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Abstract: - In the small spacecraft there are many instruments and systems that cannot operate at such large temperature differences. The batteries of the power sub system need to be almost at room temperature, while the camera loves the cold of space best. The propellant will freeze if we go below certain temperatures and so on. So this is where the Thermal Control Sub System (TCSS) comes in. The TCSS is responsible for maintaining all components of the spacecraft at their specified temperature limits. The objective of this study is to elaborate mathematics models to determine the nodal temperature in each equipment or components constituting the satellite using recursive algorithm and also to develop a Guide Users Interface witch include the satellite orbit, satellite attitude and thermal control.
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1   Introduction

A small spacecraft contains many components which will function properly only if they are maintained within specified temperature ranges. The temperatures of these components are influenced by the net thermal energy exchange with the spacecraft thermal environment. The thermal environment is determined by the magnitude and distribution of radiation input from the sun and the earth. Component temperatures are established by the heat radiated from external surfaces to the space sink, and internal equipment heat dissipation, together with the characteristics of the conduction and radiation heat-transfer paths between these « sources and sinks» as shown in figure 1. 

Thermal control techniques are generally either passive or active. Passive techniques include good layout of equipment, careful selection of materials for the structure, radiators, thermal blankets, coatings, reflectors, insulations, heat sinks, louvres, and so on. Active techniques include heaters, heat pipes, and pumped fluid loops with heat exchangers. Most of the techniques on board uninhabited spacecraft are passive, although active techniques are useful to cope with sudden changes in temperature, such as those experienced on entering and leaving eclipse.

The objective of thermal control design is to provide the proper heat transfer between all spacecraft elements so that the temperature-sensitive components will remain within their specified temperature limits during all mission environmental [1], [2], [3].

Considering orbital position and attitude of spacecraft, different heat fluxes exerted on each surface of spacecraft will be calculated. These heat fluxes are : sun direct heat flux, earth IR heat flux and Albedo heat flux which is the reflected portion of sun heat flux by the earth.

Using these heat fluxes as transient boundary condition for heat transfer equation, and solving it in mixed conduction-radiation transient mode.
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Fig.1: The thermal environment in orbit
2   Isothermal radiator
During a spacecraft configuration study, preliminary thermal analyses are performed to estimate the average temperature of the spacecraft and the required radiator size. For such analyses the spacecraft is assumed to be isothermal. The calculation of the average temperature is a valuable tool in the configuration study, even though it will be supplemented later by a more detailed calculation of the temperatures at many points in the spacecraft [4], [5], [6], [7], [8], [9], [10].

The heat-balance equation for an isothermal spacecraft is:
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where

m : total spacecraft mass, kg

Cp : specific heat, W.s/K.kg

T : absolute temperature, K.

The external heat flux from the sun is given by

External heat flux = 
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Where 

(s : solar absorptance of the spacecraft surface

S : solar flux intensity, W/m2
a : surface area, m2
(i : solar aspect coefficient = projected (effective) area of the surface/a

Heat radiated in space = 
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where 

( : emissivity

( : Stefan-Boltzmann constant = 5.67x10-8 W/m2.K4
A : radiator area, m2
T : absolute temperature, K.

Hence the thermal balance equation becomes


[image: image5.wmf]4

S

T

.

.

A

.

P

a

.

.

C

.

dt

dT

c

.

m

i

S

p

s

e

-

+

m

a

=

                   (4)

where P is the equipment heat dissipation. For steady-state condition, dT/dt = 0. The steady-state temperature is given by TE:
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3 Lumped Parameter Analytical Model
In the preceding section, temperature was calculated for an isothermal spacecraft. However, real spacecraft have nonegligeable temperature gradients, representing complex heat conduction and radiative exchanges throughout the spacecraft. The heat balance calculations of such a spacecraft are generally based on a lumped-parameter representation of the physical system known as a thermal model. The spacecraft is divided into n isothermal segments, called nodes [5], [6], [7]. 

The heat-balance equation for each node, i, is
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where 
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4   Conductive coupling between nodes (i) and (j)
The conductive coupling CONDij are usually calculated on the basis of two assumptions:

· The contact surfaces of the nodes are isothermal.

· The heat flux 

 transmitted by conduction of node i to node j is given by
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where: 

Cic : conductance between node i and its contact surface with the node j [W/K],

Cjc : conductance between node j and its contact surface with the node i [W/K],

Ti , Tj : temperature of nodes i and j, [K],

Tic , Tjc : temperature of contact surface, [K],

hc : heat-transfer coefficient between the surfaces in contact [W/m2 K],

Ac : total area of contact surface, [m2 ].

From the equation (7), we get


[image: image19.wmf]ij

i

j

i

j

ij

)

j

,

i

(

Cond

R

)

T

T

(

)

T

T

.(

COND

-

=

-

=

F

                (8)

where:
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If nodes i and j are parts of the same homogeneous material, as this frequently occurs when subdividing a spacecraft equipment panel, then 1/hcAc = 0 and Eq. (9) is reduced to simply one-dimensional conduction heat transfer problem.

The temperature at the n node points are determined by solving Eq.(6). Since these equations are non-linear, computer-aide numerical techniques are used to calculate the temperatures.
5   Radiative coupling between nodes (i) and (j)
The fraction of total radiation emitted by node surface I which is directly incident on node surface j is given by the view factor, Fij. In general, however, radiant flux undergoes a number of reflections before it is finally absorbed. In this section a radiation coupling factor Rij will be derived which is a measure of the total amount of radiation absorbed by the jth node from that emitted by the ith node, including all paths, direct and reflected. Uniform incident radiation on each nodal surface is assumed [5], [6], [7], [8], [11].

Let us consider radiation exchange on surface i as shown in figure 2. (i is the thermal flux incident on the surface i. It should be noted that for infra-red flux, the absorptivity and emissivity for surface would be equal. A fraction, (i(i, will be absorbed and the remainder will be reflected. The total heat flux leaving the ith surface is equal to
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where:
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ri: Reflection coefficient ( = 1- (i )
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Fig.2: Incident, reflected, and emitted radiation

The total heat flux incident on the jth surface 
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where Fij is the view factor from the ith surface to jth surface. In Eq. (11) it is assumed that surfaces radiate and reflect diffusely. A completely nondiffuse surface is a specular one, where incident and reflected rays have equal angles with the normal surface. The specular surface must be treated quite differently. Equations similar to Eq. (11) can be written for each of the n surfaces. These equations can be written in matrix form as follows:
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where
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: View factor matrix is given by
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Multiplying Eq. (12) by M-1 on the both sides, the result is:
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where:
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From (16), 
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Where Cij are elements of matrix 
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where
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Substituting Eq.(18) into (17) leads to :
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The total absorbed power on the ith surface,
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ai

, is given by :
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where RADji is the radiative coupling between surfaces j and i .

Comparing Eqs. (19) and (20) we have:
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where
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where the 
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 terms are the emissivities, Fjk the view factors, Aj the surface area, and 
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The radiative coupling, RADij is equal to RADji. The net heat balance of the surface i will be given by:
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Therefore, the radiative coupling factors can be calculated from (21) knowing surface radiative properties, emissivities, areas, and view factors. 

An algorithm based on the Monte Carlo method and neural networks are developed to determine the view factors [12], [13], [14], [15].

In matrix form the system (6) becomes:
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where

M: Nodal thermal capacity 

C: Nodal capacity
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  : Radiative coupling between nodes (i) and (j)
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 : Conductive coupling between nodes (i) and (j) 
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5   Recursive algorithm
The recursive Adams-Moulton Methods was implemented  using two predictor-corrector method implementations

Let us consider the differential equation system
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The algorithm of the Adams-Moulton is given below:
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6   Results

The thermal control sub system is designed using detailed numerical modelling of the satellite and requires powerful software for calculating energy fluxes and temperatures.

The THERSAT is a software package for thermal analysis tools and the prediction of temperatures (see figure 3), THERSAT  provides the following functionality:

· Define the external surface model with thermo-optical and thermo-physical properties 

· Compute view factors, radiative exchange factors 

· Define spacecraft orbit, attitude and pointing.
The figures 5 and 6 represent the PEOLE [4] satellite thermal control results, figure 5 shows the temperature variation in the solar panels, the figure 6 shows the temperature variation in the PEOLE satellite. It should be noted that the temperature calculated via this model is an average for the entire satellite. In actual fact the temperature distribution within the satellite will depend on a number of factors such as thermal conductivity of major components, the degree to which heat is distributed by radiation and details of power dissipation.
[image: image70.wmf]
Figure 3: THERSAT thermal control sub system.
The following figures represent the PEOLE [4] satellite (see figure 4) thermal control results; 

Figure 5 shows the temperature variation in the solar panels.
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Fig.4: The PEOLE Satellite
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Fig.5: The Temperature variation in the Solar Panels

The figure 6 shows the temperature variation in the PEOLE satellite 
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Fig.6: The Temperature variation                             in the PEOLE Satellite

7   Conclusion

The results coming from the thermal control model shows the temperature variation in the equipment of the satellite PEOLE. To achieve the goals of a satellite mission, we must keep the temperature of onboard equipment and sensors under control so that they will continue to work properly. The mathematical model of thermal control presented in this paper, requires the knowledge of the angular and orbital position of the satellite, the geometry of the satellite is necessary for determination of the view factor.
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