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Study of a radiative heat exchanger for the E-TEST prototype
DORE Antoine

Academic Advisor: Prof. Jérôme Loicq
Université de Liège, Faculty of Applied Sciences, Aerospace Engineering.

The Einstein Telescope is a highly accurate 3rd generation gravitational
wave detector. Thanks to its increased sensitivity, it will be able to observe
much more often phenomena so far difficult to detect, such as the fusion of two
black holes or will allow the understanding of the Big Bang.

However, the sensitivity of this telescope is such that it is subject to distur-
bances such as thermal noise. To avoid this type of disturbance, the measuring
instrument, i.e. the mirrors of the Einstein Telescope, must be brought to cryo-
genic temperatures. To meet this technological challenge, a three-dimensional
thermal radiator consisting of nested cells could be the solution.

This master thesis will study the structure of this radiator (the E-TEST ra-
diator) by measuring its capacity to exchange energy according to its geometry.
In this perspective several quantities are measured such as the heat flux, the
temperature variation within the structure and many others according to the
geometrical configuration.

This work makes it possible to decide on the three-dimensional geometric
shape of the radiator to be preferred to optimize the heat exchange. It also
incorporates the study of a complementary system using helium to accelerate
the cooling.

Keywords: Einstein Telescope, honeycomb radiator, cryogenic cooling, ther-
mal design, molecular conduction, gravitational wave detector.
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Figure 1: Artistic impression of the triangular configuration of the Einstein
Telescope.
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Figure 2: (a) Example of 3D architecture in aluminum.(b) Two-dimensional
view of one part of the honeycomb panel. The blue part represents the thermal
shield at 4K and the green one is at 10K made in aluminum (the green top has
been removed).
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Figure 3: Scheme of the cooling systeme: 1= mirror; 2=Crystal silicon fibers
; 3= Intermediate mass; 4= Al6N fibers; 5= Ti6Al4V wire; 6= Cage and cold
platform; 7= Titanium cable; 8= Green aluminum 9= Blue aluminum
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Figure 4: Heat flux of each configuration as function of the aspect ratio. The
triangular geometry provides the optimal results.
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Figure 5: Evolution of the temperature as the function of time with 3D structure
using triangle configuration.
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Figure 6: Evolution of the temperature as the function of time with 3D structure
using triangle configuration and helium cooling system.
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