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Abstract - In the present study, the thermal performance
and pressure drop of the helical-coil heat exchanger with
and without helical crimped fins are studied. The heat
exchanger consists of a shell and helically coiled tube unit
with two different coil diameters. Each coil is fabricated
by bending a 9.50 mm diameter straight copper tube into
a helical-coil tube of thirteen turns. Cold and hot water
are used as working fluids in shell side and tube side,
respectively. The experiments are done at the cold and
hot water mass flow rates ranging between 0.10 and 0.22
kg/s, and between 0.02 and 0.12 Kkg/s, respectively. The
inlet temperatures of cold and hot water are between 15
and 25 °C, and between 35 and 45 °C, respectively. The
cold water entering the heat exchanger at the out channel
flows across the helical tube and flows out at the inner
channel. The hot water enters the heat exchanger at the
inner helical-coil tube and flows along the helical tube.
The effects of the inlet conditions of both working fluids
flowing through the to section on the heat transfer
characteristics are discussed.

INTRODUCTION

Helically coiled tubes are effective as heat transfer
equipment due to their compactness and increased heat
transfer coefficients in comparison with straight tube
heat exchangers. Due to their high heat transfer
coefficient and smaller space requirement compared
with straight tubes, curved tubes Helical and spiral
coils are well known types of curved-tubes which have
been used in a wide variety of applications. For
helically coiled tubes, numerous theoretical and
experimental works have been reported on heat
transfer and flow characteristics.

Curved coil tubes are classified as tubes with constant
curvature and tubes with variable curvature. In
constant curvature coil tubes, the Spiral coil tubes are
used in process heat exchangers, to improve mass flow
rates such as in membrane blood oxygenators and in
refrigeration and air-conditioning systems, heat
recovery systems, and food industries and chemical
processing.
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Turbulent flow and convective heat transfer in a
spirally coiled tube are complicated as comparing the
straight tube. Helical and spiral coils are well known
types of curved tubes which have been used in a wide
variety of applications.

However, most studies for curved tubes are concerned
with the helically coiled heat exchanger, curvature
ratio of the coil remains constant throughout the length
of the coil.

Helical coil tubes and torus are the examples of
constant curvature coils whereas spiral coil tube is an
example of variable curvature coil. Frictional drop
increases in case of variable curvature coils because of
intense mixing of fluid particles due to continuously
varying curvature of the coil. Helical coil tubes are
generally used to either cool or heat fluid in industry,
chemical reactors.

EXPERIMENTAL APPARATUS AND METHOD

A schematic diagram of the experimental apparatus is
shown in Fig. The test loop consists of a test section,
refrigerant loop, hot water loop, cold water loop and
data acquisition system.

The test section is a helical-coil heat exchanger
consisting of a shell and helically coiled finned tube
unit. The test section and the connection of the piping
system are designed such that parts can be changed or
repaired easily.

In addition to the loop component, a full set of
instruments for measuring and control of temperature
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and flow rate of all fluids is installed at all important
points in the circuit.

It has been reported by many investigators in the
literature that heat transfer coefficient in helical coil is

higher as compared to straight tube.
-

0.4 mm and height of 9.6 mm are placed helically
around the coil tube.

T-copper-constantan thermocouples are installed to
measure the hot water and tube wall temperatures at
the inlet, middle, and outlet sections. The accuracy of
the thermocouple is 0.1% of full scale. all the The
digital manometer (YOKOKAWA, MT120) with the
accuracy of 0.02% of full scale is employed to measure
the pressure drop in the tube side. The dimensions of
the test section are listed in Table 1. An overall energy
balance was performed to estimate the extent of any
heat losses or gains from the surrounding. In the
experiments, the hot water flow rate was increased in
small increments while the cold-water flow rate, inlet
cold water and hot water temperatures were kept
constant.
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The close loops of hot and cold water consist of the 0.5
m3 storage tanks, the electric heaters controlled by
adjusting the voltage, and a cooling coil immerged
inside a storage tank. R22 is used as the refrigerant for
chilling the water. The hot water is adjusted to the
desired level and controlled by temperature controller.
After the temperatures of the cold and hot water are
adjusted to achieve the desired level, the water of each
loop is pumped out of the storage tank, and is passed
through a filter, flow meter, test section, and returned
to the storage tank.
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The flow rates of the water are controlled by adjusting
the valve and measured by the flow meters with an
accuracy of 0.2% of full scale.

The heat exchanger consists of a steel shell and a
helically coiled finned tube unit. The helical-coil tube
unit consists of two different coil diameters. Each coil
is constructed by bending a 9.5 mm diameter straight
copper tube into a helical-coil of thirteen turns. The
minimum and maximum diameters of helical-coil are
127.0 and 197.0 mm, respectively.
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CONCLUSION

Illustrates the variation of the outlet temperature of
cold water with hot water mass flow rate for helically
coiled finned tube heat exchanger.

It is found that when the inlet hot and cold water
temperatures, and cold water mass flow rate are kept
constant, the outlet cold water temperature increases
with increasing hot water mass flow rate.

This is because the heat transferred from the hot water
to cold water increases with increasing hot water mass
flow rate. Therefore, the outlet cold  Water
temperature also tends to increase when hot water
mass flow rate increases.

Considering the effect of cold water mass flow rate on
the outlet cold water temperature, it is clearly seen that
at a specific inlet cold and hot water temperatures, and
hot water mass flow rate, when the outlet hot water
temperature decreases, the temperature difference
between inlet and outlet hot water temperature
increases.

Therefore, one way of keeping the heat transfer rate
equal to the hot Water-side is by increasing the cold
water mass flow rate.

In This paper presents new experimental data from the
measurement of the average in-tube convective heat
transfer characteristics and thermal performance of
helical-coil heat exchanger.

The heat exchanger consists of thirteen turns
concentric helically coiled tubes with and without
helically crimped fins. The conclusion can be
summarized as follows Outlet cold water temperature
increases with increasing hot water mass flow rate.
An average heat transfer rate increases as hot and cold
water mass flow rates increase. The friction factor
decreases with increasing hot water mass flow rate.
Inlet hot and cold water mass flow rates and inlet hot
water temperature have significant effect on the heat
exchange effectiveness.

The inlet hot and cold water temperatures were
adjusted to achieve the desired level by using electric
heaters controlled by temperature controllers. Before
any data were recorded, the system was allowed to
approach the steady.

In the experiments, the hot water flow rate was
increased in small increments while the cold water
flow rate, inlet cold water and hot water temperatures
were kept constant. The inlet hot and cold water
temperatures were adjusted to achieve the desired
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level by using electric heaters controlled by
temperature controllers before any data were recorded,
the system was allowed to approach the steady.
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