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HEATING ENCLOSURES AFTER SWITCHING ON A HEAT SOURCE

Statement of the problem. A research of the dynamics of the non-steady heat transfer in multi-layer
enclosures in the presence of heat source indoors is one of the important problems faced in the build-
ing heat engineering. Therefore the need for the improvement of the calculation methods arises. The
task to design a refined mathematical model of heat transfer and to create a computer program based
on this model is stated. To reduce a number of parameters and describe the calculation scheme in the
most general form heat exchange equations are presented in generalized variables.

Results. The mathematical model of heat exchange for multilayer enclosures of buildings after
switching on a heat source is presented. According to the results of the numerical experiments, re-
lations were identified of changes of enclosure temperatures and showed the effects of the key pa-
rameters of transfer process on thermal regime dynamics.

Conclusions. Based on the analysis, the parameters of transfer problem essentially influencing
non-stationary heating process of enclosures were defined. The mathematical description of heat
exchange processes gives an opportunity for a reasonably easy calculation of steady state of the
examined structure.

Keywords: heat source, non-stationary thermal regime, multi-layered enclosures.
Introduction

Studies aimed at developing the methods for calculating non-stationary heat modes of multi-
layer enclosures is of particular significance in heat engineering. Considering a non-stationary
nature of heat transfer becomes necessary, e.g., when there is a constantly operating heat
source in a facility. Heating of enclosures is dealt with in [1, 2], some aspects are looked into

in [3—S5].
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The solutions of a system of differential equations of heat transfer that describe heating of fa-
cilities after switching on a heat source depend on a large group of similarity numbers. In or-
der to avoid dealing with too many generalized variables for solving heat transfer tasks, [6]
discussed the simplest model of a facility which includes a heat source and thermally thin en-
closure. Even though being rather inaccurate, the obtained data has a limited significance, it
enables a parameter analysis of a non-stationary heat transfer in a facility as well as the result-

ing heat mode.

This paper is a logical follow-up of [6] attempting at showing the dynamics of heating multi-
layer enclosures after switching on a heat source. Heat is supplied to the inside of the enclo-
sure from a convection and radiation source all at the same time and rejected from the outside

by means of convection.
1. Mathematical description of heat transfer. Calculation method

The task of radiative and convective heating of enclosures includes a heat transfer equation

for certain layers of the structure and corresponding boundary conditions:
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As shown in [6], the temperature of a heating medium after switching on a heat source

changes in time roughly based on the exponential law
0,.(Fo)=1-(1-06,)exp(—Pd-Fo),

where Pd is Predvoditelev number that characterizes the intensity of temperature change in

time [7].

In the calculation the ratios were used that were obtained based on the method of elementary

balances and dispersion of a composition body into homogeneous elements [8].
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The calculation point is inside the i-th layer:

en,F0+AFO = en,F + AFO N2 (en 1, Fo en,Fo + en+l,F0)'

The calculation point is in between the i-th and (i+1)-th layers (n = n;):

0 =0

n; ,Fo+AFo n;,Fo

N[ KO, =0, ,)=0, ,+0, . ]

The calculation point is at the interior boundary of the shell (n = n,,):

0, rorsin =0, s +2AF0-N \/Z { [ 0.(Fo)-6, ,, |+ 5K 6}(Fo)-6. F]}

—2AF0N2 (enm,Fo _enm—l’F").

The calculation point is at the outside surface of the system (n = 0):

0 =0, +2AFo-N*(0 )—2AFo-N-Bi (0

0,Fo+AFo 0,Fo l,Fo 0 Fo 0, Fo H)'

Here we have the following designations: 6=7/T,, T, is the attribution scope; X =x/R_ is a

dimensionless coordinate; R,, is the thickness of a multi-layer wall; Fo:c;—: 1s the Fourier

m
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In order to make the presented equations stable, the condition AFo-N*<0,25 was met. Based

on the difference scheme for the approximation of differential equations of heat transfer and

boundary conditions, a computing program was designed.
2. Results of the numerical experiments

A parameter study of the initial transfer task poses a challenge due to a large number of va-

riables and therefore below are some typical cases.
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In order to illustrate a two-layer exterior wall that consists of a layer of brick and heat insulation

is discussed [9].

The thickness of the brick layer is 6, = 0.38 m; thermal and physical characteristics are A, =
0.7 Watt/(m'K), a, = 4.42-10”7 ™m?/sec; the thickness of the ehat insulation layer is 3, =0.12 m;
thermal and physical characteristics are A, = 0.07 Watt/(m-K), a, = 5.56- 107 m?/sec; the thick-

ness of a two-layer wall is R,,= 0.5 m.

The calculation was performed for the following conditions: the initial temperature 7 was

253 K (-20 °C), the attribution scope 7. was chosen to be the temperature 313 K (+40 °C).

Therefore 6y = 0.8.

Below are two typical cases with a heat insulation layer on the outside (I) and the inside (II)

of the enclosure (Fig. 1).

Fig. 1. Schematics of enclosures:

1 is the brick layer; 2 is the heat insulation layer

For the variant I the Biot and Stark numbers were Bi,, = 3.5; Bi, = 70; Sk = 0.36; for the va-
riant 1I: Bi,, = 35; Bi, = 7; Sk=3.6.

Fig. 2 shows the results of the numerical experiment to determine non-stationary temperatures
in a two-layer wall structure after switching on a heat source. The graphs show change in the
temperature in time in the most typical sections. Graphs 1—4 correspond with non-stationary
temperatures on the outside 0(0, Fo0), in between the layers, on the inside of the heat insulating

surface 0(1, Fo) and a non-stationary temperature of a heating medium 6. (Fo).

The parameter Pd has a large role to play in the dynamics of heating of enclosures and it de-
scribes the intensity of the temperature rising in time. In order to illustrate it in the graphs

there are two curved lines Pd = 0.5 and Pd =1.0.
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As Pd increases, the enclosures is more heated and the temperature at the same Fo rises. The
elements of the enclosure reach the maximum temperature which is of a great practical signific-
ance at the final stage of heating (Fo—). The computing program allows a particular assess-

ment of the temperature distribution in enclosures under stationary conditions.
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Fig. 2. Non-stationary temperatures of a two-layer plate
Conclusions

I. The current paper makes corrections to the mathematical model that describes heat

transfer in enclosures after switching a heat source in a facility.
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2. A numerical scheme for solving non-stationary heat transfer tasks is suggested which
was emplyed for designing the computing program.

3. The obtained numerical material was used to study non-stationary and stationary heat
modes of enclosures.

4. The performed analysis allowed us to determine the parameters that have a signifi-
cant impact on the dynamics of heating of exterior walls.

5. The presented graphs show the importance of the position of the layers in a structure
in the distribution of non-stationary temperatures in typical sections.

6. The Predvoditelev number was shown to have an influence on heating of enclosures
after switching on a heat source.
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