameters.

Date: 2009-12-14 ESABASE2 Atmosphere/lonosphere
Revision 1.1 Software User Manual
State: final Reference: R077-233rep_01_01_Software_User_Manual_Solver_Atomox.doc

Page 28 /53 etamax space GmbH . Richard -Wagner -Strae 1 . 38106 Braunschweig



qemax 1

When you press "Run Geometric Atmosphere Analysis”, the Run wizard shown in the
figure below will be opened.

2.3.1 Atmosphere Geometric Analysis

& Geometric Atmosphere Analysis P9 {2 Geometric Atmosphere Analysis
Geometric Atmosphere Analysis Export to ZIP file —(
Flease choose the input files For the analysis, | Flease select if you want to export the results,
Project: |atomoz Lesting | [VIExport to ZIP file (wil save all fles first )
Satelite: test_urikc_S5_30%cdor0 v Expart geometry file
] Export mission File
Mission: test_urikc_S5_30%cdor0 w IExp
— Export atmosphere file
Atmosphere: |kest_uritc_S_30%cd9r0 K [@lExport result file

Target directory For export:

Generate output filename:

Comment: that will be included in the filename:

Filenare: geometric-atmosphere-result-2009-09-28 15,29.51

[ Mext = “ Finish I[ Cancel ] i Einish ” Cancel

Figure 2.14: Atmosphere analysis, Geometric, Run wizard

On the first page, you select the project from the workspace to work in. The next three
lines specify the geometry file, the mission file, and the Atmosphere input file to be
used.

With the first checkbox below, you can choose to run pre  -processing only to confirm the
validity of the spacecraft pointing and kinematics; no actual Atmosphere results will be
produced in that case.

The second checkbox and the textfield below are for defini ng the name of the output
file. We recommen d to always use a fitting name, because the listing files (to be found
in the ListingFiles directory within the project) will be named in kind.

On the second page, the possibility exists to package the result fil e together with the
input files into a ZIP archive. Normally, the result file will be saved into the project. A
consolidated ZIP file, saved into a directory of your choice (see first textfield) can e.g. be
sent to your co lleagues.

A comment (see second te xtfield) can also be included to the ZIP file.

Press the "Finish" button to start the analysis. When it has finished, the result file will
be shown in the Atmosphere result editor (see section  2.4).
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2.3.2 Atmosphere Non -Geometric A nalysis

The non-geometric Atmosphere analysis is a simpler version of the geometric analysis,
as shown in the figure below.

& Non-Geometric Atmosphere Analysis

Non-Geometric Atmosphere Analysis

Please choose the input file For the analysis, [

Project: akaroy_testing [v]
Mission: kest_uribc_5_300cd9r0 [v]
Aktmosphere: |kest_uribc_5_30hcd9r0 [v]

Generate ouktput filename:
Filename:! BT nongeomettic-atmosphere-result-2009-09-29 17,4345

Mext = ] I_Einish l [ Cancel

Figure 2.15: Atmosphere analysis, Non -geometric, Run wizard

Select the project , and from it, the mission and Atmosphere input file; then select a
name for the result file.

Again, the second page provides the possibility to save the results in a ZIP file.

Upon pressing "Finish", the non -geometric analysis will be started, and the res ult file
will be shown in the Atmosphere result editor (see section 2.4).
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The Atmosphere model display analysis is even simpler than the non  -geometric analysis,
as shown in the screenshot belo w.

2.3.3 Atmosphere Model Display Analysis

& Model Display Atmosphere Analysis

~odel Display Atmosphere Analysis

S

Please choose the input file Far the analysis, [

Project: atormox_kesking [v]

akmosphere; |kest_oribc_S_30%cd9r0 [v]

Generate oukput Filename:

Filename: modeldisplay-atmosphere-resulk-2009-09-28 16,25,38

[ Mext = ]I_Einish ” Cancel

Figure 2.16: Atmosphere analysis, Model display , Run wizard

Project and Atmosphere input file are the only analysis parameters, together with the
name of the result file. The "Finish" button will exe cute the analysis, and the Atmo s-
phere result editor will show the result file.

ESABASE2 Atmosphere/lonosphere Date: 2009-12-14
Software User Manual Revigon: 11
Reference: R077-233rep_01_01_Software_User_Manual_Solver_Atomox.doc State: final

etamax space GmbH . Richard -Wagner -Stral3e 1 . 38106 Braunschweig Page 31/53



qemax 1

2.4 Atmosphere Results

Whether running a geometric, a non -geometric or a model display analay sis, an Atmo s-

phere result file will always be created, and opened in the Atmosphere res ult editor
pictured below.

(& ESABASEZ
Eile Edit “Window - Help
- Reset perspective G-C-Q- )
@ESABASEZ Explorer £2 =0 Egeometnc-atmosphere-result-ZUDB-UB-ZS 14,48.45 01 =0
=i
& e ~ 4l 9o 8 8 2 |y (g R Al

%] cdaroTotF-x1

5] cdoroTotFdfL
genmelric-atmosphere-resu
geometric-atrmasphere-resu
geometric-atrmosphere-resu | s

< >
2 outline 52 =8
& T Plate-¥ ~
& T\ Plate+Z
@ T Plate-z
=T\ OBIECT 12
- STATE_L &
E Properties &2 =0
Property Walus
AbsoluteID MISSIONRES/OBIECT_D/O...
D &
Label OBJECT 1 1 4

OBJECTTITLE  Plate-¥
MNotes |Listings | 30 Results | 2D Results

Figure 2.17: Atmosphere result editor

The result editor has four tabs which show different aspects of the result file.
1 3D Results. Show the atmospheric and wind effects on the  spacecraft surface.
1 2D Results. Graphs and reports of atmospheric effects over the mission time.

91 Listings: The Atmosphere listing files, in the form produced also by the original
ESABASE/Atomox.

1 Aotes: A tab for your own notes, e.g. in preparation to send ing the result file to
a colleague.
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The 3D result tab shown in the figure below provides a view on the spacecraft geom e-
try, overlaid with the atmospheric effect of your choice.

2.4.1 3D Results Tab

Figure 2.18: Atmosphere result editor, 3D results tab

In order to adjust the view, rightclick into the black area in the editor; a context menu
will open with the following top ~ -level choices:

1 Colour: The atmospheric effect to be viewed on the spacecraft model.

1 Orbital Point . Whether to see the effects on the entire mission, or on a specific
orbital point (the latter with the appropriate pointing).

1 Coordinate Systems: Which coordinate systems to add to the view.

1 Element chart (only when an element has been selected): Shows atmospheric e f-
fects over orbital points in a 2D graph.
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