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THERMAL STRESSED STATE OF SHELL AND ROD
SYSTEMS UNDER COMPLEX HEAT EXCHANGE

In various fields of technology, structural elements are used, which can
be considered as shells or plates, as well as systems of shells and plates,
in particular, those that are connected to each other with the help of rods
[1, c. 95; 2, c. 16; 3, c. 145]. Such elements are quite often operated in
conditions of high or low temperatures [4, c. 214]. Therefore, the study of
their thermal stressed state and strength is a very important issue. A complete
study of the thermally stressed state involves, at the first stage, solving the
corresponding thermal conductivity problem [5, c. 8673] followed by using
the obtained solutions as components of the load when solving the problem
of determining the thermal stressed state [6, c. 410; 7, c. 47].

This work examines the temperature field and the stress-strain state of
the system caused by it and external pressure. The system consists of a
spherical shell, a continuous circular plate and a connecting rod element. The
joint operation of the spherical shell and the circular plate was investigated
when considering the stress-strain state of portholes of spherical devices.
At the same time, the shell was considered hollow, and the lamellar element
was considered as a rigid washer. It should be noted that the assumption of
the flatness of the shell imposes certain restrictions on the dimensions of the
lamellar element. To determine the temperature field of the system caused by
convective heat exchange with the external and internal environments, the
problem of steady-state thermal conductivity was solved using the immersion
method [8, c. 269; 9, c. 554]. The problem reduced to solving systems of
Gauss and Bessel equations and further conjugating these solutions. The
thermoelastic state of the shell is determined by the moment theory of thin
shells of rotation.

Taking into account the conditions of non-ideal thermal and
thermomechanical contact when solving the problems of thermal conductivity
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and thermoelasticity made it possible to take into account the real geometry
of the connection of system elements, namely, the non-orthogonality of the
contact surface and the middle surface of the shell, as well as the possible
asymmetry of the conjugation. On the basis of the obtained solutions, a
study of temperatures, forces and moments in the elements of the system
was carried out depending on the ratio of thermal conductivity coefficients,
Young’s moduli, coupling parameters.

Calculations showed that there is such a value of the external pressure
parameter at which the stressed state of the shell will be close to momentless,
despite the asymmetric coupling of the system elements; while under the
action of only external pressure or under the action of only thermal load,
the stressed state has a pronounced instantaneous character. It was
also established that failure to take into account the non-orthogonality of
the coupling of the system elements can lead to significant errors in the
determination of both the temperature field characteristics and the forces
and moments caused by it in the system elements, especially in the near-
contact zone. It is shown that external pressure can reduce the absolute
values of bending moments and transverse force in the shell.

The method can be used for further analysis of temperature stresses
in the composite structures under heating system effects and studying
thermal stresses in other composite structures [10, c. 35; 11, c. 175] for their
optimization.
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