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Kamepbl BbicoTon 183 cm.

* 06WKIN 06Bbem 309 n (194/115)
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Trade-off working fluid selection for heat pumps
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Abstract. Mowsaday: heat pump systems are usad to recover the heat from wasts water from
differant sources and produce hot water for housshold and communsl purposss. In this mesanch
comparstive thermodvnamicanalyziz of parformance for a water-to-water single-stags vapor
‘compraszion heat pump using saversl HC:, HCFC: and HFCs which bslong to refrigerants of
differant gemerstions iz presented. A multi-criteria spproach for optimal sslsction of
rafrigerants war used 2@ scisntific tool Fesult: of theorstical axpariment: of wvapor
compsaszion hagt pump svatsm with the evaporstor tsmparahes rangs 0. 25°C and condsnsar
temparsture $0°C and 83°C showed that the CDP of F.1134za was higher than that of F.600a,
F.152b by sbout 6.7...17.3%, L. and 1.7...14.4%, sespactivaly, at condanser
tamparsters 60 30 tw-=\a( rasults am uﬁa(ar_t if at condsnssr tamparat B3°C: the
a\aag= COP of R.600a was higher than that of F.1234ze and F.152b by sbout 7.7...14.7%,

. 15.8%, and 7.5...15.6%, respactively. COP dizplays a positive malmm: vm‘]: ths
aapmatm temperaturs a: wall 2@ 3 negative comslation with the condsnzar temperaturs. The
complats snalysiz of all factors, including snvironmentsl zafsty, indicates that FL1234z2 and
F.600z rafrigarant: should be praferred as the working fluids for using in the water-to-water
single-stags vapor compression heat pump for the hot water supply and hesting purposs: in
industrial applications.

L Inrm duction

E ion and climate te gv in developad countriss up to 1 5% or more of producad
ala-c!:ricit_\' pear wear. Today capacity rafrigsrating and climatic i markst in the European
Union is about 30 billion Euros, and only in Germany - 10 billion Euros. The growth rats of this
markst in individusl countriesis 20-3%6 par vear. Russia has a stzady growth rats of consumption
{25% par year) [1-2].

Rafrigerants, coolants and oils - have been and remain the objects of constant thermophysical
raszarch throu zhaut the world Despite the fact that the principle of obtaining artificial cooling bas =d
on changing phass statz has not changed, the cooling and air- ditioning industry is i
svolved and expanded which directly affacts the applicability of a pamcu]ar refrigerant in a cartsin

hnol

period of tims. Rafrigerants have changed over the wears, mainly in response to safety and
snvironmental issues (figurs 1)

The dards and codss that suide the application of refrig; in cooling and air-conditioning
industryars gatting more strict as well [3].

First generation Second generation
1830-1830s }:>
Whatever workad, Ethers, 4 ili

€O, NH;, 50,, HCs, H:0, CFCsw)Lﬂ; HFCs, H_O

g

Fourth generation

2010s- Third generation
Desirable propartiss: 1950-2010s

zaro/low ODP, low GWE, HCFCs, NH;, HCs, H:0,
high efficiently, relativaly CO., HFCs,....

short atmosphariclifstima,

Figure 1 Generation of rafrigarants.

Sinca January 1, 2020 the Europsan Union has introduced a ban on the using of refrigerants with a
zlobal\\-armmzpotmnal {GWP), ereater than23500, and sinc= 01.01 2025 - a ban on refrigarants with
GWP<1350. D.Sc. Tsvatkoy O.B. 2t al [1-2] have datarmined the following raquirsments for any
refrigarants in modem conditions, they ara:

- Ozone-Deplating Potential (ODF);
- Global Warming Potential (GWF);

- toxicity;

- figz and axplosion hazard;

- 2asz in detecting laaks;

- gritical parameters and thermodynamic proparties;
- transfar propartiss;

- heat and mass transfar charactaristics;

- fraezing and thermal decomposition temparaturas;

- selubility in lubricating oils;
- ihility, with the ials usad in engi ing and water;
\Iowad,a\-s seiantists trv to understand if climate ch from dirsot or from

indiract conseguences such as snsrgy-related smissions. Thars are thousand works showing
advantages and disadvantages of the cartain refrizerant [4-7].

Clearly, futurs discovery of ideal rafrig that bi all the d: irable propertiss is highly
. lzorithms for seamching of a rafrig; dasi binations of properties
have been deseribad and founded appl\cauon in gjector coolmz cyele [B].

The aim of this study is to compars the thermodynamic performances of the hish
watar-to-water vaporcomprassion heat pump system using sat eral HCs, HCFC: and HFC: W] h\ch

belongto refri of diffarant ionsandto i mors suitable substance based on

thaoratical caleulstion and amalysis.

. Materials and!\f&rlwdg
In the work we e the ion of rafri ion system which is simulated by the raverse

Rankins cvels. The mampro{zss esin the singls-stags vapor comprassion cvels include issntropic
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BAK — 10 cTaTeu;
PUHL — 6 cTaTewu;

YyacTtue B KOHPepeHUmAX
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PecnybnmkaHckmnx — 1;
Ha 6a3e JOHHYIT — 8.
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