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Abstract. This work presents the preliminary temperaturedprons, in which the ITASAT satellite will be mitied
in an average flight case of thermal load. ITASAT ke the first satellite developed by Brazilianiversities. Its
payload will be one data collection transponder kcientific experiments. Technological InstitufeAeronautics
(ITA) manages this program, with participation dher Brazilian universities. The program is techallg supported
by the National Institute of Space Researches (INPBEvhich also is sponsored by the Brazilian SpAgency (AEB).
The analysis model is based on commercial soft@&ystem Improved Numerical Differencing AnalyseBINDA).
This one has the feature of calculating the orbéteiernal heat loads (direct solar, earth and saddtvedo radiations)
on a given satellite. The internal heat loads avasequences of the functioning of the satellitemmé&Sparameters (such
orbit type and satellite attitude) influence dilgdhe intensities of these thermal loads. Havimgse thermal loads as
inputs, the flight temperature distribution can daculated. This study is part of the thermal cohttesign, in which
has the purpose to maintain the temperature pefiléhin of the maximum and minimum acceptabledimi
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1. INTRODUCTION

The numerical thermal model is the working toothe development of a satellite thermal controlesystlt is used
to predict temperatures on a large scale, with ramattures and others components interacting et another and
with surrounding environment. Generating the thérmadel begins early in a satellite project, wittiddions and
upgrades continuing as notions on design and pedoce become firmer. Final confirmation follows termal
balance test, conducted in a vacuum chamber, wiegtigiions from the model are correlated with tesults (Karam,
1998).

The ITASAT program is a development multidisciplingproject that involves ITA, AEB, INPE and others
Brazilian universities. This program has been étnaiive of the ITA under-graduate students. Irsthiage, the staff is
mainly composed with under-graduates and graddatiests, but the project is normally reviewed idesrto get the
whole school involvement.

The ITASAT program has the purpose to design, agwemanufacture, integrate, test, launch and, opesa
technological microsatellite. On-orbit, the prograill validate an integrated system composed bytitude Control
and Data Handling (ACDH), a Global Positioning yst(GPS) and two others payloads: a Data Colle@irgsystem
(DCS) and other scientific experiment system (taléfned).

This paper presents results of a numerical sinaradf average case for prediction heat loads (letweaximum
and minimum) for the ITASAT. The flight critical sas, end of life (EOL) and begin of life (BOL), iile simulated
accordingly with the project evolution, in the ngxiases.

1.1. ITASAT satellite

ITASAT satellite does not have yet a closed fingskenfiguration (June, 2008). A preliminary defioiit is that the
satellite will have two functions: one operatiorsld other experimental. The operational functiortoiscollect
environmentadata (manly weather data). For this purpose, ITASAIl have a Data Collection Transponder as main
payload. The intention is to replace the CollectalD@atellites #1 and #2 (SCD1 and SCD2), in whiehewaunching in
1993 and 1998, respectively. The aim of this kifdnission is to provide Brazil with environmentadtd collecting
system supported by satellites and data collegilatforms (PCDs) distributed all over the countbata currently
collected by SCD1 and SCD2 are still used on apftios such as input for weather forecast modaisles on ocean
currents, tides, atmosphere composition, agricalltptanning, among others. The second functioroisirtalysis in
flight, technological experiments with space apgiiens, especially in attitude control, telecomneation, thermal
control, power generation and distribution.

The ITASAT satellite will utilize low Earth orbitircular, 750 km height, 25 degrees of inclinatidhis kind of
orbit will remain the satellite at Earth tropicalre. Orbits whose maximum altitude are less thamaemately 1800
kilometers are generally considered low Earth erlfitEO), and have short periods, around of 100 tamuThe
inclination and altitude of the ITASAT orbit willdbthe same of the SCD2 satellite. This inclinatiaws the satellite
to cover Brazil's territory, region where the INBEata collect platforms are placed. Thus, whera#ts over Brazil,



the data sent by the satellite’s transponder vélréceived by the antennas. The orbit illustratiopresented in “Fig.
1"
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Figure 1. ITASAT's orbit (Sorice, 2007).

ITASAT will be a spin-stabilized satellite, thuswill spin around its own “Z” axis, with approxirtely 40 rotations
per minute and will have a pointing of 0.5° relatito the Earth’s geomagnetic field. The satellifgtstures are shown
in “Fig. 2".

Figure 2. ITASAT's structure (INPE, 2007). Anticlogise rotation around “Z” axis.

The satellite’s dimension can be approximated pai@llelepiped with 0,70 m in the X direction, 0/W0in the Y
direction and 0,65 m in the Z direction. The s#telincluding the antennas and others equipmenst e placed into
a cylindrical shell with approximately 1 m of diat@e to ensure launch’s vehicle compatibility, aaido, its mass,
should not exceed 80 kg.

The solar arrays will be placed parallel to sp#wgs, to ensure the necessary illumination to geeethe required
power, and inside the box the internal panels #aeep like a “X” shape, crossing from each cormethie opposite
other.

ITASAT will be composed by the structure subsystetectrical power/distribution subsystem (EPS oDEPR,
telemetry, tracking and command subsystem (TT&E@itude/velocity control subsystem (ACS or AVCS)Yahermal
control subsystem (TCS), of course.

2. THE THERMAL CONTROL SUBSYSTEM

Satellites perform better and last longer whenrteguipment remain within certain temperature kmitsually, but
not always, close of the level whose they are aesigSatellite thermal control deals with the tigesnd practice by
which these temperatures are produced, and thdidanof the thermal engineer is to determinate itifeuencing
factors and manages them within the constraintbeftatellite as one system. The process involniEgia methods of
analysis and test and often requires the use o€ $oghly specialized hardware (Karam, 1998).

The thermal control subsystem (TCS) is an integeat of every spacecraft. Its purpose is to maintl the
equipment of a spacecraft within their respectemperature limits. There are several different sesirof thermal
energy acting on a spacecraft: solar radiationeddb Earth emitted infrared, and heat generatedoiypoard
equipment. Therefore, the thermal control subsystedifferent for every spacecraft. In general r¢hare two types of
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TCS, passive and active. A passive system reliesooductive and radiative heat paths and has nangqarts or
electrical power input. An active system is useddadition to the passive system when passive syistetot adequate.
Active systems rely on pumps, thermostats, andehgatse moving parts, and require electrical pdscher, 1995).
ITASAT's features, as low power, low Earth orbitdaspin-stabilized, collaborate to reach all tempees limits
employing only passive thermal control. Low Earthibresults in less orbital period and less eédlifime, resulting on
decreasing of temperature instability between thieisg and the eclipse periods. In thermal poinviefiv, the spin-
stabilized is a positive factor, because it resuita temperature homogenization. The TCS conaapthie ITASAT
satellite should be similar to the SCD-1 satellithere only passive thermal control material hantemployed.

3. EXTERNAL HEAT LOADS

The overall thermal control of a satellite on orlsitusually achieved by balancing the energy enitig the
spacecraft as infrared radiation against the endigpipated by internal electrical equipment plnsrgy absorbed from
the environment. The sources of external heat laeglslescribed bellow.

3.1. Direct Solar

Sunlight is the greatest source of environmentatihg incident on most spacecraft. The emittedatamh from the
sun is constant within a fraction of 1 percentlatimes. However, due to the Earth’s ellipticabity the intensity of
sunlight reaching the Earth varies approximately5%3 depending on the Earth’s distance from the sa@irsummer
solstice (northern hemisphere) the intensity is ainimum (1310 W/m?) and at a maximum (1400 W/at?winter
solstice. The solar intensity also varies as atfanof wavelength (Gilmore, 1994).

3.2. Albedo

Albedo is heating from sunlight reflected off Earthis usually considered to be in same spectrarmsodar radiation
and often quoted as a fraction of the solar constdre albedo value is given by 0.33 + 0.13 ofgbkar flux.

Albedo appears more significant at the Earth’'s apate caps and can be estimated in those regiithssame
accuracy as a function of the sun elevation andé#hbellite’s orbital parameters. However, preditsidor overland and
above oceans become distorted by the highly variaftects of cloud formations and water distribatim the
atmosphere (Karam, 1998).

3.3. Earth emission

The Earth not only reflects sunlight, it also emisg-wave infrared (IR) radiation. The Earth, likesatellite,
achieves thermal equilibrium by balancing the epesgeived (absorbed) from the sun with the eneeggmitted as
long-wavelength IR radiation. This balance is neimtd fairly well on a global annual average babie intensity of
IR energy emitted at any given time from a particydoint on the Earth, however, can vary considgrdépending on
factors such as surface and air temperatures, ptraos moisture content, and cloud coverage. Asirst f
approximation one can use a value around 236.5 \&ftfnitted at the Earth’s surface.

The IR energy emitted by the Earth, which is aroR@dC, is of approximately the same wavelengtthasemitted
by satellites, that is to say, it is of much longavelength than the IR energy emitted by the sus880 K. Unlike
short-wavelength solar IR, the Earth IR loads cammeoreflected away with special thermal contrahtoms since the
same coating, would prevent the radiation of wastat away from the spacecraft. Because of thighkamitted IR
energy can present a particularly heavy backloadpacecraft radiators in low-altitude orbits, whiohst emit energy
at the same wavelength (Gilmore, 1994).

4. INTERNAL HEAT LOADS

The internal heat loads are given by satellite ggeint dissipations. Equipment, its coating, openai temperature
range and heat dissipation, is shown in the “Tab.1”

Table 1. Equipment characteristics.

Heat Dissipation| Temperature Range
(W) ¢C)

All Black Paint 0 -50to 75

Equipment Face Coating

Atittude Control Wheel
(ACW)

Battery Lateral and Superior G407912 2 -5t0 25




Battery Inferior Alodine 2 -5t0 25
» Lateral and Inferior Black Paint
Codifier . 0.1 -10 to 40
Superior G407912
UPC Computer All Black Paint 2.1 -10 to 40
Converter All Black Paint 4.7 -10 to 50
Decoder All Black Paint 3.7 -10to 40
Duplex All Black Paint 0 -10 to 40
' Lateral and Superior Black Paint
Magnetometer's p 1 20 t0 60
Electronics (ME) Inferior Alodine
PCD Transponder All G407912 3.4 0 to 40
Power Control Unit .
(PCU) All Black Paint 9 -10 to 50
Power Distribution Unit .
(PDU) All Black Paint 0.5 -10 to 50
Lateral and Superior Black Paint
Solar Sensor - - 0.3 -30 to 50
Inferior Alodine
' Lateral and Superior Black Paint
Magnetometer’ Sensor ; p - 0 2010 60
(MS) Inferior Alodine
Lateral and Superior Black Paint
TMTC Transponder - 7.6 -10 to 40
Inferior G407912

5. SIMULATION CHARACTERISTICS

The actual phase of the ITASAT project (June, 200& design of the equipment configuration (thikt e@mpose
the satellite) is not totally finished. Becauseto$ fact, the thermal control subsystem progredseing affected, once
that TCS development is based on equipment parasrsieh thermal properties, mass, dimension antdigspation,
mainly. Thus, by this reason for this paper, thdd$@quipment parameters have been used as inpthdqgrresent
simulation.

The satellite structure will be mainly composedahiminum honeycomb panels. This is an anisotrogitenal, in
which the thermal conductance is direction dependear this study, the thermal conductivity valugopted in
transversal direction is 1.278 W/m.K, and for otheo directions the value is 4.79 W/m.K. The addptensity is
315 kg/m3, and its specific heat is 936 J/kg.Kthis case, for the lateral panels, where the s@bs will be placed, the
thickness is 0.01 m; for the inferior and supepanels the value is 0.025 m; for the internal pantble thickness is
0.014 m. The adopted solar constant is 1354 Whe2Farth infrared emission is 221.48 W/m2 and thedo value is
0.35 of the solar radiation. The external facethefpanels are coated by the following materigl®w@pont’s Kapton®
film, on the inferior and superior panels; b) satatls on the lateral panels. All internal facesehaeen coated with
black paint. The employed material's optical therpeoperties, like solar absorptivity, infrared esivity and the

relation between both, are shown in the “Tab.2":

Table 2. Material's optical thermal properties.

Coating Qsolar Eir Osolal Eir

Solar cells 0.85 0.85 1
Kapton® 0.34 0.55 0.618

Black paint 0.9 0.9 1

Alodine 0.3 0.1 3
Sheldahl's G407912 film 0.3 0.03 10

5.1. Thermal balance equation
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The following equation, “Eq. (1)", describes theimal balance between a node and its boundary.bEtésce is
obtained from First Law of Thermodynamics.

dan, ¢ ( 4 4) 4 ( ) .
meiE_ZRjiUTj =T +ZBji T —Ti )+ Q + Aaigs + A&y i=1..n )
j=1 =1
Where:
T e T, are absolute temperature from nodlasd;;
tis the time;

mCp is thermal capacitance from noile

R; is the radiative-conductance between ngdesli;

ois the Stefan-Boltzmann’s constant;

B; is the conductive-conductance between naesli;
Qiis the internal heat generation in node

A is node’s surface exposed to environment;

a; is the solar absorptivity from node

& is the infrared emissivity from node

s is the solar spectrum radiation’s intensity timgises on;
g is the infrared spectrum radiation’s intensityttingises on;
n is the satellite’s number of nodes which is sefeaka
n+1 is the node that represents the environmerggace).

The conductive couplings can be presented in vaneays, depending on nodes’ configuration. In ¢haenodes
andj represents parts on the same paBgtan be calculated by the “Eq. (2)".

B =— )

Where:

B; is the conductive-conductance between ndesli;
k is the material’'s thermal conductivity;

A'is the heat exchange section’s area;

L is the distance between nodesd].

The radiative couplings can be obtained as showhdn (3)” (Sorice, 2007).
n

R =&A| Y Floy — (- JF) l}j (3)
k=1

Where:

R; is the radiative-conductance between ngdegdi;

¢ is the surface’s emissivity;

F is the shape factor between surfaeed adjacent surfaces;
Ais the surface’s area;

0 is the Kronecker's delta.

The commercial software SIND#orks on “Eq. (1)” manipulation. The “Eq’s (1)” dgen solution results on
model node temperatures, in which evolutes as fimetion. The coefficientsiCp , R; , B, A, o; e & are inherent to
satellite’s physical configuration, whil@ depends on on-board equipment’s functional camliti; andg;, depends on
environmental conditions that the satellite willdgosed (Sorice, 2007).

5.2. Calculation methods

The commercial software employed (in the ITASATrthal project) is called SINDA. This is a softwaracg
(Thermal Desktop, Radcad, Sinaps Plasd  SINDA/FLUINT) commercialized by C&R Technologies
(www.crtech.corp that has a good interface with AutoCAD, and maéasy the heat load’s calculation, resulting on
temperature’s distribution, making the orbit skedrid allowing the satellite’s geometry assemblijzinig AutoCAD’s
environment.



Thermal Desktop™ is a program that allows the usequickly build, analyze, and postprocess sopf@std
thermal models. Thermal Desktop takes advantagebstract network, finite difference and finite eésrh modeling
methods. RadCAD is the radiation analyzer moduteTleermal Desktop. An ultra-fast, oct-tree accekmtaMonte-
Carlo raytracing algorithm is used by RadCAD to poie radiation exchange factors and view factore dutput of
Thermal Desktop and RadCAD is automatically comtbirfer input into SINDA/FLUINT, thermal analyzer.
SINDA/FLUINT does not use nor enforce the use afrgetry. Rather, it is an equation solver basedona geometric
description of a system but on an abstract matheahdtircuit or network) description. Radiationofvange, however,
normally requires geometry to produce infrared addh conductances (“RADKs") and absorbed solaxetu Also,
manual generation of nodal capacitances and lioeaductances using finite difference approximatisnboth tiring
and error-prone, and nullifies integration with thesign database. SINDA/FLUINT can solve finitensdait equations
if they have been transformed into a network-stytenulation.

6. SIMULATION'S RESULTS

The simulation results are presented below. Théetwnt temperatures (°C) are plotted as functiotheftime (s).

[l | [ | (=2 | <] =]
ACW BATTERY CODIFIER CONVERTER DECODER
8 B FoS #
: ryw\ti\“\& b %{E’é“%\\é\
C & P o Tasaa B a 5 , e
v 7N "\ g\\k
AV ﬁ/ LN / ! \\
2L | W\ - ! \\ §7\ B ,@jgy \\ ¥ o/,@
O oI / iy \ x‘“&/& J ki ek d?\ \\ \GL‘O/ )[:E
P \ 7 ) / \
g F /
g .f o | N \‘ \ ; \\ #
E LT 4] | ¢ | 7
L e & f 5 i y {
B !
L ] / ! / { /
£ -
- | ! | / i 7
of \ 4 \ ? \ i
- b L R
101 \ ! / \ 4
T
C \\ & 4 P y A
(ks m/ A 5
C 1 | 1 1 1 | 1 L | 1 1 | L 1 1 | 1 1 L | L 1 | L 1 L | L 1 L | L L | L
6 ZD‘DD 40:30 6000 SD‘DD 1 DCIUDD 12000 1 4600 1 SCIUOD 1 BCIUDD
Time (s)
Figure 3. Temperature variation in some equipment.
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Figure 4. Temperature variation in some equipment.
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“Figure 3" presents the time-dependent temperatfoeshe equipment: attitude control wheel (ACWattery,
codifier, converter and decoder. The temperatwaigation for UPC computer, duplex, magnetometeté&rtronics
(ME), PCD transponder and power control unit (PG, shown in the “Fig. 4”.
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Figure 5. Temperature variation in some equipment.

“Figure 5” presents the time-dependent temperafiore the power distribution unit (PDU), solar sensor
magnetometer’s sensor (MS) and TMTC transpondee. tithe average absorbed heat fluxes are showniin &.
These are a satellite SW isometric view.
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“Figure 6" presents the time average absorbedfheas, in which are situated between 4 W/m?2 an@ \&//m?.

“Figure 7" and “Figure 8” show the steady-state penature profiles for the external and internaefac'Figure 7”
presents the thermal profile on the external pandhces with the satellite in a SW isometric viéiigure 8” presents
the internal surfaces. Also, this figure shows thmperatures in the equipment, in which is locdteside of the
satellite.
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7. CONCLUSIONS

The values obtained in the absorbed heat flux areally expected for a spin-stabilized satellitéthwow Earth
orbit. Based in these values, can be said thanhtigel results have converged for confidence range.

Analyzing the time-dependent temperature resulthén“Fig. 3", “Fig. 4" and “Fig. 5", and making @mparing
with the acceptable equipment temperature rangebei Tab. (1), can be verified that the tempeestalo not exceed
the maximum and the minimum acceptable limits. Tiki® main important conclusion of this paper. Thsults
obtained in this numerical simulation, provide adareliminary reference for the ITASAT thermal trmh design.
With this preliminary information, a coating seiect can be fulfilled. The selected coatings will émployed in the
simulation of the critical cases in the next phafsthe project. If the results not be satisfactoing TCS concept will be
reevaluated. This simulation has the purpose ofigeoinitial information for final thermal desigmd for the thermal-
vacuum test (TVT) specification.. In resume, it cand, that all obtained results of this paper sftbwhemselves,
physical coherent and suitable for the low Earthiteatellites.
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