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Abstract. The article discusses the use of a numerical method the calculation of finite cylinders into account
the dependence of physical and mechanical properties of the material on temperature. If we have
two-dimensional temperature field characteristics of the material depends on two coordinates. - r and z
from which follows that the problem of thermoelasticity is also a two-dimensional. Using the numerical
method allows to solve the problem for any state of the cylinder (plane stress or plane strain) and consider
arbitrary boundary conditions at its ends.
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1 Introduction
In [1-6] considered the problem of calculating
thick-walled cylinders under the action of force and
temperature loads at one-dimensional (radial)
inhomogeneity of the material. Temperature
inhomogeneity was due to axisymmetric not varying
along the axis of the cylinder temperature field. In many
practical problems, a heat source inside the cylinder can
be regarded as a point. In this case, the temperature field
remaining axisymmetric varies along the cylinder axis,
resulting in a two dimensional an inhomogeneity due to
which you cannot apply a numerical-analytical method
[1, 7].

biological protection of the reactor. To solve the
problem is used the variational-difference method
[9-11], while this method is used for solving the
problem of heat conduction subject to the availability of
internal sources of heat and coefficient of thermal
conductivity depending on the temperature, and to solve
the problem of determining the stress-strain state of the
cylinder.

2 State of the Problem
As an example, below we consider the calculation of
stresses in the radiation-heat shield of the reactor plant.
This design, also known as "dry protection," designed to
reduce the effects of radiation and heat generated when
operation of the reactor. In constructional sense thermal
protection is fixed at the base a thick-walled cylindrical
shell made of heat-resistant reinforced concrete [8]. Fig.
1 shows the design scheme of the problem. In
constructional sense thermal protection is a fixed at the
base thick-walled cylindrical shell made of
heat-resistant reinforced concrete. Fig. 1 shows the
design scheme of the problem.
To reduce the thermal load there is envisage
prorolling air cooling in the clearances between the shell
of the reactor, the design of thermal protection and

Fig. 1. Design scheme of heat shield:
1 - reactor vessel; 2 - heat insulation;
3 - radiation-heat shield;
4 - biological shield;
5 - cooling channels
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3 Solution of the Problem of Heat
Conduction

30 o C; and Ɍ out 80o C . The dimensions of
the cylinder are: a 2 m, b H 3 m .
Ɍ in

In the stationary temperature field heat equation

O 2T  W (r , z ) 0

(1)

for the axisymmetric problem in cylindrical coordinates,
taking into account the dependence F (h) is written as
wT º w ª
wT º
1 w ª
r OT (T ) »  «OT (T ) »
«
wr ¼ wz ¬
wz ¼
r wr ¬

W (r , z )

(2)

,
where

OT – coefficient of thermal conductivity, W - the

intensity of heat sources per unit volume.
For the function W(r,z), describing the density of the
internal heat sources caused by ionizing radiation, use
dependence [12]:

W (r , z ) W0  W1 exp >G(r  a)@ sin

Sz
H (3)

Fig. 2. Graph of the internal heat sources at different
levels of the cylinder:

,
in which W0 , W1 and G – empirical parameters.
The boundary conditions on the side and end
surfaces of the cylinder taken as:

wT
a
D a (T  Tcp
r a;  OɌ
);
wr
wT
b
);
r b;  OɌ
Db (T  Tcp
wr
wT
H
);
z H ;  OɌ
D H (T  Tcp
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z 0; T T0 ( r ).
a
Here Tamb ,

On the basis of performed calculations it can be
concluded that in this temperature range the dependence
OT OɌ (Ɍ ) leads to a slight increase of temperature
(not more 10%).

(4)

b
H
Tamb
, Tamb – ambient temperature

(cooling air) onto the side surfaces and upper (end)
surface; D a , D b , D H – heat transfer coefficients for
these surfaces are listed in [13]. The last boundary
condition of the first kind can be accepted, given that the
mass base is significantly greater than the mass the
structure under consideration, and the temperature at the
contact of two bodies – a known function T0 ( r ) .

Fig. 3. Temperature dependences at different levels
of the cylinder.
- - - - Homogeneous material – OT OɌ 0 ;
––– Inhomogeneous material – OT OɌ (Ɍ )

Dependence OɌ (Ɍ ) approximated by a polynomial
of the type
N
OT (Ɍ ) O 0 
EnT n
n 0

The solution of the temperature problem by a
variation-difference method is convenient from the
point of view that the resulting calculation of net
function T ( ri , z j ) and its gradient is used in the future

¦

on the basis of the data presented in [14].
Fig. 2 shows the graphs of the internal heat source
constructed in accordance with (3). Fig.3 shows
temperature dependences taken into account that the
temperature of the cooling air in channel height varies
linearly,
at
values
OɌ 0 1.5W ( m  o C);

to solve the problem of thermoelasticity in the same
manner and on the same grid.

4 Calculation of Stress State
Based on the obtained temperature distribution at
half
section
of
the

2
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in
T ( r , z ) ( a d r d b; 0 d z d H )
accordance with the [14] are set dependences O ( r , z ),
P ( r , z ) and K ( r , z ) , that allows us to solve the

values comparable and higher than the design strength
of the concrete. This should be reflected in the
appointment of the scheme of reinforcement structure.
Accounting the temperature inhomogeneity of the
elastic modulus leads to a significant reduction (up to
20%) in stresses that agrees qualitatively with the results
of numerous calculations obtained earlier [6].
In [15] there was considered a similar problem of
calculation the orthotropic cylinder with discrete
changes in temperature on its inner surface. It was an
analytical solution heat conduction problem in the
Fourier series and the calculation of the stress state of
the cylinder carried out variational-difference method.
In the above-mentioned work was investigated the
influence
of
two-dimensional
temperature
inhomogeneity of deformation properties of the material
and orthotropy on the stress state related to the
reinforcement of concrete cylinder.

cylinder

boundary value problem for an inhomogeneous body,
described by equations [1, 7]
P 2u  3 O  P
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5 Conclusions

with mixed boundary conditions (see. Fig. 1):

z
z
r

0, u w 0;
H , V z Wrz 0;
(a, b), Vr Wrz 0 .

From the presented results it is clear that the
inhomogeneity of concrete at high temperatures leading
to a decrease in the stiffness leads to reduction in
stresses. This allows in design to reduce the thickness or
decrease the reinforcement shell. Calculation of the
shell located in a two-dimensional temperature field
allows you to define areas tensile and compressive
stresses. Averaging the temperature field provides only
a rough estimate of the stress state.

In (5, 6) H av (H r  H T  H z ) / 3 – average strain,
H f – forced (temperature) deformations.
Some results of calculations made by the
variational-difference method shown in Fig. 4.
Mechanical characteristics correspond to concrete and
Q 0, 2 ;
equal
to
E 2 104 Pa;
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