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The exhaustion of traditional fuel resources and environmental degradation adds 

relevance to research on renewable and alternative energy and the need to bring 
environmentally friendly energy sources to the energy balance of Ukraine.  
A promising direction is the use of heat of solar energy for communal heat supply, 
which can provide large heat needs even in temperate climates. Basically, methods 
for using the thermal energy of the sun as a whole are cost-effective, but the 
proportion of thermal solar energy is quite small. It is possible to significantly 
increase the efficiency of the use of solar energy in the presence of a seasonal heat 
accumulator of large thermal capacity. The problem of excess heat in the summer, 
when the demand for it is reduced, is relevant for existing heat-generating enterprises 
(CHP). It can also be solved by accumulating these surpluses with their further use in 
the heating period [1, p. 44; 2, p. 58]. 

To reduce the unit cost of 1 GJ of stored heat, the efficient design of the heat 
accumulator should have minimal heat loss to the environment. When choosing the 
shape of the heat accumulator in the plan, you should try to simplify its shape as 
much as possible. Since the greatest heat loss occurs through the walls, it is desirable 
that their surface area is the smallest. It is well known that with the same volume, the 
ball has the smallest surface area. However, it is not rational to build a heat 
accumulator in the form of a ball in an effort to significantly reduce heat loss, since it 
is very difficult to calculate and constructively execute a spherical heat accumulator. 
For real construction, the configuration of a heat accumulator in the form of a cube is 
best suited, since the outer surface area is the smallest in it, so for further calculations 
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we choose just such a shape. But you need to check how the location of the heat 
accumulator will affect its shape, in which case it is better to adhere to the cubic 
shape, and in which it is better to use the shape of a parallelepiped [3, p. 105]. 

Consider how the shape of a heat accumulator depends on its location: 
• Option 1 heat accumulator is located under the house; 
• Option 2: The heat accumulator is arbitrarily located in the ground. 
To calculate the specific indicators, we take the volume of the heat accumulator 1 

m3. Heat loss through any wall of the heat accumulator is determined by: 

            𝑄ℎ𝑙,𝑖 =
𝜆
𝛿 ∙

(𝑡ℎ𝑎𝑎 − 𝑡𝑠) ∙ 𝐹𝑖 ,𝑊 (1) 

where, λ – the thermal conductivity coefficient of the wall of the heat accumulator, 
W/ (m·K);  

δ – the wall thickness of the heat accumulator, m; 
tha

a – the average temperature of the heat accumulator during the heating period, is 
defined as the half-sum of the temperatures of charging (tch) and discharging (tdch) the 
heat accumulator: 

tha
a = (tch + tdch)/2=(140+55)/2=97,50С. 

ts – soil temperature, taken +8 0С. 
Fi – the area of the walls of the heat accumulator, m2. 
Since the depth of immersion of the heat accumulator in the soil most affects its 

cost during the installation of a heat accumulator, we need an effective form of a heat 
accumulator with a lower height. 

To do this, we denote the length and width of the heat accumulator – x, and the 
height – y (Figure 1). We accept the design of the heat accumulator: mineral wool 
walls with λ = 0.045 W / (m·K), and the bottom part made of foam glass with  
λ = 0.065 W / (m·K), wall thickness δ = 1.0 m, to simplify the calculation. 

For the 1st option, when the heat accumulator is located under the house, heat loss 
through the upper part of the heat accumulator during the heating period is taken into 
account as heat input to the house. Then the balance equation for the heat 
accumulator is as follows: 

                           Qbal = Qh.l.– Qh.i.→ min. (2) 

 
Figure 1. The designation of the sizes of the thermal accumulator  

for calculations 
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Heat loss through the walls and the bottom of the heat accumulator: 
Qh.l. =(0,065/1,0)·(97,5-8)·х2+(0,045/1,0)·4·(97,5-8)·х·у=5,8175·х2+16,11·х·у. 

Heat entering the house through the top of the heat accumulator: 
Qh.i.=(0,045/1,0)·(97,5-20)·х2 = 3,4875·х2. 

Heat loss to the environment should be minimal: 
Q bal =2,33 х2 +16,11*х*у.→ min. 

The estimated volume is taken V = 1m3. Substituting different values of y and 
expressing х= (1/у)0,5, we obtain the value of Qbal (table 1). 

 
Table 1 

1st option, Qbal value depending on the height y 
Height y, m Width and length x, m Heat loss Qbal, W 

1 1 13,171 
0,9 1,0541 12,766 
0,8 1,118 12,373 
0,7 1,1952 12,005 
0,6 1,291 11,687 
0,5 1,4142 11,465 
0,4 1,5811 11,438 
0,3 1,8257 11,85 
0,2 2,2361 13,468 
0,1 3,1623 20,282 

 
That is, for the option of placing a heat accumulator under the house, the effective 

form of the heat accumulator is a parallelepiped with a height y= 0.4 m, width and 
length x = 1.58 m, but the width and length of the heat accumulator should not go 
beyond the dimensions of the building in plan. 

For the 2nd option, when placing a heat accumulator arbitrarily in the ground, the 
heat balance equation has the form: 

                               Qbal = Qh.l..→ min. (3) 
Heat loss through the walls of the heat accumulator: 

Qbal=Qh.l.=(0,065/1,0)·(97,5-8)·х2+(0,045/1,0)·4·(97,5-8)·х·у+ 
+(0,045/1,0)·(97,5-20)·х2 =9,305 х2 +16,11·х·у.→ min. 

Substituting different values of y and expressing х= (1/у)0,5, we obtain the value of 
Qbal (table 2). 

That is, for the option of placing the heat accumulator arbitrarily in the ground, the 
effective form of the heat accumulator is a cube. 
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Table 2 
2nd option, Qbal value depending on the height y 

Height y, m Width and length x, m Heat loss Qbal, W 
1 1 18,154 

0,9 1,0541 18,302 
0,8 1,118 18,6 
0,7 1,1952 19,122 
0,6 1,291 19,991 
0,5 1,4142 21,43 
0,4 1,5811 23,894 
0,3 1,8257 28,457 
0,2 2,2361 38,378 
0,1 3,1623 70,103 
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Transparency of alcohols is one of the main components of their presentation. 

Thus predicting the resistance to different types of turbidity is their important quality 
indicator. 

Alcoholic beverages should meet the requirements of the national standards 
according to organoleptic, physico-chemical parameters and the expiration date, 
which is established after determining the projected resistance. The expiration date of 
alcoholic beverages should not exceed their predicted resistance. In this regard, 
manufacturers are demanding heigh quality and following technological modes of 
processing raw materials, semi-finished products and beverages in order to achieve 
their guaranteed stability. 

However, while storing the alcoholic beverages may not last the expiration dates, 
they attain turbidity, color changes, sediments. Turbidity is produced in alcoholic 
1 National University of Food Technology, Ukraine 
2 National University of Food Technology, Ukraine 
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