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Abstract: An exploratory examination was conveyed for estimating tube-side warmth exchange coefficient, contact factor, warm
exchange upgrade proficiency of Fluid (air) for turbulent stream in a round tube fitted with aluminum and copper curved tape
as an embed. A steel tube of 19 mm internal diameter and 24 mm outer diameter and 1000 mm test length was used. An
aluminum and copper twisted tape was inserted into the smooth tube. A uniform heat flux condition was created by wrapping
coil wire heater around the test section and fiber glass over the wire. As the logic concern the 3 cases has been taken in
consideration for comparative study between plain tube, aluminum twisted tape and copper twisted tape. The parameters like
friction factor, Heat transfer coefficient enhancement factor, thermal performance factor etc. friction is directional to the
surface area. As far results are concerned, in the percentage friction factor reduces by 5 to 15 % compared with aluminum
twisted tape. Nu no. increases about 28 to 30% aluminum twisted tape and by 47 to 60% in copper twisted tape. Enhancement
efficiency obtained by copper twisted tape experimentally is about 22 to 40% greater than plain tube.

Keywords: Reynolds number, twisted tape, Nusselt number, Conduction and convection heat transfer, Fluid flow, Heat transfer
augmentation, Axial Convection, Radial Convection.

I. INTRODUCTION
A great deal of research effort has been devoted to developing apparatus and performing experiments to define the conditions under
which an enhancement technique will improve heat transfer. Heat transfer enhancement technology has been widely applied to heat
exchanger applications in refrigeration, automobile, process industries etc. The goal of enhanced heat transfer is to encourage or
accommodate high heat fluxes. The need to increase the thermal performance of heat exchangers, thereby effecting energy, material
and cost savings have led to development and use of many techniques termed as heat transfer augmentation. These techniques are
also referred as Heat Transfer Enhancement or Intensification. Augmentation techniques increase convective heat transfer by
reducing the thermal resistance in a heat exchanger. In order to improve the heat transfer efficiency and operation safety of heat
transfer equipment, many techniques have been proposed , such as treated surfaces, rough surfaces, extended surfaces, swirl flow
devices, shaped pipes, surface tension devices, technical aids, electrostatic fields, suction or injection. However, all of the above
techniques will inevitably bring too much flow resistance, resulting in unnecessary power consumption. An effective method of heat
transfer enhancement is required to not only improve the heat transfer greatly, but also minimize the flow resistance as much as
possible. Flow resistance lead to increase in pressure drop. So, while designing a heat exchanger device using any of these
techniques, analysis of heat transfer rate and pressure drop has to be done.
The major challenge in designing heat exchangers is to make the equipment compact and achieve a high heat transfer rate using
minimum pumping power. Techniques for heat transfer augmentation are relevant to several engineering applications. In recent
years, the high cost of energy and material has resulted in an increased effort aimed at producing more efficient heat exchange
equipment. Furthermore, sometimes there is a need for miniaturization of heat exchangers in specific applications, such as space
application, through an augmentation of heat transfer. Furthermore, as a heat exchanger becomes older, the resistance to heat
transfer increases owing to fouling or scaling. These problems are more common for heat exchangers most of used in marine
applications and in chemical industries. In some specific applications, such as heat exchangers dealing with fluids of low thermal
conductivity (gases and oil) and desalination plants, there is a need to increase the heat transfer rate.
The heat transfer rate can be improved by introducing a disturbance in the fluid flow (breaking the viscous and thermal boundary
layers), but in the process of pumping power may increase significantly and ultimately the pumping cost becomes high. Therefore,
to achieve a desired heat transfer rate in the heat exchanger at an economic pumping power, several heat transfer augmentation
techniques have been proposed in recent years.
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Il. LITERATURE REVIEW
C. Thianponga [1] carried out an experimental investigation on heat transfer and pressure drop characteristics of turbulent flow in a
heating tube equipped with perforated twisted tapes with parallel wings (PTT) for Reynolds number between 5500 and 20500. The
design of PTT involves the following concepts: (1) wings induce an extra turbulence near tube wall and thus efficiently disrupt a
thermal boundary layer (2) holes existing along a core tube, diminish pressure loss within the tube. The parameters investigated
were the hole diameter ratio (d/W = 0.11, 0.33 and 0.55) and wing depth ratio (w/W = 0.11, 0.22 and 0.33). A typical twisted tape
was also tested for an assessment. Compared to the plain tube, the tubes with PTT and TT yielded heat transfer enhancement up to
208% and 190%, respectively. The evaluation of overall performance under the same pumping power reveal that the PTT with d/W
=0.11 and w/W = 0.33, gave the maximum thermal performance factor of 1.32, at Reynolds number of 5500. Empirical correlations
of the heat transfer, friction factor and thermal performance for tubes with PTTs were also developed. In addition, the swirling/axial
flow patterns of tube with PTT were visualized using dye injection technique.
P.Eiamsa-ard et al [2] Investigated Effects of the regularly-spaced twisted tape (RS-TT) on the heat transfer, friction factor and
thermal performance factor behavior sin a heat exchanger are reported along with those of a full length twisted tape. The full
length(or typical) twisted tapes with two different twist ratios(y¥sP/W%46.0 and8.0),and the regularly-spaced twisted tape(RS-TT)
with two different twist ratios(y¥26.0 and8.0)and three free space ratios(s¥.S/P¥.1.0,2.0,and3.0) were employed for comparative
study .The article al so presents the application of a mathematical model for numerical simulation of the swirling flow in a tube
induced by regularly-spaced twisted tape(RS-TT) insertion. The numerical simulation was performed in order to gain an
understanding of physical behavior of the fluid flow (decaying swirling flow field), fluid temperature and local Nusselt number
characteristics of a tube fitted with RS-TT in the turbulent flow regime. The Nervier—Stokes equation in common with the energy
equation was solved using the SIMPLE technique with the RNG k¢ turbulence model. The experimental results show that heat
transfer rate and friction increased with decreasing twist ratio and space ratio. At similar conditions, full length twisted tapes (s%0)
offered higher heat transfer rate, friction factor and thermal performance factor than RS-TT ones (s¥1.0, 2.0and3.0) as they induced
more consistent swirling flows and thus turbulence. This reveals that it is possible to gain promising tradeoff between enhanced heat
transfer and increased friction by selecting the twisted tape with proper geometries.
Sh. Ghadirijafarbeigloo et al [3] studied on 3-D numerical simulation of heat transfer and turbulent flow in a receiver tube of solar
parabolic trough concentrator with louvered twisted-tape inserts. Literature shows that absorber tubes with various tape inserts are
used and recommended to produce high convection coefficient. Typical twisted-tape (TT) enhances heat exchange between tube
surface and working fluid by generating turbulent swirling flow. In this study, enhancement of convection coefficient in the receiver
tube of a solar parabolic trough concentrator that the absorber tube is equipped with a new perforated louvered twisted tape (LTT) is
studied numerically. For numerical simulations three different twist ratios (TR), TR=y/W= 2.67, 4, 5.33 (y is the length required for
one twist and W is the width of the tape) are used in an experimental laboratory trough collector. Flow is assumed turbulent due to
louvered perforated surface and rotational shape of the tape. For thermal boundary condition, non-uniform wall solar heat flux is
determined by Sol trace code on the outer surface of the absorber tube. Heat transfer rate and pressure drop are determined for fully
developed condition for several Reynolds numbers based on the tube diameter and flow mean velocity. Results show that the heat
transfer coefficient and pressure drop increase significantly in comparison with a typical plain twisted-tape in the tube and a plain
tube.

11l. EXPERIMENTAL SETUP
The apparatus consists of a centrifugal blower unit fitted with a circular tube, which is connected to the test tube located in
horizontal orientation. Flexi glass heater encloses the test section to a whole length of 1m. Input to heater is given through rheostat.
Four thermo couples T4, T,, T3 and T, at an equal distance of 15 cm from the origin of the heating zone are embedded on the walls
of the tube and one thermocouple is placed in the air stream at the exit (Ts) of the test section to measure the temperature of flowing
air. The digital device Digital Temperature Indicator is used to display the temperature measured by thermocouple at various
position. The temperature measured by instrument is in °C. The test tube of 3mm thickness is used for experimentation. A U tube
manometer measures the pressure drop across the test section filled with water. The pipe system consists of a valve, which controls
the airflow rate through it and an orifice meter to find the volume flow rate of air through the system. The diameter of the orifice is
.0125m and coefficient of discharge is 0.61. The two pressure tapings of the orifice meter are connected to a water U-tube
manometer to indicate the pressure difference between them. Display unit is a Digital Temperature Indicator used to indicate
temperature indicator. The circuit is designed for a load voltage of 0-100 V; with a maximum current of 10 A. Difference in the
levels of manometer fluid represents the variations in the flow rate of air. The velocity of airflow in the tube is measured with the
help of orifice plate and the water manometer fitted on board.
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Fig. 3.1 Block diagram of required set up

Fig.3.2: Experimental set up

A. Procedure

Air was made to flow though the test tube by means of blower motor. A heat input of 90 W was given to the Flexi Heater Coil
wound on the test tube by adjusting the rheostat. The test tube was insulated in order to avoid the loss of heat energy to the
surrounding. Thermocouples T, toT, were fixed on the test surface and thermocouples Ts were fixed near the exit of tube. The
readings of the thermocouples were observed every 2 to 3 minutes until the steady state condition was achieved. Under steady state
condition, the readings of all the five thermocouples were recorded. The experiments were repeated for two different test tubes one
for plane and other for staggered dimple with constant pitch and with constant airflow rate. The fluid properties were calculated as
the average between the inlet and the outlet bulk temperature. Experiments were carried out at constant heat input and constant mass
flow rate.
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IV. EXPERIMENTAL RESULTS

Table: Experimental Results for mass flow rate: 0.0065 kg/sec

Parameters Plain Tube Twisted tape with Twisted tape with
Aluminum Copper
Ti 30.5 31.2 324
To 62 68 74.4
Ah 183.35 225.88 274.45
Re 25777.10 25747.431 25755.89
Nu 58.59 78.21 110.36
h 74.62 106.634 141.788
f; 0.0082 0.0207 0.0184
Ap 98.1 251.25 214.4
AP¢ - 2.5 2
n% - 128.87 182.50
Tot - 1.24705 1.7223

Comparative data tabulation makes easy to see the numerical values for each case in one line statement, definitely the values of
parameters like temperatures, heat transfer coefficient, Re, Nusselt No. Pressure drop, etc. are very easy to understand and make a
comparative decision, and opinion about tape or particular case. Above table is for air mass flow rate = 0.0065 kg/sec

1)
2)
3)

4)

5)

6)
7)

8)

V. CONCLUSION
The measurements are in good agreement with each other. The maximum error between the averaged experimental heat transfer
enhancements with numerically predicted enhancement is 25%.
Nu no increases about 28 to 30 % in aluminum twisted tape, and by 47 to 60 % in copper twisted tape. Variations in
experimental values are because of manufacturing and measuring errors.
Enhancement efficiency obtains by copper twisted tape experimentally about 22 to 40 % greater than plain tube, just due to
resistance addition in the form of twisted tape.
Heat transfer enhancement in the form of augmented Nusselt number and heat transfer coefficient ratios h/hy was observed.
Nu/Nu, values decreased with increasing Reynolds number for both twisted tape. Nu/Nuy values varied from about 1.2 to about
1.5 for the twisted tape in the Reynolds number range studied from 25000 to 95000. The corresponding values for the
aluminum twisted tape was found in the range of 0.80 to 0.87 suggesting lower levels of heat transfer augmentation for the
inline array case. The h/h0 values followed similar trend as the values Nu/Nuj.
The thermal performance factors were plotted for both the twisted tapes. The thermal performance values decreased with
increasing Reynolds number values. Again the thermal performance factor values for the copper twisted tape were more than
corresponding practical values for aluminum twisted tape in the Reynolds number range studied.
As the friction factor goes on decreasing as Re no increases. Experimentally for highest values of Re no it shows less deviation.
The heat transfer co-efficient and Nusselt number characteristics of copper twisted tape were enhanced rapidly
comparable of aluminum twisted tape.
The enhancement heat transfer twisted tape was achieved by due to the swirl flow action obtained from circular tube of copper
twisted tape inserts.
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