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Abstract — Promising ways to improve the energy efficiency of vaporcompression refrigerators is an addition of the nanoparticles
into the working fluid. The effect of metal oxides nanoparticle additives into the compressor oil to the coefficient of performance of the
refrigeration system has been investigated by researchers by now. The problem of the influence of fullerenes additives to the working
fluid on the performance of the refrigeration system is still studied insignificant.

The experimental values of the cooling capacity, power consumption and coefficient of performance for the compressor refrigerating
system using isobutane / compressor oil and isobutane / compressor oil/ fullerenes as working fluids have been presented in the
paper. The fraction of fullerene in compressor oil was 0.5 mass %. Experimental measurements are carried out on the original
experimental setup with compressor from domestic refrigerator. The experiments have been performed for several values of the
working fluid mass flow. The reduction of the compressor power consumption and invariance of cooling capacity with using the
isobutane / compressor oil/ fullerenes as working fluid in comparison with using the traditional working fluid have been observed.
The prospects of fullerene additives into compressor oils for using in refrigeration systems have been considered in paper.
Keywords — fullerenes, refrigeration system, coefficient of performance, working fluid
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Rezumat — una din metodele de perspectivi pentru sporirea eficientei energetice a maginilor de refrigerare cu abur compresat
este adaosul nanoparticulelor in corpul de lucru. De un sir de intreg de cercetatori a fost efectuata studierea influientei adaosului
de nanoparticule a oxizilor de metal Tn uleiurile de compresie asupra indicilor de eficienta energetica a sistemului de refrigerare.
Totodata, in present problema impactului adaosurilor fulerenilor in corpul de lucru a masinilor de refrigerare asupra
caracteristicilor energetici de functionare este studiata insufficient.

In raport sunt prezentate rezultate a cercetdrilor experimentale a productivitdtii frigorifice, puterii consumate si a coeficientului de
rdcire a sistemului de compresoare in cazul functiondrii cu corp de lucru — izobutan/ulei de compresiune/fulereni in comparatie cu
indicii de eficienta utilizdand corp de lucru izobutan/ulei de compresiune. Concentratia fluerenilor in uleiul de compresiune
constituia 0,5% masa. Cercetdri experimentale au fost efectuate la o instalatie originald, dotatd cu compresor de la frigiderul de uz
casnic la cdteva valori a consumului in masd a corpului de lucru. Cercetarile efectuate au demonstrat reducerea puterii consumate
de cdtre compresor la masina de refrigerare cu corpul de lucru lichid de rdcire/ulei/fulereni la productivitate frigorifica a sistemului
aproape neschimbatd. Conform rezultatelor cercetarilor efectuate sunt facute concluzii de existentd a perspectivei de implementare
in industria frigorifica a uleiurilor de compresori cu adaosuri de fulereni.

Cuvinte cheie — fulereni, sistem frigorific, coeficient frigorific, corp de lucru.

IKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIUAHUA TJOBABOK ®YJIJIEPEHOB
B PABOYEE TEJIO N30bYTAH/KOMIIPECCOPHOE MACJIO HA IIOKA3ATEJIN
3®PEKTUBHOCTHU XOJOIANJTIbHON CUCTEMBI
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Kadenpa termnodpusuku u mpuKIIagHON SKOIOTHH, IHCTUTYT X0JI0/1a, KPHOTEXHOJIOTUN U 3KOIHEPTCTHKHI
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Pedepat — Oonum us nepcnexmusnwix cnocob6og noevluenus IHepeemuyeckoi IhhekmueHocmu NAPOKOMIPECCUOHHBIX XOTOOUTLHBIX
Mawiun sA8nsemcs 0obaska 6 pabouee meno Hanouacmuy. Paoom uccnedosameneil yoice npogedeHo uzyuenue 6nusius 000a8oK HAHOUACUY
OKCUA08 MEMAIO8 8 KOMNPECCOPHble MACIA HA NOKA3AMENU SHEP2eMmuyecKkoll sggexmueHocmu xonooumvHou cucmemsl. Ilpuuem, Ha
Ce200HAUHUTL OeHb 80NPOC GIUsHUA 000ABOK (YIIePeH0s 8 pabouee Meno XON0OUTbHbIX MAWIUH HA SHEPLEMUYECKUEe XAPAKMEPUCUKU ee
pabomul uzyueH HedOCMAamoyHo.

B ooknade npusodsmcs pesynomamul IKCHEPUMEHMATLHOZO UCCTIEO08AHUSL XOI000NPOU3E00UMETLHOCTU, NOMPEONAeMOU MOWHOCHU U
XONOOUBHO20 KOIDDuytenma KoMnpeccopHoli cucmemsl npu pabome Ha pabouem meie u306YMaH/KoOMnpeccopHoe Macio/@yniepenvl 6
cpagHeHuy ¢ noKazamenamu dP@exmusHocmu npu UCHoIL30aHuU paboueco mena uzobymar/komnpeccoptoe macio. Konyenmpayus
@ynnepenos 6 komnpeccoprom macie cocmasnsina 0,5 % macc. Ixcnepumenmanbuvle UccIe008anus ObLiU 6bINOIHEHbl HA OPUSUHATILHOU
VCMAHOBKE C KOMNPeccopom Oblmo6o20 XONOOUTbHUKA NPU HECKOIbKUX 3HAYEHUSAX MACCo8020 pacxoda pabodezo meiq.
IIposedennvie UCCIe006aHUS NOKA3AU CHUNCEHUE NOMPEONAEMOU KOMNPECCOPOM MOWHOCIU OISl XOAOOUNbHOU MAWUHbL HA
pabouem mene XaadazeHm/mMacno/pyiiepensl npu ROUMU HEUSMEHHOU X0I000NPOU3800UmenbcHocmu cucmemsl. I1o pesynomamam
NPOBEOEHHBIX UCCIeO08AHULL COENAH 8bIB00 O NEPCREKMUBHOCMU BHEOPEHUs 8 XOIOOUNbHYIO NPOMBIUIEHHOCHb KOMNPECCOPHBIX

macen ¢ dobaskamu QyniepeHos.

KuarueBble ¢j10Ba — Qyuiepensi, Xo100unvhas cucmema, Xo100Unbhblil Kodgguyuenm, pabouee meno

1. INTRODUCTION

The nanotechnologies introduction into the refrigeration
industry is a prospective direction of the increasing energy
efficiency and decreasing environmental impact of the
equipment. The influence of nanoparticles additives on the
thermophysical properties of the refrigerants, compressor
oil, and refrigerant/oil solutions (ROS) was studied in [1].
It was shown that the nanoparticles additives influence
positively as well as negatively on the properties of ROS.
Quantitative ratio between mentioned factors will
determine the perspectives of the nanotechnologies
application in the refrigeration equipment.

Only few papers are devoted to study the influence of the
nanoparticle additives to working fluid on the efficiency
of the vapor compression refrigeration system [2-7].
Analysis of reported data shows that using the compressor
oil with nanoparticle additives mainly leads to increase the
refrigeration equipment energy efficiency. However, it
was also shown that positive effects from nanoparticles
additives varied in different studies, and sometimes it lies
within range of the experimental uncertainty. Therefore,
the prospects of nanotechnology applications in
refrigeration equipment are ambiguous.

It should also be mentioned that additives of the
nanoparticles in compressor oil lead to increase the oil
viscosity [8], and, consequently, the viscosity of the
working fluid of the vapor compression refrigeration
system increases as well. It is assumed that the additives
of nanoparticles such as fullerenes in compressor oil can
both lead to viscosity increase and to friction loss
decrease in compressor [9, 10].

The effect of fullerene additives to the working fluid on
the coefficient of performance or energy consumption of
refrigeration equipment is investigated very poorly. Only
one paper, which contains the experimental date for
energy efficiency of the refrigeration equipment that using
the compressor oil with fullerenes, has been found [6]. In

this paper it was shown that the coefficients of
performance of two compressors for domestic
refrigerators were improved by 5.6% and 5.3%,

respectively, when the nano-oil was used instead of pure
mineral oil. The fraction of fullerenes in compressor oil
was 3 g/l of oil.

Therefore, the present paper is dedicated to investigation
of the influence of fullerene Cq, Nanoparticle presence in
the real working fluid (isobutane R600a with impurities of

mineral compressor oil) on the efficiency of vapour
compression refrigeration system.

2. MATERIALS, NANOFLUIDS PREPARATION
AND STABILITY INVESTIGATION

An important issue before the start of the study of the
prospects of nanofluid application is estimation of its
aggregation stability (stability the disperse composition
for a time). Fullerenes can be dispersed in solution as
single molecules in contrast to metal oxides nanoparticles.
Simultaneously, the fullerenes in solution can exist as
clusters, the size of which depends from the fullerenes
mass fraction in liquid and the basic liquid
physicochemical properties.

The solubility of fullerenes in different liquids reported in
many papers, one of the first studies was performed by
Ruoff [11]. Since fullerene molecule is non-polar, it can
be dispersed very well in non-polar fluids such as mineral
oil which was used in our study. Therefore, many
researchers demonstrated good stability of nanooil with
fullerenes without surfactants [10]. In spite of this fact, the
nanooil with fullerenes was prepared by the authors of the
paper [6] with using the surfactants span-40 and tween-60.
In present research the nanoparticles of fullerene Cgg
(CAS # 99685-96-8) and compressor oil (ISO VG 19.5)
were used. On the first stage two oil samples with tween-
80 surfactant (CAS # 9005-65-6) and without surfactant at
the mass fraction of fullerenes of 0.13 mass% were
prepared for the study of aggregation stability.

The nanofluids for experiment were prepared in the
following way. While preparing the nanooil the required
mass of the fullerenes was weighed on the electronic
balance Model GR 300 with the accuracy of 0.5mg. The
required mass of the oil was weighed on the technical
laboratory scales with the accuracy of 5 mg. After
balancing the nanoparticles and oil, the mixture was
dispersed by ultrasonic bath Codison CD 4800 with
frequency 42 kHz during 9 hour.

The estimation of nanooil stability was based on the
ability of fullerenes to absorb the light flux proportionally
the fullerenes mass fraction in solution. Measurement of
the light absorption by the nanooil with fullerenes in the
cell with optics path length of 1.1 mm at the light
wavelengths from 360 to 800 nm was realized with using
the spectrophotometer Shimadzu UV-120-02. The
excellent stability of the obtained samples of nanooil with
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surfactant tween-80 and without surfactant for two months
has been observed. For charging into compressor
refrigeration system the nanooil was prepared without
surfactant.
The required mass of the fullerenes and oil were weighed
to obtain 320 ml of the nanooil with a concentration of the
nanoparticles 0.5 mass % in oil. Obtained nanooil was
charged to the crankcase of the compressor. After
evacuation of the inner volume of the refrigeration
compressor system, it was filled with a required quantity
of the isobutane (R600a). The average mass fraction of
components in ROS after charging the compressor system
was:

oil mass fraction w,;=70,53 mass%,

refrigerant mass fraction w,=29.11 mass%,

fullerenes mass fraction Wc4,=0.36 mass%.
Foto of the samples of compressor oil and nanooil with
fullerenes are shown in Fig. 1.
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Fig. 1. Foto of the samples of compressor oil and nanooil
with fullerenes:

a — compressor oil without fullerenes; b — compressor oil
with 0.13 mass% of fullerenes; ¢ - compressor oil with 0.5
mass% of fullerenes.

3. AN EXPERIMENTAL INVESTIGATION OF THE
COMPRESSOR REFRIGERATION SYSTEM
ENERGY EFFICIENCY

The series of the experiments have been carried out by
aythors in order to estimate the prospects of using the
working fluid with fullerene additives for refrigeration
equipment. The schematic diagram of the experimental
setup (compressor refrigeration system with compressor
from domestic refrigerator Atlant CKN 150) and
experimental technique are presented in [7].
The cooling capacity and power consumption of the
compressor refrigeration system has been investigated at
the following parameters:
range of the mass flow rate of working fluid
Gros=0,202-10° — 0,404-107 kg/s;
range of the evaporation temperature T,=254.9 -
255.8 K;
range of the condensing temperature Tc=300.7 -
301.0 K;
superheating of the working fluid (relatively to
saturation temperature of pure R600a) in the
evaporator AT=3 K.
The calorimetric method with wusing a secondary
refrigerant (1SO 917-89) was used for determination the
cooling capacity of the experimental refrigeration setup.
The compressor energy consumption was measured with
an uncertainty of 0.1%.

The experimental values of the cooling capacity and
power consumption of the refrigeration compressor
system were obtained at specified steady-state conditions.
The experimental conditions were characterized by
specified refrigerant flow rate, evaporation and
condensing pressure values, value of refrigerant vapor
superheating in the calorimeter and power consumption of
the heater of the calorimeter.

The sampling of the ROS before throttling device at
different mass flow was carried out in order to determine
the oil mass fraction in the different parts of the
refrigeration system. The concentration of the oil
impurities in the refrigerant was calculated according to
the values of the flow rate of the working fluid those
determined by the calorimetric flowmeter [12].

The obtained experimental results are presented in
Figs. 2 - 4.

The Fig.3 demonstrated that the additives of fullerenes in
the compressor oil lead to reduce the energy consumption
of the compressor refrigeration system up to 9 %. It
probably can be explained by improving compressor oil
lubricity [9, 10].

The absence of the effect of fullerenes additives on
cooling capacity (see Fig. 2) can probably be explained by
low mass fraction of fullerenes in working fluid in the
evaporator. In the compressor refrigeration system the
fullerenes circulate only jointly with liquid phase of
working fluid. Leaving the compressor the fullerenes are
presented only in the compressor oil, not in the refrigerant
vapor. Small amount of the compressor oil is always
circulating in the compressor refrigeration system. The
compressor oil mass fraction in the ROS in the different
parts of refrigeration compressor system depend from the
design of the compressor, thermodynamic properties of
the working fluid and values of the mass flow rate [13].
The results of sampling of the ROS before throttling
device at the different values of the mass flow and
specified operational parameters were used for
determination of compressor oil and fullerenes mass
fractions in the ROS - see Fig. 5. This information was
also used to determination of the mass fraction of
compressor oil and fullerenes in different parts of the
compressor refrigeration system. For example, fullerenes
mass fraction in the ROS in the evaporator of the
compressor refrigeration system was insignificant — 0.016
mass% at mass flow rate of the ROS of 0.25-10° kg/s.
However, fullerenes mass fraction in the compressor was
0.36 mass%. The analysis of the variation of fullerenes
mass fraction in the ROS in different parts of the
compressor refrigeration system explains significant
reducing the compressor power  consumption and
insignificant effect on the cooling capacity of the system
with  working  fluid R600a/mineral  compressor
oil/fullerenes compared to the such working fluid without
fullerenes.
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Fig. 2. Cooling capacity of the compressor refrigeration
system as a function of mass flow rate of the working
fluid.
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Fig. 3. Power consumption of the compressor of the
refrigeration system as a function of mass flow rate of the
working fluid.
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Fig. 4. Coefficient of performance of the compressor
refrigeration system as a function of mass flow rate of the
working fluid.
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Fig. 5. Mass fraction of compressor oil and fullerenes in
ROS before the throttle valve

4. CONCLUSIONS

The implementation of the nanotechnologies in new
generation of refrigeration equipment has not been studied
well for today. The main reasons are a complexity of
determination of numerous positive as well as negative
factors and effects related to nanoparticles influence on
the compressor refrigeration system efficiency.

In present study was shown that additives of fullerenes in
the compressor oil lead to reduce the power consumption
of the compressor refrigeration system up to 9 % that
probably can be explained by improving the compressor
oil lubricity. It has been found experimentally that the
mass fraction of fullerene in evaporator of the refrigerator
system was insignificant and therefore the effect of
fullerenes additives on cooling capacity was not observed.
It can be concluded that obtained results will contribute to
evaluation the prospects of the nanotechnologies
application in the refrigeration technique. The further
study in the mentioned field will favor the enhancement of
the eco-energy efficiency of the refrigeration equipments.
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