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Description of the algorithm and computer
calculation program for the temperature regime
of heliochambers intended for heat treatment of
concrete

Farkhod Usmonov”

Bukhara Engineering-Technological Institute, Bukhara, Uzbekistan

Abstract. An algorithm for calculating the temperature regime of
heliochambers for heliothermal treatment of concrete has been compiled.
The algorithm includes heat release when cement is dissolved in water, since
the change in heat release power when cement is dissolved in water is also
subjected to harmonic analysis. Comparing the results obtained on a
computer with averaged experimental data carried out over the past years, in
natural conditions, in solar chambers with various design solutions, it has
been established that it is possible to use the recommended method for
calculating the temperature regime of a concrete mixture during
heliothermal treatment to establish optimal design solutions for solar
chambers from the standpoint of the best heating of concrete in them and as
a result of gaining sufficient strength concrete.

1 Introduction

To analyze the temperature regime of concrete, heat-treated in a solar chamber, it is necessary
to have a mathematical representation of the change in ambient temperature, the intensity of
solar radiation, the heat release during dissolution of cement in water as a function of time,
since the values of the outside air, the intensity of solar radiation, as well as the release of
heat during dissolution cement in water will change during the day. The change in the
ambient temperature and the intensity of solar radiation during the day are periodic functions,
in connection with this, it is most convenient to show them using the harmonic Fourier series
[1,2].

2 Methodology

The change in the value of heat release when cement is dissolved in water in solar chambers
[3] also obeys a mathematical description
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where, Toao, Jso, qcho, - averaged values of ambient temperature, intensity of solar radiation
and heat release during dissolution of active cement in water o, by, Cx, dx, Ux, Vi, - coefficients
of the Fourier series;

Z - period of change / cycle of operation of the solar chamber;

K=1,2,3............ - integer variable.

Changes in ambient temperature and solar radiation during the day and at different times
of the year for different regions of the country and the world are given in climate reference
books, building climatological standards, and information on changes in power, heat release
rate when cement is dissolved in water, depending on the temperature state of
heliothermotreated concrete [ 3].

The method of approximate expansion of functions given graphically or tabularly in
harmonic Fourier series using numerical integration methods is given in [2], which is based
on calculating the coefficients of the series using the formulas:
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Where, n- the number of intervals into which the period of change of functions is divided,
Ti—values of the function subjected to harmonic analysis for fixed time values ti. For K=0
according to formula (4), the zero term of the series is calculated, with the help of which the
average value of the function is determined over the period of change of z.

To=ao/2 (6)

Based on the dependencies (1-3), a subroutine for calculating the coefficients of the
Fourier series for a personal computer was compiled.

Using this computer calculation program, by determining the coefficients of the Fourier
series, you can set the current values of the ambient temperature, solar radiation, heat release
when dissolving cement in water, taking into account the finite numbers of harmonic
components.

On Figures 1, 2 show the values of the outdoor temperature and the intensity of solar
radiation, which were subjected to harmonic analysis, and the calculated values of these
functions, determined using the first three harmonics of the series (1, 2).
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Fig. 1. The change in the values of the ambient temperature obtained in experiments carried out in
natural conditions and the calculated values determined by the three harmonics of the Fourier series: 1
- experimental data; 2 - calculation results.
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Fig. 2. The change in the intensity of solar radiation obtained in experiments conducted in natural
conditions and calculated values determined by the three harmonics of the Fourier series: 1-
experimental data; 2 - calculation results.

Comparison of the nature of changes in the value of the ambient temperature, the intensity
of solar radiation, obtained by experimental studies carried out in natural conditions and the
calculated values determined by the three harmonics of the Fourier series, showed a small
relative error not exceeding 3%, which allows us to conclude that in practical calculations
temperature mode of the solar chamber, you can use the first three harmonics of the Fourier
series.

3 Results

As is known, the heat and mass transfer processes in the solar chamber and the power of heat
release during the dissolution of cement in water depend on the temperature of the hardening
concrete in the solar chamber, therefore, to assess the temperature regime of the solar
chamber, according to equations (2 + 32) [4,5,6,7] the best option is to use numerical
methods. From this position, in the development of the algorithm and programs for
calculating the temperature regime of the solar chamber, the finite difference method was
used. At the same time, to implement this method, we introduce nodal points for the thickness
of the heat-treated concrete sample, the concrete base of the chamber, the insulation layer,
the expanded clay layer and the compacted soil, for which from the systems of equations (2
+ 16) [8] we obtain a system of equations in finite differences:

a) for a heat-treated concrete sample in a solar chamber, for unit Ne 1 (upper limit of a
heat-treated concrete sample, 8. = 0):

k ok
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For a node with Ne n (at the lower boundary of the concrete mix, g, = 04)
27 *AT*[ -tk ]
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For internal i-th nodes with Ne2-+(n-1):
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Where n- is the number of nodes along the thickness of the concrete mixture;
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Ay, - distance between nodes; Ayl 41)' Cin - transmission capacity of the transparent
coating; At- time step; Athc( ) Atth) -. reduced coefficient of thermal conductivity for air
2) 3)

gaps located between the transparent coating and the concrete mixture and the base.
The index K means that the parameters are calculated for the previous moment of time,
and the index (K + 1) for the next moment of time lagging behind the moment K for a time

interval At.
b) for the foundation of a concrete plant for a node with Nel (on the upper surface of the
base, 80=0):
K+1 _ 2*Athc(3)*AT 2’13*[Té{(1)_ (;((2)]*AT
Ty = To + Smapycomy; Lo ~ Tow | = —p,.coay2 (10)
For a node with Nen (on the border of the base with thermal insulation):
K Ag*AT k Ag*AT k
Ty = Toyy + Ty * [Ty = T @] = Tody v * [Ty — Té 2] an
Where, 21:P3*C3*T+P4 C4*_
For internal i-nodes with No2 =+ (n-1)
Az*AT .
Tomyxr1 = Tomyx p3*c3‘3*Ay22 * [Tb(i+1)K = 2Tpx + To (i + D] (12)
_ % . _ 7
Here Ay, = ) Ay,s = 1)

The distance between the nodal points fixed in the base layer of the solar chamber and
the thermal insulation layer:
v) for the heat-insulating layer, for node Ne.1 (this is on the border of the concrete base of
the solar chamber with the heat-insulation layer).
Tti(l)K+1 - Tb(n)K+1 (13)
For node with Ne n (on the border of insulation and expanded clay layer)

Tbi(l)K+1:Tbi(n)K+1+Z);tzA3;[3*[Tbi(n+1)K—Tbi(n)K]_%*[Tbi(l)K—Tex(z)K] (14
Where, Z, = Py % Cy ¥ 22 + Py * Cs + 2
For internal nodes i th with Ne2 =+ (n-1)
Ti(l)K+1=THK+ AgriT (15)

m*[Tu(i+1)K—2*Ti(i)K+Ti(i—1)K]
g) for a layer of expanded clay
For node Nel (on the border of insulation and expanded clay layer)
Tex(l)K+1:Ti(n)K+1 (16)
- for a node with No. p (on the border of expanded clay with the soil surface)

Ae*AT
Tex(n)*‘+1=Tex(n>*<=+Zﬂ3i*AAyr4[TexK(n_1)_TEXK(H)] Zariys * [Tex -1k = Tsx] (A7)
Zy = Pyx Csx 24 Py x Co # 222 (18)
For internal nodes i th with Ne2 + (n-1)
Tt Tk = s [T ok = —2Tky + Thapy] (19)
= Pg+Cshy2 K (i-1) k(i) K(i-1)
d) for soil:
for node with No. 1 (on the border with expanded clay)
Tsiyirr=T gy (20)
- for node with Nen
Tgmyx+1 =T uoqyker 21
For internal i-th nodes
Ty =Tk + pomr | Tk eany=Tot + Teeony | (22)
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The heat loss through the transparent solar coating of the chambers is determined by
adding to the equations (17 + 24) [4] the ratio for determining the temperatures of the surfaces
of the transparent solar coating. The ratios are determined under the condition of quasi-
stationary heat transfer (quw - heat flux density of heat loss through the transparent wall of
the solar chambers):

Tey = Te, — i (23)
1
Tc, = Tc, — Lhid*C2 (24)
Aint (1)
Ahfd*o:
Te, =Te, — —fh ! (25)

Since the temperatures of the surfaces of the transparent enclosure Tei, Te2, Te3, Tes depend
on the heat transfer coefficients on these surfaces, which in turn depend on the surface
temperatures, the calculation of heat losses and temperatures of the transparent coating of the
installation is carried out by the method of successive approximations at each time step.

The general algorithm for calculating the temperature regime of the heliochamber is
constructed as follows.

At the initial stage, the initial temperature value Ty is assigned to all nodal points of the
system.

Further, for a given process time, the values of the outdoor air temperature, the intensity
of solar radiation and the power of internal heat release are calculated according to equations
(1 = 3). According to the known temperature values obtained using equations (17 + 27) and
(23 + 25), the temperature on the surfaces of the heliocover and the heat and mass transfer
coefficient in the air environment of the solar chamber are calculated using the method of
successive approximations, with the help of which equations (4 + 25) determine the
temperature value in nodal points of the system after a certain time interval At. Further, the
calculation process is repeated to determine the temperatures and coefficients of heat and
mass transfer in the next time interval [8-10].

According to the developed calculation algorithm, a calculation program was compiled,
which is given in Appendix 3. Below, the identification and dimension of the input
parameters used in the program are given.

tf,0C - outdoor air temperature (24 values);

if, % - intensity of solar radiation (24 values);
amptf,’ C - outdoor air temperature amplitude;

amptf, % -amplitude of solar radiation intensity;

kq - the number of harmonics in the Fourier series, to describe the parameters of
thermal exposure;
d,m - an array of thicknesses, characteristic layers of the solar chamber structure;

w . . .
a,—- array of thermal conductivity coefficients for chamber materials;

10, :1—g3- array of thermal conductivity coefficients for chamber materials;

joil . .- . .
c, ig—K- array of specific heat capacities for materials used in the solar chamber;

e- an array of degrees of blackness for materials used in the solar chamber;
hfd - transparent coating transmittance;
ac - degree of absorption of the transparent coating material,

tauh, hour - the start time of the heat treatment of the concrete mixture;

tauch,hour - the duration of the heat treatment of the concrete mixture;

PV, hour - the time interval after which the results of the calculation are printed;

to - the initial temperature of the mixture;

ohe - coefficient evaluating the role of the side walls on the temperature regime of the
solar chamber.
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When carrying out calculations, the values of the arrays of temperatures of the concrete
mixture Tue(i), temperatures of the base Toaz), insulation temperatures Ting), temperatures of
the expanded clay layer Teyy), mass-average temperature of the concrete mixture ty, for
various points in time in during the operation of the camera.

To study the influence of the accepted assumptions of the recommended methodology for
calculating the temperature regime of concrete in the process of its heliothermal treatment in
a solar chamber, the results of calculations obtained by computer calculations were compared
with experimental data carried out in real climatic conditions in different solar chambers with
different design solutions. Figures 3 and 4 show the change in the temperature of heat-treated
concrete over time in solar chambers with thermal insulation layers installed from the outside,
15 cm and 25 cm thick.
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Fig. 3. Temperature change of heat-treated concrete in a solar chamber with a thermal insulation layer
15 cm thick (I-15), installed from the outside. 1, 2, 3 - temperature in the upper, middle and lower
zones of the concrete sample obtained in experiments carried out in real natural conditions. 4, 5 -
temperature in the upper and lower zones of the concrete sample obtained by calculation.
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Fig. 4. Temperature change of heat-treated concrete in a solar chamber with a thermal insulation layer
25 cm thick (I-25), installed from the outside. 1, 2, 3 - temperature in the upper, middle and lower
zones of the concrete sample obtained in experiments carried out in real natural conditions.4, 5 -
temperature in the upper and lower zones of the concrete sample obtained by calculation.
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4 Conclusions

The results obtained by computer calculations and experiments carried out in real climatic
conditions and their comparison showed their coincidence with an error of 7.8%. This makes
it possible to use this calculation method for analysis, studying the degree of influence of the
constructive, thermal characteristics of the material of the solar chamber on ensuring the best
temperature regime of the solar chambers intended for heliothermal treatment of concrete in
them.
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