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ABSTRACT 

Nanorefrigerant is one kind of nanofluids that seems to be 

possessing better heat transfer performance over traditional 

refrigerants. A theoretical study on the effective thermal 

conductivity of nanofluids is conducted. Over the decay, the 

researchers have contributed to achieve new ideas in the 

field of refrigeration systems. The refrigerants R-134a, R12, 

R600, R600a and R-22 are most widely used with 

nanoparticles for heat transfer enhancements purpose like 

cooper oxide, alumina oxide, TiO2 and carbon CNT tube in 

vapour compression cycle. Using Nanorefrigerant the 

freezing capacity was higher and reduces the power input 

by 11.5% in one of the case study. It has been shown with 

0.5% wt concentration alumina oxide nanoparticles size 

range 15-70nm, the coefficient of performance was found to 

be increased by 8.5%. The applications of refrigeration 

systems are microelectronics cooling, double tube gas 

cooler, double pipe heat exchanger, domestic deep freezer, 

cylindrical horizontal annuli, evaporator and air conditions 

etc. 
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I. INTRODUCTION 

In cooling and heating applications, thermo–

physical properties of matter play a great role. It 

has been observed that the performance of any 

system mainly depends on the thermal 

conductivity, viscosity, specific heat and density of 

gasses and liquids which are used in system. 

Conventional fluids have poor heat transfer 

capacity and low thermal conductivity which limits 

its performance. Nano-refrigerant was proposed on 

the basis of the concept of the nanofluids, which 

was prepared by mixing the nanoparticles and 

traditional refrigerant. There were three main 

advantages followed for the nanoparticles used in 

the refrigerator. Firstly, nanoparticles can enhance 

the solubility between the lubricant and the 

refrigerant. For example, Wang and Xie [15] found 

that TiO2 nanoparticles could be used as additives 

to enhance the solubility between mineral oil and 

hydro fluorocarbon (HFC) refrigerant.  Secondly, 

the thermal conductivity and heat transfer 

characteristics of the refrigerants should be 

increased, which have been approved by a lot of 

investigations. Wang et al. [16] carried out an 

experimental study of boiling heat transfer 

characteristics of Al2O3 nanoparticles dispersed in 

R22 refrigerant, and found that nanoparticles can 

enhance the heat transfer characteristic of the 

refrigerant. Finally, nanoparticles dispersed in 

lubricant should decrease the friction coefficient 

and wear rate. Lee et al. [14] investigated the 

friction coefficient of the mineral oil mixed with 

0.1 vol.% fullerene nanoparticles, and the results 

indicated that the friction coefficient decreased by 

90% in comparison with raw lubricant. Due to this, 

there is always a need to develop effective & 

efficient fluids capable to deal with high heat 

transfer rate. Small solid additives usually in 

micrometer are good option to enhance the thermal 

properties of fluids, but it has been found that these 

small solid additives poses number of problems 

like particle sedimentation, particle clogging, large 

pressure drop in the system, corrosion of 

components, etc (Maxwell et al., 1873). 

Investigations show that use of nanoparticles in 

conventional fluids is a good option and it also 

reduces the number of other problems because at 

nanometre the material behaves like colloidal 

solutions. Modern nanotechnology offers us many 

routes to prepare nanometre sized particles. These 

nanoparticles-fluid suspensions are termed 
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nanofluids, obtained by mixing nanometre sized 

particles in a base fluid like, water, oil etc. 

Nanoparticles such as metallic oxides (Al2O3, 

CuO, SiO2), nitride ceramics (AlN, SiN). 

The Below figure 1 shows the vapour compression 

refrigeration system in which we can use nono 

fluid as a refrigerant. 

 

Figure.1 Vapour Compression Refrigeration 

system 

 
III. OVERVIEW APPLICATION OF NANOFLUIDS 

Choi S.U.S et al. (1995) suggested the concept of 

nanofluids by suspending metallic or nonmetallic 

particles. Recently some studies have been 

reported on nanoparticles in refrigeration systems 

because of its capability to improve heat transfer 

characteristics, hence efficiency enhancement. 

 

Kumar R.R et al. (2013) investigated the effect of 

aluminium oxide based nano-lubricant on the COP 

of the system and freezing capacity of the system. 

The experimental set up was build as per Indian 

standards. Refrigerants like R12, R22, R600, 

R600a and R134a were used as a refrigerant. The 

performance of the system depends upon the 

thermo-physical properties of the refrigerant. The 

addition of nanoparticles to the refrigerant results 

in improvement in the thermo- physical properties 

thereby improving the performance of the 

refrigeration system. The experimental studies 

indicate that the refrigeration system with 

nanorefrigerant works normally.There was increase 

in the COP of the system by 19.6 %. Mineral oil 

with alumina nanoparticles oil mixture was 

investigated and it was found that there is an 

increase in freezing capacity and reduction in 

power consumption by 11.5 % as compared to 

polyester. Aluminium oxide based nano-lubricant 

in 

refrigerat

ion 

system 

was 

found 

working 

satisfacto

rily. 

 

Mahbubu

l I.M et 

al. (2012) 

studied 

the 

volumetri

c and 

temperat

ure 

effects 

over viscosity of R123-TiO2 nanorefrigerant for 

5ºC to 20ºC temperatures and up to 2 % volume 

concentration of nanoparticles. The effect of 

pressure drop with the increase in viscosity has 

also been investigated. Based on the analysis it was 

found that viscosity of nanorefrigerant increases 

accordingly with the increase of nanoparticle 

volume concentrations and decreases with the rise 

in temperature. Furthermore, pressure drop 

increases significantly with the intensification of 
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volume concentrations. Therefore low volume 

concentrations of nanorefrigerant are suggested for 

better performance of a refrigeration system. 

 

Bi et al. (2007) have experimented on a domestic 

refrigerator with R134a as refrigerant and a 

mixture of mineral oil and TiO2 was used as the 

lubricant. It was found that the refrigeration 

system with the above combination works 

normally and efficiently and the energy 

consumption reduces by 21.2% as compared with 

R134a/POE oil system. 

 

Jwo C.S et al. (2009) had mixed mineral lubricant 

with Al2O3 nanoparticles to improve the 

lubrication and heat-transfer performance. This 

study showed that R134a + 0.1 wt % Al2O3 

nanoparticles were optimal for best performance. 

Under these conditions, the power consumption 

was reduced by about 2.4%, and the coefficient of 

performance was increased by 4.4%. 

 

Kang Y.T et al. (2012) measured the thermal 

conductivity of the Al2O3 nanofluids using the 

transient hot-wires method (THWM). The 

experimental uncertainties in repeatability were 

obtained as 1.95% for DI water and 1.34% for pure 

methanol, respectively. The results show that the 

dispersed nanoparticles can always enhance the 

thermal conductivity of the base fluid and the 

highest enhancement observed was 6.3% in the 

concentration of 0.1% (vol.) of Al2O3 

nanoparticles, 40% (vol.) of CH3OH and 10% 

(wt.) of NaCl at 293.15 K. In addition, the zeta 

potential, visualization and Tyndall effect were 

also investigated to discuss the stability of 

nanofluids. 

 

Subramani N et al. (2011) studies indicated that the 

refrigeration system with nanorefrigerant works 

normally. It was found that the freezing capacity is 

higher and the power consumption reduces by 25% 

when POE oil is replaced by a mixture of mineral 

oil and alumina nanoparticles. Calculations showed 

that the enhancement factor in the evaporator is 

1.53 when nanorefrigerants were used instead of 

pure refrigerant. 

 

 

Kumar S.D et al. (2012) did experimental work on 

nanorefrigerant. Nanoparticle Al2O3-PAG oil in 

R134a vapour compression refrigeration system. 

An experimental setup was designed and 

fabricated. The system performance was 

investigated using energy consumption test and 

freeze capacity test. The results indicated that 

Al2O3 nanorefrigerant works normally and safely 

in the refrigeration system. The performance of 

refrigeration system was better than pure lubricant 

with R134a working fluid, a 10.32% less energy 

was consumed when 0.2% volume of the 

concentration used in the system. The results 

indicated that heat transfer coefficient increases 

with the usage of nanoparticle Al2O3. Thus, using 

Al2O3 nanorefrigerant in refrigeration system is 

found to be feasible and works normally. 

 

Gupta H.K et al. (2012) according to them 

advancements in nanotechnology have originated 

the new emerging heat transfer fluids called 

nanofluids. Nanofluids are prepared by dispersing 

and stably suspending nanometer sized solid 

particles. 

 

Wang K.J et al. (2006) carried out an experiment 

and studied boiling heat transfer characteristics of 

refrigerant R22 with Al2O3 nanoparticles. The 

study showed improvement in heat transfer 

properties and reduced bubble size near heat 

transfer area. 

 

.Peng H et al. (2011) investigated experimentally 

influence of refrigerant-based nanofluids 

composition and heating condition on the 

migration of nanoparticles during pool boiling. The 

nanoparticles include Cu (average diameters of 20, 

50 and 80 nm), Al and Al2O3 (average 

diameters of 20 nm), and CuO (average diameter 

of 40 nm). The refrigerants include R113, R141b 

and n-pentane. The mass fraction of lubricating oil 
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RB68EP is from 0 to 10 wt%, the 

heat flux is from (10 to 100) kW/m
2
 and the initial 

liquid-level height was from 1.3 to 3.4 cm. The 

experimental results showed that a migration ratio 

of nanoparticles during the pool boiling of 

refrigerant-based nanofluid increases with the 

decrease of nanoparticle density, nanoparticle size, 

dynamic viscosity of refrigerant, mass fraction of 

lubricating oil or heat flux; while increases with the 

increase of liquid-phase density of refrigerant or 

initial liquid-level height. 

 

Hafez E.A et al. (2011) used CuO-R134a in the 

vapour compression system and evaporating heat 

transfer coefficient was experimentally 

investigated. Measurements were taken for heat 

flux ranged from 10 to 40 kW/m
2
, using CuO 

nanoparticles with different concentrations (0, 0.1, 

0.2, 0.3, 0.4, 0.5, 0.55, 0.6, 0.8 and 1%) and 

nanoparticles size was from 15 to 70 nm. There is 

increase in heat transfer coefficient up to 0.55% in 

the investigated concentration range and then 

decreases for all values of heat flux. With 

nanoparticle size up to 25 nm heat transfer 

coefficient increases than decrease with the 

increase in size of nanoparticle. 

 

Pruzaesky F.C et al. (2010) studied numerically the 

use of nanofluids as secondary coolants in vapor 

compression refrigeration systems. A simulation 

model for a liquid-to-water heat pump, with 

reciprocating compressor and double-tube 

condenser and evaporator was studied. The multi-

zone method was employed in the modeling of the 

heat exchangers. The water based nanofluid was 

supposed to flow through the inner circular section 

of the evaporator, while the refrigerant was left to 

the annular passage. A computational program was 

developed to solve the resulting non-linear system 

of algebraic equations. Different nanoparticles (Cu, 

Al2O3, CuO andTiO2) were studied for different 

volume fraction and particle diameters. Simulation 

results have shown that, for a given refrigerating 

capacity, evaporator area and refrigerant-side with 

the increase in volume fraction of nanoparticles 

pressure drop are reduced. Also, nanofluid-side 

pressure drop and, consequently, pumping power, 

increase with nanoparticle volume fraction and 

decrease with nanoparticle size. Results show a 

decrease in evaporator area when we use nanofluid 

as compared to the conventional fluid (H2O). 

 

 

 

 

IV. COCLUSION 

 

Nanofluids i.e. well dispersed metallic 

nanoparticles at low volume fractions in liquids; 

enhance the mixture’s thermal conductivity over 

the base fluid values. Thus, they are potentially 

useful for advanced cooling of micro-systems. This 

paper presents anoverview of the recent 

developments in the study of nanofluids, including 

the preparation methodsthe evaluation methods for 

their stability, the stability mechanisms and their 

potential applications in heat transfer 

intensification. The performance of nanofluids 

critically depends upon the size, quantity (volume 

percentage), shape and distribution of dispersoids 

and their ability to remain suspended and 

chemically un-reacted in the fluid.In summary, the 

future scope in the nanofluids research cycle are to 

concentrated on heat transfer enhancements and 

determine its physical mechanisms, taking into 

consideration such items as the optimum particle 

size and shape, particle volume concentration, fluid 

additive, particle coating and base fluid. Precise 

measurement and documentation of the degree and 

scope of enhancement of thermal properties is 

extremely important. Better characteristics of 

nanofluids are also important for developing 

engineering designs. Finally, it is to suggest that 

nanofluids research require a genuinely 

multidisciplinary approach with complementary 

efforts from material scientists (regarding synthesis 

and characterization), thermal engineer (for 

measuring thermal conductivity & heat transfer co-

efficient under various regimes and conditions), 

chemists (to study the agglomeration behavior) and 

physicists (modeling the mechanism). 
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