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Today, in air conditioning and heating systems for small rooms of industrial, public, and
residential buildings, the use of heat pumps of air split-conditioners is becoming more
common. However, heat pumps of air split-conditioners are energy-intensive equipment,
and, therefore, the need to increase their energy efficiency arises. It is important to reduce
energy consumption during the refrigeration machines operating in the mode of heat pump
in air split-conditioners, which is possible using a modern method of thermodynamics —
an exergetic one. Exergetic analysis allows for establishing the maximum thermodynamic
capabilities of the system, determining the losses of exergy in it, and substantiating rec-
ommendations for improving some of its elements. The exergetic method of analysis of
the operation of one-stage steam-compressor freon heat pumps of air split-conditioners
developed by the authors is used in this article. As a result, the universal dependence for
determining the exergetic output-input ratio (OIR) for the air split-conditioner heat pump
by “Mitsubishi Electric” with a heating capacity of 3200 W has been established, which
makes it possible to select the parameters of its operation with the maximum exergetic
OIR. The described algorithm for obtaining such a universal dependence can be used for
heat pump air split-conditioner of any firm and any heating capacity.

Keywords: heat pump of air split-conditioner, exergy balance, exergy efficiency, same
internal temperature conditions, universal dependence for exergetic output-input ratio.
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1. Introduction

Refrigeration machines that operate in the mode of a heat pump in local autonomous air condition-
ers need to reduce energy consumption improvement, which is possible using a modern method of
thermodynamics — the exergetic method |1,2].

Exergetic analysis allows for establishing the maximum thermodynamic capabilities of the system,
determining the losses of exergy in it, and substantiating recommendations for improving some of its
elements [3-12]. And for this, you need to study all aspects of the heat pump of local autonomous air
conditioners thoroughly.

Therefore, the authors developed the exergetic method for analyzing the operation of one-stage
steam-compressor freon heat pumps (without efficient compressor cooling) for local autonomous air
conditioners, described in detail in [13-15|. This method uses the principle scheme of the heat pump,
which is shown in Fig. 1a, and, accordingly, the construction of the processes of its work on the (p, 1)
diagram in Fig. 16 and the refrigerant freon-32 (R32) [16]. Computational and quantitative experiments
were performed using a mathematical model developed by the authors using the computer program in
Excel [13].

(© 2022 Lviv Polytechnic National University 945
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Fig.1. Scheme of heat pump of air split-conditioner (a): 1 is compressor; 2 is condenser; 3 is capillary tube
(throttle); 4 is evaporator and construction of the processes of its work on (p,i) diagram (b): 1, 2, 3, 4 are
characteristic points of the thermodynamic cycle of the heat pump.
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Therefore, based on the analysis of available literature data, the reduction of energy consumption
consumed by heat pumps of air split-conditioners can be achieved by obtaining a universal dependence
to determine the exergetic output-input-ratio (OIR) of heat pump of split-conditioner of any firm of a
certain heat capacity, which will allow you to choose the parameters of its operation with the maximum
exergetic efficiency.

2. Purpose and tasks of the investigation

The purpose of the work is to establish the universal dependence of the exergetic OIR of the heat pump
of air split-conditioner on various factors that affect its operation. To do this, you need to identify:

e exergetic OIR of the heat pump of air split-conditioner of the company “Mitsubishi Electric”, for
example with a heat capacity of 3200 W under various factors influencing its operation [13-15];

e analytical relationship between the exergetic OIR of the received heat pump of air split-conditioner
and various factors that affect its operation.

3. Methods, materials and results of research

The exergetic analysis was performed for the “Mitsubishi Electric” air split-conditioner heat pump with
the highest exergetic OIR, which was determined under the standard temperature conditions (stan-
dard refrigeration capacity Qiteat = 3200 W; standard power consumption N3¢ = = 780 W; standard
evaporation of condensate WS , =1.101/h) [17].

To establish the universal dependence of exergetic OIR on various factors that affect its work, the

following initial data were adopted:

e the ambient temperature (outside air) tc, = +7... — 15°C (for standard process was accepted
te, =7°C);

e the temperature of indoor (recirculation) air in the room was taken as constant tg, = 21°C (for
the standard process was also accepted tp, = 21°C);

e the air flow in the condenser Leonq = 300...1000m?/h (for the standard process was accepted
Leona = 490 m? /h)a

e the air flow rate in the evaporator Le, = 500...5000m?/h (for the standard process was accepted
Loy = 1020m3 /h);

e the final temperature difference in the condenser (condensing refrigerant and outside air at the outlet
of the condenser) Atcong = 3.0...5.0°C (for the standard process was accepted Atcong = 4.2°C);
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e the final temperature difference in the evaporator (internal air at the outlet of the evaporator and
boiling refrigerant) Ate, = 2.0...4.0°C (for the standard process was accepted Ato, = 2.8°C);

e the difference of overcooling temperatures in the condenser Atgyercool = 3.0 ... 5.0°C (for the stan-
dard process was accepted Atoyercool = 5.0°C);

e the difference of overheating temperatures in the evaporator Atgyerheat = 5. .. 15°C (for the stan-
dard process was accepted Atgyerheat = 10°C);

e the electromechanical efficiency of the compressor 7ey, = 0.70...0.95 (for the standard process was
accepted 7epm, = 0.9);

e the adiabatic (indicator) compressor efficiency 7,q = 0.70...0.90 (for the standard process was
accepted 7,9 = 0.8).

The following dependences for the exergetic OIR of the studied air split-conditioner on the indicated
factors influencing its work were consistently obtained [13-15]:
Ne = 0.435 — 0.0088 - tc, ,
ne = 0.3956 +6.43 - L} | —36.42- L},
Ne = 0.4251 — 0.0074 - Atcong — 0.0075 - Atey,
Ne = 0.361 + 0.0024 - Atovercools
Ne = —0.2982 + 0.4151 - Ny, + 0.372 - 14
and, finally, the universal dependence to determine exergetic efficiency:

Ne = —0.0088 - to, +6.43 - L' —36.42 - L.} —0.0074 - Atcong — 0.0075 - Aty

cond

+0.0024 - Atgyercool + 0.4151 - ey + 0.372 - 1 — 0.1739. (6)

\)

~~ I~ A/~
at w
—_— — — ~— ~—

Table 1. The results of the calculations exergetic OIR of air split-conditioner heat pump of the company
“Mitsubishi Electric” with a heat capacity of 3200 W due to various factors influencing its operation.

tCla Lcond; Lev; Atcond; Atevz Atovercool; Atoverheata Nem T Tle cons e Aa

°C | m®/h | m¥/h| °C °C °C °C %
1 2 3 4 ) 6 7 8 9 10 11 12
7 490 1020 4.2 2.8 5 10 0.9 0.8 0.3730 | 0.373 0
8 490 1020 4.2 2.8 ) 10 0.9 0.8 0.3642 | 0.363 | —0.3

-15 490 1020 4.2 2.8 5 10 0.9 0.8 0.5666 | 0.567 0.1
7 300 1020 4.2 2.8 ) 10 0.9 0.8 0.3814 | 0.378 | —0.9
7 1000 | 1020 4.2 2.8 5 10 0.9 0.8 0.3664 | 0.363 | —0.9
7 490 500 4.2 2.8 ) 10 0.9 0.8 0.3359 | 0.339 0.9
7 490 5000 4.2 2.8 5 10 0.9 0.8 0.4015 | 0.405 0.9
7 490 1020 3.0 2.8 ) 10 0.9 0.8 0.3819 | 0.382 0
7 490 1020 5.0 2.8 5 10 0.9 0.8 0.3671 | 0.367 0
7 490 1020 4.2 2.0 ) 10 0.9 0.8 0.3790 | 0.379 0
7 490 1020 4.2 4.0 5 10 0.9 0.8 0.3640 | 0.364 0
7 490 1020 4.2 2.8 3 10 0.9 0.8 0.3680 | 0.368 0
7 49 1020 4.2 2.8 5 5 0.9 0.8 0.3730 | 0.373 0
7 49 1020 4.2 2.8 5 15 0.9 0.8 0.3730 | 0.373 0
7 490 1020 4.2 2.8 ) 10 0.70 | 0.8 0.2900 | 0.290 0
7 490 1020 4.2 2.8 5 10 0.95 | 0.8 0.3938 | 0.394 0.1
7 490 1020 4.2 2.8 ) 10 0.9 | 0.70 | 0.3358 | 0.336 0.1
7 490 1020 4.2 2.8 5 10 0.9 | 0.90 | 0.4102 | 0.410 0
7 350 2500 3.0 2.0 5 10 0.95 0.4723 | 0.479 | 1.4

The results of the calculation of exergetic OIR according to the universal formula (6) 7, cac and
the actual 7, and relative error A are given in Table1 (in italics marked technical characteristics of
the air conditioner in the standard process, bold is for the proposed).
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4. Conclusions

Analyzing the obtained universal dependence (6) and the data in Table1, we can draw the following
conclusions. The air flow in its evaporator L., has the greatest influence on the exergetic OIR of
the heat pump of the air split-conditioner 7., and the difference in overheating temperatures in its
evaporator Atgverheat does not affect the exergetic OIR at all. The universal relationship between the
exergetic OIR of the heat pump of the air split-conditioner and various factors (6) makes it possible
to install it quickly and correctly with a maximum error of up to 1.4%. The proposed process of using
the heat pump of the air split-conditioner is quite energy-efficient because it leads to an increase in its
exergetic OIR by (0.479 — 0.373) - 100/0.373 = 28.4%.

Reduction of energy consumption by heat pumps of air split-conditioners can be achieved by ob-
taining a universal dependence for determining the exergetic OIR of the air split-conditioner heat pump
of any company of a certain heat capacity, which will allow choosing the parameters of its operation
with maximum exergetic OIR.
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VHiBepcanbHa 3aNeXXHICTb A1 BU3HadeHHs1 ekcepretndHoro KK/
Tennosoi nomnu split-koHauuioHepa

Jla6ait B. 11.}, Kimmenko T. M., Tencenpkmit M. 1.2

L Kaghedpa men.noea3onocmaqarms i 6eHmusiyii,
Incmumym 6ydishuymea ma iHAHCEHEPHUT CUCTNEM,
Hauionarvrut ynisepcumem “/Iveiscora nosimexnira”,
eyn. C. Bandepu, 12, Jlveis, Ykpaina
2 lIvsiscoruti mernixo-exonomivmiuti koaedtc
Hauvionanvrozo ynisepcumemy “JIvgiscvra nosimexrnira”,
eyn. C. Bandepu, 12, 790138, Jlveis, Yxpaina

CrorofHi y cucreMax KOH/UIHIOBAHHS Ta OIAJEHHS HEBEJIMKUX [PUMIIIEHb IIPOMECIIO-
BUX, 'POMAJICBKUX Ta YKUTJIOBUX 06’€KTiB Bukopucrantsi Terosux nomn (TII) nosiTps-
HuX Split-KOHIUIIIOHEPIB cTae BCe PO3MOBCIOKEHIMNM. AJie TEmIOBI MOMIIN MOBITPSAHUX
split-koHuUITIOHEPIB HAJIE)KATH [0 EHEPTOEMHOTO 00JIaITHAHHS, & TOMY ITOTPEOYIOTH ITi/IBU-
meHHs 1X eHeproedekTuBHOCTI. ToMy cTae akTyaJbHUM 3MEHITIEHHST €HEPro3aTpaT Il Jac
eKCILTyaTallil XOJOMUIBHIX MAIIWH, sKi MPAaIiOl0Th B PEKMUMi TEIIOBOI rmoMmmu B split-
KOH/IUITIOHEPAX, IO MOXKJIMBE 3 BUKOPUCTAHHSAM CYy9aCHOIO METO/LY TEPMOJIMHAMIKI — ek-
cepzemuynozo. ExcepreTnydHuil aHaIi3 J03B0JIsI€ BCTAHOBUTH MAKCUMAJIbHI TEPMOIMHAMIY-
Hi MOXKJIMBOCTI CHCTEMU, BUSHAYUTH BTPATHU €KCEPril B Hiif Ta 0OIPYyHTYBaTH PEKOMEHIATIIT
3 BJIOCKOHAJICHHsT OKpeMuX 11 estemenTiB. [t 1i€l craTTi BUKOpUCTAHO PO3pOOJIEHNUIT ABTO-
paMu eKCepreTUYHNAN MeTOJ | aHAJII3Yy POOOTH OJHOCTYIIEHEBUX XJIAJOHOBUX TEIIOBUX IIOMII
split-konurtionepis. Y pe3ysbTaTi BCTAHOBJIEHO YHIBEpCAJbHY 3aJI€2KHICTH JIJIsT BU3HAYUEH-
us excepreruanoro KK/ rerosoi mommnu split-kougurtionepa dipmu “Mitsubishi Electric”
remnonpoaykrusHicTio 3200 B, ska mae moxksusicts migibpatu mapamerpu 11 pobortu 3
makcumasibanM ekcepreruaanM KK/I. Onucanuit aaropury oTpuMaHHs TAKOI yHIBEPCAb-
HOT 3aJIE?KHOCTI MOXKHA BUKOPHUCTATHU JJIsi TEIUIOBOI oM split-Kouaurtionepa Oyib-sKol
bipmu Ta 6yIb-IKOI TEIIONPOyKTUBHOCTI.

KntouoBi cnoBa: mensosa nomna, split-xonduyionepa, excepeemuunutl 6araHc, excep-
2emuuHa ePeKmueHicmy, YHIBEPCANDHE 3AAENHCHICTND 0A8 excepeemuymnozo KK/].
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