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1.ABSTRACT
There is a wide application of helical coil heat exchangers in the field of cryogenics and other industrial applications for
its enhanced heat transfer characteristics and compact structure. Lot of researches are going on to improve the heat
transfer rate of the helical coil heat exchanger. Here, in this work, an analysis has been done for enhancement of heat
transfer in helical coil heat exchanger using nanofluids. There are various factors present that may affect the heat
transfer characteristics of the heat exchanger. Here, the experiment has been done by varying the concentration of the
nanoparticles in the base fluids at different coil side flow rates. Different parameters are calculated from the results
obtained and graphs are plotted between various parameters such as Nusselt number, friction factor, pressure drop
characteristics and performance index. These graphs have been analyzed and discussed to find out the optimal result for
which the heat exchanger would give the best performance.

2.Geometry of Helical coil Heat Exchanger
A typical shell and coiled tube heat exchanger is shown in Fig.1
In this figure, d is the diameter of the coiled tube, Rc is the
curvature radius of the coil, D is the inner diameter of shell, and b
is the coil pitch. The curvature ratio, d, is   defined as the coil-to-
tube diameter ratio, d/2Rc, and the non-dimensional pitch, c, is
defined as b/2(π)Rc.
The other four important dimensionless parameters of coiled tube
namely, Reynolds number (Rei), Nussel number (Nu), Prandtl number (Pr), Dean number (De)

3.Thermal Conductivity of Nanofluids
Nanofluids exhibit superior heat transfer characteristics to conventional heat transfer Nanofluids. One of the
reasons is that the suspended particles remarkably increase thermal conductivity of Nanofluids. The thermal
conductivity of Nanofluids is strongly dependent on the Nanoparticle volume fraction.= ++
An alternative expression for calculating the effective thermal conductivity of solid liquid mixtures was
introduced by Wasp (1977). = + 2 − 2 ( − )+ 2 + ( − )

Fig. Heat transfer rate for different nanoparticle volume concentrations
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Heat transfer coefficient inside straight tube, based on inside diameter of coil

hi = jH(k/D)(Npr)0.33 Heat transfer coefficient outside coil

hic = hi [ 1+ 3.5(D/DH) ]

The average heat transfer rate has increased with the increase in the volume fraction of the Al2O3 and CuO
nanoparticles in the basefluid. ΔT obtained for shell side has increased with the increase in the nanoparticle
concentration. The heat transfer rate due to the nanofluid has increased which ultimately has increased the
Qavg upon the change of the Dean number.

Also, we can observe that maximum Qavg has been obatained for coil side flowrate of 2L/min. This flowrate
gives adequate time for heat transfer.

For both the nanofliuids the Qavg has seen an insignificant change due to its dependency on Qc and QH as Qc

shares a major share in determining the Qavg which inturn depends upon heat capacity which is a function of
density, specific heat capacity and volume fraction.

The Qavg for both the nanofluids has shown an increase in 23.88% when compared with water system only.

Fig 5. Variation of overall heat transfer coefficient vs.coil side Reynold number

The overall heat transfer coefficient, U is given by

= + +
( )

The overall heat transfer coefficient has increased with the increase in the volume fraction of the Al2O3 and
CuO nanoparticles in the basefluid. U depends upon the heat transfer coefficient based on the tube side and
the shell side. The heat transfer rates for coil side and the shell side have also increased with the increase in
the flowrate which has led to such trend.

The overall heat transfer cofficient for CuO/water nanofluid has shown the best behaviour   increasing heat
transfer coiefficient  by 42.25% when compared with water only and 35.72% increase when compared with
Al2O3/water nanofluid system.

Qavg = U*A* ΔT
As the Qavg obtained has been found to be maximum at 2L/min which is directly proportional to the overall
heat transfer coefficient,U.
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ΔT obtained has been found to be minimum for coil side flowrate of 2L/min resulting for higher values of U at
the same coil side flowrate.
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