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Annotation. The paper considers the radiation regime of PB plastic bottles 

filled with water as heat storage elements for direct absorption of solar radia-
tion in a solar greenhouse. 

 
The efficiency of a solar greenhouse is determined by the ability to maxim-

ize the capture of solar energy and accumulate its heat with minimal heat loss. 
Passive heat storage systems for direct solar energy capture have the lowest 

cost, long service life and very low operating costs. In such systems, the solar 
radiation coming through the translucent glazing surfaces is absorbed by the 
light-receiving surfaces. The heat storage capacity of sun-trapping elements de-
pends on the material, its heat capacity, mass, and their location in the green-
house. As a heat storage material, the most effective is the use of water. Effec-
tive methods of creating water heat accumulators of any capacity and configu-
ration is the use of plastic bottles (PB) made of polyethylene teraphthalate 
(PET) [1]. Used PB of various sizes and shapes (as scrap) are cheap materials. 
In addition to their industrial disposal, they are widely used as a secondary ma-
terial for various purposes. In particular, they are used as elements of solar col-
lectors and heat accumulators [1]. 

When determining the thermal balance of PB, the following condition is 
assumed: the surface temperature of PB is assumed to be equal to the average 
mass temperature of water in PB. 

The thermal balance of PB is determined by the equation: 
Qак = Qпр + Qтп (1) 

where Qак –is the heat accumulated in PB, W; Qпр –is the total solar radia-
tion passed in PB, W; Qтп –is the heat loss in PB, W. 

Qpr values are accepted based on the data. Heat loss in PB is expressed as 
the sum of 

Qтп = Qтпк + Qтпи (2) 
where Qтпк  and Qтпи – are the heat loss by convection and radiation, W. 
Heat loss by convection is determined by the formula 

Qтпк = αк Fк (tпб – tвт)            (3) 
where αк– is the coefficient of convective heat transfer PB, W/(m2 K); Fк – 

is the surface area of convective heat transfer PB, m2; tпб – is the average mass 
temperature of water in PB, deg; tвт – is the air temperature in the greenhouse, deg. 
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Convective heat transfer on the PB surface occurs by natural convection. 
Naturally, the convective heat transfer for various geometric shapes and all 

values of the Prandtl numbers Рr and Rayleigh Ra is determined by the general-
ized equation [2]: 

Nu = Nuo + 
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where Nu – is the Nusselt number; Nuo – is the limit value of the Nusselt 
number; Ra – is the Rayleigh number; K is the coefficient, a function of the 
Prandtl number Рr:: 

The Nusselt number  
Nu = αк hn / λ  (5) 

where hn –is the determining size - the height of PB, m; λ –is the coeffi-
cient of thermal conductivity of air, W/(m K). 

The limit value of the Nusselt number for vertical cylinders is assumed to 
be Nuo = 0,68 [4]. 

 Relay Number: 
Ra = Gr Pr;             (6) 

The Grasgoff number 
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where g – is the acceleration of gravity, m/s2; β =1/273 – is the temperature 
coefficient of volumetric expansion of air, К-1; Δt = tnб - tвт – is the tempera-
ture gradient at the PB–air boundary in the greenhouse, К; ν –is the coefficient 
of kinematic viscosity of air, m2/s. 

Coefficient K: 

K = 
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Heat loss by radiation is determined by the formula: 
Qтпи = αи Fк (tпб – tвт)            (9) 

where αи –  is the coefficient of heat transfer by radiation PB, W/(m2 K); 
The coefficient of heat transfer by radiation is determined by the formula [3] 

αи = σ ε (Тпб – Твт)(
22

втпб
ТТ  )             (10) 

where σ=5,67×10-8 W/(m2 K4) is the Stefan-Boltzmann constant; ε – is the 
degree of blackness of the PB surface. 

PB packaging elements are considered effective if the temperature gradi-
ents in them are minimal [3,4]. To determine whether a particle washed by air 
has a negligible thermal resistance, the Bio Bi number is used under the condition 
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Bi < 0,1            (11) 
For the PB PET shell, expression (11) has the form 
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where αн = αк + αи –is the heat transfer coefficient at the air–PB interface, 
W/(m2 K); δp=0.0006 m is the thickness of the PB shell; λn =0.17 W/(m K) is 
the thermal conductivity coefficient of the PB PET material. 

In cavities filled with a flowing medium (such as PB with water), in the 
presence of a temperature difference, the resulting natural convection affects 
the thermal conductivity of the medium. In spherical tanks, natural convection 
begins to affect heat transfer when the Rayleigh number Ra>103 [4]. 

To determine the average mass temperature of a PB package, it is neces-
sary to determine the coefficient of its effective thermal conductivity. 

Heat transfer in the package occurs through thermal conductivity and PB 
radiation, as well as natural air convection in the gaps.: 

λΣ = λЕ + λК  (11) 
where λЕ - is the coefficient of equivalent thermal conductivity of the pack-

age PB, W/(m K); λЕ - is the coefficient of equivalent thermal conductivity by 
natural air convection in the gaps of the package, W/(m K). 

Based on the thermal regime of a water heat accumulator, the total thermal 
balance of a solar greenhouse with a passive heat accumulator is determined. 
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