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Аbstract. 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 

Toa=Toao+∑ ∗௔
௞ୀଵ ቂ𝑎௞ ∗ cos ቂ𝐾 ∗

ଶగఛ

௓
ቃ ൅ 𝑏௞ ∗ sin ቂ𝐾 ∗

ଶగఛ

௓
ቃቃ                                  (1)   
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Qch=qcho+∑ ቂu௞ ∗ cos ቂ𝐾 ∗
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where, Toao, Jsо, qcho, - averaged values of ambient temperature, intensity of solar radiation 
and heat release during dissolution of active cement in water αк, bк, cк, dк, uк, vк, - coefficients 
of the Fourier series; 

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

ak=
ଶ

గ
∑  𝑇௧ ∗ cos ቂ𝐾

ଶగఛ೔
୸
ቃ௡ିଵ

௜ୀଵ                                                (4)  

      bk = 
ଶ

గ
∑ 𝑇௧ ∗ sin ቂ𝐾

ଶగ்ఛ೔
୸
ቃ௡ି௧

௖ୀ௧                                              (5)  

 
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 τi. 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).  

 

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 № 1 (upper limit of a 
heat-treated concrete sample, δc = 0): 

𝑇ఋሺଵሻ
௄ାଵ ൌ 𝑇ఋሺଵሻ

௄ ൅
ଶ∗௃ೖ,∗஼౪౞∗஺మ∗∆ఛ

௉మ∗஼మ∗∆௬భ
൅

௤೘ሺభሻк∗∆ഓ

஼మ
െ

ଶఒమቂ ഑்ሺభሻ
ೖ ି ഑்ሺమሻ

ೖ ቃ∗∆ఛ

௉మ∗஼మ∗∆௬భ
െ

ఒпрሺమሻ
к ∗∆ఛ∗ቂ ഑்ሺభሻ

ೖ ି С்ర
ೖ ቃ

ఋయ∗௉మ∗஼మ∗∆௬భଶ
     (7) 

For a node with № n (at the lower boundary of the concrete mix,  𝜎ఙ ൌ 𝜎ସ): 

𝑇бሺ௡ሻ಼శభ ൌ 𝑇бሺ௡ሻ಼ ൅
ଶఒమ∗∆ఛ

௉మ∗஼మ∗∆భ
మ ൣ𝑇ఙሺ௡ିଵሻ

௞ െ 𝑇бሺଵሻ
௞ ൧ ൅

௤
೘ሺ೙ሻೖ∗∆ഓ

஼మ
െ

ଶఒпрሺయሻ
к ∗∆ఛ∗ቂ ഑்ሺ೙ሻ

ೖ ି ഑்ሺభሻ
ೖ ቃ

ఋఱ∗௉మ∗஼మ∗∆௬భ
       (8) 

For internal i-th nodes with №2÷(n-1): 

𝑇бሺ௜ሻ಼శభ ൌ 𝑇бሺ௜ሻ಼ ൅
ଶఒమ∗∆ఛ

௉మ∗஼మ∗∆భ
మ ൣ𝑇ఙሺ௜ିଵሻ

௞ െ 2𝑇ఙሺ௜ሻ
௞ ൅ 𝑇бሺ௜ିଵሻ಼൧ ൅

௤
೘ሺ೔ሻೖ∗∆ഓ

஼మ
        (9) 

Where n- is the number of nodes along the thickness of the concrete mixture;  
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 ∆𝑦ଵ- distance between nodes; ∆𝑦ଵ
ఙర

ሺ௡ିଵሻ
;   Cth - transmission capacity of the transparent 

coating;  ∆𝜏- time step;  𝜆୲୦ୡሺమሻК , 𝜆୲୦ୡሺయሻК , -. reduced coefficient of thermal conductivity for air 

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 Δτ. 

b) for the foundation of a concrete plant for a node with №1 (on the upper surface of the 
base, δ0=0):  

𝑇ୠሺଵሻ
௄ାଵ ൌ 𝑇ୠሺଵሻ

௄ ൅
ଶ∗ఒ౪౞ౙሺయሻ∗∆ఛ

ఋఱ∗௉మ∗஼మ∗∆௬భ
ൣ𝑇ఙሺпሻ

௞ െ 𝑇ୠሺଵሻ
௞ ൧ െ

ଶఒయ∗ቂ బ்ሺభሻ
ೖ ି బ்ሺమሻ

ೖ ቃ∗∆ఛ

௉య∗஼య∗∆௬మ
మ            (10) 

For a node with №n (on the border of the base with thermal insulation): 

𝑇ୠሺпሻ
௄ାଵ ൌ 𝑇ୠሺпଵሻ

௄ ൅
ఒయ∗∆ఛ

௓మ∗∆௬మ
∗ ൣ𝑇௕ሺпሻ

௞ െ 𝑇୲୧ ሺଶሻ
௞ ൧ െ

ఒర∗∆ఛ

௓భ∗∆௬య
∗ ൣ𝑇௕ሺпሻ

௞ െ 𝑇୲୧ ሺଶሻ
௞ ൧            (11) 

Where,  𝑍ଵ ൌ 𝑃ଷ ∗ 𝐶ଷ ∗
∆௬మ
ଶ
൅ 𝑃ସ ∗ 𝐶ସ ∗

∆௬య
ଶ

 

For internal i-nodes with   №2 ൊ (n-1) 

𝑇ఙሺ௡ሻ಼శభ ൌ 𝑇ఙሺ௡ሻ಼ ൅
ఒయ∗∆ఛ

௉య∗஼య∗∆௬మ
మ ∗ ൣ𝑇ୠሺ௜ାଵሻ಼ ൌ 2𝑇ୠሺ௜ሻ಼ ൅ 𝑇଴

௄ሺ𝑖 ൅ 1ሻ൧       (12) 

  Here  ∆𝑦ଶ ൌ
ఋల

ሺ௡ିଵሻ
;     ∆𝑦ଶଷ ൌ

ఋళ
ሺ௡ିଵሻ

  

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 №.1 (this is on the border of the concrete base of 
the solar chamber with the heat-insulation layer). 

𝑇୲୧ሺଵሻКశభ  ୀ  𝑇ୠሺпሻКశభ                                                     (13) 
For node with № n (on the border of insulation and expanded clay layer) 

𝑇ୠ୧ሺଵሻКశభୀ𝑇ୠ୧ሺпሻКశభା ഊర∗∆ഓ
ೋ೥∗∆೤య

∗ቂ்
ౘ౟ሺ೙శభሻКష

்
ౘ౟ሺ೙ሻК

ቃି
ఱ∗∆ഓ

ೋ೥∗∆೤ర
∗ቂ்

ౘ౟ሺభሻКష
்
೐ೣሺమሻК

ቃ
     (14) 

Where,  𝑍ଶ ൌ 𝑃ସ ∗ 𝐶ସ ∗
∆௬య
ଶ
൅ 𝑃ହ ∗ 𝐶ହ ∗

∆௬ర
ଶ

   

For internal nodes i th with  №2 ൊ (n-1) 
𝑇୧ሺଵሻКశభୀ𝑇и

௄
ା

ഊర∗∆ഓ

ುర∗಴ర∗∆೤య
మ∗ቂ்иሺ೔శభሻКషଶ∗்౟ሺ೔ሻКା்౟ሺ೔షభሻКቃ

                 (15)   

g) for a layer of expanded clay 
For node №1 (on the border of insulation and expanded clay layer) 

           𝑇௘௫ሺଵሻКశభୀ𝑇୧ሺпሻКశభ                              (16) 
- for a node with No. p (on the border of expanded clay with the soil surface) 

 𝑇ୣ୶ሺпሻКశభୀ𝑇ୣ୶ሺпሻКୀା ഊఱ∗∆ഓ
ೋయ∗∆೤ర

ቂ்
౛౮Кሺпషభሻ

ି்
౛౮Кሺпሻ

ቃ
െ

ఒల∗∆ఛ

௓య∗∆௬ఱ
∗ ൣ𝑇ୣ୶ ሺпିଵሻК െ 𝑇ୱ ሺଶሻК൧        (17) 

𝑍ଷ ൌ 𝑃ହ ∗ 𝐶ହ ∗
∆௬ర
ଶ
൅ 𝑃଺ ∗ 𝐶଺ ∗

∆௬ఱ
ଶ

                                  (18)  

For internal nodes i th with №2 ൊ (n-1) 

𝑇кሺ௜ሻКశభୀ𝑇кሺ௜ሻК െ
ఒఱ∗∆ఛ

௉ఱ∗஼ఱ∗∆௬ర
మ ൣ𝑇к ሺ௜ିଵሻК െ െ2𝑇௞ሺ௜ሻ ൅ 𝑇௄ሺ௜ିଵሻ

௄ ൧          (19) 

d) for soil: 
for node with No. 1 (on the border with expanded clay) 

𝑇ୱሺ௜ሻКశభୀ𝑇кሺ௡ሻКశభ                                                     (20) 
- for node with №n 

𝑇ୱሺпሻКశభୀ𝑇кሺпିଵሻКశభ                                (21) 
For internal i-th nodes 

𝑇ୱሺ௜ሻКశభୀ𝑇гКሺ௜ሻ ൅
ఒల∗∆ఛ

௉ల∗஼ల∗∆௬ఱ
ቂ𝑇ୱКሺ௜ାଵሻെ𝑇ୱሺ௜ሻ

௄ ൅ 𝑇௦Кሺ௜ିଵሻ ቃ               (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 (qhfd - heat flux density of heat loss through the transparent wall of 
the solar chambers): 

T𝑐ଷ ൌ T𝑐ସ െ
௤౞౜ౚ∗ఋభ

ఒభ
                                        (23) 

T𝑐ଶ ൌ T𝑐ଷ െ
௤౞౜ౚ∗ఋమ
ఒ౟౤౪ ሺభሻ

                                         (24) 

Тсଵ ൌ Тсଶ െ
௤೓೑೏∗ఙభ

ఊభ
                                          (25) 

Since the temperatures of the surfaces of the transparent enclosure Тс1, Тс2, Тс3, Тс4 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 Т0 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 ∆τ. 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,଴ C - outdoor air temperature (24 values); 

if,
୛

୫మ - intensity of solar radiation (24 values);   

amptf,଴ C - outdoor air temperature amplitude;   

amptf,
୛

୫మ -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; 

a,
୛

୫.୏
- array of thermal conductivity coefficients for chamber materials;  

τo,
к୥

୫య- array of thermal conductivity coefficients for chamber materials; 

c,
୨୭୧୪

к୥ ୏
- 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 Тbet(i), temperatures of the base Тbaz(i), insulation temperatures Тins(i), temperatures of 
the expanded clay layer Texp(i), mass-average temperature of the concrete mixture tsm 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. 

 

 

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. 

 

 

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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