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ABSTRACT 

Nan refrigerant is produced by blending nanoparticle in the refrigerant base. The purpose of 

nanoparticle in refrigerant base is to enhance the heat transfer performance,

any cooling application. This paper presents of a review of recent pro

development and its characterisation. Results of previous experiment of nanorefrigerant 

mixture which aim to enhance the heat transfer coefficient (HTC) are presented. Moreover, 

enhancement of heat transfer coefficient based on con

of nanoparticle used in experiment studies are also presented. In general, with the increment 

of nanoparticle concentration the viscosity is increased and instantaneous enhanced the 

thermos-physical properties such
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is produced by blending nanoparticle in the refrigerant base. The purpose of 

nanoparticle in refrigerant base is to enhance the heat transfer performance, thus beneficial to 

any cooling application. This paper presents of a review of recent progress of nanorefrigerant 

development and its characterisation. Results of previous experiment of nanorefrigerant 

mixture which aim to enhance the heat transfer coefficient (HTC) are presented. Moreover, 

enhancement of heat transfer coefficient based on concentration, size of nanoparticle

of nanoparticle used in experiment studies are also presented. In general, with the increment 

of nanoparticle concentration the viscosity is increased and instantaneous enhanced the 

physical properties such as thermal conductivity. 

nanorefrigerant; heat transfer enhancement; refrigerant base. 
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1. INTRODUCTION 

Beginning uses of refrigerant in refrigerator, air conditioning system. Recently, electronic 

cooling system like computer also have been used refrigerant in their cooling system. There is 

2 type of matter state in refrigerant, it is liquid and gasses. Industrial of refrigerant usually use 

gasses refrigerant to supply for their consumer like refrigerator or air conditioning in 

transportation. In early air conditioning in car using R-134A to produce cool air inside car. 

R-134A still use in industrial of refrigeration system, but the uses of R-134A had been banned 

because of the effect of chlorofluorocarbon (CFC) to environment. The global effect of CFC 

such as Green House phenomenon, decimation of ozone and etc. In order to protect 

environmental, at 2011 all transportation restricted to use the HFC refrigerant. MAC directive 

is banned all the refrigerant from Global Warming Potential (GWP) factor more than 150 [1]. 

Nanorefrigerant is called when the presence of nanoparticle is blended well in refrigerant. 

There is several influence presence of nanoparticle in refrigerant, it is enhancement of thermal 

conductivity, increment of viscosity, friction coefficient and wear rate can be decrease if 

nanoparticle is dispersed in base fluid such as lubricant [1]. Nanorefrigerant have possibility 

to enhance the heat transfer performance in several applications such as boiling, heat 

exchanger, air conditioning and etc can be reachable. There are some studies proved that the 

presence of nanoparticle in refrigerant can enhance the heat transfer performance [2-6]. 

The dispersion of nanoparticle in refrigerant called nanorefrigerant have been studied by 

many researchers. The objective of this paper is to present review on the development of 

nanorefrigerants for several types of refrigerant bases and its performance of heat transfer. 

 

2. INNOVATION OF NANOREFRIGERANT STUDIES AND ITS APPLICATION 

In early 2013, there 3 type of refrigerant have been use as nanorefrigerant. In [2] using 

HFE7000 engineering fluid classified as refrigerant in liquid state, the nanoparticle used is 

Al2O3. In [3] is use refrigerant is R141b blended with Al2O3, in[4] also using R141b with 

δ-Al2O3. In [5] using R-134a blended with Al2O3. Performance of heat transfer every study 

give drastically or a little different between each other. Table 3 shown the performance of heat 

transfer in their application system. 

Earlier research of nanofluids in boiling heat transfer application, usually nanoparticle 
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blended with water/deionized water such as shown in Table 4. In nanofluids with water base, 

there is so many types of nanoparticle have been used from metallic, non-metallic, tube shape 

and etc. 

However, refrigerant fluid is another type of fluid can give a more impact possibility in 

nanofluids technology in term enhancing heat transfer performance. In refrigerant, there is 

two type of refrigerant as in Fig. 1. It shows that there is pure and mixture refrigerant already 

developed by industry to enhance thermal properties and lower the effect in environmental 

effect such as GWP, ODP and etc. 

Table 1.Summary of nanorefrigerant and its thermal performance 

Reference Refrigerant 
Nano 

Particles 
Enhancement and Deterioration of Studies 

[2] HFE7000 Al2O3 

There is surfactant use in nanorefrigerant to make 

mixtures more stable. Application used is pool 

and flow boiling on horizontal wire at different 

gravity level. Size of nanoparticle used is 27nm. 

The deterioration of heat transfer performance is 

nucleation of bubble on the heater surface and the 

enhancement is the heat transfer coefficient 

increased. 

[3] R-141b Al2O3 

Thermal conductivity enhanced with increasing 

of volume concentration. Enhancement of 

volume concentration is more aggressive than 

enhancement with temperature. Properties of 

viscosity is incline with increasing particle 

volume fraction, however increment is decrease 

with increasing of temperature. Enhancement of 

thermal conductivity is lower than increment of 

viscosity. 

[4] R-141b δ-Al2O3 

Surfactant SDBS had been used in 

nanorefrigerant to make nanorefrigerant more 

stable. At 0.001 vol%, presence of surfactant is 

decrease the performance of heat transfer. At 
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0.01 vol% and 0.1 vol% presence of surfactant is 

enhanced the heat transfer performance because 

of reduction sedimentation of nanoparticles. The 

heat transfer performance is increase with 

increasing volume concentration. 

[5] R-134a Al2O3 

Properties of thermal conductivity enhanced with 

increasing of volume fraction of nanoparticle and 

temperature. Enhancement of volume 

concentration more effected than temperature 

increment of thermal conductivity properties. 

Increment of volume concentration causes of 

increment viscosity, then if same concentration 

applied to other type of refrigerant give an 

opposition of viscosity effect. Significantly, heat 

transfer performance of nanorefrigerant is 

enhanced with increasing of concentration. 

[6] R-141b TiO2 

The nanorefrigerant at 0.01, 0.03 and 0.05 vol% 

concentration is investigated. Cylindrical copper 

tube is had chosen as heat surface to nucleate 

boiling. Heat transfer performance is decreased 

with increment of volume concentration. The 

heat transfer coefficient at high pressure between 

400kPa-500kPa with excess temperature, the 

value almost same. 

[7] R-141b 

Cu, CuO, 

Al and 

Al2O3 

The volume concentration was investigated is 

0.1, 0.2 and 0.3wt%. The result of thermal 

performance is maximum heat transfer 

coefficient enhanced from 17 to 25%, average 

HTC enhanced from 3 to 20% and maximum 

enhancement R-141b/Cu is enhanced by 25%. 
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There still more researcher investigate of CFC

nanorefrigerant in factor of handling of refrigerant, inflammable gas and disposal 

management of refrigerant. 

3. CLASSIFICATION REFRIGERANT BASE

Based Montreal protocol had been banned CFC

reference [1], they divided 2 division classification o

Classification 1 is conventional refrigerant with had ingredient of chlorine and second 

classification is alternative refrigerant to reduced amount of chlorine in refrigerant.

3.1. Conventional Refrigerant 

Since 90s-year refrigerant CFC 

Table 2 shows that experimental studies using CFC

researchers used conventional refrigerant

for size 21nm diameter. At 0.1 vol% concentration give a 1.4 times effic
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refrigerant performance on heat pipe applications. Next, in[9] is used refrigerant R-113 with 

CuO nanoparticle. The investigation of experiment more about frictional pressure drop on 

flow boiling application. The frictional pressure drop is increased with enhancement of mass 

fraction nanoparticles. In heat transfer performance in reference [10] proved that, the heat 

transfer coefficient enhanced compare than refrigerant base (R-113). 

Comparison between nanofluid with water base and nanorefrigerant with spherical 

nanoparticle and nanorefrigerant with Carbon Nano Tube (CNT) made by [9] used R-113 

refrigerant. The heat transfer performance proves that, thermal conductivity of nanorefrigerant 

of CNT is much higher than spherical nanorefrigerant and nanofluids of water base. The 

hypothesis of nanorefrigerant CNT is the thinner diameter of CNT nanoparticle, the bigger 

enhancement of thermal conductivity of nanorefrigerant. Next, comparison of type 

nanoparticle between copper,aluminum, nickel, copper oxide and aluminum oxide with R-113 

refrigerant is experimented by [12]. The result proved that, thermal conductivity of 

nanorefrigerant is enormously enhanced with increasing of volume fraction nanoparticle. The 

type of nanoparticle is not too different with other type of nanoparticle in nanorefrigerant with 

same of volume concentration [10]. The factor of agglomerate and assemblage of nanoparticle 

in nanofluids is highlighted by [12] is main element to enhanced thermal conductivity in 

nanofluids. 

In 2010, nanorefrigerant experiment still continues with uses of conventional refrigerant by 

[13]. The type of refrigerant used is R-113 in oil mixture with various size of CNT in 

application of nucleation pool boiling. The result of experiment proved that heat transfer 

coefficient (HTC) is enhanced by maximum of 61% under experiment test condition. The 

thinner of outer diameter and more increasing of length of CNT nanoparticle causes 

increasing enhancement HTC. At same dimension size of CNT, the enhancement of 

nanorefrigerant is increased with increment of CNTs mass fraction in CNT nanolubricant[13]. 

Next investigation nanorefrigerant of R113 and the oil is VG68 with diamond nanoparticle 

[14]. The result proved, the HTC of R-113 oil mixture with diamond nanoparticle is higher 

than R-113 oil mixture with maximum of 63.4%. Hypothesis from experiment is enhancement 

of HTC is increased by increment of nanoparticles concentration in the nanoparticles/oil 

suspension and decline with the increment of nanoparticles/oil suspension concentration. 
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3.2. Alternative Refrigerant 

The experimental studies of nanorefrigerant using alternative refrigerant start in year of 2009 

by [6]. Summaries of experimental result shows in Table 1. 

Table 2.Summaries of conventional refrigerant experiment investigation of thermal properties 

Reference 
Nano 

Refrigerant 
Thermal Properties 

[8] R-11/Ti Efficiency 1.4 times greater than refrigerant base. 

[9] R-113/CuO 
The maximum enhancement of frictional pressure drop is 

about 20.8%. 

[10] R-113/CuO The maximum enhancement of HTC is about 29.7%. 

[11] R-113/CNT 
The percentage of thermal conductivity enhancement from 

43 to 104% with different of volume concentration. 

[12] 
Cu, Al, Ni, CuO 

and Al2O3 

Thermal conductivity is greatly enhanced with increment of 

nanoparticle volume fraction. The overall maximum 

deviation of result compare with other nanofluids from 5 to 

11% 

[13] 
R-113/CNT oil 

mixture 
The enhancement of HTC up to 61%.  

[14] 

R-113/ Diamond 

with VG68 oil 

mixture 

The maximum enhancement of HTC from 53.4 to 63.4%.  

 

4. PREPARATION AND MEASUREMENT TECHNIQUE FOR NANO 

REFRIGERANT 

4.1. Preparation Method 

In [2] using method preparation for nanorefrigerantof HFE7000/Al2O3, the mixture is 

sonicated in ultrasonic bath for 8 hours, Triton X114 added as surfactant to mixture more 

stable. The mixture is filtered by 200nm paper to removed agglomerated nanoparticle because 

of after sonicated process, still have bulky nanoparticle in mixture. Filtration of mixture 

causes the concentration of mixture is diluted from concentration of preparation. Some of the 

mixture is dry to measure weight of nanoparticle after filtration process. To prepare other 
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concentration of nanorefrigerant, dilution technique is used by adding base fluid in the 

mixture. 

Next, in[3] preparation of R-141b/Al2O3 nanorefrigerant. The refrigerant and nanoparticle 

were mixed by using orbital incubator shaker for 24 hours at 240 rpm, during process 

temperature was under controlled at 15oC to prevent refrigerant evaporate. In [4] applied 

ultrasonic vibration for 10 hours and sodium dodecyl benzene sulphonate (SDBS) added as 

surfactant to make nanorefrigerant more stable or well blended in refrigerant. In [12], used 

method preparation for nanorefrigerant of R-141b/TiO2. Refrigerant mixed with nanoparticle 

using ultrasonic vibration for 6 hours to make mixture well blended with nanoparticle. 

Furthermore, in [7] using method preparation of Cu-R141b, Al-R141b, Al2O3-R141b and 

CuO-R141b nanorefrigerant. The nanoparticle directly mixed to measured amount of 

refrigerant based on required of concentration studies. The mixture has been shaken with 

ultrasonic shaker for 30 minutes. Span80 used as surface dispersant in nanorefrigerant. In [13] 

used method preparation of nanorefrigerant for R-113/CNT oil mixture. First, CNT 

nanoparticle is weight measured based on required concentration. CNT nanoparticle mixed 

directly with VG68 lubricant to make nanolubricant. Then, CNT/VG68 nanolubricant mixed 

with R-113, lastly, all mixture applied to the ultrasonic vibration to make nanorefrigerant in 

oil mixture well blended. 

Hence, in [14] method preparation of nanorefrigerant for R-113 /diamond nanoparticle in oil 

mixture is same method with [13]. Next, in[10] method preparation for nanorefrigerant of 

R-113/CuO. The basic method is the refrigerant and nanoparticle need to be measured weight 

based on calculation concentration, then nanoparticle and refrigerant mixed together to apply 

sonication by ultrasonic processor for 30 minutes. In [11] used same method of preparation 

for nanorefrigerant of R-113/CNT with [10]. Last but not least, in[12] used method 

preparation of nanorefrigerant of R-113 with various of nanoparticle, it is copper, aluminium, 

nickel, copper oxide and aluminium oxide is same with [10-11]. 

4.2. Measurement Thermos-Physical Properties Technique 

In [2] measure the thermos-physical and colloidal properties of nanorefrigerant for the colloid 

density, vapour density, viscosity, surface tension, specific heat capacity and the thermal 

conductivity is determined. The stability of nanorefrigerant determined by dispersion of 
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nanoparticle in refrigerant, dynamic light scattering (DLS) is used by confirming of scattering 

size nanoparticle in refrigerant. The viscosity of nanorefigerant is determined by using 

Ubbelohde capillary tube, the viscosity is measured the kinematic viscosity. The specific heat 

is determined by using Differential Scanning Calorimeter (DSC), the DSC is calculated 

required amount of heat to be applied to the nanorefrigerant between mixture and reference 

data. The surface tension of nanorefrigerant is determined by using capillary method. The 

thermal conductivity is made by measuring thermal diffusivity.  

There is 2 thermo-physical properties measured by [3], it is thermal conductivity and viscosity. 

Thermal conductivity (W/mK) properties by using KD2 Pro thermal properties analyser 

(Decagon, USA) and dynamic viscosity properties by using LVDV series (LVDV II, LVDV 

III, and LVDV III Ultra Programmable) viscometers. The accuracy measurement of KD2 Pro 

thermal properties analyser (Decagon, USA) from range of 0.02 to 2.00(W/mK). The range 

accuracy of the thermal properties analyser is about ±5%. The equipment for measured 

viscosity is suitable for low viscous fluid, the range of accuracy from range from 1.0 to 

6,000,000 mPa.s by using the UL Adapter as an accessory with the viscometer. The 

measurement of nanorefrigerant base R-134a by [5] also using same method with [3]. 

Next, measurement of thermal conductivity by [11]. The equipment to measure thermal 

conductivity is thermal constants analyser produced by Hot Disk Company. The sensor uses 

in equipment is transient plane source (TPS) method. The theory for measure the thermal 

conductivity by using the Fourier Law of heat conduction. The theory almost same with the 

transient hot wire (THW). The procedure to measure the thermal conductivity of 

nanorefrigerant, first to manipulate the nanorefrigerant temperature by immersed the vessel in 

thermal bath. Second, the vessel must be in vertical position to easier the analyser to measure 

the thermal conductivity. Every temperature is taken 3 times to make sure the measurement is 

accurate. In [12] is using same method of measurement of thermal conductivity from [11]. 

The summaries of preparation and measurement of thermos-physical properties for 

nanorefrigerant is shown at Table 3. 

Table 3.Summaries of method of preparation and measurement 

Reference Nanorefrigerant Preparation Measurement 

[2] HFE7000/Al2O3 8 hours sonication Kinematic viscosity 
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[3, 5] R-141b/Al2O3 
24 hour shakers under 15oC 

temperature controlled 

KD2 Pro thermal 

properties analyser 

(Decagon, USA) and 

LVDV series (LVDV II, 

LVDV III, and LVDV III 

Ultra Programmable) 

viscometers 

[4] R-141b/Al2O3 
Sonication 10 hours, SDBS 

added as surfactant 
Nucleation pool boiling 

[6] R-141b/TiO2 Sonication 6 hours Nucleation pool boiling 

[7] 

Cu-R141b, 

Al-R141b, 

Al2O3-R141b, 

and CuO-R141b 

Ultrasonic 30 minutes, Span80 

added as surfactant 

Internal copper thread 

tube 

[10] R113/CuO Ultrasonic processor 30 minutes Flow boiling analysis 

[11-12] R113/CNT Ultrasonic processor 30 minutes 

Thermal constants 

analyzer produced by Hot 

Disk Company 

[13] 
R-113/CNT oil 

mixture 
Ultrasonic vibrator Nucleation pool boiling 

[14] 
R-113/Diamond 

oil mixture 
Ultrasonic vibrator Nucleation pool boiling 

Table 4.Water base nanofluids for boiling heat transfer applications 

Refere

nce 

Heater 

Materi

al 

Nanofluid 

and 

Concentratio

n 

Nanopar

ticle 

Margin 

Analysis 

Method 

Condit

ion 

Deteriora

tion 

Improve

ment 

[15] 

Discoid 

copper 

heater 

Water-ethylen

e 

glycol-zirconi

um oxide and 

0.025%, 

20-25 nm 

Data 

reduction 

and 

uncertaint

y 

Pool 

boiling 

Static 

contact 

angle  

HTC, 

CHF, 

deposition

, 

wettability
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0.05%, 

0.075% and 

0.1% 

, 

roughness 

surface 

[16] 

Brass, 

alumin

um and 

copper 

Water-alumin

a oxide and 

0.1, 0.25 

vol% 

20-30 nm 
Uncertain

ty 

Flow 

boiling 
 

Heat flux, 

surface 

roughness 

and 

velocity 

[17] 

Stainle

ss steel 

sheathe

d rod 

Distilled 

water - SDS 

(Sodium 

Dodecyl 

Sulfate), 

nano-alumina, 

nano-silica, 

nano-Zinc 

Oxide and 

0.01 wt%, 

0.03wt%. 

10(alumi

na, zinc 

oxide) 

and 25nm 

(Silica) 

Statistical 

error 

analysis 

Pool 

boiling 

Heat 

coefficien

t 

Boiling 

performan

ce 

[18] 

Vertical 

tube 

(stainle

ss 

steel) 

Deionized 

water-AlN/H2

O nanofluid 

and 

Al2O3/H2O 

nanofluid 

(0.1Vol.% 

--0.5Vol.%) 

20, 30, 

50nm 

Uncertain

ty 

analysis 

Flow 

boiling 
  

[19] 
Vertical 

tube 

c-Al2O3/H2O 

and 0.1%, 
20nm 

Uncertain

ty 

Flow 

boiling 
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(stainle

ss 

steel) 

0.5% analysis 

[20]  

Deionized 

water-gold 

nanorods and 

1.824 μg/m 

10±1 nm 

in 

diameters 

and 43±3 

nm in 

lengths 

Experime

ntal 

Flow 

boiling 
  

[21] 

Copper 

flat 

surface 

Water-MWNT

s and 0.25% 

10 to 30 

nm and 

their 

length 

about 30 

lm 

 
Pool 

boiling 

Contact 

angle 

Concentra

tion, 

deposition

, 

Maximum 

HTC 

[22] 
Vertical 

annulus 

Water-ZnO, 

Ammonia 

solution, zinc 

acetat, zinc 

nitrate, acetyl 

aceton, zinc 

chloride, 

sodium 

hydroxide, 

potassium 

hydroxide, 

ethylene 

diamine and 

1-amino-2-pr

<50nm 

Experime

ntal, 

uncertaint

y analysis 

Flow 

boiling 
 

Concentra

tion, HTC 
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opanol and 

0.005-0.02 

vol% 

[23] 
Alumin

um 

Water-alumin

a oxide and 

0.0 wt.% 

(pure water), 

0.01 wt.% 

(0.0025 

vol.%), 0.1 

wt.% (0.025 

vol.%) and 

1.0 wt.% 

(0.25 vol.%). 

0.01 wt.% to 

1 wt.%. 

50nm 

Scanning 

electron 

microsco

pe 

(SEM), 

atomic 

force 

microsco

py 

(AFM) 

Pool 

boiling 

Surface 

roughness 

factor 

Wettabilit

y,  

[24]  

Water-TiO2,A

l2O3 and SiO2 

and 0.04, 0.4 

and 1 kg/m3 

21(Ti), 

13(Al), 

20(Si)nm 

 
Pool 

boiling 
 

Wall 

superheat, 

CHF, 

concentrat

ion 

particle 

[25] 

Stainle

ss steel 

surface 

Pure 

water-ZnO, 

alumina oxide 

ZnO 

nanoparti

cle 

(10-30 

nm), 

Al2O3 (80 

nm), 

Gorenflo 

correlatio

n 

Boiling 

Heat 

transfer 

(ZnO, 

alumina) 

Heat 

transfer 

(CNT) 
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CNT 

(10-20 

nm OD 

and 

10-30 lm 

length) 

 

5. CONCLUSION 

This paper summarized the extensive review of development of nanorefrigerant for 

enhancement of thermos-physical properties, especially on thermal conductivity. In early 

research on this field, researcher focus on mix the nanoparticle with water base. After, 

refrigerant base has a more potential in capability to enhance the thermos-physical properties. 

Many researchers begin to change their base fluids to refrigerant. The type of refrigerant 

based on chlorine contain from CFC group cause environmental effect already banned by 

Montreal Protocol. After, banned refrigerant issue, researcher begin to change on refrigerant 

base to alternative refrigerant that give a lot more minimum effect to environmental. Here 

author suggested to future researcher to experimental studies of nanorefrigerant using 

alternative refrigerant to minimize the environmental effect. 

There a lot of factors of nanorefrigerant can cause enhancement or deterioration performance 

in thermal properties such as thermal conductivity, viscosity and etc. Here factor author can 

highlight from extensive review: 

 Nanoparticle factor that can be effect to thermos-physical properties is nanoparticle size, 

type of nanoparticle, shape of nanoparticle size and etc. Thinner nanoparticle can be more 

effected to the base fluid thermos-physical properties. 

 Refrigerant type need to be environmental friendly to minimized the Global Warming 

Potential (GWP) factor. 

 The boiling temperature of refrigerant need to be aware of researcher to know how to 

handle in more the safest way handling and run experiment in easier method. The wasted 

of refrigerant also need to be included in selection of refrigerant to experiment studies 

because if the disposal way of refrigerant can make environmental effected. 
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 The method of preparation for nanorefrigerant, there are many ways to prepare the 

nanofluids. There is 2 ways to homogenize nanoparticle from previous study, it is by using 

Shaker in controlled temperature and ultrasonic vibrator/bath/processor. 

 The time of apply sonication also need considered by researcher, the time also can affect 

to thermal properties. Long-time sonication, does not mean better scattering of 

nanoparticle in refrigerant. 

 The equipment of thermos-physical properties need to know the range of accuracy, usually 

refrigerant thermos-physical properties is low. The equipment need very low range of 

accuracy to give more accurate measurement of nanorefrigerant. 

Last but not least, the theories in nanorefrigerant still in fundamental studies. More 

experimental studies can make easier to future researcher to understand of fundamental 

knowledge of nanorefrigerant. 
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