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The concept of mixed refrigerant fluids has emerged during the past few decades from 20th century due to its su-
perior thermophysical properties as compared to base fluids. It is primarily used as coolants in heat transfer equip-
ment such as heat exchangers and thermoelectric cooling systems. In the current study, an analysis of the physical-
thermodynamic properties and the different parameters was performed by considering 10gms of mixed refrigerant of
propane and ISO-butane at different compositions ratio. All results presented for simulations carried out at range
temperature about 300-350K and a pressure range of 3MPa to 7MPa. They concluded from the result that as the tem-
perature increases specific heat of mixed refrigerant decreases. Similarly, thermal conductivity increases with an in-
crease in temperature for a mixed refrigerant at different compositions. Further, as the pressure is varied from 3MPa
to 7MPa while keeping the temperature constant at 350K, the specific heat decreases by 5.2% as well as thermal con-
ductivity follows the opposite trend and is increased by 6.9%.

Knrowessie criosa: refrigerants, thermo-physical, base fluids, heat transfer, coolants, heat exchangers.
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KoHuennust cMenIaHHpIX XJIaJareHTOB MHOSBHIACH B T€UEHHE MOCICIHUX HECKOJBbKHX ACCATHICTHH, HAUYMHAS C
cepenunbl 20-ro Beka, 6Jaromapsi CBOMM IPEBOCXOJHBIM TEIUIO(GHU3NYECKIM CBOICTBAM 110 CPaBHEHHUIO C 0a30BBIMHU
XKuAKoCTsIMA. OH B OCHOBHOM HCIIOJIB3y€TCS B Ka4eCTBE TEIUIOHOCHTENS B TEINIOOOMEHHOM 000pYyJOBaHHHU, TAKOM
KaK TEIJIOOOMEHHHKH U TEPMODJIEKTPUUYECKHE CHUCTEMBI OXJIaKAEHHUs. B HacTosIeM ucciieoBaHuH ObUT POBEJCH
aHanM3 (QU3NKO-TEPMOANHAMUYECKMX CBOMCTB M Pa3MYHBIX MapamMeTpoB ¢ yueToM 10 I cMEImIaHHOTO XJaJareHra
IpomaHa U U300yTaHa NPU Pa3IMYHOM COOTHOLIEHHU COCTaBOB. Bce pe3ynbTaThl MpeacTaBieHbl U MOJESIMPOBa-
HUS, BBIIOJTHEHHOTO TIpH Temnepatype okojio 300-350 K u nuamazone nasienuit ot 3 MIla no 7 Mlla. B pe3ynsrare
OHM MPUIIJIM K BBIBOAY, YTO C IOBBIIICHUEM TEMIICPATYphl YACIbHAA TCIJIOEMKOCTH CMCHIAHHOTO XJlaJarc¢Hra
YMEHBIIAETCS. AHAJIIOTHYHO, TEIUIONPOBOAHOCTh YBEJIMYMBACTCS C YBEIMUCHHEM TEMIIEPATYphl AJSI CMEIIaHHOTO
XJIaZlaTeHTa MPH Pa3HBIX cocTaBaX. KpoMe Toro, mockoibpKy naBieHne usMensercs ot 3 Mlla nqo 7 Mlla npu coxpa-
HEHUH TOCTOSHHOH TemmepaTypsl Ha ypoBHe 350 K, ynenpHas TEmI0eMKOCTh yMeHbIIaeTcst Ha 5,2%, a Temomnpo-

BOJAHOCTB CJICAYCT HpOTHBOHOJ'IO)KHOﬁ TECHACHINHU U YBCINYINBACTCA HA 6,9%.

Keywords: TennoBoOn Hacoc, TennodUanYeckne xapakTepucTmku, TennoobmeH, xnagareHTbl, TEN00OMEHHUKN.
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Introduction

In present scenario studies on mixed refrigerants has
become versatile all over the universe, so for these rea-
sons vapor compression refrigeration systems (VCRS)
are used for cooling purposes. In general, Figure 1 repre-
sents VCRS cycle consists of four major parts such as
compressor, condenser, expansion valve and evaporator.
The compressor is the process where the low tempera-
ture and low-pressure gaseous refrigerant is compressed
isentropic ally to obtain high-pressure super-heated va-
por region this process is also predominately known as
‘Win’ process. From process 1-2 Figure 1, Figure 2, rep-
resents the work given by the compressor [1] — [3]. From
the process 2-3 condenser process takes place in conden-
ser the high pressure and high temperature superheated
vapor is converted to high pressure and high temperature
liquid refrigerant this process takes at constant pressure
(P=C) and within the dome there will be occurrence of
constant temperature process (T=C). In this process heat
rejection will take place ‘Q,, in Figure 1,Figure 2 rep-
resents process 2-3 [4]-[6]. Expansion valve is the pro-
cess takes place at takes place from 3-4 in this neither
heat input nor rejection of heat occur or neither supply of
work or nor rejection of work takes it is the process en-
thalpy is the process where narrow cut junction will oc-

OXJIAXKICHHUE U KOHIUIMOHUPOBAHUE BO3/LyXa.
My6mmkanun: 6onee 40.

cur to supply the liquid from high pressure and tempera-
ture liquid to low pressure and temperature liquid and
vapor region Figure 1, Figure 2 represents process 3-4.
Evaporator is the process where the object is cooled this
process generally takes place from 3-4 is the process
represents in Figure 1, Figure 2 where low pressure and
low temperature liquid and vapor refrigerant is converted
to Vapor refrigerant. This process is also widely known
as heat supply process (Qy,) [5], [6], [8]. In the current
study, 10gms of zoetrope with the combination of hy-
drocarbons are chosen for the analysis such as propane
(R290) and ISO-butane (R600a) are considered as re-
frigerants. The number of moles calculates the composi-
tions of each refrigerant. For this analysis, a mixed re-
frigerant of R290 and R600a operates at a pressure of
3MPa to 7MPa and temperature of 300-350 K properties
of the refrigerant are available from Table 1. The molec-
ular weight of refrigerant mixture is taken as 10gms and
refrigerant mixture is in the mass ratio of 10%-90%, 20-
80%, 30-70%, 40-60% is considered density and viscosi-
ty varying with respect to temperature as plotted. Ther-
mophysical properties based on the refrigerants such as
specific heat and thermal conductivity are evaluated for
the refrigerant mixture and the effect of pressure on dif-
ferent compositions are evaluated at pressure of 3 MPa
to 7 Mpa.
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Gow [8] Investigated with the elementary materials
of cryogenics and 39 pure refrigerants are used to design
the vapor pressure vs temperature relationship by using
different type’s hydrocarbon refrigerants and the cryo-
genic compounds the equation has developed. Richard-
son et al [9] conducted experimentally without passage
of air the performance of refrigerants and concluded that
propane and ISO-butane gives the better performance of
Coefficient of performance (COP). Lorentzen
[10].Considered thermodynamic and heat transfer prop-
erties as an important factor. Natural substances such as
propane, ammonia and carbon dioxide are used as halo-
carbons. Scalabarin et al in this work, pure fluids and
mixtures are predicted fluid families such as alkanes and
halogenated alkanes with high accuracy of dedicated
equations of state (DEOS) have been proposed thermo-
dynamically. Latra Boumaraf et al [11] have been pro-
posed simulation results for the performance and charac-
teristics of the operating cycle of refrigeration system.
This simulation results includes co-relation of the ejector
entertainment the conservation of 1-D model. Dalkilic et

al [12] in this study experimental results of pressure drop
condensation was determined by choosing two refriger-
ants such as R600a 1m long horizontal and smooth with
inner diameter 4mm ad outer diameter 6mm and R134
in a vertical 0.5mm smooth copper tube with inner diam-
eter 8.1lmm and outer and 9.52mm. Mohanraj et al [13]
performed an experimental work, with single evaporator
domestic refrigerator using hydrocarbons mixture, which
mean a mixed refrigerant of propane (R290), and ISO-
butane (R600a) it presents that hydrocarbons have lower
consumption of energy. However, it leads to higher val-
ue of coefficient of performance (COP). Ardhapukar et
al [14]. In the present investigation to calculate the over-
all heat transfer coefficients along with the length of heat
exchangers for various mixtures has been determined for
these experimental data and empirical co-relations have
been determined. Yan et al [15]. Investigated with zeo-
tropic refrigerant mixture such as R290 and R600a for
domestic freezer in an Internal Auto Cascade Refrigera-
tion Cycle (IARC) performance of these IARC a mathe-
matical model is used to develop the performance. The
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results are discussed about the pressure ratio of compres-
sor, COP performance volumetric compressor. Yan et al
[16]. Study reports using zoetrope mixture such as R290
and R600a for the modified ejector expansion cycle in
this conventional ejector expansion cycle and throttling
cycle is carried out, results are presented that refrigerant
effect of COP, volumetric efficiency etc. Chen [17]. To

enhance the overall system performance an internal sub-
cooler with additional bypass is used. In this study, Mod-
ified Vapor Compression Refrigeration Cycle (MVRC)
using zeotropic mixtures with addition of hydrocarbons
of refrigerants such as propane (R290) and ISO-butane
(R600a) is used.

List of symbols R600a- Isobutane Qin, Qout -heat in and out from
Abbreviations the system i
VCRS- Vapor COP- Coofficient of IARC- Internal Auto Win, Woy. work in and out
. Cascade from the system
compression Performance . .
. . Refrigeration Cycle
refrigeration -
system Latin alphabet letters
0 .
R290- Propane MVRC -Modified Vapor (C), K, T- C,,C,- Specific heat at
Compression Temperature constant Pressure and volume
Refrigeration Cycle P- Pressure ODP- Ozone Depletion Point
1. Methodology of study as boiling point (°C), Melting Point (°C) and specific

1.1. Selection of refrigerant mixture

Selection of refrigerant mixture such as propane and IS0-
butane are generally based on different properties such

heat (kJ/kg."C) of the refrigerant.

Table 1

Represents Properties of Refrigerant Mixture

Tabmuma 1

HpeIICTaBIIeHbI CBOWCTBA CMECH XJIaJar€HTOB

Properties R290 R600a
IUPAC Propane ISO-butane
Chemical Formula C;Hg C4Hy
Density 2.0098 kg/m’ 2.51 kg/m’
Melting Point -187.7 -159.42
Boiling Point -42.25 -11.7
Vapour Pressure 853.16 204.8
Specific Heat Capacity 73.6 96.65
Saturated Hydrocarbon Alkane Alkane
ODP 0 0
GWP 3.3 3
C,/C, 1.136 1.006
Critical Temperature 96.7 134.7
Critical Pressure 4248 3640

1.2. Selection of Composition

In current study, 10gms of refrigerant are chosen for
the analysis at different composition for the refrigerants

such as Propane and the number of moles defines ISO-
butane. Number of moles is defined by the ratio of given
mass of the composition (%) to the mass of a single re-
frigerant R290 and R600a that are tabulated in Table 2.

Table 2
Composition of Refrigerant Mixture
Tab6muna 2
CocTaB cMecH XJ1aJJareHTOB
Refrigerant Mixture (gms) Propane (C;Hyg) 1SO-butane (C,H ;)
10 1gm (0.022) 9gm (0.155)
10 2gm (0.045) 8 gm (0.137)
10 3gm (0.068181) 7 gm (0.12068)
10 4gm (0.090909) 6 gm (0.10344)
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1.3. Thermophysical Properties

2. Results and Discussions

For the present work, effect of pressure on different 2.1. The effect on specific heat in relation to the

refrigerant compositions are evaluated for Propane and
ISO-butane (R290 and R600a) and temperature range

temperature of the refrigerant mixture at
different compositions

varies from 300-350K selected thermo physical proper-

ties such as specific heat and density are discussed in the

succeeding chapter.

Specific Heat, J/kg.K

Thermal Conductivity, W/m.K

Specific Heat vs Temperature 10%R290-90%R600a

To evaluate the thermophysical properties refrigerant
mixture such as specific and thermal conductivity are
evaluated for the propane and ISO-butane (R290 and
R600a) are considered. Refrigerant mixture operates at a
pressure of 3MPa to 7MPa and temperature of 300-
350K. Specific heat and thermal conductivity of the re-
frigerant mixture are evaluated.

Specific Heat vs Temperature %20R290-%80R600a
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Fig. 3. Specific heat vs temperature at different compositions of mixed refrigeration.
Puc.3. YaenbHas TENNoeMKoCTb B 3aBUCHMOCTU OT TeMnepatypbl Npy pasfnyHbIX COCTaBax CMeLLaHHOro XfajareHTa.

2.2. The effect on thermal conductivity in relation to the temperature
of the refrigerant mixture at different compositions

Thermal Conductivity vs Temperature 20%R290-80%R600a
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Thermal Conductivity vs Temperature at 30%R290-70%R600a
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Fig.4. Thermal conductivity vs temperature at different compositions.
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Figure 4 shows the variation of thermal conductivity
with respect to temperature at a composition of a mixed
refrigerant R290 and R600a. However, it shows that as
the increase in temperature and pressure thermal conduc-
tivity of a mixed refrigerant is increases.

Conclusions

In current study, investigation on pressure effect of
mixed refrigerants such as propane and ISO-butane are
evaluated at different composition. It was concluded that
as that as the increase in thermal conductivity by 6.9% at
constant temperature 350K. Meanwhile, opposite trend
was followed by the specific heat decrease from temper-
ature range of 300-350K and it reduces by 5.2% reduc-
tion at constant temperature 350K in the liquid region.
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Tpancaumepayus no BSI

“HOBATDK” yBieKkcs BOAOPOAOM

Poccuiickuii  npoussooumens  corcudceHno2o
eaza “HOBATIOK” namepen écepve3 3aHAMbCA
pazeumuem 6000poOHbIX mexHono2uu. Komna-

HUs 8 Hauaie 200a NOONUCANd Cpa3y 08d 3HA-
KOBbIX OJisl Hee COo2nauleHus:, npeonoaazarnuux

pa6om 6 9MOM HANpAaeleHUU.

B uwacTHOCTH, KpyIHEHIIHNI B CTpaHE HE3aBUCHMBIM MPOM3BOANTEINH Ta3a IOTOBOpHIICS ¢ repmaHckoi Uniper o
COTPYAHMAYECTBE IPU MPOM3BOJICTBE U MOCTABOK BOAOPO/a. J[Be KOMITAHUH IJIAHUPYIOT BMECTE Pa3BUBAThH IIPOU3BO/I-
CTBO, TPAHCIIOPT W MOCTAaBKH BOJOPOJ]A, B TOM 4HMCIIC Ha 3ekTpocranimax Uniper B Poccun u 3amamuoii Espore,
cooburnn “HOBATOK”. “Paccmampusaromess nocmasku ,,201y0020““ 6000po0a, Npouzse0eHHo20 U3 npupooH020
eaza ¢ danvHetiwum yraerueanuem u xpanenuem CO2, a maxoice ,,3e1eH020 “ 6000p00d, NOTYYEHHO20 C UCNOAb306A-
HUuem 80300HOGISLEMbIX UCHIOYHUKOB IHEP2UU», — TOBOPUTCS B COOOIIEHUH KOMIIaHUH.

I'maBa «<HOBAT3Ka» Jleonnn MuxembCoH Ha3Bal BOIOPOIHYIO JHEPTETHKY IEPCIIEKTUBHBIM HaIpaBICHUEM
JIOJITOCPOYHOI CTpaTeruu pa3BUTHS KOMIAHWH. “Pazeumue xommepuecku 3¢pghexmueno2o npouzeoocmea ,, Hu3Ko-
VenepoOH020 6000p00A " HAXOOUMCS 8 HAYALLHOL CMAOUU, U HAUle COBMECTIHOE COMPYOHUYECHB0 8 IMOoll 001acmu ¢
Uniper, 00Hotll u3 8e0yuux MexiCOYHapOOHbIX dIHEPLeMUYecKUx KOMNAHUL, NO380IUN 3AN0ONCUMb HAOEHCHYIO OCHOB)Y
012 OanbHellue2o 8bICMPAUBanUs 00J20CPOUHBIX OMHOUIEHUL, — PACCIUTHIBAET OH.

Kpome Toro, “HOBATIK” mommucan ¢ uranbsackoit Nuovo Pignone, Bxojsmieit B coctaB Baker Hughes, co-
[JIAIICHUE O CTPATErHYECKOM COTPYIHHUYECTBE B 00acTH cokparieHus BeiopocoB CO2. JIge kommanuu OyayT pabo-
TaTh B OOJACTH AJIEKTPUYECKUX M ra30TypOMHHBIX pEIIeHuil 10 100bIYe N CHKMKEHMIO I'a3a, a TaKKe COKpAICHMS
BeIOpocoB CO2. “HOBATOK” u Nuovo Pignone yxe 10roBOpHiIHCh U 0 KOHKPETHBIX IPOEKTax. B yacTHoCTH, OHM
IUTAaHUPYIOT HAa4aTh COBMECTHBIM IepeBol TypOHH Ha paboTy Ha BOJOPOJICOEPIKAIINX CMECSX TOIUIMBHOT'O rasa.

Baker Hughes siBisieTcss omHIM W3 TTOCTAaBIIMKOB OCHOBHOTO oOopymoBanus it npoekToB “HOBATIKA” mo
oxmkennto raza «Aman CIII» u «Apkruk CIIT 2.

IIpomuoii ocenpro ¢puHancossiil qupektop “HOBATOKa” Mapk [IxeTBeil 3asBisil, YTO KOMIAHUS H3Y49aeT BO3-
MOJKHOCTb MPOM3BOJICTBA BOJIOPO/IA, UCCIIEYs IEPCIIEKTHBBI €r0 BBIPAOOTKH M3 METaHA C TEXHUYECKOW U 3KOHOMH-
quKOﬁ TOYCK 3pCHUA. Peun HICT KaK O MPOM3BOJACTBE BOAOpOAa IJId HYXKI caMou KOMIIaHWH, TaK U JJId IIOCTAaBKU
KOHEYHBIM ITOTPEOUTEISIM.

PCCYpCHaH 0a3a KOMIIAHUU I103BOJISET MMPOU3BOAUTH KaK CHF, TaK U BOAOPOA, OTMEYAJI OH.

Omneprocrparerus Poccun npennonaraet sxcopt 200 TeIc. T Bogopoaa k 2024 r., a k 2035 r. — 2 MuIH. T.

globalenergyprize.org

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2000-2020

Ne 28-30 MexxayHapoaHbI Hay4HbIW XXypHan

@ DS{B@E @ (350-352) «AnbTepHaTMBHas 3HepreTUKa U 3KONOrus»

2020 © HayuHo-TexHu4ecku ueHTp « TATA», 2000-2020

(17,

seace

£
~

//‘\\

-

MexdyHapodHsbit uzdamensckull 0om Hay4Hol nepuoduku “Cnedc”



	Introduction
	1. Methodology of study
	1.1. Selection of refrigerant mixture
	1.2. Selection of Composition
	1.3. Thermophysical Properties

	2. Results and Discussions
	Conclusions
	“НОВАТЭК” увлекся водородом


