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Goal

—~ High temperature differences of spacecrafts over the course of an orbit
—~ Each component has specific temperature limits

Thermal Dynamics

CT — oalb + qun + Qplanet _ st 4 Qr

Solar Radiation
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Radiations

Direct Solar Radiation

Solar constant varying over distance

Gs(d) = Gy (%)2 .

Solar Irradiation is calculated as
oS — {aGs (”f—;;“) Acos (p)v ifO<p< g

0 fI<¢<m
—~ a solar absorptance of the surface — ¢ = Z(n,s) angle between surface and sun
—~ A area of the surface —~ v Shadow factor
absolutePosition
realExpression fixedHeatFlow port
D ﬁ_@_(; M' G 4 ] .

T resolve

normalSunAngle
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Radiations

Albedo Radiation

Albedo radiation is calculated as

panaGs( (458 ) JAFrorm(r. n) cos (€) 10 <€ < %
0 ifZ<é<m

Qalb —

~ pamp albedo coefficient
7 Fiorm FOrm factor
— r distance to spacecraft

—~ n normal of surface
— & = Z(r,s) solar zenith angle

absolutePosition

realExpression fixedHealFlow port
— i jag [ aw b - T

resolve

frame_a
normalEarthAngle

solarZenithAngle
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Radiations
Planetary Radiation is calculated as Radiation to deep space is calculated as
Qplanet _ eAFtorm (7, MR Q% = eAoT?
with with
— ¢ infra-red emissivity of the surface — T temperature of the spacecraft

—~ I intensity of earth infra-red flux

i fixedT: 1
absolutePosition ixedTemperature bodyRadiation port
D a r
—
P—
T resolve
frame_a s Gr=emi*A

normalEarthAngle
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Thermal Angles

Solar Angles

¢ between surface normal n and sun s ~ Qsu®

£ solar zenith angle between spacecraft r and sun s ~» Q2P

Feorm (r, n) Form factor described by spacecraft r and sun s ~» QalP, Qplanet
6 between spacecraft r and the solar noon

SN BN N

B between orbit plane and sun s
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Angle Calculation
VZ(“)/ B Vz(fz
6(t1)
o(t2 f3
1 { G =>4 0 — —>
t 2( 4l t 5 ty
\ /
\ 9(t4) /
N
- va(ta) ~ U7 va(ts) —
Sl e -
Planar rotation
Scalar product angle definition Planar angle definition

Figure: Angle of a planar rotation described by two different definitions

Scalar Product Angle Planar Angle

-
v, v —
6 — cos! 1v2 0 := atan2 (e;Tvy, e17v3)
| — atan2 (ez Tvy, e1Tvy ) .
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Coordinate System Calculation

Aim
Construct of two vectors vy, v, a coordinate system (x, y, z) which is constant over time and v; and v; are in the x, y
plane
4 4
~ il
y=zxXx, v = (xTv)x
uxy = vy — (v
v x vl 3= (Tvex = (Twa)y
s = (xTva)x = (yTwa)yll -
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Coordinate System Calculation

Cross Product Definition

_ Y%

= ma
y=zxXx,
X n
v x|l
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Coordinate System Calculation

Gram Schmidt Definition

_

-

_ v —(xTv)x
Y= e = vl

,_ 3= (v = (yTvs)y
llvs = (xTva)x = (¥ Twa)yll
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Coordinate System Calculation

Aim
Construct of two vectors vy, v, a coordinate system (x, y, z) which is constant over time and v; and v; are in the x, y
plane
Suggested Approach
= XGram i
y=zxXx,
7= ZGram )

— Additional vector v3 is necessary to allow unique definition
—~ v3 must always be not parallel to v;-v, plane
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Implementation

solarRadiation

albedoRadiation

heatCapacitor

|

SpacecraftFrame

M

planetiRRadiation

e

deepSpaceRadiation

port
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Simulation
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Conclusions

The proposed library includes

—~ thermal angle calculations
—~ environmental heat fluxes
—~ thermal dynamics

— will incorporate the presented library into the design of an energy management
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Shadow Function

Figure: Cylindrical Shadow Model

Calculation of the shadow coefficient

The shadow coefficient is calculated as
_ J1 if 16> 5 A \/cos(8)?sin(B)? +sin(6)? < 1 )
10 otherwise ’

# % s
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Goal

—~ High temperature differences of spacecrafts over the course of an orbit
—~ Each component has specific temperature limits

Thermal Dynamics

CT — oalb + osun + oplanet _ EAO'T4 + Or

- Direct Solar irradiation Qsu»
~ Albedo radiation Q2P

— Planetary Radiation QPlanet
7 Radiation to Deep Space

7 Dissipative energy Q"
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