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1. INTRODUCTION

Heat pumps (HP) are the only economically and enwrentally acceptable alternative to traditionalrses of
thermal energy [1]. For comparison, for a gas heat@rovide a conditional consumer with 100 uitenergy it
will consume 105 units of the primary energy sounteaning 5 units are lost. HP will consume 25 suioit
electrical energy [2]. Heat pump systems and devare improved for the use of solar energy, sadthand
secondary excess heat of technological processes. ddn simultaneously serve heat and cold enerp,

products, and condition air [3-9].

The results of the literature review show that iodern HPs, as in refrigerators, the chamber prieap
placement of the main elements continues to beiehgProcessing systems, which are widespread ansume
large amounts of low-efficiency energy, have sigaifit potential for reducing energy consumption. [#he
concept of energy consumption level is presentatktzribe the different types of energy consumppimtedures
for machining parts in the same way [5] to study #ffect of energy consumption on grinding andpghemeters
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of chips, a power consumption model was developedtlae model was validated and analyzed [6]. Thiam m@mponents
are separated and placed on opposite sides ofatinera. Evaporator is inside the refrigerator cabio@mpressor and
condenser outside the chamber, at a distance femim @her, so as not to overheat each other. Irnthigapproach leads
to an increase in the dimensions and metal consompf heat exchangers. The compressor, the mamesit of the HP,
is cooled by blowing a fan. Meaning, the excesd Ieeeleased into the environment. Although in Ki#s heat can be

used beneficially.

The most widely used are air heat pumps (ASHPs)¢clwlare mainly used for air conditioning. Some ASHP
models can provide room heating even at outsideeaiperatures of minus 25 ° C, while maintainingPd value above 1.
Mitsubishi Electric ZUBADAN Inverter series HP m#&ms the nominal value of heat output up to andooit
temperature of —15 €. With a further decrease in temperature, opetghiémains up to —25 €. At the same time,
remains the advantage both over conventional syst@nd over energy-efficient similar heat pumps hd POWER

Inverter series [10].

The compressor is one of the most important pafitthe refrigeration cycle. The power of cooling air
conditioning completely depends on the power of cbepressor [11]. Replacing the compressor AC muiith DC
motors and the subsequent use of magnets baseareearth materials solved the problem of flexitdgulation and
control of the motor speed [12]. A qualitative leaps achieved after the transition to hermetic lscampressors and

inverter control of refrigerant flow (VFR variabflew refrigerant) [10, 13].

An important parameter of the compressor is thep@ature regime [14]. During operation, the tempeeaof
the working winding of the electric motor reach@® 1C, the temperature of the suction vapor in the cdimis 145 + 155
°C, and the temperature of the compressed vapor(s+1¥90°C. Obviously, the use of these compressors without a
additional cooling system is not acceptable, siagerheating of the motor windings over 130 may ocevhich is
undesirable. In practice, hermetic compressorscamed by suction vapors of the refrigerant, heahaoval from the
casing surface by external blowing by a fan, heataval by cooling of oil with liquid refrigerantsoin the pre-condenser
or a heat pipe, two-phase injection of refrigerad the compressor, vapor-liquid injection, whiehsures stable heat
output of the heat pump [10]. Widespread is thelingoof the oil in the compressor, which implemefiteopical”
temperature conditions. In them, cooling is achielg evaporation of the liquid freon coming frone fre-condenser into
the coil, which is placed in an oil bath at thetbot of the compressor casing [15]. Moreover, thaling capacity can be
increased to 3 + 4.5%, the efficiency coefficientd+ 4%, and to reduce the temperature of the meitading by 15 + 20
°C [16].

There is a known method of cooling the head of mmessor cylinder block, in which the temperatufe¢he
working winding and the sound power levels are Iolse17% and 11%, respectively. Accordingly, theperature of the
working winding did not exceed 10@, at a temperature of the working medium©°82 There is an electronic cooling
system, which has the official designation CIC 8ysti.e. Controlled Injection Cooling. The main paose of this system

is controlled injection by continuously monitorititge temperature of the injected gas [17].
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Based on the carried on analysis, a new desigrPofids been developed (Figure 1).
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Figure 1: Design of the Proposed Heat Pump.

In the proposed HP, the heat exchangers of theogatgr 1 and the condenser 2 have the same deniape
of the “pipe in pipe” type, where the coolant (CQiJsses through the inner tubes 3 (three paraibes are shown
in the diagram) and the coolantiZO) through the main pipe 4 and flows around the intubes 3, providing
adiabatic supply or intake of heat from the innebds. At the same time, the tubular heat exchangérhe
evaporator and condenser are laid in a spiral, iiogra hollow cylindrical structure. Cylindrical hteexchangers are
placed one above the other (bottom evaporator)aaramon frame housing 5. The ends of the tubee3annected
to the inputs and outputs of the compressor acogrthh the corresponding schematics. Through thespand 7,
the coolant is circulated through the pipes 4. Ebmpressor 8 is installed inside the spiral casthefevaporator for
cooling by absorbing its excess heat by the evdporfd8]. The proposed constructive solution alsloves for
replacement of expensive, dimensional and metalRsive plate heat exchangers with lightweight téitubular

heat exchangers.
2. RESEARCH METHODOLOGY
Analysis of HP characteristics is carried out fa@ions:

1st Option: the evaporator is protected from the compressmemarate placement of them on different sides of
the partition. Meaning, there is no heat transtnieen them. For this, a shielding cylindrical pien is installed between

the side wall of the compressor and the walls efetaporator.

2nd Option: the compressor is located in the center of the eratpr. In this case, heat exchange by
radiation and convection between the heated comprewall and the internal cold walls of the evaporawill

occur.

3rd Option: the compressor is located with offset from the eerdloser to the evaporator wall. It is assumed th
in such an arrangement - the approach of the caspreside wall to the evaporator wall will affebetheat transfer by

radiation and, in general, the cooling process.

Each experiment records temperatures at the camdgmy points of the HP. The arrangement of tentpeza

sensors on the elements of the HP is shown indigur
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Figure 2: The Arrangement of Sensors in the HP.

Sensors:1: refrigerant temperature at the outlet of thepevator; 2: temperature of the refrigerant at thetito the
evaporator; 3: refrigerant temperature at the bafléhe condenser; 4: refrigerant temperaturdeairlet to the condenser; 5:
air temperature around the compressor; 6: temperafuhe side surface of the compressor, the@fréee electric motor; 7:
temperature of the compressor head; 8: surfaceetatype of the tubes of the evaporator heat ex@namidso, on the

diagram are shown refrigerant pressure sensorarhétstalled at the inlet and outlet of the ccespor.

The temperature mode of the condenser is charaetehy four sensors: 3 and 4, as well as sensstallad at
the inlet and outlet 6 of the condenser heat exglarshown in Figure 1. They also show the tempesatf the water in
the storage tank.

The temperature condition of the evaporator is attarized by four other sensors: 1 and 2, as veeiemsors
installed at the inlet and outlet 7 of the evapar&eat exchanger, also shown in Figure 1. Thay sttew the temperature

of the milk in the milk cooler (Figure 3).

The temperature regime of the compressor is shomsehsor 6 attached to the side wall, as well ssnsor 7
attached to the compressor head. At the same siemsor 6 indirectly characterizes the temperatiate ®f the electric
motor, which is located inside the compressor, sfipoof point 6. Sensor 7 characterizes the terbperan the
compression zone of the refrigerant. Sensors SBasttbw the temperature state in the space betweetompressor and
the evaporator.

Figure 4 shows a diagram of a laboratory standragasuring system, where a milk cooler (2) is used source

of thermal energy for a HP (1), and a storage {8hks used as a load.

The stand diagram schematically shows the prodesslilecting, transmitting, processing and storifada during
research. Records of pressure and temperatureegtesknchronously in time, by a microcontroller twappropriate
software. The information system is basech@entral unit (server), a database, personal canpuith software, as well

as data collection modules from the heat pumpniilk cooler (2) and storage tank (3).

The heat pump module collects data from the follmwvsensors from 12 temperature sensors (encapbulate
DS18B20), 2 liquid flow sensors (G1WFM) and 2 puesssensors (Wika-R1). The milk cooler module isr@xted to 4
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temperature sensors (DS18B20) and one liquid flewssr (G1IWFM). The battery module collects datamfrd5
temperature sensors (DS18B20), sequentially locagettally.

PC

Database e";,

1: Heat Pump Module, 2: Milk Cooler Module, 3: Stoage Capacity Module
Figure 3: Diagram of the Laboratory Stand and Measuing System.
The information collecting process is initiated thyg central unit, sending a request to each modelgarately.
After receiving a request, each module starts pgpliensors and collects data in one packet, wkiculhisequently sent
back to the central unit. Having received packeith waw data, the server processes them accordingppropriate
algorithms for easy storage. Next, the server seatisto the database for storage. From the yssisenal computer, can

be viewed the current values using special software
3. ANALYSIS OF RESEARCH RESULTS

Figure 4 shows the comparative refrigerant tempegatof the condenser for the 3 options. The tgpaphs show the
refrigerant inlet temperature (sensors 3), and kibtom 3 graphs of the refrigerant temperaturehat dutlet of the

condenser (sensors 4).

As can be seen, the temperature of the refrigeaitihe inlet to the condenser is lower by°7€8when the
compressor is located near the evaporator thameimther 2 variants. At the exit, after the remafaieat from them, the

temperatures of the options are aligned.
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Figure 4: Comparative Condenser Refrigerant Tempertures in the 3 Versions - at the
inlet (upper graphs) and Output (lower graphs).
Figure 5 shows the comparative evaporator refriget@mperatures for 3 options. As can be seenatikeeage
temperatures at the entrance to the evaporatoe(lgvaphs) are:%Q (option 1), -2C (option 2) and -&. The average

temperature at the outlet of the evaporator (ugpaphs) is + 2% (option 1), + 28C (option 2) and + AT. The average
temperature of the evaporator is €¥@0
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Figure 5: Comparative Evaporator Refrigerant Temperatures in the 3 Versions - inlet (Lower
Graphs) and Outlet (upper Graphs).

Figure 6 shows the comparative temperatures osithe wall of the compressor with the 3 options. Ghephs
show that in the case of the separated arrangeshémt compressor and the evaporator on differigieissof the partition -
when there is no heat exchange between them9@%6. In options with compressor cooling, the averageperature was
75-80°C.
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Figure 6: Comparative Temperature of the side Walbf the Compressor for
the 3 Options.

Figures 7(a) and 7(b) show comparative air tempegatin the space between the evaporator and cesgsre
(sensor 5) and the surface of the outer pipe oétagorator (sensor 8). As can be seen, it ideated of about 28C. When
the compressor is located near the evaporators ibwer by 18C. This indicates that with this arrangement, the
compressor heats the surrounding air less. Meatiregevaporator more intensively absorbs the hdatsed from the

compressor surface.
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— Sensor 3 (next to evaporator)

Sensor 2 (isolated)
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Figure 7: Comparative Air Temperatures in the Spacébetween the Evaporator and Compressor (a)
and the Surface Temperature of the Evaporator for he 3 Options.

Figure 8 shows comparative indicators: a) the begiut and the power consumed by the compressobptite

energy conversion coefficients (KPIs) of the stddiptions.
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Figure 8: Comparative Graphs: (a) Heat Production(b) The Values of the Energy
Conversion Coefficients of the 3 Options.
The results show that with a general equality ef¢bnsumed electricity, which is shown in the logemphs of
Figure 8(a), the heat production of the studied VWfiants is different. The average heat output hef separated
compressor and evaporator placement on differelessf the partition, the compressor location endbnter and near the
evaporator, with an offset from the center, arpeesvely 2.0; 2.3 and 2.4 kW. As can be seenptbductivity of the first

option is smaller than the other two options, retigely, by 15% and 20%.

The graphs of the energy conversion coefficientirig8(b) correlate with the graphs of heat productKPI
values in the options are on average from 2.55a4its.

The obtained results suggest that in the propossiijl of the HP, the effect of self-cooling is izadl. Between
the surfaces of the compressor and the evapoeatirculating external heat flow is generated, Wwhiemoves excess heat
from the surface of the compressor. Consideringfaéloe that the temperature difference between thepeessor wall
(about 80°C) and the evaporator (about 10°C) iuBB0°C, it can be assumed that heat exchange distian, heat
transfer and convection occurs between the surfdnethis case, in the first option, the compressoes not overheat,

since its convective cooling is maintained.
4. CONCLUSIONS

The article describes a new design of a heat pamgh,develops a methodology for its experimentaaesh. The goal is
to confirm the hypothesis of compressor self-capline to the absorption of its excess heat bythparator. The studies
are based on obtaining comparative information e temperature dynamics of the main componentshiadoin the
studied heat transfer processes with three degigiorns - when the evaporator is isolated from tbengressor by
installing a partition between them, and two omierwhen the excess heat of the compressor imesgtup the system by
transferring it to the evaporator, and the commestself is cooling. The basic temperature chamstics of the
evaporator and compressor condenser are establgitethe heat production of the compared optiordetermined on
their basis. Studies show that placing the compreassthe evaporator zone helps to reduce its teatpe by 10-150,
increase the heat output of the heat pump by 15-8@%eturning excess compressor heat to the sysismyell as

improving the temperature regime of the compreasdrthe drive electric motor.

Impact Factor (JCC): 8.8746 SCOPUS Indexed Journal NAAS Rating: 3.11



Results of Experimental Studies of a Heat Pump withr@aressor Self-Cooling 183

REFERENCES
1. APA Style (2016). Available at Heating theory: Hftpww.tevado.ru/teorija-otoplenija (accessed 25 ketry 2016).

2. APA Style (2011-2012). Trial calculation HPTCJ/ byat® Book on Heat Pump and Termal storage system.
https://www.hptcj.or.jp (accessed 2011-2012).

3. Caird S., Roy R., Potter S. Domestic heat pumpiseiiJK: user behaviour, satisfaction and performakoergy Efficiency. -
2012. . 283-301.

4. Wei Cai a, Fei Liu a, *, Jun Xie b, Peiji Liu a, mTuo a A tool for assessing the energy demandeiniency of machining

systems: Energy benchmarking. Energy journal hogepaww.elsevier.com/locate/energy. Energy 138 (2832347

5. Dhal, R. Vorticity On Mhd Free Convection Flow of Blwith Heat Transfer Through Porous Medium by artilzing

Porous Plate in Slip Flow Region.

6. Xiaona Zhou a, b, Fei Liu a, *, Wei Cai a An eneagyrsumption model for establishing energy-consuunmilowance of a
workpiece in a machining system. Journal of Clearred®ction journal homepage: www.elsevier.com/locategro) Journal
of Cleaner Production 135 (2016) 1580e1590.

7. Yongbing Wanga, Li lia*, Li Linglinga Wei Caib. Erpihg the effect of un-deformed chip parameter&pnargy consumption
for energy efficiency improvement in the milling.cieBce Direct Procedia CIRP 00 (2018) 000-000

www.elsevier.com/locate/procedia 2212-8271.

8. Nasrawi, H. K. R. Natural Convection Heat Transfer desan Inclined Square Enclosure Filled with Al203 dfard in

Presence of Pair of Discrete Heat Flux Sourcesattdn Wall.

9. Omarov R., Omar D., Baibolov A., Tokmoldayev Anddloayev M. Calculation of Heat Output of the ComthiBgstem with a
Solar Collectors and Heat Pump Journal of Engineg@md Applied Sciences, 12: 1590-1598.

10. Omarov R., Tokmoldayev A., Omar D., Kunelbayev khirgeit S. Hybrid System for Using Renewable Ssuné&nergy for
Local Consumers in Agriculture. Journal of Engiriagrand Applied Sciences, 12: 1296-1306. 2017.

11. Omarov R., Omar D., Kunelbayev M., Abdygaliyeva t8di& with the heat pump compressor auto refriggetallOAB
Journal 2016. Vol.7 (Suppl 1):484—495I.

12. Saravanan, G., Muthurajan, K., Murali, G., & Kumar, M. Performance Studies on the Reversing Valverhocated Air-to-

Water Heat Pump with Heat Storage Device.
13. APA Style (2013). Heat pump. Mitsubishi ElectricBADAN. http://www.mitsubishielectric.com.ua/zubadanlht
14. APA Style (2013). Types of Refrigeration and Aindittoning Compressors. http://www.brighthubenginegrcom.

15. APA Style (2014). European Heat Pump Market antds8ts Report | Soon Available http://www.ehpa.dgagcessed Oct. 08,
2014).

16. APA Style (2007).White book on heat pump and thestomage systems, HPTCJ, 2007. https://www.irena.fagcessed
2007).

17. State Standard 54381-2011. Refrigerating compressiest conditions for determining the main chagestics, tolerances
and presentation of data by manufacturers // Refagt compressors. Rating conditions, toleranced presentation of

manufacturer's performance datéoscow, Standartinform Publ., 2011. 14 p. (in Rugsia

18. Owaid, A. I., Tarig, M., Issa, H., Sabeeh, H., & Mi. The Heat Losses Experimentally in the Evacu@tdes Solar Collector
System in Baghdad-Iraq Climate.

www.tjprc.org editor@tjprc.org



184 Saule Demessova, Rashit Omarov, Ivaylo Stoyanov,
Omar Dauren & Yerkin Yerzhigitov

19. Bolgov I. V., Naberezhny A. I., Fishman B. E., Bavi V. V. Equipment and technology for repair ofisehold appliances:
Textbook. manual for university students./.— Mosdoght industry, 1978. 311p. (in Russian).

20. Timoshenko M. V., Garaz T. V., Ponomareva Yu. N.ekoai characteristics of the distribution when pessing the results of

the experiment [Text]: / Electrical and informatisgstems and systems 2010. 42—-46p. (in Russian).

21. Kornivets D. CIC System for Bitzer Reciprocating Campors Refrigeration, No.9, 2009, 4-8p.Available at
http://www.holodteh.ru. (accessed 2019). (in Russian)

Impact Factor (JCC): 8.8746 SCOPUS Indexed Journal NAAS Rating: 3.11



