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As satellites are more and more powerful, they also require more and more surfaces to radiate towards
space and keep acceptable temperatures. Therefore, the trend is to develop deployable radiators.

A specific deployable radiator could be an extendable radiator, able to increase its area to reject more
heat towards space, while being able to retract itself to limit the view factor (and thus, heating power)
during cold phases.

In this framework, IMFT and CNES work on an extendable radiator concept, with a working fluid inside
in a two-phase state, able to transfer heat efficiently from one side to another, but also able to deploy
additional area to radiate towards space, and retract itself with a spring.

The objectives of this thesis is :

- To model two-phase flow interactions with a flexible structure

- To size a spring allowing the deployment and the retractation of the structure

- To size capillary structures in the flexible structure

- To choose the best materials and fluid for space environment

The concept of flexible deployable radiators is experimental results will be compared to the
not new, but very few studies exist in the thermodynamical/mechanical model with
literature. Ponnapan et al. (1986) proposed a temperature controlled environment.
thermodynamical model for an extendable 7T
radiator (see figure 1). With a few simplifying I

assumptions, they obtained an analytical F«”@W'
SCREEN EVAPORATOR

solution of the expanded length as a function W STRucTuRe
of time for several heating powers. In this PhD
Thesis, the thermodynamic model will be first Yoo dlowe e
improved by relaxing certain assumptions and
considering different spring models. It will be
coupled with a heat pipe model characterizing
the liquid flow in a flexible capillary structure
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on the inner wall of the radiator. The coupling
of the global thermodynamical model, heat
pipe model and mechanical model of the spring
will allow proposing a design for the radiator.
The model will be used to perform calculation
in realistic conditions of a space mission. In
order to validate the model calculation will be
also performed in an environment close to
laboratory conditions on ground.

The second step of the thesis will be to build an
experimental facility in laboratory with a
dedicated instrumentation  (temperature
measurements, pressure  measurements,
visualization of the radiator deployment). In
this facility, different springs, different capillary
structures and fluid will be tested. The

Fig. 2a Single fin unit with evaporator wick structure.
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Fig. 2b  Energy balance on a control volume.

Figure 1: extendable radiator concept

After validation and improvement of the
model, new calculation will be performed in
realistic space conditions in order to propose a
best design of the radiator.
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