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Abstract—Experimental investigation of heat transfer 

coefficient of CuO/Water nanofluid are reported in this 

paper. The heat transfer coefficient of the CuO/water was 

measured with the help of single cylinder diesel engine. The 

nanofluid was prepared by dispersing a CuO nanoparticle in 

deionized water. CuO/water nanofluid with a nominal 

diameter of 25nm at different volume concentrations (3, 4 & 

5 vol.%) at room temperature were used for this 

investigations. This experimental result showed that the 

convective heat transfer coefficient increases with an 

increase in concentration of nanoparticle in the fluid and 

also increase with increasing the liquid flow rate. 
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I. INTRODUCTION 

Cooling is the important challenges to obtain the best 

automotive design in multiple Aspects like Performance, 

fuel consumption. Automobile radiator is an important part 

of the engine cooling system. Due to limited space at the 

front of the engine compartment, the size of the radiator is 

limited and cannot be increased. Therefore, it is necessary to 

increase the heat transfer capacity of working fluids such as 

water and ethylene glycol in radiators because it has very 

low thermal conductivity [1]. 

A development in nanotechnology has been the 

introduce of nanofluids, i.e. suspensions of nanometer-size 

solid particles in place of common working fluids. 

Compared with conventional solid-liquid suspensions 

containing millimeter or micrometer sized particles, 

nanofluids as coolants in the heat exchangers have shown 

better heat transfer performance because of small size of 

suspend solid particles. It causes that nanofluids have a 

excellent thermal performance. Nanofluids have different 

properties that make them potentially useful in many 

applications. The theoretical models and equation such as 

Maxwell and Hamilton-Crosser are also available to predict 

the thermal conductivity of solid – liquid mixtures. The 

suspension of nanoparticles into the base fluids such as 

water or EG or conventional fluids is known as Nanofluids 

[2]. The use of nanofluids as coolants would allow for 

smaller size and better positioning of the radiators.  There 

would  be  less  fluid  due  to  the  higher  efficiency,  

coolant  pump  could  be shrunk  and  truck  engines  could  

be  operated  at  higher  temperatures  allowing  for  more 

horsepower. In a study done by Saidur et al (2011) have 

shown that the use of nanofluids in radiators    can  lead  to  

a  reduction  in  the  frontal  area  of  the  radiator  by  up  to  

10%.  This reduction in aerodynamic drag can lead to a fuel 

saving of up to 5% [6].   

Recent experiments on nanofluids have shown substantial 

increases in thermal conductivity and convective heat 

transfer coefficient with low particle volume concentrations 

compared with liquids without nanoparticles or with larger 

particles, and substantial increases in critical heat flux in 

boiling heat transfer. Even though various methods have 

been developed to prepare nanofluids, those previous 

approaches still had instability problems[7]. The increment 

of thermal conductivity for nanofluids also depends on the 

thermal properties of the base fluids with including their 

thermal conductivity. As for a given concentration of 

nanoparticles, results of previous investigations show that 

the percentage enhancement in the heat transfer coefficient 

will be greater when the base fluid has a lower thermal 

conductivity at different concentration. Many investigations 

were carried out to study the effect of temperature on the 

thermal conductivity enhancement of nanofluids. In general, 

the increment in thermal conductivity increases with an 

increase in temperature. Increasing the temperature 

increases the mobility of nanoparticles by intensifying the 

Brownian motion, which increases the thermal conductivity 

of nanofluids. Changes in temperature may also affect 

nanoparticle clustering which will change in the thermal 

conductivity [3]. 

Properties Microparticle Nanoparticle 

Stability Settle Stable 

Surface / 

Volume ratio 
1 

1000 times larger than 

that of microparticles 

Conductivity Low High 

Clog in 

microchannel 
Yes No 

Erosion Yes No 

Pumping power Large Small 

Table 1: Comparison of the Micro and Nano Size Particles 

II. PROPERTIES OF NANOFLUID 

The nanofluids of different volume concentrations were 

prepared by dispersing differen quantity of CuO 

nanoparticles in deionized water. The solution was sonicated 

continuously for 1hour using a probe sonicator to disperse 

the nanoparticle uniformly. Following this, the nanofluid 

was stirred continuously for 3-4 hours to obtain uniform 

dispersion of nanoparticles in base fluid [5]. Various 

properties of basefluid and particles such as thermal 

conductivity, specific heat and density compared with other 

fluid and base fluid increase thermal conductivity and 

density. Further with different concentration its thermal 

conductivity increase. The specific heat is one of the 

important properties and plays an important role in 

influencing heat transfer rate of nanofluids.  Specific heat is 
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the amount of heat required to raise the temperature of one 

gram of nanofluids by one degree centigrade. For a given 

volume concentration of nanoparticles in the base liquid, the 

specific heat can be calculated using the mixture formula. 

The specific heat of CuO Nanofluids at different 

temperatures is estimated for all the volume concentrations. 

The nanofluids posses unique features with regard to their 

thermal performances. The properties of nanofluids are 

different from the properties of conventional heat transfer 

fluids. The nanoparticles after large total surface area as a 

result of which higher thermal conductivities are expected in 

nanofluids. With increase in concentration of nanoparticle 

its thermal conductivity of nanofluid increases. 

Physical Properties CuO Water 

Cp (J/kg K) 540 4179 

ρ  (kg/m3) 6510 997 

k (W/mK) 18.0 0.613 

Table 2: Thermo Physical Properties of Fluid and 

Nanoparticles [4] 

A. Calculation of Heat Transfer Coefficient: 

The following procedure has been performed. According to 

Newton‟s cooling law [2]: 

                   

Heat transfer rate can be calculated as follows[2] : 

                        
Where, m is mass flow rate which is the product of 

density and volume flow rate of fluid, Cp is fluid specific 

heat capacity, A is peripheral area of radiator tubes, Tb is 

bulk temperature which was assumed to be the average 

values of inlet and outlet temperature of the fluid moving 

through the radiator, and Tw is tube wall temperature which 

is the mean value by two surface thermocouples, Tin and 

Tout are inlet and outlet temperatures. 

The density of nanofluid is calculated by the mixing theory 

as[1]: 

                    
The specific heat capacity of nanofluid can be calculated 

based on the thermal equilibrium model as follows [1]: 

C= 
                        

 
 

III. EXPERIMENTAL SETUP 

 
Fig. 1: Schematic Diagram of Experimental Setup 

In experimental setup it consist of a different parts for 

radiator performance. It consist of radiator & fan assembly, 

flow control valve, heating element(engine), thermocouple, 

digital meters for conversion of thermal emf into digital 

form, pump, tank used. 

A. Engine: 

Engine where heat generated from the combustion of fuel in 

the engine block which is surrounded by coolant that is 

circulate continuously in the block and cool the engine. 

Engine runs at constant rpm 1430 at constant load 3kg with 

constant injection pressure 190 bars. 

Parameter Details 

Engine 
Single Cylinder High Speed Diesel 

Engine 

Cooling Water cooled 

Bore × Stroke 80 mm × 110 mm 

Compression 

ration 
16 : 1 

Maximum Power 5 hp or 3.7 kw 

Rated speed 1500 rpm 

Capacity 553 CC 

Table 3:  Engine Specification 

B. Pump: 

The submersible water pump uses centrifugal force to send 

fluid to the outside while it spins, causing fluid to be drawn 

from the centre continuously. The inlet to the pump is 

located near the centre so that fluid returning from the 

radiator hits the pump vanes. The pump vanes fling the fluid 

to the outside of the pump. After this the flow rate is 

measured with the help of a flow meter. Capacity of pump is 

3800 LPH. 

C. Thermocouple: 

The most common electrical method of temperature 

measurement uses the thermocouple. It is based upon see-

back effect i.e. when two dissimilar metals are jointed, these 

forms two junctions and if these junctions are maintained at 

different temperatures than an emf is produced and this emf 

depends on the temperature difference. Therefore in 

thermocouple emf plays thermometric property, the property 

which helps in holding in finding out the temperature is 

named as the thermometric property. 

D. Digital Multimeter: 

The temperatures from the thermocouples are measured by 

digital multimeters. Multimeter which converts the thermal 

emf into digital form. 

E. Radiator: 

The radiator is a type of heat exchanger in which the coolant 

looses heat by convection and conduction phenomenon 

occurring in the tubes of radiator. The radiator is generally 

made up of aluminium metal because of its light weight and 

high thermal conductivity. It is made of number of tubes in 

which coolant flowing and loosing heat by convection and 

conduction. 

F. Fan: 

A fan is installed just behind the radiator so as to increase 

the cooling capacity of the radiator. When the temperature 

of the coolant increases because of constant acceleration the 

fan starts operating, sucking in the air through the fins of the 

radiator. In the apparatus the fan runs. 

G. Tank: 

The tank serves here an important function of controlling the 

coolant from overflowing. When the fluid in the cooling 
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system heats up, it expands, causing the pressure to build up. 

Pump is placed inside the tank. 

IV. RESULT AND DISCUSSION 

From the fig. 2.shows the relationship between the 

convective heat transfer coefficient and the flow rate of 

liquid. This figure clearly shows that the convective heat 

transfer coefficient increases with an increasing nanoparticle 

concentration and increasing with liquid flow rate  also the 

heat transfer coefficient of the CuO/water nanofluid is 

higher than that of water . The highest heat transfer 

coefficient is obtained by using 5 vol% of CuO/water 

nanofluid.The fig. 3.shows the decreasing outlet temperature 

with increasing flowrate of liquid. The fig. 4 clrearedly 

show that with decreasing outlet temperature, heat transfer 

co-efficient increasing. 

 
Fig. 2: Heat Transfer Co-Efficient Vs. Flow Rate 

 
Fig. 3: Outlet Temperature Vs. Flow Rate 

 
Fig. 4: Heat Transfer Co-Efficient Vs. Outlet Temp 

V. CONCLUSION 

The convective heat transfer coefficient of a CuO/water 

nanofluid flowing in a single cylinder diesel engine was 

investigated. The nanofluid was prepared by dispersing CuO 

(25nm) particles in deionized water. This experimental 

result showed that the convective heat transfer coefficient 

increase compared to base fluid (water). The enhancement 

in heat transfer coefficient with volume of concentration and 

increasing with increase flowrate of nanofluid. The optimum 

result is obtained at 5% of concentration and 15 LPM flow 

rate, and about 30% thermal conductivity increases. 
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