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ANALYSIS OF THE EFFICIENCY OF THE REFRIGERATION UNIT IN THE HEATING
AND COOLING MODE

Abstract: The article presents a study of a refrigeration unit operating in two modes — heating
and cooling. The study is aimed at evaluating the effectiveness of the system for each mode.
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In the process of efficiency analysis, heat flows passing through key components of the
installation, such as a condenser and an evaporator, were taken into account.

The analytical dependences of the heat load on the evaporator and the compressor power,
the refrigeration coefficient and the transformation coefficient relative to the temperature of the
coolant at the inlet to the heat exchanger are given, comparative cycles of a heat pump with an
intermediate heat exchanger for steady-state cooling and heating modes were constructed, and their
nodal points were analyzed.

The results showed differences in characteristics depending on the operating mode of the
system, which made it possible to identify optimal conditions for increasing the overall efficiency of
the installation.

The balance points for the heating and cooling mode were identified, where the thermal load
on the evaporator is equalized with the compressor power.

Analytical dependences of the installation characteristics for both the cooling and heating
modes were obtained.

The accuracy of the approximation of all the obtained lines was more than 0,95.

As a result of the conducted research, it was found that the refrigeration system works more
efficiently in heating mode, and the optimal temperature of the coolant for cooling and heating modes
was 5,5°C u 9°C respectively.

Key words: thermodynamic analysis, heat pump, refrigeration unit, refrigerating agent,
thermodynamic cycles.

Introduction

Refrigeration systems with an intermediate coolant are used where high demands are placed
on the safety of people, especially for operation in heating and cooling modes of premises.
Therefore, the study of the efficiency of the equipment in variable modes is a primary task to identify
weaknesses and determine the optimal operating parameters.

The thermodynamic processes in the cycle should be evaluated taking into account each
thermodynamic process that makes up the cycle. Energy efficiency analysis is the main tool for the
design and optimization of refrigeration systems and heat pumps. The main purpose of energy
analysis is to determine the refrigeration coefficient, the transformation coefficient, the change in
compressor power and the thermal load on the evaporator [1-5].

The study of such indicators as the refrigeration coefficient and the transformation coefficient
allows you to analyze the real processes taking place in the system [6,7].

The study of energy efficiency makes it possible to identify ways to minimize thermodynamic
losses, which leads to a reduction in operating costs. It also helps to reduce the environmental impact
by reducing energy consumption and carbon dioxide emissions [8-10].

The purpose of the work was to study the efficiency of the refrigeration system in the cooling
and heating mode.

Research methods

Research methods the research was carried out on an experimental refrigeration unit with an
intermediate coolant operating in two modes: heating and cooling (Figure 1). The schematic diagram
of the experimental installation is shown in Figure 2.

&

Figure 1- Experimental setup

Propylene glycol was used as an intermediate coolant, and R134a was used as a
refrigerating agent. The temperature of the coolant at the inlet to the heat exchanger varied in the
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range from 8 °C to 15°C in increments 1 °C. Plate heat exchanger (PHE) acts as an evaporator in
the cooling mode, and as a condenser in the heating mode.

Based on the experimental data obtained, the parameters of the nodal points of the cycles
were determined using CoolPack and Solkane 8 programs. The experimental results were
processed on a PC using Excel. The calculation of the main characteristics of a single-stage vapor
compression refrigeration system in heating and cooling mode was carried out according to generally

accepted methods.

Figure 2 — Schematic diagram of an experimental installation

KM — compressor, CD — condenser, PT — plate heat exchanger, FC — fan coil, LR — linear receiver,

LS - liquid separator, OS — oil separator, FD — filter dryer, CCP - central circulation pump,

FWYV — four-way valve, ECV — electronic control valve

Research results
As a result of the conducted research, the parameters of the nodal points in the cooling and
heating mode are presented in Table 1, and the comparative cycles in P-h coordinates for the
analysis of energy characteristics are shown in Figure 3.

Table 1 — Parameters of the nodal points

Heating mode

Figure 3 — Thermodynamic cycles in cooling and heating modes

Enthalpy, kdJ/kg

Cooling mode

Ne Cool Heating
B P, MPa T,K h, kJ/kg P, MPa T,K h, kJ/kg
1 3,75 295 426,8 3,88 286,1 407,75
2 10,17 340,8 457,09 13,31 339,12 441,92
3 10,17 313 256,43 13,31 3214 269,07
4 3,75 300 256,43 3,88 301 269,07
1; 3 2
12
o 11
S0 3
g 9
2 8
s 7
26
i 4 4 ! 1
3
200 250 300 400 450

On the basis of experimental data at different values of the coolant temperature, the
dependences of the thermal load on the evaporator and the compressor power in cooling and heating

modes were constructed, shown in Figures 4 and 5.
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Figure 4 — The dependence of the thermal load on the evaporator and the compressor power on

the temperature of the coolant at the inlet to the heat exchanger for cooling mode
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Figure 5 — The dependence of the thermal load on the evaporator and the compressor power on
the temperature of the coolant at the inlet to the heat exchanger for the heating mode

The refrigeration coefficient is an indicator that characterizes the efficiency of a refrigeration

machine. It shows how efficiently the device uses electrical energy to transfer heat. The dependence
of the refrigeration coefficient on the temperature of the coolant is shown in the Figure 6.

55

45

Refrigeration coefficient

35

7 9 1 13 15 17
The temperature of the coolant at the inlet to the heat exchanger, °C

Figure 6 — The dependence of the refrigeration coefficient on the temperature of the coolant at the
inlet to the heat exchanger for the cooling mode

The transformation coefficient is an indicator of the energy efficiency of a heat pump, equal
to the ratio of the useful heat given to the consumer to the energy spent on the operation of the heat
pump. Figure 7 shows the dependence of the transformation coefficient on the temperature of the
coolant at the outlet of the heat exchanger.
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Figure 7 — Dependence of the transformation coefficient on the temperature of the coolant at the
inlet to the heat exchanger for the heating mode

Discussion of scientific results

At the same boiling point, there is a relationship between the shape and the area of the cycle,
i.e. the operation of the cycle (Figure 3). For the heating mode, the cycle area is larger than for the
cooling mode, which characterizes the large operation of the cycle in the heat pump mode.

From the analysis of the graph (Figure 4), taking into account the forecast of the nature of
the change in indicators, it can be seen that the thermal load on the evaporator and compressor
power increases with decreasing temperature. At the temperature of the coolant at the inlet to the
heat exchanger of 5,5 °C, the intersection of these dependencies is observed, which means the
optimal ratio between the cooling capacity of the evaporator and the compressor power.

As a result of mathematical processing, analytical dependences in the cooling mode for the
thermal load on the evaporator (1) and the compressor power (2) were obtained:

Qo = —0,0335t,; + 0,9545 (1)

NX, = —0,0147t,, + 0,3375 )

By analyzing the dependence graph in Figure 5, taking into account the forecast, an increase
in the thermal power of the condenser and the compressor power with a decrease in temperature is
also observed. The intersection point of these dependencies corresponds to a temperature of 9 °C
and this is a similar balance point for the heating mode, where the thermal load on the condenser is
optimal with the compressor power.

As a result of mathematical processing, analytical dependences in the heating mode for the
thermal load on the condenser (3) and the compressor power (4) were obtained:

Q. = —0,0613t,,, + 2,8047 (3)

N = —0,0375t,, + 0,8784 (4)

Figures 6 and 7 show that with increasing temperature, there is an increase in both the
refrigeration coefficient and the transformation coefficient. At the same time, the refrigerating
coefficient is in the range from 4,06 to 5,22, and the transformation coefficient is from 6,4 to 7,8.

As a result of mathematical processing, analytical dependences of the refrigerating
coefficient and the transformation coefficient were obtained relative to the temperature of the coolant
at the inlet to the heat exchanger for cooling (5) and heating (6):

COP°! = 0,1644t,, + 2,6334 (5)

COP = 0,4065t,, + 2,4094 (6)
The accuracy of the approximation of all the obtained lines was over 0,95.

Conclusion

As a result of the conducted research, it was established:

— in the heating mode, the refrigeration system works more efficiently.
— the optimal temperature of the coolant for the cooling mode is 5,5 °C.
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— the optimal temperature of the coolant for the heating mode is 9 °C.
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AHAINU3 3OPEKTUBHOCTU PABOTbI XONOAUNBHOW YCTAHOBKW B PEXXUME HATPEBA
N OXNAXAOEHUA

B cmambe npedcmasneHo uccriedosaHue xorn00usnibHOU yecmaHo8KuU, pabomarouwjeli 8 08yx pexumax
— Haepesa U oxnaxdeHusi. MiccnedosaHue HarpagneHo Ha OUeHKY aghghekmusHocmu pabomsbl cucmemsbl 0r1s
Kaxx00e20 pexuma.

B nipoyecce aHanuza aghghekmusHocmu bbinu y4YmeHbl Mernoebie MomoKU, Mpoxodsujue 4Yepes
KI1to4Yesble KOMIIOHEHMbI yCMaHOBKU, Makue Kak KOHOeHcamop U ucrnapumerib.

lMpusedeHbl aHanumuyeckue 3agUCUMOCMU merioeol Haspy3Ku Ha ucrapumesb U MOWHOCMU
Komripeccopa, Xosi00usibHO20 KoaghguuyueHma u KoaghchuyueHma mpaHchopmayuu OMmHOCUMESIbHO
memrnepamypbl MernioHocumerssi Ha 8xo0e 8 mernjio0bMeHHUK, 6bifiu MOCMPOEHb! CPaBHUMESbHbLIE UUKIIbI
meri08020 Hacoca C NMPOMEXYMOYHbIM MenI000MeHHUKOM Or1s yCmMaHO8UBWIUXCS PEXUMOB OXI1axX0eHUs U
Haegpesa, npoeodursicss aHanu3 Uux y3/108bIX MOYEK.

Pe3ynbmamebl riokasanu pasfu4yusi 8 xapakmepucmukax 8 3asucumMocmu om pexuma pabombi
cucmembl, YmO [036801USIO 8bISI8UMb ONMUMaribHble ycrosusi Orsi noebiueHuss obuwel aghghekmusHocmu
ycmaHo8KuU.

Bbinu ebisisnieHbl banaHCHbIe MOYKU Orls pexuma Hagpesa U oxnax0eHusi, 20e mernosasi Hagpy3ka
Ha ucrnapumersib ypasHUBaEMCs C MOUWHOCMbIO KOMIIpeccopa.

Bbinu nonyveHbl aHanumuyYecKkue 3agUuCUMOCMU XapakKmepucmuK yCmaHO8KU KaK Orid pexuma
oxnaxoeHus!, mak u O pexxuma Haspesa.

Benu4uHa docmoeepHocmu annpokcumayuu 8cex noslyYeHHbIX nuHult cocmasuna 6onee 0,95.
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B pesynbmame nposedeHHbIx uccriedosaHull bbifio ycmaHOo8/eHO, 4mo xosio0uribHasi cucmema
pabomaem 6oniee aghgheKmuUBHO 8 pexume Haspeea, a onmumarsbHas memMrepamypa menaoHocumerss onsi
pexumos oxnax0eHusi U Hagpesa cocmasuna 5,5 °C u 9 °C coomeemcmeeHHo.

Knroueebie croea: mepmMoOUHaMuYeckull aHasus, mernaosoll Hacoc, XonodusibHasi ycmaHoeka,
X0/100UrbHbIU a2eHm.
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*e-mail: suvorov8214@gmail.com

XKbbITY XXOHE CAJIKbIHOATY PEXXUMIHOE TOHA3bLITKbILL KOHAbLIPFbICbIHbIH
TUIMAINITH TANQAY

Makanada eki pexumoe XyMmbIC icmelmiH moHa3bimKbIW KOHObIDFbICHIH 3epmmey YCbIHbITFaH —
XKbINIbIMY XXOHe carnkbiHOamy. 3epmmey ap pexum ywiH XylteHiH muimdiniaiH baranayra barbimmarraH.

Tuimdinikmi manday npoueciHoe KoHOeHcamop xaHe 6ynaHObIPFbIW CUSIKMbI KOHObIPFbIHbIH Heai3ai
KOMMOHeHmmepi apKbliibl ©6MmemiH Xblily afbiHOapbl Kapacmbipbiidbi.

BynaHObiprbiwiKa Xbiy  )KYKMEMECIHIH XoHe  KOMMpeccopObiH KyambiHbiH,  callkbiHOamy
KO3ghhUUUEHMIHIH )X8He Xblly anMacmblprbiimbiH — KipebepiciHOeai by —macbiMandarbilumbiH
memMnepamypacbiHa Kambicmbl mpaHcgopMayusi  KoahuyueHmiHiH — aHanumukanslk — mayendiniei
KerimipinieeH, cankbiH0amy MeH XblribimyObiH mypakmbl pexumoepi ywiH apanbiK Xbliy anMacmslpfbilurieH
XKbIITy COPFbICLIHBIH CalnbiCMbIpMarbl YuKndapbl cafibiHObl, onapObiH myUiHOIK HykmesnepiHe manday
Jacasnobl.

Hemuxxenep xyleHiH XymMbiC pexumiHe batiiaHbicmbsl cunammamarapdarb! alibipMawbiiibiIKmapobi
Kepcemmi, 6yn opHamyOblH Xasnnbl muiMOinieiH apmmbipy YWiH oHmMaUlnbl xardalnapdbl aHbiKmMayfa
MYMKIiHOIK 6epi.

BynaHObIpfFbilumarbl Xblly XyKmeMeci KOMIpPeccopObiH KyambIMeH MeHecmipinemiH Xbiiibimy XoHe
carnkbiHOamy pexumiHiy 6anaHcmabik Hykmernepi aHbiKmarnobl.

CarnkbiHOamy pexumi ywiH 0e, Kbi30blpy Ppexumi ywiH 0e KOHObIPFbIHbIH CcunammamanapbiHa
aHanumukarnsiKk mayendinikmep arnbiHObI.

BapnbiK anbiHFaH cbi3bikmapObiH Xybikmay ceHimdiniei 0,95-meH acalbil.

XypeisinzeH 3epmmeynepdiH HomuxeciH0e ToHa3bimKbiw XyUeci Kbi30bIpy pexumiHoe muimdipex
XyMbIc icmelmiHi aHbikmandbl, an cankbiH0amy oHe Kbi30bipy pexumoepi YWIiH canKbiHOamKbIUMmbIH
OHmalsnbl memrepamypachs! colkeciHwe 5,5 C 0aHa xoHe 9 °C daHa 60n0kbI.

Tylin ce30ep: mepmoOuHaMuKarnblK manday, Xblly COPFbICbl, MOHA3bIMKbIW KOHObIPFbICH,
ToHa3bImKbIW a2eHm.
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NCCNEANOBAHUE BIIUAHUA NAPAMETPOB S.-)HEKTPOQJPVIKLI,VIOHHOVI OBPABOTKU
HA MEXAHUKO-TPUBOJIOTMYECKUE CBOUCTBA KOHCTPYKLMOHHbLIX CTAJIEU

AHHOmMauyusi: B Hacmosiwel pabome paccMampueaemcsi 6/usiHUe rnapamempos
AIeKMPOPPUKYUOHHOU 06pabomku (MoK, ckopocmb 0bpabomku) Ha MexaHUKO-mpuboioaudeckue
ceolicmea KOHCMPYKUUOHHbIX cmarnel 65 u 40X. GnekmpogpukyuoHHass obpabomka ocHo8aHa
Ha COBMECMHOM  oOrfaefieHuUu roeepxHocmeu anekmpoda U3 4yeyHa U  J5le38usi
noysoobpabambigaroweco  UHCMpymeHma, rnymemMm 8800a  9Hepauu  HU3KOBOJIbMHbIX
aniekmpuyeckux Oye u oxnaxoOeHusi eodol. Pedynbmambi uccriedogaHusi rokasasu, 4mo rnpu
3NIEKMPOPUKUUOHHOU o0bpabomke CKopocmb rnepemMeweHuss obpasya OMHOCUMENIbHO K
gpauwarowemy anekmpody enusiem Ha mosnuwuHy obpabambeieaemMoz0 cros. BbicokockopocmHasi
obpabomka ¢hopmupyem cpasHUMEbHO HEBbICOKYIO 2/1yOUHY yrnpoYHeHUs1 u bornbuwue pa3mepsbl
nepexodHou obnacmu (0kos0 1 MM) € nnasHbIM CHUXeHUeM Mmukpomeepdocmu. [Npu obpabomke
Ha HU3KOU cKopocmu 8 HarsiaerieHHOM C/l0e B03MOXHO 06pa3ogaHue MUKPOMPEUW|UH.
AnekmpogpukyuoHHas obpabomka cmarnu 65 npu moke 300 A ysenudugaem MuKkpomeepdocmsb
108EePXHOCMHOR20 C/1051 8 MpPU pa3sa, a 05151 cmanu 40X e yembipe pa3sa, rno cpagHeHUto ¢ UCXOOHbIMU
3HaveHusimu 297 HVy 1 u 238 HV,.1 coomeememeeHHo. lInmeHcusHocmb usHoca cmarnet 40X u 65r,
YAPOYHEHHbIX 311EKMPOPPUKYUUOHHBIM criocobom rpu 3HameHusix moka 100 A, 200 A u 300 A, 8 2-
3 pasza MmeHbWwe, 4YeM Heyrnpo4yHeHHO20 cmarsel, 4mo ceudemesiscmeyem O 3Ha4YumersibHoU
aghgpekmusHocmu daHHO20 Memoda yrpoYHeHUs npu abpa3usHoOM U3HawueaHuU.

Knroyeenie cnoega: ariekmpoghpukyuoHHas obpabomka, cpedHe- U 8bICOKOynepoducmsie
cmarnu, mpubosioaudeckoe ucribimaHue, Mukpomeepdocme, abpa3ueHbil U3HOC.

BBepneHune

B pa3BnTnmM cenbCKOX039NCTBEHHOMNO MAWMHOCTPOEHUS NPUAAETCA UCKITKOYUTENbHO BaXXHOE
3HayeHne co3gaHnto 3MPDEKTUBHBIX TEXHOMOIMYECKMX MNPOLECCOB, CMOCOOHLIX MOBLICUTL
3KCNyaTauMOHHbIE XapakTePUCTUKM pabouvmx opraHoB MoyYBoOGpabaTbiBaOWMX MalVH B
ycnoBusix abpasnmBHOro n3HalmBaHus. B HacTosiLee BpeMsi BONPOCh! CyLLLEeCTBEHHOIO NOBLILLIEHWS
N3HOCOCTOMKOCTM pabo4mx opraHoB No4yBoobpabaThbiBaloLLMX MALLUH PELLAKTCA rMaBHbIM 06pa3om
HanmaBKoM M3HOcOCTOMKMX cnnaeoB [1, 2]. OgHako 3TOT MeTod COMPOBOXOAKTCA HarpeBoM
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