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Introduction

Mathematical modelling occupies a special place in solving
reliability justification problems in the power equipment. It is
used to design new equipment, to optimize its operating modes,
to estimate its residual life and to predict the damage occurrence
in highly stressed parts of boilers and turbines. The use of
mathematical modelling to search for regularities in the nature
of physical processes in power equipment can be demonstrated
using the examples of the high-pressure T-295/335-23,5 turbine
rotor (Figure 1) and the HRSG high-pressure superheater outlet
header (Figure 2) thermal stress state calculation. It was found
that the uneven distribution of steam flow through the supply
pipelines causes the maximum stress to occur first in the central
part of the header. As steam flows through an increasing number of
supply tubes, the zone of maximum stress shifts from the center of
the header to the outlet. At the same time, the maximum stresses
themselves decrease towards the header outlet.
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Figure 3a, b shows the computational study results of the damage
caused to the tubes of the HRSG low-pressure evaporator heating
surfaces outlet header. The calculations show that the tube bend
cracks are caused by restriction of the straight tube section
displacements in all directions except the longitudinal direction.
The fairness of the solution adopted is confirmed by a sharp stress
reduction in the bend, provided that there is no restriction of its
displacements in all directions (Figure 3b).

Analysis of the damage causes to the bi-plane spiral coil
connecting the high-pressure heater inlet and outlet headers,
was carried out using a mathematical model. This model made
it possible to consider the influence of the pitting corrosion ulcer
depth found on the inner surface of the 32x5mm tube on the stress
magnitude occurring in it. It was shown that at an ulcer depth of
approximately 4 mm, the stress in the tube exceeded the tensile
strength of the material from which it was made.
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Figure 1: Finite-element model of steam turbine T-295/335-23,5 high pressure rotor.
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Figure 2: Stress intensity distribution in the high-pressure 273x20mm superheater outlet header 180 s after cold start.
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Figure 3: Deformed (blue) and undeformed state of the spiral a) during longitudinal displacement of the straight horizontal section; b) in the
absence of bend displacement limits.

Figure 4: Fragment of the spiral coil finite element mesh.
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Using a mathematical model of cooled gas turbine blades, it has
been possible to estimate a gas turbine unit inter-service interval,

blades. It allows the working and guide (Figure 5 b) blades
stress-strain state to be determined most accurately and low cycle

both with and without a reduction in the upstream turbine gases
temperature. The working blade finite element mesh is shown
in Figure 5 (a). Numerical modelling is used to calculate the gas
dynamics, temperature and strength of the nozzle and working

fatigue calculations to be performed. The correctness of the model
construction and the accuracy of the calculations performed have
been confirmed experimentally.
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Figure 5: The finite element mesh of the model (a); stress field on the nozzle device feather (b).
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