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In the face of growing shortages and rising prices for fuel and energy resources, the problem of
energy conservation and the use of alternative energy sources to solve the problem of reducing energy
consumption for the Ukrainian economy become very important. Today, the use of air split-
conditioner heat pumps in buildings' heating systems is becoming more common. Therefore, the
improvement of the design and operation of power equipment to which air split-conditioner heat
pumps (“air-air”) are related is related to a detailed study of their operation and an objective
assessment of their degree of energy perfection, which can only be determined on the basis of analysis
their exergy efficiency. This made it possible to substantiate the relevance of such a research task due
to the insufficient information on the operating modes related to the influence of air flows on the
condenser and evaporator on the corresponding condensation and evaporation pressures and the
exergetic efficiency of the use of air split-conditioners. For this article it was used the author's
innovation mathematical model to analysis of the operation of one-step freon heat pumps, which are
used in air split-conditioners, according to the exergetic method. The dependence of condensation and
evaporation pressures and exergetic output-input ratio (OIR) on the example of ,,Mitsubishi Electric”
firm air split-conditioner heat pump with the nominal heating capacity of 3067 W under the standard
external temperature conditions on the refrigerant R32 was determined from the condenser and
evaporator air flows.
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Introduction

In the face of growing shortages and rising prices for fuel and energy resources, the problem of
energy saving and the use of alternative energy sources to solve the problem of reducing energy
consumption for the Ukrainian economy becomes very actually (Energy Strategy of Ukraine, 2013).

A significant reduction in the use of traditional organic energy sources for building heating is
possible thanks to, for example, heat pumps (HP) (“air-to-air”) of air split-conditioners, that use
renewable energy. Today, the use of air split-conditioners heat pumps in building’s heat supply systems is
becoming more common (Bezrodniy, 2013; Zalewski, 2001; Shargut, 1968; Sokolov, 1981; Morozyuk,
2006). This is due to the fact that, by consuming 1 kW of electricity, HP air split-conditioners can carry
up to 5 kW of energy for heating the room air. The use of HP provides not only energy-saving but also
environmental impact.

According to the World Energy Committee, by 2020, 75 % of heat supply (municipal and
industrial) in developed countries will be supplied by heat pumps. In the USA, more than 30% of
residential homes are equipped with HP.

Currently for Ukraine the problem of saving energy resources is particularly relevant in conditions
of market economy, limited resources of primary energy commodities — oil and gas.
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In recent decades both abroad and in Ukraine with the aim of saving energy resources, fundamental
research in a number of industries and technologies from the standpoint of exergetic methodology have been
conducted (Shargut, 1968; Sokolov, 1981; Silvio, 2013; Bejan, 1988; Bejan, 1996; Morosuk, 2006;
Morozyuk, 2006; Tsatsaronis, 2002; Labay, 2018; Labay, 2008).

Exergy not only quantifies energy of any kind, but also allows estimate its quality. It defines the
convergence, suitability of energy for its technical use in any conditions.

Since exergy is the only measure of the work ability, that is, suitability of energy resources for use, it
enables to objectively evaluate the energy resources of any kind. Consequently, exergy is some universal
measure of the suitability of energy resources. And the exergetic balance, on the basis of which the volume
of energy resources is set, indicates the possibility of increasing the OIR of the process.

In some leading European countries and in USA exergy analysis has been introduced as a mandatory
component in development of projects and plans of modernization of manufacturing.

Target of this article

The purpose of this work is to determine the condensation and evaporation pressures of the air
split-conditioner heat pump, depending on its air capacity on the condenser and evaporator, and to
determine air flow optimal values for the air split-conditioner heat pump on the condenser and evaporator.
For this needed to install:

— the condensation and evaporation pressures and the exergetic output-input ratio (OIR) of
“Mitsubishi Electric” air split-conditioner heat pump of 3067 W heat capacity at standard temperature test
conditions depending on the condenser and evaporator air flow;

— analytical dependences between the condensation and evaporation pressures of “Mitsubishi
Electric” air split-conditioner heat pump and respectively the condenser and evaporator air flow;

— optimum air flow values on the condenser and evaporator of the air conditioner heat pump.

This was the task of research.

Techniques used

Air split-conditioners have achieved some technical improvements that are used as heat pumps to
create a suitable microclimate in small rooms during the cold season. To further increase the efficiency of
these air split-conditioners heat pumps, a detailed analysis of their operation is required using a modern
exergetic thermodynamic analysis method (Sokolov, 1981; Shargut, 1968).
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Fig. 1. Scheme of air split-conditioner heat pump: 1 is compressor;
2 is condenser; 3 is capillary tube; 4 is evaporator
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For this purpose, the authors developed and used in this article the exergetic method of analyzing
the operation of one-step freon heat pumps (without effective cooling of the compressor) of air split-
conditioners. In this method, the scheme of the heat pump shown in Fig. 1 and the corresponding
construction of the processes of its operation on the p,i-diagram — in Fig. 2 and work agent refrigerant-32
(R32) (Jakobsen, 2001), are used.
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Fig. 2. Construction of the processes of work on p,i-diagram for heat pump
of air split-conditioner: 1, 2, 3, 4 are characteristic points of the thermodynamic cycle

Research results
The results of researches are summarized in Table 1 and in Fig. 2 and 3 dependence of the
condensation and evaporation pressures of the “Mitsubishi Electric” air split-conditioner heat pump of
3067 W heat capacity at standard temperature conditions, namely, indoor air temperature
t, =t, =+21°C and outdoor air - t,,, =t. =+7°C, respectively, depending on the air flow rate of the

n

condenser and the evaporator are shown.

Table 1
Results of exergetic output-input ratio (OIR) and the condensation and evaporation pressures
air split-conditioner “Mitsubishi Electric” with heat capacity of 3067 W under standard conditions
depending on the air flow rate of the condenser and the evaporator

Leond » m*h Ley » mh teond °c tg =tay . °c Pcond » MPa Po = DPey, MPa h,
1 2 3 4 5 6 7
300 1507 55.3 0.7 3.48 0.83 0.386
400 —'— 47.7 —— 3.00 —— 0.385
500 —"— 43.2 —"— 2.71 —"— 0.382
600 —"— 40.2 —"— 2.52 —"— 0.380
700 —— 38.1 —— 2.39 —— 0.378
800 —— 36.5 —— 2.30 —— 0.377
900 —"— 35.2 —"— 2.22 —"— 0.376
1000 —"— 34.2 —"— 217 —"— 0.375
614 500 39.9 -6.4 2.50 0.63 0.327
—"— 1000 15.0 -11 —"— 0.78 0.365
—"— 2000 —"— 1.6 —"— 0.86 0.388
—— 3000 —— 24 —— 0.88 0.397
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Continuation of table 1

1 2 3 4 5 6 7
—— 4000 —'— 2.9 —'— 0.90 0.401
—— 5000 —'— 3.1 —'— 0.90 0.404
—— 6000 —— 3.3 —'— 0.91 0.406
—'— 7000 —'— 3.4 —'— 0.91 0.407

614 1507 39.9 0.7 2.50 0.83 0.380
400 3500 47.7 2.7 3.00 0.89 0.401

Table 1 shows italicized standard mode and bolded - offered.

35 r
3,0
P cond, MPa
25 - \
\\0
2,0
200 400 600 800 1000

L cond, m3/h

Fig. 3. Dependence of the condensation pressure of “Mitsubishi Electric”
air split-conditioner heat pump with heat capacity of 3067 W
under standard conditions from the condenser air flow
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Fig. 4. Dependence of the evaporation pressure of “Mitsubishi Electric”
air split-conditioner heat pump with heat capacity of 3067 W
under standard conditions from the evaporator air flow
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Here L.y, Ley — respectively, the air flow rate in the condenser and the evaporator of the air
conditioner, m®/h; thyy - air temperature at the inlet of the air conditioner condenser, °C; tg — air

temperature at the inlet of the air conditioner evaporator, °C; t.,,q — the condensation temperature of the
refrigerant in the air conditioner, °C; t,, — evaporation temperature of the refrigerant in the air
conditioner, °C; p.nq — condensation pressure of the refrigerant in the air conditioner, MPa; p,, -
evaporation pressure of the refrigerant in the air conditioner, MPa; h, — exergetic output-input ratio

(OIR) of the air split-conditioner heat pump.

From the Table 1 that due to the proposed optimal air flow rate on the condenser and the evaporator
of the air split-conditioner heat pump the exergetic OIR increases by (0.401 — 0.380)-100/0.380 = 5.5 %
are showed, which is significant.

The results of researches of the condensation and evaporation pressures of the “Mitsubishi
Electric” air split-conditioner heat pump of 3067 W under standard conditions, depending on the air flow
rate, respectively, on the condenser and the evaporator of conditioner, are approximated by the following
formulas:

=32 Lggng =300...1000 m*/h and L, = 1507 m*/h:
Poors =1.614+561-L_ ., MPa; (1)
—3a Ly, =500...7000 m*h and Leyyq = 614 m*/h:
Py = p,, =0.93-151- L., MPa. )

The maximum error according to the formula (1) is 1,0 %, and the formula (2) is 0.9 %.

Conclusions

Analyzing the data obtained in the table 1 and in Fig. 3 and 4, one can come to the following
conclusions.
An increase in the air flow rate on the condenser of the air conditioner heat pump L.,,q from

300 to 1000 m*h has almost no effect on the change in the value of the exergetic OIR h, (0.386 -

—0.375)-100/0.386 = 2.85 %, but leads to a significant decrease in the condensation pressure
Peong (3.48 —2.17)-100/3.48 = 37.6 %, which is positive from a structural point of view. Therefore, it is

desirable to use as little as possible air flow rate L.,,q4 on the air conditioner condenser (for example
Leong = 400 m*/h) and appropriate condensation pressure ( pgng = 3.0 MPa). It should be noted that
the increase in condensation pressure p.,q Ccompared to the standard process is negligible

(3.0 - 2.5)-100/2.5 = 20 %.
However, with the increase of air flow rate on the evaporator of the air conditioner heat pump L,

from 500 to 4000 m*/h leads to a significant increase in the value of exergetic OIR h, (0.401 -
- 0.327)-100/0.327 = 23 % due to the increase of the evaporation pressure p,, (0.90 — 0.63)-100/0.63 =
= 43 %, which is negative from a structural point of view. With the further increase of air flow rate L,
from 4000 to 7000 m*/h, the value of the exergetic OIR h, increases slightly (0.407 — 0.401)-100/0.401 =
= 1.5 % with a slight increase in the evaporation pressure p,, (0.91 —0.90)-100/0.90 = 1.1 %. Therefore,
it is desirable to use as much air flow rate L, as possible on the air conditioner evaporator maximum (for

example 3500 m%h) and appropriate evaporation pressure ( p,, = 0.89 MPa). It is worth noting that the
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increase in the evaporation pressure p,, compared to the standard process is quite insignificant (0.89 —

-0.83)-100/0.83 = 7.2 %.

According to the results of the analysis of the obtained data, the optimal air flow rates on the
condenser and evaporator of the “Mitsubishi Electric” air split-conditioner heat pump with a heat capacity
of 3067 W are offered under standard conditions and condensation and evaporation pressures,
respectively: on the condenser — Ly, =400 m*¥h and p.,,q = 3.0 MPa, and at the evaporator — L, =

= 3500 m*h and p,, =0.89 MPa.

So, developed by the authors and used for this article the innovative mathematical model of
exergetic analysis of the operation of one-step freon air split-conditioners heat pumps allows to
determine the exergetic OIR of the air split-conditioner heat pump, as well as to optimize its
operation.
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B. U. Jla6aii, B. 10. fIpocaas, O. M. JIoBoym, A. Lizna
Hanionansuuii yHiBepcuteT “JIbBiBChbKa MOJITEXHIKA”,
kadeapa TEIUIOra30MOCTaYaHHs 1 BEHTHIISIIIT

BIIV/IMB NOBITPAHUX NIOTOKIB HA KOHAEHCATOPI I BUITAPHUKY
HA TUCKHU KOHJAEHCAIIIi I BATIAPOBYBAHHSA
TEIJIOBUX NOMII SPLIT-KOHJUIIIOHEPIB

O Jlabaii B. U., Apocnas B. 1O., [Josoyw O. M., L[izoa A., 2020

B ymoBax 3pocrarodoro nedimuMry Ta pocTy IiH Ha NaJUBHO-CHEPIreTHYHI pecypcd mpoliema
EHEepro30epekeHHs] Ta BUKOPHUCTAHHS ANBTCPHATHBHUX JDKEPEN CHEpril A BUPINICHHS NpoOieMu 3MeH-
IICHHS CHEPrOCIOXKMBAHHS ISl €KOHOMIKM YKpaiHu cTae ayxe BaxinBow. CbOTOIHI CTae Bce poO3-
MOBCIO/KEHIIMM BHUKOPUCTAHHS TEIUIOBUX moMIl SPlit-KOHAMIIIOHEPiB y CHCTEMax TeIUIOMOCTauYaHHs!
OyniBens. ToMy BIOCKOHAJIEHHS KOHCTPYKIIi i poOOTH €HEPTeTUYHOTro OOJaJHAHHS, O SKOTO HaleXaTb
terutoBi momr SPlit-xkoumumionepis (“moBiTpsA-mOBITPs”), MOB’s3aHe 3 JACTATFHUM BHBUCHHSM iX poOOTH Ta
00’ €KTUBHOIO OI[IHKOIO CTYTEHs iX €HepreTHYHOI JOCKOHAIOCTI, 0 MOXKe OyTH BH3HAYEHA JIUIIIE Ha OCHOBI
aHaiizy iX ekcepreTuyHoi eekTHBHOCTI. Lle 103BOIMIO OOIPYHTYBATH aKTYalbHICTh TAKOTO JOCIITHHIIb-
KOTO 3aBIaHHS, IO TOB’S3aHO 3 HEJOCTATHHOKO IH(POPMAIIEI IMIOAO0 PEXHMiB poOOTH, TOB’SA3aHUX i3
BIUIMBOM IIOTOKIB TOBITPS Ha KOHICHCATOPI 1 BHUIIAPHWKY HA BIAMOBIMHI THUCKH KOHACHCAIii i BHIA-
POBYBaHHsI, Ta eKCepreTHIHOI e(heKTUBHOCTI BUKOPHCTAHHS TeIoBUX momi Split-konaumionepis. Jns el
CTaTTi BUKOPHCTAaHO aBTOPCHKY IHHOBAIliIfHY MaTeMaTHYHY MOJENb UL aHali3y poOOTH OJHOCTYICHEBUX
(hpeOHOBUX TEIIOBUX TOMII, SIKi BUKOPHCTOBYIOThCS Y SPlit-KoHauIIIOHEpaX, 32 €KCEPreTHIHUM METOIOM.
BceraHoBNeHO 3ayIeKHICTh THUCKIB KOHIEHcawlii 1 BUmapoByBaHHA Ta ekceprermyHoro KKJI nHa mpukiani
terioBoi nommu Split-koumumionepa ¢ipmu ,,Mitsubishi Electric” 3 HoMiHAIBHOIO TEMIONPOIYKTHBHICTIO
3067 BT 3a cTaHjapTHHX 30BHIIIHIX TEMIIEPaTYpHUX YMOB Ha XOJOJuIbHOMY areHTi R32 Bim mortokis
TIOBITPsI HA KOHJCHCATOPI 1 BUITAPHUKY.

Kiouosi cioBa: TemioBa momna, Split-konauuionep, TMCKH KOHIeHcanii i BUNAPOBYBAHHS,
NMOTOKH MOBITPS1 HA KOHAEHCATOPI i BUNAPHUKY, eKcepreTuYHa e(peKTUBHICTH



