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a b s t r a c t

An experimental investigation on the convective heat transfer and friction factor characteristics in the
plain and helically dimpled tube under turbulent flow with constant heat flux is presented in this work
using CuO/water nanofluid as working fluid. The effects of the dimples and nanofluid on the Nusselt num-
ber and the friction factor are determined in a circular tube with a fully developed turbulent flow for the
Reynolds number in the range between 2500 and 6000. The height of the dimple/protrusion was 0.6 mm.
The effect of the inclusion of nanoparticles on heat transfer enhancement, thermal conductivity, viscosity,
and pressure loss in the turbulent flow region were investigated. The experiments were performed using
helically dimpled tube with CuO/water nanofluid having 0.1%, 0.2% and 0.3% volume concentrations of
nanoparticles as working fluid. The experimental results reveal that the use of nanofluids in a helically
dimpled tube increases the heat transfer rate with negligible increase in friction factor compared to plain
tube. The experimental results showed that the Nusselt number with dimpled tube and nanofluids under
turbulent flow is about 19%, 27% and 39% (for 0.1%, 0.2% and 0.3% volume concentrations respectively)
higher than the Nusselt number obtained with plain tube and water. The experimental results of isother-
mal pressure drop for turbulent flow showed that the dimpled tube friction factors were about 2–10%
higher than the plain tube. The empirical correlations developed for Nusselt number and friction factor
in terms of Reynolds number, pitch ratio and volume concentration fits with the experimental data
within ±15%.

� 2011 Elsevier Inc. All rights reserved.

1. Introduction

Particle-laden fluids are those in which solid particles are dis-
persed in a carrier liquid to a particular concentration. The parti-
cles are generally in the order of micro and nanometer size, and
the carrier liquid commonly used in the laboratory is either water
or mineral oil. The particles are of various types, like metal, cera-
mic, metal oxide, etc. These particles tend to increase the thermal
conductivity of the fluid by a substantial amount and hence pro-
moting more amount of heat energy to be transferred. This phe-
nomenon is known as heat transfer enhancement and these
particles-laden fluids have been found to have better heat transfer
properties as solid materials have much higher thermal conductiv-
ities than fluids.

However, large particles cause many troublesome problems
like: (a) settling of large sized particles from the base fluids, espe-
cially in low speed circulation, not only losing the enhancement in
thermal conductivity, but forming a sediment layer at the surface,

increasing the thermal resistance and impairing the heat transfer
capacity of the fluids, (b) severe clogging problems, especially with
the circulation of fluids in micro channels, (c) large particles in
fluid also carry too much momentum and kinetic energy, which
may cause damage to the surface, (d) the erosion of the pipelines
by the coarse and hard particles increases rapidly when the speed
the circulation increases, (e) noticeable conductivity enhancement
is based on high particle concentration, which leads to apparent in-
crease in viscosity and hence the pressure drop in fluids goes up
considerably due to the increase of viscosity [1–4].

Due to the above mentioned disadvantages associated with the
liquid suspension of larger particles, the method of enhancing the
thermal conductivity by adding solid particles is not preferred until
the emergence of nanofluids. In general, the working fluid such as
water, oil, and ethylene glycol is used for various industrial fields,
namely, power generation and air conditioner. However, these flu-
ids with low thermal conductivity suppress development of com-
pact and higher-performance heat exchangers. Fluid including
nanoparticles is referred to as nanofluid, which is a term proposed
by Choi [1]. The term ‘‘nanofluid’’ refers to a two phase mixture
with its continuous phase being generally a liquid and the dis-
persed phase constituted of nanoparticles, that is, extremely fine

0894-1777/$ - see front matter � 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.expthermflusci.2010.12.008

⇑ Corresponding author. Tel.: +91 98424 83638; fax: +91 0431 2500133.
E-mail address: ssuresh@nitt.edu (S. Suresh).

Experimental Thermal and Fluid Science 35 (2011) 542–549

Contents lists available at ScienceDirect

Experimental Thermal and Fluid Science

journal homepage: www.elsevier .com/locate /et fs

http://dx.doi.org/10.1016/j.expthermflusci.2010.12.008
mailto:ssuresh@nitt.edu
http://dx.doi.org/10.1016/j.expthermflusci.2010.12.008
http://www.sciencedirect.com/science/journal/08941777
http://www.elsevier.com/locate/etfs

