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ABSTRACT 

 
Nano fluids, a new class of fluids   has become a topic of attraction due to its excellent   heat transfer 

performance in various areas including cooling, power generation, defense, nuclear, space, microelectronics 

and biomedical appliances. Heat exchanger is a very important device in every modern industry. This paper 

reports an experimental study on heat transfer and overall heat transfer coefficient   characteristics of 

transformer oil based nano fluids with different volume concentrations.  In the present work Al2O3 and CuO 

nano particle of diameter size 25 nm is suspended in transformer oil for making stable nano fluids of different 

volume concentration (0.05 %, 0.1%, 0.5%, 1.0% and 1.5%).The present work is carried out on concentric tube 

heat exchanger whose inner tube is of elliptical cross section with parallel flow arrangement. The heat 

exchanger is fabricated from copper concentric inner tube with length 1000 mm. The primary advantage of a 

concentric  tube heat exchanger, is the simplicity of their design and also the insides of both surfaces are easy to 

clean and maintain, making it ideal for fluids that cause fouling. The paper summarizes the effect of heat 

transfer rate and overall heat transfer coefficient in concentric tube heat exchanger with elliptical cross section 

using nano fluids of different volume concentration. It takes into account the use of different nano fluids for 

effective heat transfer in heat exchangers. 

 Key words: Concentric tube heat exchanger, Heat Transfer, Nano fluids, Overall heat transfer 

coefficient 

 
1. INTRODUCTION 

 
Nano fluids are the study of behavior of fluids, which are confined to nano meter sized structure of particles. 

Nano fluids are plays a vital role in heat transfer applications. Many industrial processes involve the transfer of 

heat. Heating or cooling in an industrial application may create savings heat energy, reducing time and 

increasing life of working equipment like heat exchangers, boilers and radiators etc. In this work concentric tube 

heat exchanger whose inner tube of elliptical cross section is used to estimate the heat transfer rate. The first 

time the term nano fluid was defined was in 1995[1], when Choi coined it, while working in a research project 

https://en.wikipedia.org/wiki/Shell_and_tube_heat_exchanger
https://en.wikipedia.org/wiki/Fouling
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at Argonne National Laboratory. Nano fluid consists of nano particles and base fluid. Nano particles have highly 

thermal conductivity and it mixed with base fluid, that‟s why it will increase the thermal conductivity of the 

base fluid. Many researchers have investigated the heat transfer performance and flow characteristics of various 

nanofluids with different nanoparticles and base fluid materials .Shenoy et al [2] examined the thermal 

properties of Cu nano particle dispersed in fluids and found that the enhancement of thermal conductivity is the 

function of % volume concentrations of nanoparticles in base fluids and the material of nano particles. Zarkaria 

et al [3] also used Al2O3 nanoparticles and attained better thermal property enhancements. Duangthongsuk and 

Wongwises [4,5] reviewed the effect of thermo physical properties models on prediction of the heat transfer 

coefficient and also reported the heat transfer performance and friction characteristics of nano fluid, 

respectively. The 0.2 volume concentration TiO2 nano particles are used to disperse in the water. The results 

showed that the various thermo physical models have no significant effect on the predicted values of Nusselt 

number of the nano fluid. Saha G and Paul M [6] investigated heat transfer characteristics of water based Al2O3 

and TiO2 nano fluid for turbulent flow through a circular pipe. Results  relives that Al2O3-water nano fluid have 

the higher heat transfer rate compared to TiO2-water nano fluid. P.V.Durga Prasad et.al. [7] carried out 

experimental investigation to enhance the heat transfer by using Aluminum oxide nanofluids at low volume 

concentrations and trapezoidal cut twisted tapes .The results showed that there is a significant enhancement in 

heat transfer with nano fluids when compared with that of the base fluid and the trapezoidal cut twisted tapes 

enhanced the turbulence which in turn increased the rate of heat transfer. Leong et al. [8] investigated the 

application of nano fluids as working fluids for a biomass heating plant with shell and tube heat recovery 

exchangers. The results showed that the overall and convective heat transfer coefficient increased with the 

application of nanofluids compared to ethylene glycol or water based fluids. B.Kirubadurai and K.Ramesh, [9] 

they did the research on heat-transfer behavior of Shell-Tube heat Exchanger Using Silicon Nitride- Water nano 

Fluid. They did the work on new nano fluid system which they emerge by silicon nitride to synthesize nano 

fluid for shell-tube heat exchanger. During the study the results show that the nano fluid provides proper thermal 

property. They also concluded that the most of these parameter of heat-transfer was not taken for study in past 

time, hence they performed on it and it require the simultaneously study of nano fluid for heat transfer provide 

valuable information for the optimization of heat-transfer improvement ,and they find the efficiency raises up to 

eleven percent with nano-particle with water. Khoddamrezaee et al. [10] investigated heat transfer 

characteristics of an Al2O3/ethylene glycol nano fluid and ethylene glycol fluid in a cross rectangular 

arrangement of tubes in a shell and tube heat exchanger. The variables like stagnation point, separation point, 

heat transfer coefficient and shear stress for nano fluid and pure fluid were determined and compared. From the 

results it is found that by using of nanofluids, the stagnation and separation points of flow were delayed and the 

heat transfer coefficient and shear stress increased. 

Arun Kumar Tiwari[11] “Thermal Performance of Shell and Tube Heat Exchanger using nano fluids ” 

experimentally investigated the thermal performance of a shell and tube heat exchanger using nanofluids. The 

cold water based nano fluids flow in tube side and water as hot fluid flows on shell side. Use of nanoparticles in 
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water based nano fluid as coolant in shell and tube heat exchanger improves the effectiveness by a considerable 

amount, while the convective and overall heat transfer coefficient increases even further with the addition of 3% 

Al2O3 nanoparticles in water based fluid. 

In this paper, an experimental study is carried out to estimate heat transfer and overall heat transfer coefficient 

of transformer oil based nano fluids using concentric tube heat exchangers with elliptical cross section. Nano 

fluids are first prepared using two step technique through magnetic stirring followed by ultrasonication. The 

nano particles used were   Al2O3 and CuO .The paper summarizes the effect of heat transfer and overall heat 

transfer coefficient   of Transformer oil based nano fluids of different volume concentrations. 

 

 

2. PREPARATION OF NANO-FLUIDS  
In this work, nano fluids were prepared using two step technique for different volume concentrations. The 

commercially available nano powders obtained from different mechanical, physical and chemical routes such as 

milling, grinding, and sol-gel and vapor phase methods were used. The Al2O3and CuO nanoparticles with 

average size of 20-50 nm are uniformly distributed into the base fluid Transformer oil   for making stable nano-

fluids of different volume concentration of 0.05 %, 0.1%, 0.5%, 1.0% and 1.5% 

Table 1: Specifications of Base fluid (Transformer oil) 

Sl. No. Properties Base fluid (Transformer Oil) 

1 Density 900 kg/m
3
  

2 Thermal conductivity  0.157 W/ mK  

3 Specific heat 1860 J/kg K  

4 Viscosity 0.013350 Pa-s  

 
2.1 Characterization of Nano fluids 

 Thermo physical properties of Nanofluid  
1. The effective properties of nanofluids like density, specific heat, thermal conductivity, and viscosity are to be 

determined according to the mixing theory.   

2. The density of Nanofluid is determined using Pak and Cho correlations .  

ρnf = (1-φ)ρbf + ρp 

where, ρnf is the density of nanofluids, ρbf is the density of base fluid (Transformer oil), ρp is the density 

nanoparticles (Al2O3 and CuO), φ is the volume concentration. 

3. The specific heat of Nanofluid is determined from Xuan and Roetzel correlation . 

ρnfCpnf = (1-φ) ρbfCpbf + φ (Cp)p ρp 

where, Cpnf is the specific heat of Nanofluid, Cpbf is the specific heat of base fluid (transformer oil),Cpp 

is the specific heat of nanoparticles (Al2O3 and CuO). 

4.  The thermal conductivity of Nanofluid is determined from Maxwell formula  

 =  

where, Knf is the thermal conductivity of Nanofluid, Kbf is the thermal conductivity of base fluid (transformer 

oil), Kp is the thermal conductivity of nanoparticles (Al2O3 and CuO). 
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5. The viscosity of nanofluids is determined using Drew and Pass man correlation.   

 

Where, μnf is the viscosity of Nanofluid, μbf is the viscosity of transformer oil.  

 
3. EXPERIMENTAL SET UP 
Experimental Setup 

 

Fig. 1: Line diagram of Experimental Setup 
The Fig:1 shows the Schematic view of concentric tube heat exchanger. The setup mainly consists of the 

following components namely heating element, heat exchanger, reservoir and pump. Concentric tube is 

considered in the heat exchanger. The outer tube is made up of a galvanized iron (GI) with outer diameter 

42mm,inner diameter 40mm. The inner pipe is made up of copper of elliptical cross section. The length of the 

pipe is 1000mm. The reservoir is made up of mild steel, which is coated to avoid corrosion. Here in reservoir 

nanofluids is stored which is supplied to the test section. The pump with (voltage 160-230V,maximum head 

1524mm, discharge 800 ltrs/hr) is used to supply working fluid or nanofluids from reservoir to test section .A 

heater of capacity 0-10 litres is used. 

The experimental setup with the above principle components also consist of measuring components 

such as flow meter having a maximum capacity 350 cc/sec to measure flow rate of working fluid which is 

pumped to the test section using the pump. It is fixed in between the reservoir output and entry section of the 

heating element. Thermocouples are fixed at the different points along the flow of working fluid in order to   

measure the working fluid temperature at different states of system. 

3.1Analysis of heat Exchanger: 

The experiment is performed by using concentric tube heat exchanger with elliptical cross section for constant 

mass flow rate and the flow is parallel. Hot and cold fluid temperatures were recorded for different volume 

concentration 0.05, 0.1, 0.5, 1.0, 1.5% under three different temperatures 60
0
,70

0
,80

0
C. From the obtained value 

heat transfer and overall heat transfer co-efficient is calculated using empirical equations. 
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From the observation made from experimentation, the temperature values were recorded for hot and cold fluid at 

inlet and outlet for nano fluids of various volume concentrations under constant mass flow rates. 

Heat transfer rate for hot fluid 

Qh= mh*Cph*(Thi-Tho)  

Heat transfer rate  for cold fluid 

Qc= mc*Cpc*(Tco–Tci) 

where, mh and mc are the mass flow rate of hot and cold fluid respectively. 

Cph and Cpc are the specific heat of hot and cold fluid respectively. Thi and Tci  are the temperatures of  hot and 

cold fluid at inlet and Tho and Tco are the temperatures of the hot and cold fluid at outlet respectively. 

Logarithmic mean temperature difference is  

LMTD  

 

The overall heat transfer coefficient is  

Q=UAsΔTlm 

4. RESULTS AND DISCUSSION 

In this paper a concentric tube heat exchanger with inner tube of elliptical cross section is fabricated with 

parallel flow arrangement. Standard Experimental procedure was adopted results were obtained by using certain 

equations and the results were plotted for different volume concentrations for different temperatures. 

Overall heat transfer coefficient 

  

Fig.2: Variation of overall heat transfer co-efficient 

for different volume concentration of Al2O3 

Transformer oil nano-fluids at different temperature 

Fig.3: Variation of overall heat transfer co-efficient for 

different volume concentration of Al2O3 Transformer oil 

nano-fluids at different temperature(Bar chart) 
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From the results it is observed that overall heat transfer coefficient increases with increase in volume 

concentration compared to base fluids. The maximum enhancement of overall heat transfer co-efficient occurs at 

1.5% volume concentration for Al2O3 transformer oil nano-fluids. 

  

Fig 4:Variation of overall heat transfer co-efficient 

for different volume concentration of CuO 

Transformer oil nano-fluids at different temperature 

Fig 5:Variation of overall heat transfer co-efficient for 

different volume concentration CuO Transformer oil 

nano-fluids at different temperature(bar chart) 

 

 From the results it is contemplated that maximum enhancement of overall heat transfer co-efficient occurs at 

1.5% volume concentration for CuO transformer oil nano-fluids. Also CuO transformer oil nano-fluids has 

shown higher overall heat transfer co-efficient in comparison with Al2O3 transformer oil nano-fluids. These 

increase of heat transfer co-efficient may be caused by high concentration of nano particles towards the wall 

side by particle migration and force of attraction. The overall heat transfer coefficient of nano fluids decreases 

with the increase of temperature since it depends on logarithmic mean temperature difference. 

Heat Transfer Rate 

  

Fig 6:Variation of heat transfer for different volume 

concentration of Al2O3 Transformer oil nano-fluids for 

different temperature 

 

Fig 7: Variation of heat transfer for different 

volume concentration of Al2O3 Transformer oil 

nano fluids for different temperature(Bar chart) 
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Fig. 8: Variation of heat transfer for different volume 

concentration of CuO Transformer oil nano-fluids for 

different temperatures. 

 

Fig. 9: Variation of heat transfer for different volume 

concentration of CuO Transformer oil nano fluids for 

different temperature(Bar chart) 

 

 
Fig: 6, 7,8and 9 shows the variation of heat transfer for different volume concentration of Al2O3 transformer oil 

and CuO transformer oil based nano   fluids. The trends shown by the nano fluid is due to the fact that the nano 

particles presented in the base fluid increase the thermal conductivity and the viscosity of the base liquid at same 

time. The enhancement of thermal conductivity leads to increase the heat transfer rate. The thermal conductivity 

of CuO nano particle is higher than Al2O3 nano particle leads to high heat transfer rate of CuO transformer oil 

based nano fluids. Since the heat capacity of nano particles decreases as the concentration of nanoparticles into 

the base fluid increases it leads to nano-fluids enhanced heat transfer than conventional fluids.  

 
CONCLUSION 
In this work concentric tube heat exchanger with inner tube of elliptical cross section is fabricated and 

experimental analysis is carried. Al2O3 and CuO nano particles were dispersed with base fluids to form nano 

fluids by adopting two step technique. Nano fluids with different concentration (0.05, 0.1, 0.5, 1.0, 1.5%) were 

used for experimental analysis. 

The following conclusions are drawn 

 Heat transfer rate and overall heat transfer coefficient were determined for Al2O3 transformer oil based 

nano fluids, CuO nano fluids of different volume concentrations. 

 Heat transfer rate increases with increasing volume concentration for both Al2O3 transformer oil nano 

fluids and CuO transformer oil nano fluids. CuO transformer oil based nano fluids has shown higher 

heat transfer rate in comparison with Al2O3 transformer oil based nano fluids. 
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 Overall heat transfer co-efficient increases with increase in volume concentration for particular 

temperature. Cuo-Transformer oil nano-fluids has showed increase in heat transfer rate with increase in 

volume concentration as compared with Al2O3 transformer oil nano-fluids. 

Thus Nanofluids are found to be more convincing as compared to other base fluids. 
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