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Abstract— As far as concern, the cooling system is 

imperatives to mankind and its requirement must have to be 

overcome by means of best optimal way to the environment. 

The dramatically increase of demand for cooling apparatus 

in the different using areas such as industries, hotels, 

buildings led us towards the feasible solutions for efficient 

cooling system. The conventional Chiller are designed as the 

continuous flow of coolant to the cold side of processed 

fluid system at the desired leaving fluid temperature nearly 

about 10°C with aided of the compressor, condenser, 

evaporator and expansion device. This paper emphasizes the 

non-conventional concept of the chiller cooling system by 

means of using nanoparticles which is the emerging 

technology during this era. Nanoparticles acts as heat 

transfer medium, which significantly increase heat transfer 

rate of refrigerant. Having the concept of refrigeration, this 

chiller-tank can be used in vital area of cooling systems. 

This chiller tank is meant to be designed and analysed 

according the vapour compression cycle. The actual purpose 

of this project is the performance measurement of both 

conventional and modified chiller tank and comparing their 

experimental data. 
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NOMENCLATURE 

M.R = Mass of refrigerant in kg/hr-tonne  

R.E = Refrigeration effect in kJ/kg 

W.D. = Work done by the system in kJ/kg 

COP = R. E. W. D.⁄  

h = Enthalpy in KJ / kg 

T0 =Temperature of water in chiller in °C 

T1 = Temperature at inlet of compressor in °C 

T2 = Temperature at outlet of compressor in °C 

T3 = Temperature at outlet of Condenser in °C 

T4 = Temperature at inlet of Evaporator in °C 

P1 = Pressure at inlet of compressor in Psi 

P2 = Pressure at outlet of compressor in Psi 

I. INTRODUCTION 

Cooling system is a term describing an overall package 

which includes air or water cooled condenser, refrigeration 

plant and chiller, which includes the compressor, chiller 

with internal piping and controls and condenser are 

combined into a single unit. Chiller tank may vary in size 

from small capacity reciprocating compressor units with air 

or water cooled condensers up to large units incorporating 

centrifugal or screw compressors. Although the entire 

cooling system is more complex, the basic components 

required for mechanical refrigeration are the compressor, 

evaporator, condenser and thermostatic expansion valve. 

These so called chillers are largely used for process cooling 

such as food preservation, milk storage which includes 

controlled process applications. The required capacity of the 

chilling plant can be calculated using the following formula:  

𝑄 = 𝑀 × 𝑐𝑝 ×  ∆𝑇 

Where  

Q = Quantity of heat exchanged (TR/Hr)  

W = Flow rate of fluid (LPH) 

ΔT = Temperature change of fluid (°C)  

C = Specific heat of fluid (°C)  

M = mass of the product per hr.  

COP = Q W⁄  

W = net work done by the system (compressor) 

Thermal properties of liquids play a decisive role in 

heating as well as cooling applications in industrial 

processes. Thermal conductivity of a liquid is an important 

physical property that decides its heat transfer performance. 

Conventional heat transfer fluids have inherently poor 

thermal conductivity which makes them inadequate for 

ultra-high cooling applications. Scientists have tried to 

enhance the inherently poor thermal conductivity of 

conventional heat transfer fluids using solid additives 

following the classical effective medium theory which is 

proposed by Maxwell in 1873 for effective properties of 

mixtures. Nanoparticles of materials such as metallic oxides 

(Al2O3, CuO), nitride ceramics (AlN, SiN), carbide ceramics 

(SiC, TiC), metals (Cu, Ag, Au), semiconductors (TiO2, 

SiC), single, double or multi walled carbon nanotubes 

(SWCNT, DWCNT, MWCNT), alloyed nanoparticles 

(Al70Cu30) etc. have been used for the preparation of 

nanofluids. These nanofluids have been found to possess an 

enhanced thermal conductivity (Choi et al., 1995; Eastman 

et al., 1995) as well as improved heat transfer performance 

(Xuan et al., 2003; Y et al., 2003; Vassallo et al., 2004) at 

low concentrations of nanoparticles. Even at very low 

volume fractions (< 0.1%) of the suspended particles, an 

attractive enhancement up to 40% in thermal conductivity 

has been reported on these nanotechnologies based fluids 

(Wang et al., 1999) and the percentage of enhancement is 

found to increase with temperature (Das et al.,2003) as well 

as concentration of nanoparticles  

Basic objective of this paper is to measure the 

performance of chiller tank without nanoparticles and with 

Nano particles. The conclusion is derived with the help of 

comparative study for both chiller systems. 

II. EXPERIMENTAL SET-UP 

A. Assembly 

Experimental Setup, as shown in figure1, consists of all 

essential components of Vapour Compression Refrigeration 

cycle which are compressor, condenser, expansion device 

and evaporator. For the experimentation, copper coil is used 

for circulation of refrigerant. Each component is connected 

with each other by brazing process. 
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Fig. 1: Experimental setup 

1) Compressor 

2) Condenser 

3) Expansion device (Capillary tube) 

4) Chiller tank 

5) Temperature sensor (sub-zero) 

6) Pressure gauge 

B. Specification of component of chiller 

Component Type 

Compressor 

Hermetically sealed 

Reciprocating type of 1/6 HP 230 

V 

Condenser 
Air cooled 

(4-inch fan motor) 

Expansion device Capillary tube of 1meter length 

Evaporator Copper coil of meter 5 feet length 

Capillary filter Act as strainer 

CuO nanoparticles 
1 gram (40-50nm) 

Density 6.31 gm/cm3 

Refrigerant R 134a (CH2FCF3) 

Charged mass  

of gas 
200 grams 

Gross capacity 25 L 

Table 1: Specification of components 

C. Instruments 

Instruments used for preparation of experimental setup are 

as follows. 

Instrument Function 

Sub zero Temperature measurement 

Pressure gauge Pressure measurement 

Pipe cutter For pipe cutting 

Pipe Bender Bending pipes 

Brazing rod Pipe joining process 

Cooling fan Condensing process 

Flaring instrument Forming holes 

Pinch-off tool For pinching off pipes 

Swazing tool For Increasing diameter of pipes 

Vacuum pump To make vacuum in the system 

Submersible pump To circulate the fluid in chiller tank 

Table 2: List of Instruments  

III. EXPERIMENTAL PROCEDURE 

After assembling the all components for conventional chiller 

tank, the observations are taken for the interval of 2 minutes 

for 12 litters of cooling load (water). CuO nanoparticles in 

range of 40-50nm size with majority in spherical shape are 

added to refrigeration system through the charging line, 

followed by charging of high pressure refrigerant. For the 

lubrication in compressor, polyester oil (POE -oil) is used as 

lubricant. Hence, in running condition of system, mixture of 

refrigerant, Nano particles and oil flows through the piping 

of the system. The percentage of CuO nanoparticle added in 

the system is 0.5% by weight of refrigerant (1 gm). Again 

the experimentation was carried out for the modified set-up 

and observations were taken for the interval of 2 minutes for 

the same cooling load. 

IV. OBSERVATION AND CALCULATIONS 

All the observations were taken in normal surrounding 

condition at average ambient temperature of 34°C. The 

observations were taken at the internal of 2 minute for the 

both with and without nanoparticle condition but here 

observations are shown for the 10th minute, 20th minutes and 

30th minutes which are as follow: 

A. Without Nano particles 

Initial temperature of water in chiller tank = 20° C 

Final temperature of water in chiller tank after 30 minutes = 

15° C 

Time 

(minute) 

T1 

(°C) 

T2 

(°C) 

T4 

(°C) 

P1 

(psi) 

P2 

(psi) 

10 28 66 -4 12 172.5 

20 27 67 -4 12 172.5 

30 26 65 -4 12 172.5 

Table 3: Observations without nanoparticle 

Time 

(minute) 

h1 

(KJ/kg) 

h2 

(KJ/kg) 

h4 

(KJ/kg) 

10 427.417 444.592 400.917 

20 426.565 444.682 400.917 

30 425.715 443.5 400.917 

Table 4: Enthalpy at various location of system for without 

nanoparticle  

1) Using p-h chart of R-134a: 

R.E. = (h1-h4) 

= (427.417-400.917) 

= 26.5 KJ/Kg 

W.D = (h2-h1) 

= (444.592-427.417) 

= 17.175KJ/Kg 

COP = 
R.E

W.D
 

= 
26.5

17.175
 

= 1.5429 

Similarly, for 20th and 30th minutes COP are 1.4156 

and 1.3943 respectively. 

Mass of refrigerant 

M.R. = 14000/ (R.E.) 

= 14000/26.5 

= 528.3018 kg/hr-tonne 

Power Consumption 

= (M.R.* W.D.)/3600 

= (528.3018*17.175)/3600 

= 2.52 kW/tonne 

Similarly, for 20th and 30th minutes Power 

consumption are 2.74 Kw/tonne and 2.78 Kw/tonne 

respectively. 
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Time 

minute 
10th 20th 30th Average 

COP 1.5429 1.4156 1.3943 1.4497 

Power consumption 

kW/tonne 

 

2.52 

 

2.74 

 

2.78 

 

2.6854 

Table 5: Average COP and power consumption of system 

without Nano particles 

B. With Nano particles: 

Initial temperature of water in chiller tank = 20° C 

Final temperature of water in chiller tank after 30 minutes = 

13° C 

Time 

(minute) 

T1 

(°C) 

T2 

(°C) 

T4 

(°C) 

P1 

(psi) 

P2 

(psi) 

10 28 62 -7 11 160 

20 27 62 -7 11 162.5 

30 26 61 -6 11 162.5 

Table 6: With nanoparticle (pressure and temperature) 

Time 

(minute) 

h1 

(KJ/kg) 

h2 

(KJ/kg) 

h4 

(KJ/kg) 

10 427.539 441.804 398.698 

20 425.84 441.49 398.698 

30 424.992 440.407 399.448 

Table 7 - With nanoparticle (Enthalpy and COP) 

1)  Using p-h chart of R-134a: 

R.E. = (h1-h4) 

= (427.539-398.698) 

= 28.841 KJ/Kg 

W.D = (h2-h1) 

= (441.804-427.539) 

= 14.265 KJ/Kg 

COP = 
R.E

W.D
 

= 
28.841

14.265
 

= 2.0218 

Similarly, for 20th and 30th minutes COP are 1.7343 

and 1.6544 respectively. 

Mass of refrigerant  

M.R. = 14000/ (R.E.) 

= 14000/28.841 

= 485.420 kg/hr-tonne 

Power Consumption 

= (M.R.* W.D.)/3600 

= (485.420*14.265)/3600 

= 1.9234 kW/tonne 

Similarly, for 20th and 30th minutes Power 

consumption are 2.24 Kw/tonne and 2.35 K/tonne 

respectively. 

Time 

minute 
10th 20th 30th Average 

COP 2.0218 1.7343 1.6544 1.7976 

Power consumption 

kW/tonne 

 

1.9234 

 

2.74 

 

2.35 

 

2.1720 

Table 8: Average COP and power consumption of system 

with Nano particles 

V. RESULTS AND DISCUSSION 

Sr. 

no. 
Parameters 

Without Nano 

particles 

With Nano 

particles 

1. 
Refrigeration 

effect(kJ/kg) 
25.6486 27.1623 

2. Work done(kJ/kg) 17.6923 15.11 

3. COP 1.4497 1.7976 

4. 
Mass of refrigerant 

(kg/hr-tonne) 
546.2383 516.7195 

5. 
Power consumption 

(kw/tonne) 
2.6854 2.1720 

Table 9: Result 

A. Increase in COP 

= 
1.7976−1.4497

1.4497
   

= 23.998 % 

B. Reduction in power consumption  

= 
2.6854−2.1720

2.6854
  

= 19.11% 

 
Fig. 2: COP vs Time 

Fig. 2 shows the variation in COP with time. It 

indicates that COP is higher for system with Nano particles 

than system without Nano particles. 

 
Fig. 3: COP vs power consumption 

 
Fig. 4: COP vs power consumption 

From the Fig. 3 and Fig. 4, one can observed that 

the power consumption is lower for system with Nano 

particles than system without Nano particles. 
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Fig. 5: Work done vs Time 

From the Fig. 5, it has been observed that the work 

done by the compressor is less in system with Nano particles 

than system without Nano particles. 

 
Fig. 6: R.E. vs Time 

Fig. 6 shows the variation in refrigerating effect 

with time. It is observed that the refrigeration effect is 

higher in system with Nano particles than system without 

Nano particles. 

VI. CONCLUSION 

1) It is observed that use of CuO nanoparticles improves 

Coefficient of performance of chiller tank by 23.998 

%. 

2) By this experimentation, it is found that the power 

consumption of the system is decreased by 19.11 % 

when Nano particles are added to system. 

3)  From the experimentation, one can conclude that by 

mixing the nanoparticles, thermal as well as lubricating 

property of compressor oil are improved, which results 

into more efficient cooling system. 

4) It is also observed that with increase in time, COP 

decreases for both conventional and modified set-up. 

5) From the comparative study of performance both 

systems, the decrease in power consumption, results in 

increase of COP.  
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