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Abstract: Proposed investigate variety heat treatment of concrete and reinforced concrete products using 
only the heat released during cement hydration. The peculiarity of this variety consists in that the surface of 
products not hydro-insulated. Accordingly, in the thermal chamber than heat exchange processes the processes 
of mass transfer between the surface products and the air chamber. In the quantitative analysis of these 
processes is necessary to know number the initial factors, among them – the moisture content of the air 
chamber. 

The processes of heat and mass transfer between the surface of concrete and reinforced concrete products and 
air chambers begin already during loading them into the camera. During the loading of products is air 
combined with air workshop. Therefore for each case must quantify the impact of mass transfer processes on 
the initial moisture content of the air chamber. 

Considered dependence that characterizes the process of evaporation of moisture from the surface of concrete 
products. Results of calculating the amount of moisture that evaporates from the surface of concrete paving 
slabs during selected period of time. 

In further research is necessary to analyze the processes of heat and mass transfer in the chamber, where the 
heat treatment of concrete or reinforced concrete products (non-hydro-insulated) is using only the heat 
released during cement hydration. 

Keywords: concrete and ferroconcrete products, mass transfer processes, hydration of cement.  
Introduction Implementation of thermal treatment of concrete and reinforced concrete products using only the heat released during cement hydration needs a number of experimental and computational studies [1-4]. 
 
Review of recent sources of research and publications The interaction of cement with water heat released [2, 4-9]. In the patent [1] proposed to carry out heat treatment of concrete and reinforced concrete products using only the heat released during cement hydration. In the patent notes that the products before loading into the heat-insulating chamber covered with polyethylene film (or other hydro-insulation material) to store in products moisture needed for hydration of cement. However, it is necessary to investigate the way heat treatment of concrete and reinforced concrete products using only the heat released by the interaction of cement with water, in which the surface of products not hydro-insulated. In this case, will be mass transfer between the surface of products and the environment of the camera. In the book [10] shows the processes of heat and mass transfer during evaporation and condensation of liquid. In the book [11] show the processes of heat and mass transfer in steam treatment concrete and reinforced concrete products using steam. 
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Determination unsolved before parts problems The processes of heat and mass transfer between the surface of concrete and reinforced concrete products and air chambers begin already during loading them into the camera. It is advisable to conduct a quantitative analysis of these processes. 
 
Formulation of the problem Purpose of the article – the analysis of mass transfer processes between the surface of concrete products and air thermal chamber when loading them into the camera. 
 
The basic material and results The processes of mass transfer between the surface of concrete and ferroconcrete products and air thermal chamber during loading them into the camera. These processes are interconnected with the processes of heat transfer in the chamber. There are three main cases the direction of heat flow and flow of water vapor during this period. First case: 
 temperature of concrete and ferroconcrete products Ct  lower than the air temperature workshop 

Wt  and temperature Ct  constructions enclosing chamber for thermal treatment of concrete products; 
 temperature of concrete products Ct  higher than the temperature «dew point» РDP .t    The direction of heat flow in the chamber at this time is reflected in figure 1. In this case, the partial pressure of water vapor the air chamber or lower or higher than the partial pressure of water vapor near the surface of the concrete mix. Directions mass flow depends on the ratio between the partial pressure.  

 
FIGURE 1. Scheme of heat flow in the chamber during loading of products  (the first case) 

 
The second case: 
 temperature of concrete and reinforced concrete products Ct  higher than the air temperature workshop Wt  and temperature Ct  constructions enclosing chamber for thermal treatment of concrete products; 
 air temperature chamber is higher than the temperature "dew point" tDP.  The direction of heat flow in the chamber at this time is reflected in figure 2. In this case, the partial pressure of water vapor the air chamber lower than the partial pressure of water vapor near the 
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surface of the concrete mix. Accordingly, will occur evaporation of moisture from the surface of products. 

 
FIGURE 2. Scheme of heat flow in the chamber during loading of products (second case)  

The third case:   C W DPt t t    Consider the cases when the partial pressure of water vapor near the surface formed concrete products higher than the partial pressure of water vapor in the air chamber. The surface of the concrete products during their formation and stay in the chamber while loading – moisture. So take approximately that evaporation of moisture from the surface of the product in this period is similar to evaporation of moisture from the surface of water. The amount of moisture W, that evaporates from the surface of the product per unit of time, kg/s, determined by the formulas given in particular the book [10]: 
   / –  101325/SC AIR BW Р Р Р F                                                       (1) 
    –  101325/SC AIR BW С С Р F                                                        (2) the amount of moisture ,W   that evaporates from the surface of the product for a certain period of time Δτ, kg, calculated by the formulas: 
   / –  101325/SC AIR B FW Р Р Р                                                    (3) 
    –  101325/SC AIR BW С С Р F                                                    (4) where:  /  – mass transfer coefficient (mass returns), referred to the difference of partial pressures ( –  SC AIRР Р ), kg/(m2·s·P);  

  – mass transfer coefficient (mass returns), referred to the difference of water vapor concentration ( –  SC AIRС С ), m/s;  
SCР  – the partial pressure of water vapor near the surface of the concrete product, P;  
AIRР  – the partial pressure of water vapor in the air chamber, P;  
SCС  – the concentration of water vapor near the surface of the concrete product, kg/m3;  
AIRС  – the concentration of water vapor in the air chamber, kg/m3;  
BР  – barometric pressure, P;  

F  – area open surface of concrete products, m2. 
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The concentration of water vapor in the air chamber is calculated by dependence 
 
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the concentration of water vapor in the air near the surface of the product is calculated by dependence 
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                                                                     (6) where: 

AIRt  – air temperature chamber, С;  
SCt  – the surface temperature of the concrete product, С. Mass transfer coefficient β, m/s, is equal to /    DNu

L
                                                                                  (7) where: /Nu  – diffusion Nusselt number;  

D  – the diffusion coefficient, m2/s;  
L  – the determining size, m.  For water vapor the diffusion coefficient, m2/s, calculated by the formula given the book [10] 1.89 101325  0.0754  273 B
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  0.5 AIR SCt t t                                                                         (11) where:  
Т – absolute average air temperature is, K; 
t – average air temperature is, С. Diffusion Nusselt number can be determined by the formula given in the book  [10]: 

 0.26/ /0.66  Nu Ar Рr                                                               (12) (at / 6 8· 3 10 –2 10Ar Рr   ) where:  
Ar  – Archimedes criterion;  /Рr  – diffusion Prandtl number. Diffusion Prandtl number is equal to /  Pr

D


                                                                                (13) where:  /Рr  – diffusion Prandtl number;  
  – kinematic coefficient of viscosity of air at an average temperature of air t, m2/s. 
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Archimedes criterion is equal to  32     L gAr 



                                                                                    (14) 
   L F                                                                                          (15) where: 

L  –  the determining size, m; 
F  –  area open surface of concrete products, m2;  
g  –  acceleration of gravity, m/s2;  
  – air density difference, kg/m3. The density of the air chamber, kg/m3, calculated by dependence  273 1013251.293 – 0.378 101325AIR
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air density near the surface of the wet concrete mixture, kg/m3, calculated by dependence  273 1013251.293 –0.378 101325SC
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where: 

AIRР  – the partial pressure of water vapor in the air equipment, P;  
SCР  – the partial pressure of water vapor near the surface of the concrete product, P. In the table 1 shows examples of calculating the amount of moisture that evaporates from the surface of concrete paving slabs in the first 15 minutes she was in the chamber  

TABLE 1. Number of moisture that evaporates from the surface of concrete paving slabs 

tAIR, С AIR, % TSC, С W, kg/s WΔτ, kg Δτ, h (s) F, m2 20 65 18 4.52·10–6 0.0041 0.25 (900) 0.5 20 65 20 5.91·10–6 0.0053 0.25 (900) 0.5 20 55 20 8.12·10–6 0.0073 0.25 (900) 0.5 20 65 22 1.12·10–5 0.0101 0.25 (900) 0.5 25 65 25 8.67·10–6 0.0078 0.25 (900) 0.5 25 55 25 1.19·10–5 0.0107 0.25 (900) 0.5  Evaporated from concrete or reinforced concrete products water vapor increases the moisture content of the air chamber. During loading products air chamber combined with air workshop. Therefore for each case must quantify influence of processes mass transfer on moisture content of the air chamber. This moisture content is one of the primary parameters in the analysis of heat and mass transfer in the chamber, where the acceleration of hardening concrete products (non-hydro-insulated) occurs without the use of coolant. 
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Conclusions Considered the processes of mass transfer during the loading of concrete or reinforced concrete products in the thermal camera. In further research is necessary to analyze the processes of heat and mass transfer in the chamber, where the heat treatment of concrete or reinforced concrete products (non-hydro-insulated) is using only the heat released during cement hydration. 
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