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Fig. 2. Temperature distribution obtained for 3D model of vacuum vessel and
support structures. Only half of the model is shown on this figure. A heat flux of
¢ wwfa was applied on each toroidal wall of the vessel. Natural convection
boundary condition was applied on the external walls of insulating blanket (shown
In figure as orange) and support structures.
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Fig. 1: a) TCABR tokamak. b) 3D model of its vacuum vessel.

Objectives

0 Obtain temperature field produced by baking process

0 Evaluate the stresses produced by temperature field
and other loadings (gravity, pressure difference)

0 Check If the stresses are large enough to damage the
vacuum vessel or its support structure

Methodology

0 Finite Element Method (FEM) to obtain numerical
solution for differential equations governing the problem:

Heat conduction differential equation
Fig. 3: Equivalent stress values obtained for 3D model of vacuum vessel (only half

T ~ | T ~ | T - | ‘ . L Y shown In figure). This model includes the effects of gravity, pressure difference 1
— . — . — . Q) (fa* baking is performed while maintaining vacuum inside the vessel T and
T T T ‘ O temperatures obtained from the previous model.

FEM Conclusions
0 Supports act as heat sinks; thermal insulation required.
\(K|{T} = {0} 6 Thermal radiation has a strong impact on results; helps to
System of algebraic equations reduce temperature differences across the vessel.

0 Stresses below yield strength for 316L stainless steel.
6 One way coupling of thermal and structural FEM models: | s Thermal stresses are function of temperature gradient:
transient analysis required.
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