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1 INTRODUCTION

1.1 PURPOSE AND SCOPE

The goal of the work was to determine the possibility of applying double sided solar cells on
open solar panels inPW-Sat2 satellite and initial thermal analysis of existing model with given
materials dataset. Two radiative cases were assumed, since orbit is not known at this phase,
which might be the potential hot and cold case. Based on this analysis, further chasge the

design shall be considered

The purpose of this document is to present the results of the thermal simulations performed for
PW-Sat2 project in ESATAN TMS r2 software

1.2 APPLICABLE AND REFER¥CE DOCUMENTS

[RD1] ma_launch_providers_offers_summary_atkxlsx — Modification date: 2013-12-07

[RD2] 30.0_azurespace _triple_junction.pédfissue date: 201204-17

1.3 DOCUMENTOVERVIEW
This document consists of the following chapters

Chapter 1 describes the purpose of this document and provides an overview for ¢hrest
of the document

Chapter 2 describes the geometry, material and thermaptical properties used in the
model and presents general overview of model properties

Chapter 3 presents the results of the thermal simulations

Chapter 4 summarizes and concldes performed work.
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2 THERMAL MODEL AND ENRONMENT

This section presents the GMM of the P\@at2 model which was based on the step file with the

mechanical model

2.1 GEOMETRY

The geometry of the PWSat2 thermal model was created based on the mechanical moaélthe
S/C presented on[Figure 2-1] and [Figure 2-2]. The thermal model is made of shells with
defined thickness[Figure 2-3].

Figure 2-1 The mechanical model of the PW -Sat2 7z rear view
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Figure 2-3 The GMM of the PW-Sat2 model

2.2 BULK PROPERTIES

The bulk properties defined for each part of the instrument are shown oiiFigure 2-4] and
[Figure 2-5] below. The values of the thermal conductivity, specific heat and density speeii for
each material are presented in[Table 2-1]. The used aluminium alloy Al7075 and FR4
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properties were taken from the material data base. MLI properties are based on Kaptoffer by

Dupont companyt.

BULK NAMED
PROPERTY

|

Al7075

IR
NN

P EETA
L

BULK NAMED
PROPERTY

B bk

AI7075

A
/////7/

L
L/

Figure 2-4 The materials used for PW -Sat2 thermal model (left -front; right -rear).

Material | Density Specific heat capacity | Thermal conductivity Elements
kg/m~"3 J/kg/K W/im/K
FR4 1850 1100 0.2 Wall_front; Wall_rear
Box; Wall_top;
Al. 7075 | 2770 900 150 Wall_bot; Solar Panel
+Y; Solar PanelY
MLI 1420 1090 0.12 MLI +Y; MLI-Y

Table 2-1 The material properties definition

1 http://www2.dupont.com/Kapton/en_US/assets/downloads/pdf/summaryofprop.pdf
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2.3 THERMO-OPTICAL PROPERTIES

The[Figure 2-5] shows the thermo-optical properties defined for each of the part of thé®W-Sat2

model. In[Table 2-2] the parameters such as emissivity and absorptivity for each property are

presented.
\
\ _ g
S S
> | .
\\ ™~ ~
\
! \\ \\ ]
\\ [ | ]
B .
Pl ~ \\
\\ [ ™
| \\
s~ [l D
e |
B ),,\
-Al_coaling

. cesi_solar_cell_BOL

[0
L [ L]

v

Figure 2-5 The thermo -optical parameters used in PW -Sat2 thermal model (left -front; right -rear).

//

THERMO-OPTICAL
NAMED PROPERTY

Black_anodizing

azurespace_solar_cell_BOL

| N
I 41_coating

. cesi_solar_cell_BOL

£ 7 ey

Optical coating Absorptivity Emissivity Elements
Black _anodizing 0.88 0.88 Radiators
Al._coating 0.13 0.07 Box; Wall_top; Wall_bot
MLI 0.05 0.05 MLI +Y; MLI-Y
Azurspace solar Solar Panel +Y; Solar PaneY;
0.91 0.85
cell Wall_front; Wall_rear

Table 2-2 The thermo -optical properties definition

2.4 CONDUCTIVE COUPLINGS

The conductive couplings m the PWSat2 thermal model were calculated automatically using

ESATANTMS software. Although for Solar Panels and Front wall connection the values were

calculated manually taking into account simplified model of sleeves and shafts. Resultant

couplings areas follows:

80
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1 For FR4 material used as a structure (per connection)
0o GL =0.000216426 W/K

1 For AL7075 material used as a structure (per connectign
0 GL =0.030913523 W/K

2.5 BOUNDARY CONDITIONS

TEMPERATURE BOUNDARI&
N/A

HEAT GENERATION BOUNBRIESA
TBD

2.6 TEMPERATURE LIMITS

TBD

2.7 ORBITAL SCENARIOS DHEHRITION

Since flight provider is not known at this phase a few options were chosen as the most possible
orbits for hot and cold case based on [RD1] list. In both cases, S/C solar panels are always

pointed at the Sun

HOT CASE

For hot case dJnited Start Launchprovider was chosen as a SSO with low orbit altitude. It was
assumed that the S/C is constantly exposed to solar radiation. For full orbit definition refer to
[Figure 2-6].

9 0f 20



PW-Sat2 Thermal Control System

1.0EN pw-sat.pl

Phase A of the PW5at2 project

PWsSAT2

Radiative Caze:

Hot_casze

Defintion Method: .Drh'rt Parameters
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Figure 2-6 Hot case orbit definitione
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Figure 2-7 Visualisation of PW -Sat2 orbit z hot case (reference z pointing direction to the Sun)
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CoLD CASE

For cold case anSlI Laurch provider was chosen as a high orbit altitude (less affected by albedo

and planet IR). It was assumed that the S/C is periodically entering eclipse during which the

lowest temperatures are to be expected. For full orbit definition refer tgFigure 2-8]. In [Figure

2-9], red line is a time during eclipse

Radiative Case. Cpld Casze -

Definition Method: :Drh'rt Parameters

=

Altitude of Apogee
Altitude of Perigee
Inclination

Right Ascension
Argument of Periapsis
=

Initial True Anomahy
Final True Anomahy

=

Angle Gap

Number of Positions
True Ancmalies Vector
Eclipge Entry Exit Points
Eclipse Offzet

—

700,000
§00,000
50

0

0

0
360

45

2

Not Defined
0.5

Figure 2-8 Cold case orbit definition

ORTH (2)
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2.8 ADDITIONAL CASES DENITION

There were conducted 3 additional cases in order to test influence of radiators on the overall
temperature balance and change in material propgies for further enhancements in heat

transfer across the S/C

ADDITIONAL SOLAR CELS ON THE SECOND SIOE SOLARPANELS

Two additional cases were defined in order to test if there is a possibility to apply the second
layer of solar cells on Solar Panéhstead of radiators, since very high temperatures are expected
here due to the constant exposure to solar radiation, and weak heat conduction to the remaining
part of the S/C. Additionally, MLI was introduced instead of radiator on the rear wall. For the

changes refer t Figure 2-10].

Old coating | New coating

Black_anodizing | Azurspace solar cell

Pokrycie Azurspace solar cell

\-%
\\\
\\

\\\ \\

0 [ —— Pokrycie MLI
L~
\

&, 8 '\\\

Figure 2-10 Elements affected by new thermo -optical properties
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MATERIAL CHANG FOR FRONT AND REAWALLS

Additional case was defined where analysis were performed for front and rear walls with a new
material set to Al7075, due to the very low thermal conductivity of FR4 material. For new values
refer to [Table 2-1] and for elements affected see picture below

\\
\\
fd

\
™

\\.

Aff I
] ected elements
M [ with new material
\\\ properties

\

Y
\

T

Figure 2-11 Elements affected by material change
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3 RESULTS

This section shows the temperature results in Celsius degrees of the performed analyses &d

organized as follows
1 Hot case for initial design with radiators
9 Cold case for initial design with radiators
1 Hot case for initial design without radiators
1 Cold case for initial design without radiators

1 Hot case for changed design without radiators

14 of 20
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3.1 HOTOPERATIONAL CASE FORITIAL DESIGN WITHRADIATORS

EXTERNA
RESULT

104.2275
101.4633
98.6991
959349
93.1706
90.4064
87.6422
84.8780
82.1138
79.3485
76.5853
73.8211
71.0569
68.2027
65.5289
62.7642
60.0000

L

]

Figure 3-1 Temperature distribution on PW -Sat2 structure z front view.

EXTERNAL
RESULT

104.2275
97.7133
91.1991
84.6849
78.1706
71.6564
65.1422
58.6280
52.1138
45.5995
30.0853
325711
26.0569
19.5427
13.0284

6.5142

0.0000

]

Figure

3-2 Temperature distribut
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3.2 COLD OPERATIONAL CASEOR INITIAL DESIGN WIH RADIATORS

EXTERNAL
RESULT

1.8759
-2.4976
-6.8712

-11.2447
-15.6183
-19.9918
-24.3653
-28.7389
-33.1124
-37.4860
-41.8595
-46.2330
-50.6066
-54.9301

-59.3537
-63.7272

-628.1007

Figure 3-3 Temperature distribution on PW -Sat2 structure z front view

EXTERNAL
RESULT

1.8759
-2.4976
-6.8712

-11.2447
-15.6183
-19.9918
-24.3653
-28.7389
-33.1124
-37.4860
-41.8595
-46.2330
-50.6066
-54.9801
-50.3537
-63.7272

-62.1007

Figure 3-4 Temperature distribution on PW -Sat2 structure z rear view.
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3.3 HOT CASE FOR INITIADESIGN WITHOUT RADIAORS

EXTERNAL
RESULT

105.4090
103.1960
100.9829
98.7699
96.5568
94.3437
92.1307
£9.9176
87.7045
85.4815
83.2784
81.0653
78.8523
76.6392
74.4261
2.3
70.0000

Figure 3-5 Temperature distribution on PW -Sat2 structure z front view

EXTERNAL
RESULT

105.4090
98.8210
92.2329
85.6440
79.0568
72.4687
65.8807
50.2026
52.7045
46.1165
39.5284
32.9403
26.3523
19.7642
13.1761

6.5881
0.0000

Figure 3-6 Temperature distribution on PW -Sat2 structure z rear view
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3.5 COLD CASE FOR INITIADESIGN WITHOUT RADIAORS

EXTERNAL
RESULT

5.0052
2.5049
0.0046
-2.4957
-4.9961
-7.4064
-9.9967
-12.4970
-14.9974
-17.4077
-19.9980
-22.4984
-24.9987
-27.4990
-20.9993
-32.4997
-35.0000

- FEn

Figure 3-7 Temperature distribution on PW -Sat2 dructure z front view

EXTERNAL
RESULT

5.0052

0.8174
-3.3704
-7.5582
-11.7461
-15.9339
-20.1217
-24.3095
-28.4974
-32.6852
-36.8730
-41.0609
-45.2487
-49 4365
-53.6243
-57.8122
-62.0000

- EER

Figure 3-8 Temperature distribution on PW -Sat2 structure z rear view
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3.7 HOT CASE FOR CHANGHIESIGN WITHOUT RADIAORS

EXTERNAL
RESULT

85.8462
248558
83.8655
82.8751
81.8847
80.8943
79.9039
78.9135
7713
76.9327
75.9423
74.9519
73.9616
720712
71.9308
70.9904
70.0000

EEEETTEEE

INermal Moael: FNMmary nodel Anoute: 1emperature

EXTERNAL
RESULT

85.8462
81.6683
77.4905
733126
69.1347
64.9568
60.7789
56.6010
52.4231
48.2452
44.0673
30.8804
357116
31.5337
27.3558
231779
19.0000

Figure 3-9 Temper ature distribution on PW -Sat2 structure z front view

. FEEm

I
«Q
c
=
0]

3-10 Temperature distribution on PW -Sat2 structure zrear view
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4 CONCLUSIOR

The calculations were performed for two extreme radiative cases- hot, where the S/C is
constantly exposed to Sun radiation, and cold where the S/C enters eclipse. Additionally
3 more cases were performed: two for hot and cold case without radiators and one hot case for
front and rear walls material changed to AlI7075 (fromFR4) in order to increase heat

conductivity across the S/C.

There were 2 objectives: first to check if it is possible to mount additional layer of solar cells at

the other side of the Solar Panels. According to results shown in chapter 3 it is possibleafply

t hem, since the difference in temperature is 1in
temperature |imits (uswually 100°C). This is vali
in this analysis. Radiator is still suggested on the rear all instead of MLI due to overall high

temperatures..

Second objective was to check if the FR4 material used in front and rear wall of the S/C will

conduct enough heat. As it can be seen form figurel3and 3-2, temperatures are as high as

100°C anas atkt®° @ omhere for cold case even below 65
structure where optical elements and electronics will be mounted. Aluminium alloy is expected

solution in this case, since it performs better in excess heat conduction from froto the rear

part of the S/ C where radiator is placed, and de

is, however, not a complete solution, and further analysis will have to be performed
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