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Abstract

In the Article the main sources of danger in the operation of technological equipment are considered. The main sources of hazards have been
identified - this is the problem of the emergence and development of a thermal explosion during the operation of technological equipment and
storage facilities. The basic conditions for the analysis of the occurrence and development of a thermal explosion are derived based on an analysis
of the equations of thermal and material balance in reactors and other equipment, where exothermic reactions can occur.

Equations are obtained for a different mechanism of heat energy transfer, due to conduction, and convection, both forced and natural. The
basics of numerical methods for solving the corresponding equations in partial derivatives are considered.

Introduction

During the operation of petrochemical complexes, various
hazards arise associated with the possibility of the release of
hazardous chemical products into the environment. To combat the
harmful consequences of such situations, it is necessary to analyze
the main situations that give rise to such situations. For solving
this problem, we will consider the main situations capable of
leading to the depressurization of chemical reactors and storage
of fire and explosive substances and the formation of emissions of
harmful substances into the environment. The starting materials,
capable under certain conditions, lead to the destruction of
reactors and storage facilities and the release of the contents into
the environment, can be in a solid, liquid, or gaseous state. Sources
of depressurization of chemically reactors and storage facilities
may be external, as a result of the harmful effects of atmospheric
conditions on storage material. They can also be internal, due to
the processes of decomposition of stored substances with the
release of a large amount of heat and gaseous decomposition
products. The flow of exothermic processes in a closed volume
leads to the emergence and development of a so-called thermal
explosion. The rate of heat release during the process per unit
volume of several exothermic reactions can be described by the
following kinetic equation:
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The heat dissipation rate will be equal to the value:
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The heat dissipation rate will be equal to the value:
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Where — *%» — ** - heat generation and heat removal rate

in element are volume reacting mixture
W; ™ rate of j-ii reaction kmol/(kmo.J1b/m? min)

AH ;~heat effect of j-th reaction /kJ/mol

d
4 temperature gradient on normal to surface, covering the

selected elementary volume, K/m

F,- Specific surface, covering the allocated elementary
volume, m? / m3

Considering the elementary volume in the form of a sphere, a
cylinder and a flat plate, we can obtain a generalized equation of
heat and mass transfer in the following form:
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Here T' is a factor of a geometric form. I' = 0 for the
plate, T' = 1 for the cylinder, and T' = 2 for the sphere.
If the cylinder takes into account the distribution of heat along
the axis of the cylinder, then this is equivalent to an addition-
al plane flow along the axis, which must be added to the oth-
er two terms describing the change along the radius. As a re-
sult, for this case, we obtain the following system of equations
models:
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Where a_and a_are the coefficients of thermal conductivity
along the radii r and along the longitudinal axis x;

D_and D_are the diffusion factors along the radii and along the
longitudinal axis.

D_and D are the diffusion coefficients along the radius r and
along the longitudinal axis x.

The Solution of the Obtained Equations of the
Mathematical Model

The equations of the model obtained above are suitable
for describing processes in solid materials or in highly viscous
liquids, when the transfer of heat and mass by the movement of
liquids can be neglected.

The equations should be supplemented by initial and bound-
ary conditions, depending on the conditions of interaction of the
apparatus with the environment.

To solve the obtained equations, the ThermEx software pack-
age can be used, which implements numerical grid methods for
solving partial differential equations by the grid method with a
variable grid step [1-3] This allows you to change the step near
the borders to increase the accuracy of the solution. The following
pictures show the dialog images when creating a calculation task
and the results obtained using one of these (Figures 1-4).
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Figure 1: Selection of the geometric shape and structure of the heated product.
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Figure 2: Specifying the thermal and physical properties of the shell material and its thickness.
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Figure 3: The progress of the heating process at given time.
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Figure 4a: Dependence of the temperature in the center of the product.
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Figure 4b: the profiles of temperature variations along the radius at various times.
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Using the Thermex software package, you can determine safe
working conditions for solids and highly viscous liquids. When
working with low-viscosity liquids, it is necessary to take into ac-
count convective transport, which leads to a decrease in tempera-
ture and concentration gradients, and therefore to a slowdown in
the processes of thermal explosion [4]. Therefore, Thermex soft-
ware package can be used to determine the boundaries of thermal
stability with some safety margin. To more accurately determine

the conditions for the onset and development of a thermal explo-
sion in well-flowing liquids, it is necessary to use the Convex soft-
ware package, which uses a mathematical model that takes into
account heat and mass transfer due to natural convection based
on Boussinesq approximations [5,6]. Figures 5-8 show changes
in the temperature’s fields taking into account natural convection

[7].
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Figure 5: Temperature distribution field in the 1L reactor at 4min after the start of heating.
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Figure 6: Conversion distribution field in the 1L reactor at 4min after the start of heating.
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Figure 7: Vector of velocity distribution field in the 1L reactor at 4min after the start of heating.
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Figure 8: Temperature distribution in the 1L reactor at 7.5min after the start of heating.
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But in this way, it is possible to determine only the conditions
for the onset of temperature rise, but not the development of the
process. With the development of the process, evaporation of the
liquid phase begins, a two-phase state arises, which is already de-
scribed by other equations. However, to determine safe operating
conditions, it is important to determine precisely the beginning of
a thermal explosion and therefore the mathematical model, taking
into account natural convection using the Boussinesq approxima-
tion, is quite suitable for these purposes.

Conclusion

1.  Mathematical models that take into account the pro-
cesses of heat and mass transfer taking into account internal
sources of heat and mass due to chemical reactions allow us
to determine the safe working conditions of chemical reactors
and storages of potentially dangerous chemicals.

2.  Thermex and ConvEx software packages created on the
basis of grid calculation methods allow us to determine the
safe working conditions for reactors and storages of potential-

ly hazardous chemicals in solid and liquid states.
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