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Abstract: The automated energy generating complex allows to obtain heat energy from water coal-water slurry
fuel (WCF) that is a mixture of fine coal particles from coal enrichment wastes with water. The mixture under the
pressure is blown into the swirl chamber through special sprayers. The received heat energy is used in different
ways. One of the important issues is to estimate the heat losses through the walls of this chamber. In this
research paper we solved the boundary problem of mathematical physics to estimate the temperature of fields
in the walls of the swirl chamber. The obtained solution allows us to estimate the heat losses through the walls
of the swirl chamber. The task of mathematical physics is solved by a numerical finite-difference method.
The methods of solving this problem can be used in the calculation of temperature fields and evaluation of heat

losses in other thermal power units.
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INTRODUCTION

In 2012, municipal and industrial enterprises, as well
as other companies and organizations related to energy,
must carry out the so-called energy audit to find out how
much energy they consume and at the same time - how
much they are losing due to the low degree of control and
assessment of energy consumption and energy losses.
And depending on the results of energy audit they must
develop a set of energy-saving measures. This is
particularly true for enterprises and industrial structures,
which themselves produce energy in one form or another
and should prevent its loss. In this paper we investigate
the process of heating of the combustion chamber wall in
the automated power generating complex in which the
WCF is burned in order to estimate the energy loss
through the wall.

Water-coal fuel can be used as a substitute for
conventional fuels such as oil, gas and coal in the boiler
and heating units of a thermal power station and it should
be considered as a link in the chain of coal mining, utilities
/ power generation, solutions of construction problems:
reduction of fuel costs, coal waste disposal (sludge),

the production of heat / electricity, a source of high-value
ash, which can be considered as a separate commercial
product. WCF is used as a clean and inexpensive source
of heat and fuel for a modern power system [1-5].

The main advantages of WCF are the reduction of
fuel costs compared to fuel oil and gas, emissions
reduction, as well as the technological ease of use of coal
in liquid form. WCF is burned in combustion chambers of
all types: flare and flare-swirl, in a boiling layer with one
stage, in a boiling layer with two stages and others.
Water-coal fuel allows businesses to reduce fuel costs for
the production of heat and electrical energy by replacing
a significant portion of the consumpted fuel oil and (or)
gas. WCF is ecologically compatible due to the fact that
the elimination of accidental spills of fuel does not require
any special measures - it is enough to wash the
contaminated area with water.

Taking into account the fact that WCF is a clean and
inexpensive source of heat, a very urgent task is to
preserve the received energy from this fuel and this in
turn leads to the need to solve one more significant
problem of adequate evaluation of the heat losses
through the elements of industrial or semi-industrial
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systems designed for WCF combustion. The solution of
this task will enable the care of the received energy and
provide recommendations for choosing the most effective
thermal insulating materials.

In this paper we consider the version of the flare-
swirl combustion chamber and solve the problem of
evaluation of heat loss through the wall of the
combustion chamber.

Formulation and Solution of the Problem: Swirl chamber
for WCF burning has a geometric form of a rectangular
parallelepiped with a cavity inside where CWF burning
takes place. To estimate the heat flows and heat losses
from the swirl combustion chamber in this paper in terms
of equality of heat flows through the wall of the swirl
combustion chamber it is proposed to calculate them for
the combustion chamber, in which the internal cavity is a
rectangular parallelepiped, internal surface area is equal to
the inside surface area of the actual combustion chamber.
The calculation of thermophysical properties is carried out
in Cartesian coordinates with three-dimensional
approximation.

For the calculation of temperature fields in the wall of
the swirl chamber methods of the theory of heat transfer
are used [6, 7]. Dynamics of temperature fields change in
the walls of the swirl combustion chamber with an internal
cavity in the form of a rectangular parallelepiped in
Cartesian coordinates x, y, z is described by the heat

equation [8].
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Where ¢ - specific heat, J/(kge°C), p - density, kg/m’,
A - coefficient of thermal conductivity of materials of the
wall of adiabatic swirl chamber, W/(m+°C), T - time with the
boundary conditions of the third kind
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Where n, - the normal to the corresponding k-section of
the boundary of the swirl chamber, both inside and

outside the chamber;

t = Calculating temperature of the wall at the
boundary areas, °N;

t, = Temperature of the environment from the side of
k-boundary area;
o, = Heat-transfer coefficient of the corresponding k-

area of the combustion chamber wall
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Fig. 1: Computational domain for solution of the heat
equation

Equation (1) is supposed to be solved with the finite
difference method. Finite difference method is widely
known and the simplest method of interpolation. Its
essence is to replace the differential operators of the
equation by difference operators, that reduces the
solution of the differential equation to the solution of its
differential analog, i.e. to construct the finite-difference
scheme.

Geometrically, the swirl chamber is considered in a
three-dimensional approximation. Figure 1 shows a quarter
of the chamber, which is chosen as the computational
domain because of the geometric symmetry of the
problem.

The case is considered when the wall of the swirl
combustion chamber consists of two materials with their
individual thermophysical properties: specific heat of
¢,=0.94 kl/(kg+°C), density p, = 1875 kg/m3, heat-transfer
coefficient A, = 1.28 W/(me*°C) for chamotte brick ShB-5
from the internal volume of the combustion chamber and
¢, = 0,84 kJ/(kg+°C), p,= 46 kg/m3,

A, = 0,036 W/(m+°C) for Isover (thermal insulation
material) from the external environment.

Chamotte is a refractory clay, kaolin, burned up
to the loss of ductility, removal of chemically bound
water and brought to a certain degree of sintering.
This name is also applied to other raw materials used for
production of refractories, burned up to sintering of the
clay mixed with powders and stabilization of material
properties. According to the materials used there are high-
alumina, alumina, zircon chamotte, brick made ?from
chamotte clay.
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Fig. 2: Difference template for constructing the finite
scheme

Isover is a world leader in manufacture of heat
insulation material from mineral wool structure, it is the
insulation material in coils and slabs from mineral wool on
the basis of the highest quality fiberglass, which is a
produced in accordance with the patented fiber formation
from natural materials: sand, soda, limestone and provides
an effective heat insulation and soundproofing for
buildings of various purposes and production units in
various fields.

Consider the finite-difference 3D-approximation [9,
10] of differential operators with respect to time 7 and the
coordinates x, y, z in equation (1).

The bulk area of the swirl combustion chamber wall
is replaced by a three-dimensional mesh area with uniform
discretization steps Ax, Ay, Az along the corresponding
coordinate axes. Temperature ¢ inside and at the wall
boundary of the swirl combustion chamber is replaced by
discrete values £, in the nodes of three-dimensional mesh
area. Figure 2 shows the numbers of nodes on the
corresponding coordinate axis at the boundaries of the
computational domain.

Approximation is made by means of a 7-point
three-dimensional template presented in Figure 2, which
shows the numbering of nodes of a three-dimensional
pattern on the coordinates x, y, z respectively.

To the node of the mesh area with number ijk eight
elementary volumes ajoin with value of AV'=Ax + Ay * Az,
in the center of which there are eight auxiliary nodes of
the mesh area with fractional values of indices

iil»jil gl
2 2
The differential equation (1) is approximated by a

system of finite difference equations for the values of the
temperature of the swirl combustion chamber wall in the
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nodes with integer values of the indices ijk. The values of
the thermophysical parameters ¢, p, A of wall materials,
including different ones and are given in units of
fractional values of the indices iil s il >k il ,1.e.
2 2
within each elementary volume, obtained by partitioning
the original domain at the coordinates x, y, z.
Finite-difference approximation of equation (1) using
the finite difference explicit scheme can be presented as
following:
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where - |~ - temperature value in the mesh nodes at the

ijk
next time step.
Thus, it is necessary to estimate the values of
thermophysical parameters oy, and cy, in the basic nodes

of the mesh area and assessment of values )“i Lk

2’.

o %’ . with values p

1
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and * 1L
with fractional values of the indices.

Assessment of values p; with the help of densities
values of eight adjacent elementary volumes is realized as
the average density values of this elementary volumes
using the relation:

Z Z Zpi+a,_j+ﬁ,k+y
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based on the approximation that this eight elementary
volumes, even being the representatives of materials with
different densities, together form a homogeneous material
with the corresponding density.

Assessment of values ¢y, with the help of values of
specific heat capacities and densities of eight adjacent
elementary volumes can be presented by the relation:
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based on the approximation that this eight elementary
volumes, even being the representatives of materials with
different specific heat capacities and densities and having
received individually a certain amount of heat, together
form a homogeneous material with the corresponding
specific heat, which obtained the amount of heat equal to
the sum received by all the elementary volumes of heat.
Estimation of the coefficient values of thermal
conductivity in the required nodes is carried out by using
the values of thermal conductivity of elementary volumes
in the following way:
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Approximation of boundary conditions of the 3 kind

/lg:ak(tk —f)yon the corresponding boundary area is
on

carried out by using the three-point approximation of the
depth of the derivative along the normal to the
corresponding section of the border with the help of the
relation

2An

)‘k :ak(tk_tB) (7)
As aresult there is the following relation to calculate

the temperature at the corresponding boundary:
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In various parts of the computational domain there
are the following relations for calculation of the
temperature at the boundary:

border 1 - the inner boundary (plane x0z)

4t p =t
ti,O,k _ ilk ; i,2,k (9)
border 2 - inner boundary (plane y0z)
_ Ak hk (10)
lo,jk = 3
border 3 - “bottom outside” (plane x0y)
20082t + (40 i) a1
B0 204Az + 34,
border 4 - “top outside” (plane x0y)
2oty + A4 — o) (12)
Bk 204Az +34,
border 5 - “on the top inside the chamber”
R 2000zt + (4 ;1o — G jr1-2) (13)
b 200,Az + 34
border 6 - boundary “bottom inside”
‘o _ 2O‘4AZZ‘1 + ll(4ti,j,L2+l _ti,j,L2+2) (14)
b2 200,Az + 34
border 7 - “on the side along y”
P Mo (4t pr1k —liva—2.4) (15)
LMk 205Ay +32,
border 8 - “inside along »”
P o s M (4 v 1k — L —2.0) (16)
LMK 2030Ay + 32,
border 9 - “on the side along x”
P 2060xty + A (4 _y ke — =2, k) (17)
N.jk 206Ax + 34,
border 10 - “inside along x”
20085t + 2 (A1, — i, k) (18)
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Fig. 3: Graphs of the temperature distribution over the wall thickness of the combustion chamber at ¢ = 5 W/(m?+°C)
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Fig. 4: Graph of the temperature distribution over the wall thickness of the swirl combustion chamber at o = 10 W/(m?+°C)

Table 1: Temperature values of the wall of swirl combustion chamber at Below are the results of the study on a mathematical

@ =5 W/(m*°C) model of heat transfer processes in the swirl adiabatic
x 0 0.24 0.34 combustion chamber in the form of tables 1, 2 and graphs
1h 1072 35 20 (Figures 3, 4) of the temperature distribution over the
2h 1080 117 24 thickness of the sidewall of the chamber in its thinnest
3h 1084 226 31 point with thickness 0.34 m (0.24 m is chamotte; 0.1 m is
4h 1087 332 38 Isover insulation material) for various time points after the

start of the swirl combustion chamber (1 h, 2 h, 3 h, 4 h)
Table 2: Temperature values of the wall of swirl combustion chamber at and the convection heat transfer coefficient a from the

a =10 W/(m?«°C). surrounding air with its free movement equal to 5
x 0 0.24 034  W/(m>.°C) and 10 W/(m*-°C). The temperature inside the
1h 1072 35 20 combustion chamber is assumed to be 1100 °C and the
2h 1080 117 2 outside air temperature-20°C. The tables show the
3h 1084 226 2 temperature at the inner and outer walls of the swirl
4h 1087 332 30 adiabatic combustion chamber and at the junction of

chamotte and Isover (where x = 0.24 m).
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Density g of heat losses at @ = 5 W/(m*+°C) after 4
hours of work of the swirl combustion chamber on the
side walls is 105 W/m>.

Density g of heat losses at & = 10 W/(m’.°C) after 4
hours of work of the swirl combustion chamber on the
side walls is 97 W/m’.

Conclusions and Recommendations: In this paper we
formulated and solved the problem for the estimation of
temperature fields in the wall of the swirl combustion
chamber during WCF combustion. The solution obtained
allows us to estimate the heat losses through the walls of
the swirl chamber. The problem is solved by a numerical
finite-difference method. This method can be used in the
calculation of temperature fields and evaluation of heat
losses in other thermal power units.
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