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ABSTRACT 

In the given work there is shown the methodology of simulating the 
experimental model of solar water heating unit. Using theoretical and experimental 
outcomes, also, obtained rated values of transmittance medium in solar collector, 
there has been carried out predictive analysis of solar irradiation flow density, 
ambient temperature and temperature in the accumulator tank. Estimated and 
experimental daily characteristics of both systems have efficient accuracy of 7%, 
which proves reliability of constructive formula and engineering model. As well, 

constitutes from 0.5 to 0.85%. Computed the coefficient, which depends on heat 

is fulfilled in compliance with 
hourly sums of direct and scattered irradiation and ambient temperature. 
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INTRODUCTION 

Flat solar collector consists of metal absorber in flat orthogonal body. Glass 
cover on the upper surface and insulation below and on each side decreases heat 
losses. Air is in the space between metal absorber and transparent cover. Flat metal 
plate serves as a heat exchanger, which absorbs solar irradiation, transforms it into 
heat and transfers the heat to fluid liquid [1].  Under northern climatic conditions 
mid-annual efficiency of well-designed solar water heating units usually constitutes 
about 35-40% [2]. Moderate climate is without extreme temperatures and 
precipitation (rain and snow), with changes between summer and winter. Both in 
summer and winter temperate weather might have variables. It might be either 
rainy, or afterwards, sunny. Those climatic zones are in the range of north latitudes 
from 40 to 60/70° [3]. Solar energy collector is the main component, therefore, its 
thermal characteristics assessment is of vital importance. In compliance with the 
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standards EN 12975-2 and ASHRAE 93-86 there were carried out the tests on the 
performance in stationary and quasi-dynamic conditions [4], [5]. Comparative 
analysis of flat plate and e
efficiency has been carried out in Padua, Italy, by Zambolin and DEL COL [6]. 
They submitted a new data set, obtained both for flat plate-type and evacuated tube-
type collectors, which were tested simultaneously according to the standard EN 
12975-2. In India Tiwari et al. [7] analyzed performance of solar water heating units 
with magnitudes in the range from 5,399 to 7,024. In [8] there was elaborated 
mathematical model for hybrid power supply system, based on photo-solar-
bioenergetics installation, permitting to cut power consumption by agricultural 
production. There have been submitted experimental outcomes of the researches on 
the performance of offered dilution hydraulic system. The research [9] considers 
computation of heat amount in thermal pump in the combined solar heating unit. 
To compute the equalizing of thermal pump thermal balance in the solar heating 
integrated system there was developed technique of calculation, applying the above 
mentioned methodologies, defining equalizing of thermal and energy balance 
amount. Compressor is located in evaporator impact zone. Key performance 
indicator (KPI) constitutes from 2,5 to 4,5 units.  

The aim of the given research is creating computation methodology of solar 
 

METHODOLOGY 

In 2019 there was developed the system of solar heating, in which the solar 
energy E with temperature t0 is absorbed by solar collector 1, with temperature t1, 
heating solar energy flow goes through semitransparent insulation glass 2. The heat, 
received from the solar flow, heats the liquid in coils 3, which is removed from the 
collector, and cold water occupies its place from the pipeline with cold water tap 8, 

siphon by usage of circulation pipe 10. Further the liquid enters the thermal pump 
11, which consists of condencer-evaporator 12 with temperature t2, in which a heat 
exchanger is fabricated in spiral form, absorbing the transfer medium heat, lowering 
its temperature below ambient temperature (Q2), by means of throttling valve 14, 
thereby promoting additional heat absorbing from atmospheric air.  The diagram 
also shows the solar irradiation, reflected from  semitransparent coating (Q0) and 
absorbing panel surface (Q1). Transfer medium, having relatively low temperature 
of condencer transfers medium 15 in the spiral form with higher temperature t2, 
increases square and speed of heat exchange. To fulfill such cycle there is used a 
compressor 13 with temperature t3 with electric drive 17. Further with the help  of 

 the thermal pump 
(Q5) is transferred to the tank from heat exchanger Q6 with temperature T6 of 
heating system 18. As the installation has two circuits, it is equipped with automatic 
circulation pumps 19 and 20 for liquid circulation between solar collector and 
evaporator, condencer and  storage reservoir. Water temperature  is adjusted up to 
the required technological level and supplied to a customer for hot water supply and 
heating.  
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Fig.1. Principal diagram of double circuit solar installation with thermosiphon 
circulation  

The given research originality is development of  double circuit solar system 
with thermosiphon circulation, which has flat solar collector, representing  heat 
insulating  traansparent double-glazing unit with lower pressure, and transfer 
medium is made of thin-walled corrugated stainless tube. Heat, obtained from solar 
flow, heats the liquid in coils, which is removed from the collector, and its place is 
occupied with cold water from the siphon and there occurs constant thermal 
circulation, which upgrades heat transfer efficiency, at the expense of eliminating 
additional  webs between a panel and  heat insulation. There exists also a thermal 
pump, where condencer and evaporator are made in the form of heat exchanger of 
"spiral in spiral" type, heat exchanger pipelines are located one over another, 
increasig the square and heat exchange intensity.  

As it has been mentioned above, double circuit solar system with thermosiphon 
circulation can absorb the heat  from solar source. Fig. 2 shows the model of flat 
solar collector. Its content and novelty consists in the fact, that, as distinguished 
from the known construction principle, the offered collector contains double glazing 
window 2 with double glass and  reduced pressure, as well, the frame 1 along 
perimeter. Lower part of  wooden frame 7 is made of 8 mm thickness plywood. And 
to it there is glued  thermal film 5, with foil, in the gap, formed between double 

-16 mm diameter in the coil form. Tube 
edges are attached to input and output  protrusive tubes 6. 
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Fig.2. Principal diagram of flat solar collector 

 

Fig.3. Principal diagram of flat solar collector in parts 

As it is shown in Fig.4, solar energy goes through the glass and falls on 
s plate, which is heated, transforming solar energy into thermal one.  The 

heat is transferred to the working liquid, which goes through the tubes, attached to 
 

 

Fig.4. Flatt solar collector mockup 
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Figure 4 shows a full-scale model of a flat solar collector. The solar collector 
is the main heat generating unit of the solar installation. To achieve this goal, we 
have developed a fundamentally new flat solar collector, on the basis of which 
various types of solar systems will be created, both according to sizes and design, 
applied to water heating and premises heating. 

Table 1. Selected performance capabilities of flat solar collector 

Parameters Value 
Absorbing plate material copper 
Absorber plate dimensions 2 m×1 m 
Plate thickness 0.4 mm 
Glazing material Hardened glass 
Glazing sizes 2 m×1 m 
Glazing thickness 4 mm 
Insulation Foam plex (foam polyurethane) 
Collector tilt 450 

Absorber heat conductivity 401 W/(m K) 
Insulation heat conductivity 0.04 W/(m K) 
Transmittance-absorption factor 0.855 
Apparent sun temperature 4350 K 
Environmental temperature 303 K 
Irradiation intensity 1000 W/m2 

RESULTS  

For hot water call-
according to the formula 

   (1) 

where G  water mass (kg), heated to the temperature  to the temperature 

  total solar energy, accepted for day of 1  solar collector, W*h/m2; 
 

calculated using the following formula     

  (2) 

where U  2  and   minimum 
and maximum transfer medium temperatures in the collector circuit, accordingly, 
and   ambient temperature   average daily incident flux, W/  the 
same as  in the expression (1),   temperature driving force between outlet 
and inlet temperature of water, being heated,  transfer medium temperature 

 
2, should be defined according to the formula 

  (3) 
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where G  daily hot water flow in hot water supply system G, kg;   
2 surface of solar collector, kg/m2 

; i  designed hours of installation operation.  

Upon non-uniform consumption of hot water per months in the installation 
uare calculation should be fulfilled 

according to the value of daily hot water flow of each month and accept the biggest 
of obtained squares.  

 , kg/m2, is defined according to the 
formula 

    (4) 

where U  2

passport data absence might be accepted as 8 W/(m2

and 5 W/(m2 - for double glass ones; ,   transfer medium temperature at the 
solar collector inlet and outlet,  

Inlet temperature  is defined according to the formula: 

    (5) 

where   hot water required temperature.  

Inlet temperature is defined according to the formula:  

  (6) 

where   cold water temperature.  

In single circuit systems:  and .  

 is defined according to the formula 

                                                          (7) 

  reduced intensity of absorbed solar irradiation, W/m2;   outside 

temperature,  

Notes. At non-availability of absorptive surface value in technical 
specifications of solar collectors it should be accepted as equal to 0.9  0.95 off 
coll  

hourly performance g, kg/ m2, according to the formula  
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   (8) 

In single circuit installations inlet temperature t, , is defined according to the 
formula 

  (9) 

where V- volume of  accumulator box (box volume per 1   of solar collector 
square), is accepted as equal to 0.06 for II, 0.07 - for III and 0.08 m3 / m2 - for IV 
climatic region.  

higher, defined to the formula (9).  

During the firs
accepted as equal to water temperature in accumulator tank.  

Upon deviation of solar collectors from southern orientation up to 15°, 
absorbed irradiation amount decreases for 5%, at deviation to 30° - 10%.  

 2, should 
be defined according to the formula 

     (10) 

where   
m2 , is specified according to appl. 3 in the interval from 8 to 17 hours for southern 
oriented solar collectors. Upon deviation from south to the east or west the time 
interval starts earlier or later for 1 hour;  - efficiency factor of solar hot water 
sup
formula  

  (11) 

 

where  - 
data it can be accepted as equal to 0.73 for single glass collectors and  0.63 - for 
double glass ones;   average daily air temperature  
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Fig. 5.  date on the territory of the 

Republic of Kazakhstan 

Figure 5 shows the number of solar declines on the 21st day of every month in 
the Republic of Kazakhstan. In summer, the solar declination is very high due to 
high solar radiation, and in winter, the solar declination is very low, since solar 
radiation is low. 

Fig. 6. Dependence of temperature and solar irradiation flow density on time  

Fig. 6 shows dependence of temperature and solar irradiation flow density 
through time. As it is seen from the Figure, when solar light falls onto solar 

ar 
irradiation. 
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Fig.7. Values of temperature multipliers on practically significant temperature 
range for computation 

Figure 7 shows the values of the temperature factors in a temperature range, 
that is practically significant for the calculation. As can be seen from the figure, the 

well on convective heat transfer between solar radiation and the surface of the solar 
collector. 

CONCLUSION 

In the research herein there has been computed temperature and solar 
irradiation flow density through time. As well, there has been calculated 

.  

As it is seen from the graphs, water heating temperature in the solar collector 
with thermosiphon through time has an exponent function, which confirms, that in 
summer time thermosiphon tank is heated faster than in winter season. In the course 
of number of experiments there was revealed dependence of  solar irradiation flow 
density on the time, which  achieved up to 800 W/m2 and it proves, that engineering-
development model of the solar collector operates in regular test regime.  
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