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Abstract – This paper investigates the energy 
characteristics of the concentric heat pump. The heat 
exchanger of the evaporator of the "pipe in pipe" type, 
through the inner copper tube of which the refrigerant 
circulates, and inside the outer pipe - the coolant, is 
placed in a spiral around the compressor, cooling it 
and at the same time absorbing the heat released by it. 
The new design improves technical and economic 
performance. Experimental results were carried out, 
which confirm the possibility of maintaining the 
compressor temperature (80-90°C), increasing the heat 
output and conversion coefficient (COP) by an average 
of 10-15%. The proposed technical solution makes it 
possible to improve the energy efficiency of the 
concentric heat pump due to the absorption of the 
excess heat from the evaporator in the general heat 
flow and to reduce the emissions of COR2R. 

Keywords – Heat pump, energy efficiency, low 
potential heat source. 

1. Introduction

In many industries, the goal is to increase the 
efficiency of heating the environment or equipment 
under severe conditions. 
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Different options include installing built-in or 
mobile heaters, infrared emitters, steam generators, 
and heat pumps (HP) [1]. An energy consumption 
analysis accompanied by an economic evaluation is 
always necessary to select an option. 

The HP is widely used in heating and cooling 
systems for buildings and production processes [2], 
[3], [4]. Energy saving and energy efficiency are 
achieved through the use of low-quality heat sources 
(LHP), including RES (wastewater, water bodies, 
atmospheric air) [5]. A comparative study of a 
conventional gas boiler with an environmentally 
friendly heating system from HP, which confirmed 
energy consumption savings and a reduction in 
annual operating costs (LCC) of 26.4% or $48,000 
was conducted in the study [6]. Various schemes for 
using HP are known. For example, installing an HP 
condenser in the exhaust pipe of liquid fuel hot water 
boilers to recover the condensation latent heat of 
low-temperature water vapour from the flue gases, 
which also reduces the emissions of СО2 contained in 
the flue gases [7]. Other researchers investigated the 
use of HP to recover waste heat at 45°C to generate 
steam above 150°C. For combined HP with much 
higher efficiency, with the lowest installation cost for 
pellets and diesel fuel with boiler, they are 
approximately 30% smaller than those of a gas boiler 
system and about 60% of an HP system [8]. In this 
way, higher efficiency is obtained and the 
performance of HP systems is improved [9]. A 
prototype HP heating system for using ground heat in 
a harsh continental climate has been developed and 
tested at Al-Farabi Kazakh National University [10].  

HP served as the basis for the creation of hybrid 
or integrated systems, which are also called 
polyvalent, in which, unlike monovalent, the heat of 
several NPIs is used. An environmental factor in 
which the use of biomass energy as an additional NPI 
reduced СО2 emissions by 54.1% [11]. An integrated 
system that uses the heat contained in the air of the 
livestock building, chilled milk, heat from solar 
energy and atmospheric air was suggested for use in 
[12].  
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At the same time, the air in the room is cleaned of 
excess moisture and gases formed during the life of 
the animals [12]. The hybrid system consisting of a 
photovoltaic plant (PV), solar concentrator (PV/T), 
HP, and absorption chiller (AC), provides stable 
heating and air conditioning of the building. The 
system energy efficiency is 32.98%, exergy 
efficiency is 17.62%, payback period (PP) is 7.77 
years as suggested in [13]. The cogeneration system 
generates electricity and heat for heating. The solar 
energy is supplied to the solar power plant by a 
concentrator solar power plant (CPVT), and the HP 
evaporator is used to cool the solar plant after 
implementation, the efficiency of CPVT increases by 
4% [14]. A SWOT analysis is offered for easy 
selection of types of energy sources for constructing 
a polyvalent system [8]. Researchers from China 
have proposed a new type of hybrid compression-
absorption heat pump, in which compared with 
traditional radiator cycles, the temperature is 
increased to 200°C and COP to 3.249, with very 
satisfactory performance of the evaporator and 
condenser [15]. The investigated system consists of 3 
air-to-water HVAC units, 1 water storage tank, and 1 
fan coil unit (FCUs) for cooling and heating; a three-
section greenhouse under local climate conditions 
confirmed stable heating but insufficient cooling 
[16]. A new absorption HP НР Н2О/LiBr with heat 
recovery for combined heating and cooling was 
proposed in [17]. The energy optima of a heating 
system with HP are considered [18]. The authors 
have developed a multi-objective optimization 
procedure that allows you to choose the engine 
power pumps to achieve maximum efficiency. 

Due to environmental factors, carbon dioxide is 
widely studied as an alternative refrigerant. In a 
novel thermoelectric sub-cooler-expander with 
transcritical СО2 and a thermoelectric sub-cooler, the 
system efficiency (COPh and COP) before and after 
the application was 4.19% and 4.62%, respectively 
[19]. As a result of the search for an environmentally 
friendly alternative to R134a, it was found that 
R152a is one alternative to R134a on COPcycle, 
COPsystem with calculated values of 3.09, 2.91, 
which amounts to 31.76 tons of CO2 equivalent.  The 
refrigerants R1234yf and R1234ze have been 
identified as intermediate substitutes for R134a. 
Some authors recommended the use of R1336mzz 
(E) as an alternative to R134a, but the main problem 
is the internal heat exchanger. LiquidСО2) 
(transcritical СО2) refrigerants are being researched 
for electric vehicle thermal control systems, internal 
cooling/heating, and fast battery charging of electric 
vehicles [21], [22]. 

In general, efficiency gains are achieved by 
improving the main HP components where 
compressors have the greatest potential [23], [24],  
[25]. Some authors recommended using DC motors 
to enable adaptive control of their speed [26], [27]. 

Others suggest using spiral compressors with inverter 
control of the flow of the refrigerant (VFR variable 
flow refrigerant), in which the engine temperature is 
up to 120°, the temperature of the suction steam is 
145÷155 °C, and the temperature of the compressed 
steam is 170÷190°C [28]. Overheating of the motor 
windings above 130°C is undesirable. The HP 
Mitsubishi Electric ZUBADAN uses two-phase 
refrigeration with refrigerant injection into the 
compressor. The cooling is done by evaporating the 
pre-condenser freon to the coil which is located in 
the compressor oil bath [30], where the temperature 
of the electric motor has decreased by 15÷ 20 ℃ 
[31]. An electronic cooling system CIC (System, i.e. 
Controlled Injection Cooling) is known [32]. 

For a long time, HP used metal-intensive and 
expensive plate heat exchangers of the Swedish 
company Alfa Laval, made of stainless steel. A tube-
in-tube heat exchanger where refrigerant (CO2) 
circulates through the inner copper tubes and water 
(Н2О) circulates through the annulus is proposed in 
[32]. In the evaporator the heat flow is from the 
water to the refrigerant and in the condenser, the 
water takes heat from the heated refrigerant. One 
possibility to increase the heat exchange is to divide 
the inner tubes into three parallel tubes (branches). 
The heat exchange between the exchange working 
bodies takes place directly through the thin walls of 
the copper pipes; copper pipes, unlike plate heat 
exchangers, are designed for higher pressure; the 
production of such heat exchangers does not require 
special machines and complex technological 
equipment.  

A similar construction was proposed by the authors 
of this paper [33], [34]. The main difference is the 
construction of the condenser and evaporator piping. 
The heat exchangers consist of tube-in-tube coils 
with the same diameter and coil pitch, arranged in a 
spiral configuration with a minimum spacing 
between them. Refrigerant circulates through the 
internal copper pipes and water or antifreeze (in the 
evaporator) circulates in the annular space where the 
copper pipes are laid in a spiral to create a rotary 
circulation of the coolant. Laying the evaporator tube 
concentrically around the compressor provides 
cooling of the compressor by absorbing the heat 
generated by the evaporator. 

 
2. Research Methodology 

 
Figure 1 shows the structural and process diagram of 

the studied HP. The tube heat exchanger is made of the 
"tube-in-tube" type, through which the refrigerant 
(CO2) circulates inside the copper tube, and water 
(H2O) circulates between the tubes. Laying the heat 
exchanger of the tubular evaporator in a spiral around 
the compressor provides protection for the compressor 
from overheating and self-regulating maintenance of its 
temperature regime.  
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Figure 1. Structural scheme of the proposed HP: 
temperature sensors 1 and 2 - outlet and inlet of the 

refrigerant evaporator; 3 and 4 - outlet and inlet 
condenser refrigerant; 5 - the environment; 6 - side 

surface, 7 - compressor head, 8 - heat exchange tubes 
 

The sensors "pressure-1" and "pressure-2" 
indicate the pressure of the refrigerant at the 
compressor outlet and inlet. 

The compressor heating equation can be 
considered as the process of heating the body from 
an internal heat source, with a constant power P. 
𝑃 ∙ 𝜕𝜏 = 𝐶 ∙ 𝜕𝑡 +  𝑘то ∙ 𝑆 ∙ 𝜕𝜏. (1) 

After appropriate transformations, equation (1) 
reduces to the form: 
𝜕𝑡
𝜕𝜏

+ 𝑘то∙𝑆
𝐶

 ∙ 𝑡 −  𝑃
𝐶

= 0. (2) 
The solution of equation (2) is the dependence: 

𝑡 =  𝑡𝑖 + 𝑡2 =   𝑃
𝑘то∙𝑆

+  𝐴 ∙ 𝑒
𝜏
𝑇

 
. (3) 

Taking into account that at τ = 0 and t=0 and we 
made transformations, we get: 
𝑡 =  𝑃

𝑘то∙𝑆
+ (1 − 𝑒𝜏/𝑇) . 

The general solution of equation (2) will be: 
𝑡 =  𝑡est ∙ 𝑒−𝜏

𝑇 +  𝑃
𝑘то∙𝑆

∙ (1 − 𝑒−𝜏/𝑇); (4) 

𝑡 =  𝑡beg ∙ 𝑒−𝜏
𝑇 + 𝑡est ∙ (1 − 𝑒−𝜏/𝑇). (5) 

where 𝜏 =  ∞; 𝑡 =  𝑡𝑒𝑠𝑡 . 
The scheme of the experimental research 

information system is shown in Figure 2. 
The basis of the information system is a controller, 

a server, and a personal computer with software. 

 
 

Figure 2. General schematic of the experimental 
installation 

 
A schematic diagram of the controller with a 

connection of 8 temperature sensors DS18B20, 2 
sensors for pressure WikaR1W2B30 and 2 sensors 
for flow G1WFM and implementation of the defined 
action algorithm (Figure 3). 

 

 
 

Figure 3. Controller schematic diagram 
 
The main element of the scheme is the 

Atmega2560 controller, which polls and receives 
data from all sensors in parallel from different inputs. 
It should be noted that all temperature sensors are 
connected through one input PB7. This capability is 
due to the fact that the DS18B20 is originally digital 
and operates on the OneWire protocol, which in turn 
allows all DS18B20 sensors to be on one bus and 
work stably. This feature greatly simplifies the 
circuit. In the case of pressure and flow sensors, this 
is not possible, and therefore each sensor is 
connected to a separate input: PK0, PK1 - for 
pressure sensors, PD6, PD7 - for flow sensors. 

The received data do not need initial processing 
and are stored in the controller's memory in the same 
form. The DS18B20 wiring diagram is shown below 
in Figure 4. 

 
Figure 4. DS18B20 wiring diagram 

 
In the circuit diagram, the temperature sensor is 

connected according to the OneWire manual [35]. 
Resistor R_9 plays the role of "pullup" to ensure a 
stable potential of the common bus. The pressure 
sensors generate an analogue signal, which is then 
processed by the controller's ADC and converted into 
digitized data. Resistors R_1, R_2, and R_3 are 
added as an extra load to prevent high currents 
according to the WikaR1 user manual [36]. Flow 
sensors generate pulses during rotation of the axis of 
rotation, which are read by a special counter (timer). 
Knowing the number of pulses per unit time, it is 
possible to calculate the volume of water that passes 
through the section. These calculations are also done 
in the controller. Resistors R_9 and R_10 are used to 
create potential on the signal wire.  
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The pulses appear when the flowmeter "presses" 
the signal wire to "ground". In addition, the 
processed data is formed into a packet and 
transmitted to the XBEE transceiver via input/output 
PE0 and PE1 using the UART protocol. Once in 
XBEE, this packet is transmitted to the server via the 
ZigBee protocol for further processing and storage. 
Stabilizer L4 with capacitors C_9 and C_10 are used 
to convert and stabilize the input voltage (5V - 12V) 
in order to provide additional power to the entire 
circuit. The AMS1 element with capacitors C_7 and 
C_8 respectively converts 5V to 3.3V and is used to 
power the XBEE modules. The SPR1 and C_11 
elements step up the voltage from 5V to 12V to 
power the WikaR1 pressure sensors. The remaining 
elements in the circuit are used to stabilize the 
operation of the entire circuit under different 
environmental conditions according to the 
Atmega2560 manual [37]. 

The data collection process initiates the central 
unit. The registration of the measured data is carried 
out by the sensors, which convert the measured 
values into electrical signals. With the help of the 
modules, the data is converted into a suitable form 
and sent to the server. In it, the data received are 
processed and stored in a database. 

 
3. Analysis of Research Results 

 
An overview of the graphs (Figure 5) of the 

distribution of the temperature fields of the studied 
HP with 3 variants of the mutual location of the 
compressor (CP) and evaporator (EVP) shows the 
influence of the mutual location of the CP and EVP 
on the heat exchange processes of the studied HP.  

 
3.1. HP Compressor Temperature Analysis 

 
Figure 6 shows the comparative composite graphs 

of the compressor temperature for 3 variants of the 
gearbox placement inside the evaporator. The 
recording is done using sensor 6 attached to the 
compressors (Figure 2).  

Overall, the graphs show active heat exchange 
between the evaporator wall and the compressor 
casing. This is manifested in the fact that when an 
insulating screen is installed between the evaporator 
and the compressor. It can be seen from Figure 5 that 
in this case, the temperature of the compressor rises 
to 90℃ (red line). In the version with the screen 
removed, the temperature of the compressor reaches 
80℃. That is, it decreases by 10℃. 

 
a) 

 
b) 

 
c) 

Figure 5. Distribution of the temperature fields of the 
HP with 3 options for the mutual location of CP and EVP: 

the compressor is in the centre (a), close to the wall (b), 
shielded from the evaporator (c) 

 
A comparison of the bottom 2 graphs in Figure 6, 

when the screen is not shown, shows that over time 
they level off at the 80℃ level. But in the initial 
stage, until about the 50th minute, the compressor 
cools better when it is not located in the centre, but 
near the wall of the evaporator (green line).  



TEM Journal. Volume 12, Issue 4, pages 2408-2415, ISSN 2217-8309, DOI: 10.18421/TEM124-53, November 2023. 

2412                                                                                                                             TEM Journal – Volume 12 / Number 4 / 2023. 

 
Figure 6. HP Compressor Temperature Graphs for 3 

Gearbox Location Options vs EVP 
 

3.2. HP Evaporator Refrigerant Temperature Analysis 
 

Figure 7 shows the temperature dependences of the 
refrigerant (CA) at the inlet (bottom) and at the outlet 
of the evaporator (top), with 3 options for placing the 
CP inside the evaporator. The temperature is 
recorded at the inlet from sensor 2, at the outlet from 
sensor 1, embedded in the corresponding points, 
directly in the pipes, as shown in Figure 2. 

 
Figure 7. Refrigerant inlet (lower graphs) and evaporator 
outlet (upper graphs) temperature graphs, with 3 options 

for CP versus EVP location 
 
We will consider these graphs from the 

temperature difference point XA - ∆𝑡𝐼𝑆 at the inlet 
and outlet of their EVP. It shows the absorption of 
thermal energy by CA as it passes through EVP. 

As a simple visualization shows, the smallest 
difference is observed when shielding the CP case 
from the EVP. For example, when the refrigerant 
enters the evaporator, its temperature is 
approximately +3°C ( ). It turns out, that EVP with 
a temperature of about +30℃, which then decreases 
to +15℃. The difference is changed from 27℃, at the 
beginning of the process. The graphs ( ) are then 
added together and the difference is about 12℃. That 
is, the arithmetic mean value of the temperature 
difference is ∆𝑡1 =19.5℃. 

 

The biggest difference is between the green graphs 
( ), which show the unshielded CР temperatures 
when the EVP is close to the EVP. For example, 
when the refrigerant enters the evaporator its 
temperature is about -4℃ ( ). It exits the EVP with 
a temperature of about +33℃, which then decreases 
to +23℃. That is, the difference at the beginning of 
the process is 37℃ (+33 – (-4)). The graphs ( ) are 
then added and the difference is about 27℃. That is, 
the arithmetic mean value of the temperature 
difference is ∆𝑡2 =32℃. 

The average difference is observed between the 
blue graphs ( ), which show the refrigerant 
temperatures without shielding when the CP is 
located in the center of the EVP. For example, the 
refrigerant enters the evaporator with a temperature 
of about -2℃ ( ). It turns out from EVP with a 
temperature of about + 32℃, which then decreases to 
+ 23℃. That is, the difference at the beginning of the 
process is 34℃ (+32 – (-2)). The graphs ( ) are then 
added and the difference is about 25℃. That is, the 
arithmetic mean value of the temperature difference 
is ∆𝑡3 ==29.5℃. Calculations show that the increase 
in heat output when the CP is not shielded is 18%. 

 
3.3. HP Condenser Refrigerant Temperature Analysis 

 
Figure 8 shows comparatively combined graphs of 

the temperatures of the refrigerant (the refrigerant) at 
the inlet (upper group of graphs) and the outlet of the 
condenser (CC) (lower group of graphs), with 3 
options for the location of the condenser inside the 
evaporator. The temperature is recorded at the input 
from sensor 4, at the output from sensor 3 embedded 
in the corresponding points, directly in the copper 
pipes (Figure 2). The analysis shows, that the biggest 
difference is observed between the red graphs ( ), 
which show the temperatures of the refrigerant 
without shielding, CP from EVP. For example, the 
refrigerant enters the evaporator at CC with a 
temperature of about +95℃ ( ). It turns out from 
COP with a temperature of about + 42℃. The 
temperature difference in the heat exchange 
stabilization mode is ∆𝑡2 = 53℃. 

The temperature difference between the blue ( ) 
and green ( ) graphs, which show the unshielded 
refrigerant temperatures when the CP is located in 
the center and close to the EVP, is almost the same, 
42℃. 

It follows from the graphs that in the first variant  
( ) additional thermal energy is added by the 
overheated gearbox housing. The options for 
placement of the CP relative to the EVP ( ) and  
( ) practically do not affect the effectiveness of the 
CP. 
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Figure 8. Refrigerant inlet (upper graphs) and condenser 

outlet (lower graphs) graphs 
 
However the overheating of CC, which is observed 

in the variant of shielding CC from EVP, reduces the 
technical resources of HP, which is undesirable. 

 
3.4. Analysis of the Air Temperature Around the CP 

 
The graphs of the air temperature around the CP 

(sensor 5) and the surface of the EVP (sensor 8) are 
shown in Figure 9.  

 
a) 

 
b) 

Figure 9. Dependence between the air temperature 
between the evaporator and the compressor: the 

compressor sensor (a); evaporator sensor (b) 

Figure 9 shows that the air temperature around the 
compressor station is quite stable and normal for the 
operation of the compressor station. With compressor 
shielding, which can be considered unfavourable for 
the CP, the temperature does not exceed 28℃, and 
when the CP is installed near the EVP, it is lower by 
10℃. The favourable temperature regime for the 
operation of the CP will help to extend the technical 
life of the CP. The location of the CC has no 
practical effect on evaporator temperature was 
observed (Figure 9.b), which confirms the sufficient 
cooling ability of the CC. 

 
3.5. Analysis of Heating and Cooling Power HP 

 
Graphs: heating and cooling power and 

compressor station power (Figure 10). 
The location of CP relative to EVP affects HP 

performance. At the same time, the power 
consumption in all options is almost the same (Figure 
10 a, bottom three graphs). 

 

 
Figure 10. Heating and cooling power and HP power 
 
As can be seen, the heat and cooling capacity 

increases in unshielded mode ( ) when EVP is close 
to EVP.  
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This indicates an increase in the thermal energy of 
the emitted CP absorbed by the EVP, which 
complements the main flux coming from the NPI. It 
is observed that the temperature difference is about 
60℃ between the CP and EVP walls. This means that 
the main flow between the surfaces is radiation heat 
transfer. The decrease in performance in the 3rd 
variant ( ) allows us to assume that the radiative 
heat exchange between CP and EVP is shielded. In 
general, cooling capacity curves correlate with 
heating capacity curves. 

 
4. Conclusion 

 
Based on a theoretical analysis of HP heating 

patterns, it was found that the degree of heating results 
from the balance of compressor and motor heat losses 
due to refrigerant gas compression, copper losses, steel 
losses, and heat transfer from the surface of the 
compressor by convection and thermal radiation. 

The influence of the evaporator heat exchanger, 
located concentrically around the compressor, on the 
cooling of the compressor, without the use of a fan, on 
the cooling and heating characteristics of the HP, was 
experimentally investigated by thermodynamic analysis 
of individual components. 

It has been experimentally confirmed that by 
installing an insulating screen between the walls of 
the evaporator and the compressor, the cooling effect 
of the HP compressor is improved. In case there is no 
screen, the compressor heats up to 80℃. In the 
variant where the screen blocks the direct heat 
exchange between the compressor and the 
evaporator, the compressor heats up to 90 ℃. 

The effect of heat absorption of the HP compressor 
from the evaporator is confirmed by the method of 
evaluating the degree of heating of the refrigerant 
when passing through the evaporator, by comparing 
the design variants studied. When the compressor 
casing approached the inner wall of the evaporator, 
the temperature difference between the refrigerant 
inlet and outlet of the evaporator was ∆𝑡1 =32℃. 
When the compressor was installed in the center, the 
difference was ∆𝑡2 =29.5℃. In the case of the 
isolated compressor, it is ∆𝑡3 =19.5℃. The results 
show that the maximum heat absorption of the 
compressor is when the compressor casing comes 
closer to the inner wall of the evaporator, compared 
to the other variants. 

The experimentally measured temperature regime 
of the condenser of HP confirms that the cooling of 
the compressor, which improves its operating 
conditions and the absorption of the heat of the 
evaporator compressor, increases the thermal power 
of the HP by 10-15% on average. 
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