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The present work was dedicated to the development and introduction of the effect of no
payload cover on image quality during spacecraft(SC) operation. Payload is mounted as a
monoblock on a framework (constituting the SC body) along +Z axis on the side of upper
end panel. The analysis is done for payload configuration with permanently open protective
cover. Thermal simulation and payload elements temperature analysis is performed using
software Thermal Desktop/Sinda Fluent. The goal of analysis is to determine temperature
variation of payload elements (primary mirror, carbon plastic cylinder, light protective
tube) in stand-by mode and in session mode under effect of external heat fluxes with
electric heaters (EH) automatic operation when maintaining average temperature of the
primary mirror at 20°C and given EH arrangement. Required EH power with different EH
switching on/off configurations in order to is estimated to maintain the primary mirror
temperature at 20°C taking into account allowed number of operation cycles (switching on-
off) of switching keys of 90000 over the whole SC lifetime. The analysis is performed with
SC moving in Low Earth Orbit (LEO).At that two extreme SC orientation modes with
respect to external heat fluxes effect are considered (maximum external heat fluxes, and

minimum external heat fluxes).

Copyright©2021 Ahmed Farag. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Thermal control system guarantees all subsystems and
equipment to operate within its temperature ranges during SC
lifetime. This paper studies the optimum thermal control
system design for a payload for SC by performing thermal
analysis through special software program. [1].Payload is
mounted as a monoblock on a framework (constituting the SC
body) along +Z axis on the side of upper end panel. The
analysis is done for payload configuration with permanently
open protective cover.

Thermal simulation and payload elements temperature analysis
is performed using software Thermal Desktop/Sinda Fluent.
The goal of analysis is to determine temperature variation of
payload elements (primary mirror, carbon plastic cylinder,
light protective tube) with SC moving in Low Earth
Orbit(LEO) in stand-by mode and in session mode under effect
of external heat fluxes with electric heaters (EH) automatic
operation when maintaining average temperature of the
primary mirror at 20°C and given EH arrangement.

The analysis objectives are

e To determine temperature field over the primary
mirror (over the thickness and in radial direction);
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e To determine temperature field variation over the
base plate;

e To determine temperature field variation over light
protective tube

e To estimate required EH power with different EH
switching on/off configurations in order to maintain
the primary mirror temperature at 20°C taking into
account allowed number of operation cycles
(switching on-off) of switching keys of 90000 over
the whole SC lifetime.

Figure 1 Spacecraft (SC) External View

Governing Equations

The program solves the energy conservation (Heat Rejection
Budget) equation under transient conditions [2].The general
form is:
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Where:

Asi Absorptivity factor (node i) [-]

Qr Earth infra-red [W/m?]

Fi Area (node i) [m?]

Qi Heat rejection ( node i) [W/m?]

Qs Incident sun flux [W/m?]

Qa Solar albedo [W/m?]

ei Emissivity factor [-]

Kijj Heat transfer by conduction [W/K]

eHjj Heat transfer by radiation [m?]

qgs Incident Solar flux and albedo [W/m?]

qe Earth infra-red (IR)  [W/m?]

Jss Solar Cells flux [W/m?]

CiThermal capacitance (node 1) [J/K]
Quiss Heat rejection from equipment [W]
oo Stefan-Boltzmann constant [=5.67.10° W/m¥/K*]

Numerical Simulation
Problem Formulation

SC model in Low Earth Sun-synchronous Orbit, quasi-circular
at 700 Km is created by Thermal desktop program. The
analysis is done for payload configuration with permanently
open protective cover.[5, 6].

Computational Work

Numerical analysis was performed to model the space
characteristics. In order to solve the mentioned task Optical
Electronic Module(OEM) thermal model has been developed
that allow to monitor variation of heat exchange conditions of
OEM elements with each other and with environment.

The models includes the following submodels: [7].

Primary mirror;

Light protective cylinder;
Thermal Buffer;
Baseplate;

Secondary mirror;
Carbon plastic cylinder.

Model reference point — at the centre of the base plate on the
upper skin. +Z axis - a longitudinal axis of optical system.
Geometrical representation of the OEM thermal model is given
in fig. 2.

The thermal model simulates

e Radiant coupling — is formed by Software (SW) on
the results of computation of angular coefficients and
according to given optical characteristics of surfaces;

e  External heat fluxes — are computed by SW according
to parameters of the SC orbit and altitude.

e  Conductive coupling — is formed by SW according to
given heat-conductive properties of the computational
nodes and is also set manually between submodel
nodes and submodels (special couplings);

e Electrical heaters mounted on the light protective
cylinder.

Light protective
cylinder

Load-bearing catbon
plastic eylinder

N
% Base plate
Figure 2 OEM geometrical model

In order to determine angular irradiation coefficients between
surfaces of the optical module elements and to determine
external heat fluxes (solar and infrared) falling on external
surfaces of the module, geometrical submodels of the optical
module elements, whose characteristics are given in section 4,
were developed beforehand.

Thermal physical properties of materials and optical
characteristics of surfaces of optical module elements for
determination of radiant couplings, external heat fluxes and
conductive couplings are given [7, §].

Special conductive couplings were simulated in the thermal
model for consideration of conductive heat exchange between
nodes of submodels. Conductive coupling between the thermal
buffer and light protective cylinder is assumed to be 0.2
W/(K'm?) that corresponds to heat insulation with thermal
resistance of 5 (K-m”)/W.

SC body is not considered in the model and in order to avoid
heat exchange with space environment, special optical
characteristics of surfaces A=0 and &=0 are set on model’s
external surfaces structurally located inside SC body.

Boundary Conditions and Analysis Variants
Boundary Conditions

Constant temperature of 20 °C is set on lower (from the side of
—Z axis) surface of the base plate in order to simulate space
behind the primary mirror (electronic devices of the optical
system).All surfaces of the optical system thermal model are
located inside the SC body in order to avoid heat exchange
with the environment have As=0 and &=0 [9, 10].

Analysis Variants

The analysis is performed with SC moving in circular orbit at
attitude of 698 km. At that two extreme SC orientation modes
with respect to external heat fluxes effect are considered:
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e Maximum external heat fluxes — OEM flight in the
inertial coordinate system (ICS). (-Z axis is pointed to
the Sun, X axis coincides with linear velocity vector at
orbital noon); during survey OEM 1is in orbital
orientation (OCS) (X axis is pointed in traveling velocity
direction, Z axis is pointed to the Earth center), angle
between orbital plane and Sun direction f=0°.

e Minimum external heat fluxes — similar to the 1st mode,
but angle between orbital plane and Sun direction B=75°,
during survey X axis is pointed in traveling velocity
direction, Z axis is rolled from the Earth center by 45°; at
that during survey the effect of the external heat fluxes
jumping on thermal conditions of the primary mirror is
determined [11, 12, 13, 14].

External heat fluxes parameters

e Solar constant — 1423 W/(m*K);
e  Average albedo of the Earth — 0.29.

Analysis variants differ in temperature settings (switching
on/off) of EHs in heating belts and groups and SC orientation
modes.

Characteristics of analysis variants are given in table 1.

Table 1 Characteristics of analysis variants

Electrical heaters operation settings

:llllli:lll))]::‘s variant EH group name —Temperature,C_~ Angle p
ON OFF
= main 1 20 26
O
2 min2 16 2
5
T reserve 12 18
1 - 0°
8 mainl 16 22
O
&
= main 2 12 18
Q
=
g reserve 8 14
N
= main 1 20 26
O
80 .
-8 main 2 16 22
2
) % reserve 12 18 750 (roll
o . 45°)
© main 1 16 22
O
2
B main 2 12 18
5
=
2 reserve 8 14
(V]

Quasi-stationary temperature values of the model elements in
stand-by mode are determined in each variant before the
analysis. Survey mode is carried out on three successive
revolutions near the sub-solar point.

RESULTS AND DISCUSSIONS

Analysis results are presented as graphs

1. For variant 1 — in figures 6-10;
2. For variant 2 — in figures 11-15;

e Figures present graphs of EH power and temperature of
model elements (primary, load-bearing carbon plastic
cylinder, light protective tube (1% and 2™ heating belts))
versus time. Graphs are plot according to time 17
revolutions.

e  Graphs are plotted for individual model elements:

e For primary mirror — nodes are selected in accordance
with figure 3; the graphs present temperature of nodes
of external and internal mirror layers;

e For load-bearing carbon plastic cylinder — nodes in four
points in height of cylinder are selected in accordance
with figure 4;

e For light protective cylinder — nodes representative of
the 1st and the 2nd heating belts where EHs (main 1,
main 2, reserve) and control TSs are mounted in
accordance with figure 5 are selected.

s Sector 2

20001

Convention:

D]

Figure 3 Numbering of the primary mirror nodes

21126 —number of node in upper mirror layer
20046 —number of node in lower mirror layer

[ Load-bearing carbon plastic cvlinder ‘

21188

T =
S S

o 21188

Figure 4 Numbering and location of nodes of load-bearing carbon plastic
cylinder whose temperature values are plotted in graphs

0000200000 CQ0000

Q\;

mat

Fig 5 Numbering and location of nodes of light protective cylinder whose
temperature values are plotted in graphs

Variant 1

e For days with stand-by revolutions — 56 W;
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e For days with three revolutions with survey sessions —
55W;

Variant 2

e For days with stand-by revolutions — 79 W;
e For days with three revolutions with survey sessions —

72 W;
e Maximum limit of EH operation cycles (switching
on/off) is:
Variant 1

e For days with stand-by revolutions — 15;

e For days with three revolutions with survey sessions —
14;

Variant 2

e For days with stand-by revolutions — 15;

e For days with three revolutions with survey sessions —
12;

Figure 6 shows the EH operation and its number of cycling
(switching ON/OFF), and the relation between the total power
consumption with time.

Pa6ora anexTponarpasaTaneit

—3ol ——3lel — 3l

__| Total EH power

Figure 6 Variant 1. EH operation

— ol —Micl ——3ce

Figure 7 shows the relation between the temperatures of the
nodes of the primary mirror with time. The temperature of the
external layer nodes is higher than temperature of the internal
layer nodes, and temperature is in range from 19 to 22 °C, and
it is acceptable along 17 revolutions.

—ERKADTI00L  ———ZERCALD
ZERKALD.T21031 TERRALOT2IST

Figure 7 Variant 1. Temperature of the primary mirror nodes (sector 1)

Figure 8 shows the relation between temperature of the load-
bearing carbon plastic cylinder and time. The maximum
temperature of the nodes is 22 °C, and it is acceptable along 17
revolutions.

Figure 8 Variant 1. Temperature of the load-bearing carbon plastic cylinder
nodes

Figure 9 shows the relation between temperature of the light
protective cylinder nodes of the 1st heating belt and time. The
maximum temperature of the nodes is 37°C, and it is higher
than temperature of the 2nd heating belt because the
temperature settings for ON/OFF for each group is higher than
the same in 2nd heating belt.

Figure 9 Variant 1. Temperature of the light protective cylinder nodes of the
1st heating belt

Figure 10 shows the relation between temperature of the light
protective cylinder nodes of the 2nd heating belt and time. The
maximum temperature of the nodes is 32°C, and it is less than
temperature of the 1st heating belt because the temperature
settings for ON/OFF for each group is less than the same in 1st
heating belt.

Tove grrym, T
T

v Tiehy

Figure 10 Variant 1. Temperature of the light protective cylinder nodes of the
2nd heating belt
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Figure 11 shows the EH operation and its number of cycling
(switching ON/OFF),and the relation between the total power
consumption with time.

Pabora saeurpenarpessrensih

Figure 11 Variant 2. EH operation

Figure 12 shows the relation between the temperatures of the
nodes of the primary mirror with time. The temperature of the
external layer nodes is higher than temperature of the internal
layer nodes, and temperature is in range from 19 to 22 °C, but
it is obvious that during shooting period (3 successive
revolutions) the temperature is higher than the other
revolutions because EH is ON to support excess heat which is
needed for system operation.

Twwnaprmyps ansars prans [ceneap 1)

| |

Figure 12 Variant 2. Primary mirror elements temperature (sector 1).

Figure 13 shows the relation between temperature of the load-
bearing carbon plastic cylinder and time. The maximum
temperature of the nodes is 22 °C, but it is obvious that during
shooting period (3successive revolutions) the temperature is
higher than the other revolutions because EH is ON to support
excess heat which is needed for system operation.

LeLima:

—L LIRSt (TS —

Figure 13 Variant 2. Temperature of the load-bearing carbon plastic cylinder
nodes

Figure 14 shows the relation between temperature of the light
protective cylinder nodes of the 1st heating belt and time. The
maximum temperature of the nodes is 37 °C, and it is higher
than temperature of the 2" heating belt because the
temperature settings for ON/OFF for each group is higher than
the same in 2™ heating belt, but it is obvious that during
shooting period (3 successive revolutions) the temperature is
higher than the other revolutions because EH is ON to support
excess heat which is needed for system operation.

Figure 14 Variant 2. Temperature of the light protective cylinder nodes of the
1st heating belt

Figure 15 shows the relation between temperature of the light
protective cylinder nodes of the 2nd heating belt and time. The
maximum temperature of the nodes is 32 °C, and it is less than
temperature of the 1st heating belt because the temperature
settings for ON/OFF for each group is less than the same in 1st
heating belt, but it is obvious that during shooting period
(3successive revolutions) the temperature is higher than the
other revolutions because EH is ON to support excess heat
which is needed for system operation.

e

T, '

Figure 15 Variant 2. Temperature of the light protective cylinder nodes of the
2nd heating belt

CONCLUSIONS
The most important points in this paper:

e Thermal Desktop Program can create payload model,
and calculate temperature field, and power consumption
of heaters.

e  Analysis performed at the stage of development of work
design documentation and confirmed showed the
possibility to provide the required OEOS thermal
conditions during in-orbit flight with the protective
cover permanently open.
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The thermal control system (TCS) with its elements
areused to guarantee the specified temperature ranges of
all subsystems and equipment during the SC lifetime.
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