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Abstract:-In this paper, a new system is proposed to improve the thermodynamic and economic indicators 
of solar room heating. The heat pump is integrated with a conventional solar heating system, in which the 
temperature of the collected heat is reduced by 20 °C to 30 °C to increase the efficiency of solar energy 
collection. The low-temperature heat collected by the solar collector is increased using a heat pump to 
generate high-temperature heat for indoor heating in winter and low-pressure process steam for industrial 
use in other seasons. The results show that the efficiency of the solar collector has increased by 30.50%, 
its annual effective operating time has reached 2000 hours, which is about four times more than that of a 
conventional solar heating system. In addition, the parameters of the solar collector area, the volume of 
the storage tank and the power of the heat pump have been optimized. This work provides a new way to 
use solar energy more efficiently and economically. Energy analysis shows that with the new flat solar 
collectors, the average annual values were 2.5 kW, and also high, the COP system in November was 4%. 
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1 Introduction 

Due to the severity of problems with lack of 
energy and environmental pollution, to which 
they are exposed in winter, heating of premises 
is usually provided by natural gas or electricity 
[2]. In [3,4], numerous cogeneration and 
trigeneration systems were developed for more 
efficient use of natural gas and reduction of its 
consumption. For indoor heating, it is 
considered an important way to ensure the safety 
of gas supply and reduce CO2 emissions to 
replace natural gas using solar energy [6]. To 
compensate for the discrepancy between the 
demand for heat and heat generation, solar 
heating systems are usually integrated with 
energy storage equipment [7]. The equipment 
for short-term energy storage used in solar 
heating systems are hot water tanks [8], and 
phase transitions were also used [9]. In the work 
[10], the technical and economic indicators of 
the solar-based indoor heating system were 
evaluated and it was shown that solar energy can 

provide a significant share of the heating needs 
of premises in high latitudes, In the article [11] 
various district heating systems based on solar 
energy were compared. In [12], the technical and 
economic characteristics of the solar central 
heating system in the UK were investigated. The 
article [13] studied the potential of central 
heating solar power plants in the European 
Union from both economic and environmental 
points of view. In [14], the expediency of using 
solar district heating in China was discussed and 
that the integration of solar district heating with 
a geothermal heat pump was a reliable solution. 
In winter, the efficiency of the solar collector 
tends to decrease due to the low ambient 
temperature and increased heat loss [15]. The 
combination of solar heating with a heat pump 
increases not only the performance of the heat 
pump, but also the efficiency of the solar 
collector [15]. The new system performs these 
functions; it recycles heat, organizes their 
movement and accumulation, and smooths out 
the uneven SE. The main components of the 
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system are: Solar Power Plant (SPP), milk 
cooler, climate unit, Heat Pump (HP), the 
battery heat, automatic control system, and 
device heating and hot water. The main goal, i.e. 
lower cost of the energy produced and the 
elimination of the uneven SE, compared to the 
known SPP, is achieved through the flow of 
energy from the sources mentioned above 
[16].This article is devoted to experimental 
studies of a heat pump with microprocessor 
control on an animal farm. During the 
experiment, three versions of the heat pump 
were used. The compressor is better cooled 
when it is closer to the evaporator than when it 
is located centrally, this indicates a higher 
cooling capacity, which can be observed 
according to the heat energy meter shown in Fig. 
8. The milk temperature during the experiment 
is reduced from 35 to 100C. The best 
temperature mode of the condenser is provided 
when the compressor is located near the 
evaporator. It is lower by 7-80C than in the other 
2 variants. The results show that the location of 
the compressor affects the performance of the 
VT. The values of the energy conversion 
coefficient in two variants are from 2.5 to 4.5 
units. In the third variant it is 4.5, which is 10% 
higher than in the 2nd and 15% than in the 1st 
variant [17]. 

2 Method of Research 

The experimental setup was manufactured and 
tested in the laboratory of the Institute of 
Information and Computing Technologies of the 
Ministry of Education and Science of the 
Republic of Kazakhstan 

Figure 2 shows a model of a flat solar 
collector. The essence and novelty of the 
proposed one is that, unlike the well-known 
design principle, the collector contains a 
transparent double-glazed window 2 with 
double glass and with reduced pressure, as 
well as a perimeter frame 1. The bottom of 
the wooden frame 7 is made of 8 mm 
thickness plywood. and heat-insulating film 
5 with foil is glued to it. In the gap, formed 
between the double-glazed window and the 
bottom of the frame, a flexible thin-walled 
stainless corrugated tube of 4-16 mm is laid 
in the coil form. The edges of the tube are 

attached to the inlet and outlet protruding 
pipes 6. 

 

Fig.1 Principal diagram of flat solar 
collector 

 

Fig.2 Principal diagram of flat solar 
collector in parts 

As shown in Figure 2, the solar energy 
passes through the glass and hits the 
absorber plate, which heats up, converting 
solar energy into thermal energy. Heat is 
transferred to the working fluid, which 
passes through tubes, attached to the 
absorber plate. 
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Fig.3 Flat solar collector mockup 

Figure 3 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. 

 

Fig.4 Test bench 

The novelty of this study is the development of a 
flat solar collector, which is a heat-insulating 
transparent double-glazed window with reduced 
pressure, and the coolant is made of thin-walled 
corrugated stainless pipe. The heat received 
from the solar flux heats the liquid in the coils, 
which is removed from the collector, there is a 
constant thermal circulation, which increases the 
efficiency of heat transfer, eliminating additional 
intermediate walls between the panel and 
thermal insulation. There is also a stagnant air 
gap, which reaches higher temperatures than the 
ambient temperature, due to the heat lost from 
the upper glass. The higher the temperature 
difference between the stagnant air gap and the 
environment, the higher the internal wind speed. 
In the case of constant ambient temperatures, the 
temperature difference between the stagnant air 
gap and the environment increases with 
increasing operating temperature, which leads to 
an increase in the overall loss coefficient. 
Whereas, if there is a spontaneous gradual 
change in ambient temperature, the speed of the 
internal wind decreases, and vice versa. The 
performance provided by the developed flat 

solar collector is carried out by developing an 
experimental model. 

Laboratory stands were made for experimental 
studies. The main element of the scheme under 
study is a heat pump. Figure 3 shows a diagram 
of the new technical solution of the heat pump in 
the section. The proposed device allows you to 
use the heat generated by the compressor during 
operation and simultaneously cool it. 

 

Fig. 5 Diagram of the new technical solution of 
the TP in the context. 

In this case, 1 is a heat exchanger; 2 is a 
condenser; 3 is a compressor; 4 is a throttle 
valve; 5 and 6 are the coolant pipes of the 
evaporator and condenser; 7 is a hole for 
inserting tubes into the condenser housing; 8 is 
an air flow separator with a mesh shell. 

The heat exchangers of the evaporator 1 and the 
condenser 2 are made in the form of annular 
tanks formed by inner and outer cylindrical 
shells with radii R1 and R2, and are installed 
coaxially above each other in the lower part of 
the evaporator. above the condenser, forming an 
internal cylindrical air cavity. A compressor 3 is 
installed in the cavity of the evaporator heat 
exchanger. To ensure optimal heat transfer from 
the compressor to the evaporator, a mesh 
cylindrical separator shell 8 is placed in the gap 
between them. The refrigerants of the 1st and 
2nd circuits circulate inside the annular tanks, 
removing heat from the pipes 5 and 6. Thus, the 
compressor is practically located inside the "cold 
bath", the walls of which are cooled by the 
coolant of the pipes 5. As a result, the heat 
generated by the compressor is absorbed by the 
TP evaporator, increasing its performance, and 
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the compressor is simultaneously cooled without 
using a fan. 

 
a) 

 

                                       b) 

 

c) 

Fig.6 Heat pump 

 

Fig.7 Industrial design and general view of an 
automated 2-contour solar installation 

The novelty of this research is the development 
of a two-circuit solar system with thermosiphon 
circulation, which has a flat solar collector, 
which is a heat-insulating transparent double-
glazed window with reduced pressure, and the 
coolant is made of thin-walled corrugated 
stainless pipe. The heat received from the solar 
flux heats the liquid in the coils, which is 
removed from the collector, and in its place 
comes cold liquid from the siphon and there is a 
constant thermal circulation, which increases the 
efficiency of heat transfer, eliminating additional 
intermediate walls between the panel and 
thermal insulation. There is also a heat pump, 
where the condenser and evaporator are made in 
the form of a spiral heat exchanger, the heat 
exchanger pipelines are located one above the 
other, which increases the area, as well as the 
intensity of heat exchange [15]. 

3. Thermodynamic model 

The useful energy of the collector can be 
calculated using one of the following two 
equations:                                                          

.
( )U p out inQ mC T T                                  (1)                              

                                                    

 Q ( ) U ( )U c R T L in ambA F I T T            (2)                                         

where m is the mass flow rate, CP is the specific 
heat capacity of the liquid, Tout is the 
temperature at the outlet of the working fluid, 
Tin is the temperature at the inlet of the working 
fluid, AC is the collector area, this is the total 
radiation, τ is the transmittance of the glass, α is 
the absorption capacity of the collector and Tam 
is the ambient temperature. 

The heat transfer coefficient (FR) can be 
calculated using the following equation:                                                  

 

.
( )

( ) ( )
p out in

R

c T L in amb

mC T T
F

A I U T T




 
                (3)                                  

The total radiation received by the collector can 
be calculated using the following equation: 
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T c TQ A I                                                    (4) 

The instantaneous efficiency of the collector can 
be calculated as follows:                          

.
( ) ( )( )usegul p out in in amb

R L

T c T

Q mC T T T T
F U

Q A I IT
 

  
    

 
  (5)                              

The characteristics of heat pump systems are 
evaluated from the point of view of energy and 
exergetic analysis using the first and second 
laws of thermodynamics, respectively. This 
section presents thermodynamic equations used 
to predict the thermodynamic characteristics of 
heat pump systems. 

The general equation of mass balance in a heat 
pump is expressed as follows:                                                  

. .

in out
m m                                          (6)                              

The energy balance of the heat pump system is 
determined by:                                                    

cond eva compQ Q W                                     (7)                               

The compressor power consumption is 
determined by the following equation: 

    

.
.

2 1( )
*

r
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mech ele

m h h
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                               (8) 

The mass flow rate of the refrigerant is 
determined using the following equation:                                                          

.

160
dis vol

r

V N
m




                                           (9)                          

The heat capacity of the heat pump condenser is 
determined by:                                                                  

.

, ( )rcond p f co ciQ m c T T                               (10) 

The amount of solar radiation absorbed during 
the evaporation of the refrigerant, as well as due 
to the effect of overheating, is determined by:                                                    

0Q (G U ( ))solar c t plA T T                     (11)                                      

The amount of heat absorbed by the refrigerant 
during its phase transition from liquid to steam 

is determined by the following equation:                                                         
.

1 4Q ( )reva m h h                                        (12)                         

The efficiency of the heat pump system is 
determined by the following equation:                                                                   

.
cond

comp

Q
COP

W

                                              (13)                

4. Exergetic efficiency 

When studying the exergetic efficiency of the 
system, certain assumptions must be made, for 
example, the system must operate in a stable 
state and with a constant flow, the input effect is 
the only loss factor taken into account, and heat 
transfer to the system and transfer of work from 
the system are positive. The effects of kinetic 
and potential energy deviations are ignored.                                    

. . . . .
0in out st leak destE x E x E x E x E x        (14)                                           

where Exin is the exergy coefficient at the 
entrance to the system, Exout is the exergy 
coefficient at the exit from the system, Exst is the 
stored exergy coefficient for the system, Exleak is 
the leakage exergy coefficient for the system, 
and Exdeat is the exergy destruction coefficient. 
The rate of exergy destruction (Exdest) can be 
determined as follows 

. .

gendestE x T S                                       (15) 

The exergy flow rate at the inlet (Xin) consists 
of a liquid flow component (Esin,f) and a 
component of absorbed solar energy (Exin,s):                         

.
. .

, , ( ln( )) ini
in f p NF i

m PT
E x mC T T T

T 
 


        (16)                                   

 where Ti is the surface temperature of the sun, 
equal to 5770 K, and Pin is the liquid pressure at 
the inlet. 

The exergy flow at the outlet (Exout) has a liquid 
flow component and is calculated as the exergy 
flow at the liquid inlet:                                                                                                       

.

, (1 )in s T c

s

T
Ex I A

T

                                 (17)                                   
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where Ts is the surface temperature of the sun, 
equal to 5770 K, and Pin is the liquid pressure at 
the inlet. 

The exergy flow at the outlet (Exout) has a liquid 
flow component and is calculated as the exergy 
flow at the liquid inlet:                                       

.
. .

0
out, , 0( ln( )) out

f p NF

m PT
E x mC T T T

T 
 


      (18)                                    

where Pout is the fluid pressure at the outlet. 

The total entropy generation rate of a non-
isothermal solar flat collector, is determined as 
follows:                                                       

. .
0

, (ln( )) abs loss
gen p NF i

s

q qT
S mC T

T T
       (19)                                          

where qabc is the energy absorbed by the 
collector-absorber surface, which can be 
calculated by the equation qabc = ατ (ITAc), and 
qloss is the total heat lost to the environment, 
which can be calculated by the following 
equation:                                                     

.

, 0( )loss abs p NF iq q mC T T                      (20)                                       

The exergetic efficiency can be calculated as 
follows:                                                                      

.
.

, ,
.

,

out f in f

ex

in s

Ex Ex

Ex




                                 (21)                               

Using equations (9), (10) and (11), the equation 
can be rewritten as follows:                                             

.

0
, 0( ln( ))

(1 )

p NF i
i
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o

abs
s
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T
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      (22)                                       

Using equations (12)–(14), the exergetic 
efficiency can also be determined as follows:                                                     

.

1
1 ( )

a gen

ex abx

a

s

T S
q

T

T

  
 
 

 

                            (23)                                  

As a result of the study, experimental data of the 
refrigerant R134a performance of the heat pump 

were investigated. As a result of the study, the 
operation of the compressor, the coefficient of 
performance, cooling capacity and condenser of 
the heat pump were obtained, the influence of 
the mass flow of air in the evaporator shell on 
the heat pump system was also studied. The 
numerical results of the obtained simulation are 
presented in graphical form. 

 

Fig.8 Dependence of the mass flow rate of water 
on the heat capacity of the condenser in the heat 
pump 

From Figure 8 it can be seen that at the same 
water temperature at the inlet increases, the heat 
capacity of the condenser increases due to the 
mass flow of water. 

 

Fig.9 The dependence of the heat capacity of the 
heat pump condenser on the performance 
coefficient 

Figure 9 shows the dependence of the heat 
capacity of the heat pump condenser on the 
coefficient of performance As the cooling 
capacity (Q.icp) was constant. When examining 
a heat pump, the heat capacity and efficiency of 
the condenser increases. 
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Fig.10 Dependence of the change in the heat 
capacity of the capacitor on the system 
temperature 

 

Fig.11 Dependence of the change in the heat 
capacity of the capacitor on the system 
temperature 

Figures 10 and 11 show the efficiency of 
changing the heat capacity of the condenser 
according to the system temperature. The data 
studied do not depend on the temperature of the 
refrigerant in the heat exchanger. The 
temperature gradient of the outlet from the 
condenser increases with increasing heat 
capacity of the condenser, but there is a slight 
change in the temperature of the air at the outlet 
of the evaporator with a variation for the heat 
capacity of the condenser. 

 

Fig.12 Dependence of the pressure in the 
condenser and the pressure in the evaporator on 
the heat capacity in the heat pump 

Figure 12 shows the dependence of the pressure 
in the condenser and the pressure in the 

evaporator on the heat capacity in the thermal. 
As we can see on the graph, the pressure in the 
heat pump condenser decreases, while the 
evaporator pressure increases with increasing 
heat capacity of the heat pump condenser. 

 

 

Fig.13 Dependence of the change in heat 
capacity on the mass flow rate of water 

Figure 13 shows the dependence of the change 
in heat capacity on the mass flow rate of water. 
As can be seen from this dependence, the 
pressure drop between the condenser and the 
evaporator increases when the system is cooled, 
the compressor operation increases due to a 
decrease in the heat capacity of the condenser 

 

Fig.14 Dependence of heat pump energy on 
pressure change 

Figure 14 shows a study of the dependence of 
heat pump energy on pressure changes. From 
this dependence, it can be observed that when 
the compressor is running, consumption 
decreases, therefore, efficiency increases. And 
when the heat capacity of the condenser 
increases, the efficiency increases, and the 
cooling capacity is almost the same. 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2021.17.108 Kunelbayev M., Omarov R., Kurt E., Omar D

E-ISSN: 2224-3496 1197 Volume 17, 2021



 

Fig.15 Dependence of entropy change on 
enthalpy in a heat pump 

 

 

Fig.16 Graph of thermal pump COP change 
according to date and rime 
 

 

Fig.17 Dependence of energy and exergy 
performance 
 

Despite the fact, that the two Figure 16 and 
17show approximately the same trend, energy 
efficiency is much higher, than exergy 
efficiency. The reason for this behavior is a 
significant deterioration in energy quality.  

 

Fig.18 Dependence of energy on the temperature 

Figure 18 shows, that in the summer period, 
energy efficiency increases with increasing 
ambient temperature at lunchtime, when the total 
solar activity is at its peak valueю 

5. Conclusion 

Experimental results for the seasonal efficiency 
of the heating air-water heating system in two 
temperature ranges, it is reasonable to assert that 
the heat pump system operates efficiently in 
heating mode at an accurately measured outdoor 
temperature typical of the climatic zone of 
Almaty (Kazakhstan). Economic analysis shows 
that the costs of consumed electrical energy 
from the heat pump system for the winter 
heating season in the considered temperature 
ranges are extremely effective. Experimental 
indicators of energy and exergy solar collectors 
with thermosiphon circulation with heat pumps 
work effectively in heating mode with 
accurately measured outdoor air temperature 
characteristic of the climatic zone of Almaty 
(Kazakhstan). Energy analysis shows that with 
the new flat solar collectors, the average annual 
values were 2.5 kW, and also high, the COP 
system in November was 4%. 
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