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Abstract—This article reports an experimental study of heat transfer coefficient of CuO/Water 

nanofluid flowing in a horizontal double pipe counter flow heat exchanger in the presence and absence of 
electric field. The CuO nanoparticles of about 27nm diameter were used in this study. The heat exchange 
takes place between a CuO/water nanofluid circulating inner tube and a hot air stream flowing through 
the outer tube. The electric field was supplied on the air side of the heat exchanger and its voltage was 
varied from 0kV to 6kV. The experimental results indicated that the convective heat transfer coefficient 
of the nanofluid increased up to the volume fraction of 0.15% and also the heat transfer rate was 
enhanced while applying the high voltage supply to the electrode. The convective heat transfer coefficient 
of the nanofluid was increased with increasing the electric field intensity and nanofluid volume 
concentration. 
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I. INTRODUCTION 

Heat exchanger is a device which is used to transfer the heat from one fluid to another fluid. It is widely used 
in several industries such as power plants, air conditioning equipments, Automobile, chemical processing plants 
etc. [1,2]. The conventional heat  transfer fluids such as water, Ethylene Glycol, Propylene Glycol, mineral oil 
etc are widely used as a heat transfer medium in all the heat exchangers. Because of poor heat transfer 
characteristics of conventional heat transfer fluids, the researchers showed their interest to develop a new kind 
of heat transfer fluids to enhance the efficiency of the heat exchanger. These special kinds of heat transfer fluids 
are named as “Nano fluids”. Nano fluids are relatively new class of fluid containing suspension of nanometer 
sized particles in the base fluids. In the year of 1993 the scientist S.U.S. Choi had developed a special kind of 
fluid by dispersing particle with a diameter of 1~100nm in the base fluids for his “Advanced fluid program” 
project at Argonne National Laboratory (ANL). The term Nanofluid was coined by S.U.S Choi in 1995 [3]. The 
Nanofluids possess the following advantages over the conventional heat transfer fluid which contains millimeter 
or micrometer sized particles. (1) High dispersion stability. (2) Surface to volume ratio is high therefore more 
heat transfer surface between particles and fluid. (3) Particle clogging is reduced as compared to conventional 
heat transfer fluids. (4)Less pumping power is required as compared to conventional heat transfer fluids. (5)The 
properties can adjust easily by varying particle concentrations to suit different applications. 

Over the past 10 years, many researchers have studied the thermal characteristics of various nanofluids. From 
their research results, nanofluids have been found to possess enhanced thermal conductivity compared to the 
base fluids. Choi et al [4], [5] have suspended various metal and metal oxide nanoparticles in different base 
fluids. They found that the thermal conductivity of metal or metal oxide nanoparticle dispersed fluid increased 
remarkably compared to the base fluids. Zhang et al [6] have studied the thermal conductivity enhancement of 
Poly (α-Olefin) oil with Multi-wall carbon nanotube (MWCNT) at 1 vol. %. They found that the thermal 
conductivity of the nanofluid is increased upto 150% compared to base fluids. Over the past few decades, Pak 
and Cho [7] have investigated the heat transfer performance of Al2O3 and TiO2 nanoparticles dispersed in water 
flowing in a horizontal circular tube. Their experimental results showed that the convective heat transfer 
coefficient of the nanofluids with 3 vol. % nanoparticles was 12% lower than that of pure water at a given 
Reynolds number.many researchers [8] – [17] were investigated the thermophysical properties of different 
nanofluids with different volume fractions. Their investigation results clearly showed that the nanofluids possess 
higher thermophysical properties over the base fluids. Li and Xuan [18], [19] have studied the heat transfer and 
flow characteristics of Cu/Water nanofluid flowing through a tube under laminar and turbulent flow conditions. 
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The experimental results showed that the heat transfer characteristics of Copper nanoparticle suspended fluid 
remarkably increased over the conventional base fluids. Heris et al. [20], [21] have investigated the convective 
heat transfer coefficient of Al2O3–water and CuO–water nanofluids for laminar flow in an annular tube under a 
constant wall temperature boundary condition. From this research the authors found that the Al2O3/water 
nanofluids showed greater enhancement compared with CuO/water nanofluids. Many research works reported 
that the performance of double pipe heat exchanger in the presence of external electric field. Wangnipparnto et 
al. [22], [23] have investigated the heat transfer rate of the thermosyphon heat exchanger with external electrical 
field.  The authors were noticed that heat transfer rate is increased with the use of electric field. Cooper [24] 
investigated the nucleate boiling heat transfer of R114 in a lo-fin tube with copper wire mesh cylinder electrode. 
The research results demonstrated that, as with all EHD phenomena observed in this study, A.C. electric fields 
and D.C. fields of either polarity were equally effective. Cheung et al. [25] have conducted an experimental 
study on EHD enhancement of boiling heat transfer of R-134a in a tube bundle utilizing three electrode 
configurations.  In configuration A, all electrodes were energized with a positive field polarity. In configuration 
B, the upper portion electrodes of the bundle were charged negatively and the lower portion electrodes were 
charged positively. Configuration C simply represented the reverse case of configuration B. Kui [26] have 
analyzed the performance of air to air heat pipe under the electric field and developed the heat transfer model for 
the equipment. Allen and Karayiannis [27] have presented the effect of electric field on single phase and two 
phase heat transfer. They showed that the heat transfer rate increased significantly due to the electric field. 
Vithayasai et al [28] have studied the effect of electric field on heat transfer performance of automobile radiator 
at low frontal air velocity. From the experiment, the authors were found that the unit with electric field 
pronounced better heat transfer rate, especially at low frontal velocity of air. The correlations for predicting the 
air-side heat transfer coefficient of the automobile radiator, with and without electric field, at low frontal air 
velocity were also developed and the predicted results agreed very well with the experimental data.The effect of 
the electrode polarity on EHD enhancement of boiling heat transfer for R-123 in a vertical tube was investigated 
by Yongqi Liu et al [29]. The cylindrical brass electrode was applied either positive or negative high voltage, 
with the stainless steel tube grounded. It was demonstrated that the positive high voltage gave much greater 
enhancements and require lower average electric field strength to obtain a maximum enhancement factor than 
the negative high voltage. 

II. EXPERIMENTAL APPARATUS 

 The schematic diagram of the experimental setup used in this research as illustrated in Fig.1. The 
experimental setup consists of test section, nanofluid reservoir, pump, Heat exchanger, fan, brass electrode. The 
test section is a 1000mm long horizontal double pipe heat exchanger with nanofluid flowing inside the tube 
while the hot air flows in the annular. The inner tube is made from copper material with an outer diameter of 
9.53mm and an inner diameter of 8.13mm while the outer tube is made from PP (poly propylene) material with 
an outer diameter of 33.9mm and an inner diameter of 27.8mm. The outer tube is wound with insulation 
material for minimizing the heat loss to atmosphere. The Iron constantan (K-type) thermocouple was mounted at 
both ends of the test sections to measure the temperature of the nanofluid. To measure the inner tube wall 
temperature four K-type thermocouples were placed at equal intervals of 200mm in the axial direction of the test 
section. 

 Hot air from a 7.5kW blower flowed through the outer tube of the test section. The volumetric flow 
rate of the hot air measured and adjusted by the rotameter and globe valve situated before the inlet port. The 
electrical heater was used to heat the inlet air and the energy input to the heater was adjusted by variable output 
voltage transformer. Both inlet and outlet temperature of the hot air were measured by K-type thermocouple. 
Four straight brass cylindrical rod electrodes of 10mm in diameter were mounted in between the inner tube and 
the outer tube. The gap between the electrode and the outer surface of the inner tube was 4.5mm. The positive 
terminal of the high voltage generator was connected to the electrodes and the copper tube was grounded. The 
data acquisition system with personal computer was used to record the real time temperatures. 

III. PREPARATION OF NANOFLUIDS 

We adopted two step method to prepare the nanofluids. CuO nanoparticle of 27nm average diameter was 
purchased from Sigma Aldrich chemicals Ltd, USA [30]. The physical properties of the CuO nanoparticles are 
listed in Table 1. Because of its small size the nanoparticle has a high surface to volume ratio. The distilled 
water was used as a base fluid for this study. The nanofluids of different volume concentrations were prepared 
by dispersing different volume of CuO nanoparticles in distilled water. To obtain uniform dispersion solution, 
the prepared CuO/water was ultrasonicated for about 3-4h. Following this the sonicatednanofluid was stirred 
continuously for 1h. The photographic representation of the CuO/water nanofluid is shown in Fig.2 .Fig.3 
depicts the dispersion of CuO nanoparticles in water before and after sonication.  As can be seen, the particles 
are homogenously dispersed throughout the base fluid in an acceptable fashion. 
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3. The convective heat transfer efficient of the nanofluid was increased upto the volume fraction of 
0.15%. After increasing the nanoparticle in the base fluid the heat transfer rate was decreased because 
of the deposition of the nanoparticles in the pipe surfaces. 

4. Increasing the supplied voltage results in higher heat transfer rate in double pipe heat exchanger. 
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