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Summary. The article discusses the use of small solar installations for the production of heat and electricity. The proposed solar
installations are the toroidal reflectors and receivers located in a zone quasifocal line of the torus. The calculation of the heat
balance of one-floor house shows that the share of heat energy of the solar installation is 4%.
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INTRODUCTION
 The amount of solar energy falling on the

roofs and walls of buildings can significantly
compensate the annual energy consumption of the
residents of these homes.

With the help of solar collectors, we can
provide hot water to heat homes partially. In this
case, the concentrated solar power by mirrors is used
to provide heat at a temperature of several thousand
degrees. It can be used to produce electricity. In the
production of energy in photovoltaic technologies in
systems with concentrators, heat dissipation is
required for the normal operation of photovoltaic
cells.

ANALYSIS OF EXISTING RESEARCH
Technology for the production of electricity

are booming: solar station tower, and paraboloidal
dish concentrator (Fig. 1), parabolic trough
collectors, solar furnace, Fresnel technology (Fig. 2),
etc., which can be attributed to the industrial
production of electricity [1, 2, 8-12].

Small solar systems are used to provide heat
and electricity to individual dwellings or small
settlement.

Solar radiation can be converted into useful
energy using the so-called active and passive solar
systems.

Fig. 1. Paraboloidal dish
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Fig. 2. Fresnel collector 

Fig. 3. Parabolic trough concentrator for the receipt of hot water

Fig. 4. Solar concentrator for rooftops



101

SOLAR CONCENTRATORS IN HEAT BALANCE OF THE BUILDING

117

Solar installations for the production of heat
and electricity, including photovoltaic cells are the
active solar systems. Passive systems are part of the
building and are mainly for heating the indoor air by
solar energy.

The advantage of small solar systems with concentrators
(Fig. 3), primarily in the fact that the higher the
temperature the less the volume of tank – accumulator.
Such a system in the house for one family does not take
up much space

OBJECTIVE OF THE WORK

With the help of solar collectors we can heat
homes and provide them with hot water. What part of
the thermal energy can provide a solar collector in the
heat balance of the building?

RESULTS OF INVESTIGATIONS

The design of energy efficient buildings should
be installed with active solar systems including

concentrators. Such systems may be following the Sun
and fixed.

For quantitative estimation of flux distribution
on the receiver it is necessary to have three dimensions
model of the surface of flux distribution. With the help
of the surface of flux distribution the zones of the
temperature maximum can be obtained and the lines of
equal energy can be constructed. This surface of flux
distribution on any section (Fig. 5) is constructed with
using special algorithm.

Fig. 5.The surface of flux distribution (3D) on the plate

Fig. 6. The energy map

up much space concentrators. Such systems may be follow-
ing the Sun and fixed.
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The flux distribution on the surface of
receiver is determined. The calculations are based on
the energy map (Fig. 6) obtained with mathematical and
computer simulation [14].

To analyze reflecting properties of surfaces can
be done on a base of the quasifocal points and lines
theory. This theory gives the possibility to design
reflectors using large class of reflecting surfaces:
rotation surfaces with a demand generator; canal
surfaces with demand focal zone; regular spiroid
surfaces with a demand generator and so on.

The effectiveness of a concentrating system
depends on form and location parameters of a receiver.
The theory of the quasifocal lines gives us the
possibility to determine zones of maximum energy
concentration and to locate receivers with correspondent
parameters. The computer simulation gives us the
possibility to obtain concentrating system exactly and
visually and calculate the concentration ratios for
different reflectors.

Three dimensions model as the surface of flux
distribution for quantitative estimation of flux
distribution on the receiver is obtained.

The proposed way of the flux distribution
calculation and the quasifocal points and lines theory
give us the possibility to design solar installations and

headlights with demand concentration ratio and flux
distribution.

A design of a solar collector [3, 6, 7], which
following the Sun, and contains elements with
concentrating reflectors in the form of a torus (Fig. 7).

The search of a zone of the greatest
concentration of the rays, reflected by the surface,
represents practical interest and can be used in
designing solar installations for converting solar energy
into thermal or electrical energy and in construction of
reflecting surface of lamps (Fig. 7). This zone is called
the quasifocal line [13].

The receiver is a circular copper tube filled
with water and placed in the quasifocal line of the torus
(Fig. 8). Photocells are attached to the tubes from two
sides Collector area is 4.2 m2. Electrical power (at
values of solar radiation 800 W/m2) is up to 400 watts.
Due to the removal of heat from the photovoltaic, the
installation provides an operating temperature of the
coolant up to 100 0C.

As an additional source of thermal energy for
heating and hot water supply of a building, the
installation of solar concentrator can be used. The
amount of energy per hour, receiving such installation is 
given by:

,kFIQ workconc 

where I - solar radiation, W/m2 is taken
from [5], 

workF - working area of concentrator, m2;

k - Concentration Ratio,
.45,08,075,08,0  receiverreflectormirror kkkk

For the month of December:

kWmmWQconc 1,045,04/52 22  .

Fig. 7. Zone of the greatest concentration of the rays of a torus
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Fig. 8. Solar collector with a toroidal reflector: 

1 - body, 2 - clear coat, 3 - thermal insulation, 4 - toroidal reflector 5 - receiver tube filled with water, 6 - photocells 

 

 

Fig. 9. Heat balance of one-story houses 

 

One-storey house with a ground floor open 
terrace, greenhouse (room air heating) and heated 
area of 110 m2 in the month of December has a heat 
loss of 4,1 kW with the 30% ventilation (Fig. 9). In 
the calculations, the minimum resistance of the 

building envelope heat transfer is used [4, 5]. The 
amount of energy per hour, the resulting installation 
with the concentrator for the month of December is 
0,1 kW. 

CONCLUSIONS 
The calculation of the heat balance (Fig. 9) one-story 
house for the month of December shows that 
compensate for the heat loss can be due to: 
• application of buffer space - 9% 
• use of active solar collectors - 4%. 
• «Sun Architecture» (solar air heating in the 
greenhouse of 12% and a veranda 18% - 30%. 
• Total by solar energy - 34%. 

Heat gain by the burning of fossil fuels decreased from 
100% to 57%. 
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