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Abstract: Recently, it was important to improve heat transfer performance of heat exchanger because they were
considered general equipment. Heat exchangers have many applications such as power production units, home
appliances, manufacturing companies and transportations. The current study presents results obtamed from
experimental investigations the enhancement the heat transfer by a horizontal tube through means changing
twisted tape that insert in pipe tube with water as a working fluid. The thermo hydraulic performance depends
on several factors such as configurations of geometry insert. An experimental and numerical investigation via.
ANSYS 11.¢/ Flotran 1s carried out with twisted tapes under different shape configuration of tapes. Sixteen
cases are investigated in this study, firstly, the tube without holes in the tape 1s tested with different hole
diameters (4, 7.5 and 10.5 mm) each one has 1-4 twists. It can be concluded that the number of twisted tapes was
directly proportional to the velocity and inversely with temperature. The hole diameters in the twisted tape have
an effect on the distribution of temperature and velocity. Good agreement 1s evident between experimental and
numerical results with discrepancy 4%. It was found that the tape with two twists superior in heat transfer about

(31%) as compared with another twisted tapes.
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INTRODUCTION

The operation of improving the behavior of a heat
transfer system m terms of increase the coefficient of heat
transfer was named as enhancement of heat transfer
(Patil and Babu, 2011). Consequently, leads to mimmize
cost and size of the heat exchanger. There are three
methods are adopted to improve heat transfer. The first
method 1s active method, in this method some external
power mputs are required for improving the thermal
behavior of the heat exchanger; flud vibration,
mechanical aids, electrostatic fields, surface vibration, jet
immpingement and suction are examples of this method.
The second 1s passive method, m this method some
obstacles are inserted into the flow inside the tube of heat
exchangers in order to create disturbed and turbulence
(Patil and Babu, 2011). The turbulence that made in the
tube increases the pressure drop and reducing the wall
temperature and consequently, heat transfer coefficient
was increased (Kang et al, 2013). This method 1s
recommended more because it does not require any type
of external power. This method 1s also, a sample, cheap
and can be easily mmplemented Savekar et al (2015).

Extended surfaces, rough surfaces, additives for liqud
and gases, helical screw tape and twisted tape inserts are
examples of this method. Lastly, compound method in this
method two or more methods are combined at the same
time to mmprovement m thermal performance of heat
exchanger (Mulla ef al, 2014). Many applications like
cooling and heating in evaporators, thermal power plants,
air-conditiomng equipment and refrigerators, process
industries, automobiles and radiators for space vehicles
have used these methods (passive, active or mixing
between the both methods).

This research deals with twisted tapes. In general,
twisted tapes were put in the flow passage to enhance the
rate of heat transfer. As a result, the hydraulic diameter of
the flow passage is reduced. The enhancement in the heat
transfer that results from the inserted twisted tape 1s
mostly due to the flow blockage, partitioning of the flow
and secondary flow (Yadav, 2009). The pressure drop and
flow velocity are increased because flow blockage. The
increment in the pressure drop leads to increase viscous
due to the reduction free flow area. In addition, in some
cases the mcrease n the flow velocity caused a serious
secondary flow. The advantage of secondary flow 1s to
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provide a good thermal contact between the surface and
the fluid. The resulting of this max improves the
temperature gradient which finely enhance the heat
transfer coefficient (Patil and Babu, 2011, Savekar et al.,
2015).

Significant investigations on circular tubes
containing twisted tape mserts were found in the present
study. Saha et al (1989), study the performance of
pressure drop and heat transfer of laminar flow in a
circular type tube placed with fixed distance twisted tape
mserts connected with a rod. The finding of the study
was that the performance of thermo hydraulic 15 better in
the case of twisted tape inserts connected with rod, wider
width of tape elements and thinner connecting rod.
Manglik and Bergles (1993), investigated the unpact of
twisted tape in laminar flow. It was found that the main
reasons for improving the heat transfer coefficient are
higher flow velocities and reduction in hydraulic diameter
which 1s resulted by twisted tape. Mogaji ef al. (2013)
were mnvestigated the experiments conducted to estimate
the effect of twisted tape insert on the increase of the
pressure drop and heat transfer coefficient during flow
boiling of R134a mto horizontal tubes. It was observed
that when using twisted tape, pressure drop and
coefficient of heat transfer were enhancements up to
133 and 36%, respectively. Sheeba et al, examined
how different twisted ratios affect the heater system
performance of solar water, adjust with spiral twisted tape.
The outcomes of the study showed that the heat transfer
was enhanced in twisted tape collector were greater than
the plain tube with lowest twisted ratio and progressively
reduces with the increase m twist ratio. Thermal behavior
of twisted tape collector was found to be increased with
the mcrease n solar ntensity (Nagayach ef af., 2012).

Oni (2015) conduct a comprehensive comparative
study of fluid and heat transfer of water in tube caused
by twisted tape inserts with different shape. In this study
the attention was given to the thermo hydraulic behavior
of transitional, turbulent and laminar flows of water via.
various tube designs. The study was carried out by using
simulation. The results of this study revealed that
triangular cut twisted tape offers better heat transfer
enhancement than other twisted. Hassan er al. (20153)
enhanced the activity of the flat plate solar collector by
adding twisted tapes with different ratios. The research
was carried out by connecting three collectors with
various flow rates. The greater heat transfer rate was
found at a twisted ratio 3.

Shakir et al. (2016) accomplished a numerical
investigation of the effect of axial pitch to fin height ratios
for single phase flow behavior in thirty-six tubes nternally
finned to enhance force convection of heat transfer

beside reduction of friction factor by using the ANSYS
program. Rakate et al. (2016) carried out an experimental
nvestigation on a plamn tube with twisted tapes and
without twisted tapes under different heat flux and
different mass flow rates. Different twisted ratios were
taken into account, it was found that twist tape with 3.64
give an enhancement in heat transfer as compared to
other twisted ratios and the plain tube. In this research an
experimental and numerical investigation via. ANSYS
11.0/Flotran is carried out with twisted tapes under
different shape configuration of tapes.

MATERIALS AND METHODS

Experimental design: The representation of the schematic
diagram of experimental design 1s shown in Fig. 1a, along
with its photograph shown in Fig. 1b. The experimental
design composed of a test tube, hot fluid tank, pump, five
thermocouples and bypass valve.

The tested tube 135 a straight pipe heat exchanger
made from copper and has an inner diameter of 22 mm and
the length of the tube is 1m. Twisted tapes are made from
aluminum strips with 1.00 mm thick and 1m total length.
The tapes are twisted on a lathe using manual rotations of
the chuck. The width of the tape is 2 mm less from inside
diameter of the tube. The hot fluid (water) is pumped
inside the tube using a pump and controlled bypass
valve. During the experiuments, the flow rate of hot
fluid in inner tube is kept constant. The five k-type
thermocouples are used to measure the temperatures of
the fluid, located in the tube as shown in Fig. 1. The
rmocouple needles are readings manually through the
digital recorder. The thermocouples are calibrated
(+0.1% °C) before using n the test tube section. The fluid
which take place in a closed loop, enter the test tube to
maimntain the inside temperature constant. Then the
twisted tapes are inserted into the tube with different
twisted and different holes.

Cases study: Sixteen cases are mvestigated n this study,
firstly, the tube without holes in the tape is tested, then
with different hole diameters (4, 7.5 and 10.5 mm) each
with 1-4 twists. As shown in Fig. 2.

ANSYS simulation:
computational fluid dynamics are investigated. The

Simulation methods based on

numerical mvestigation in this research 15 dealing with
fluid flow and heat transfer thermo hydraulic behavior of
water in the tubes. The governing equations with the
standard model are two-equation turbulence model is
proposed as well as the modeling equations are sumulated
by Foltran m ANSYS 11. As the working flud (water) 1s
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Fig. 2: Dafferent type of tapes with 1-4 twists: a) Hole diameter (4, 7.5 and 10.5 mm); b) 1 twist; ¢) 2 twist; d) 3 twist and

e) 4 twist
considered to be Newtoman, the Navier-Stokes
equation are used to represent the flow of the fluid.
As a result, the heat transfer and fluid flow that are
considered in this study ruled by the Navier-Stokes and
energy transfer equation. The working fluid 1s
assumed to be mcompressible. A three dimensional

physical model of the twist tape is produced by ANSYS
11.0 /Flotran Software. This model shown in Fig. 3 1s
designed with reference to the actual physical utilized in
experimental studies. The meshing is done in
ANSYS/Flotran. The volume mesh 1s carried out using
element Fluid142,
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Fig. 3: a-e) Three dimensional model of the twisted tape
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Fig. 4 Experimental and mumerical comparison in temperature distribution: a) 1 twist; b) 2 twist; ¢) 3 twist and d) 4 twist

RESULTS AND DISCUSSION experimental and numerical results. It temperature

explained that good agreement is evident between them
In this study the temperature distribution and  with discrepancy (4%0). Table 1 illustrated the distribution

velocity 1s measured to mvestigate the effect of the of temperature m ANSY'S 11.0/Flotran with different cases
twisted tape. Figure 4 explained the comparison between  of twisted taped.

5223



J. Eng. Applied Sci., 14 (13): 5220-5226, 2019

Table 1: Temperature distribution for different twist turn and holes in different locations

Twist Hole (D) Fig. 1 Fig, 2

One 4 (mm) [=== .

One 7.5 (mm) | or—

;E

One 10.5 (rmm) pr—— AN
Two 4 (mm) e AN

Two 7.5 (mm) == AN
T i e

Two 10.5 {mm) - AN
- r"‘—_"-r'

Three 4 (mm) = AN 0

E . .

rem———— il
Three 7.5 (mm) = AN =
- 1 o

5224



J. Eng. Applied Sci., 14 (13): 5220-5226, 2019

Table 1: Continue

Twist Hole (D) Fig. 1 Fig. 2

Three 10.5 (mim) o

Four 4 (mm) __ = : : AN
Four 7.5 (mm) __ - ; E i
Four 10.5 (mm) __ o : E i

B 050 W50-100 M100-150 M 50-200 M 200-250

(@
250
§ 200
= 150
S
g 100
g 50 10.5 mm hole
s 0 7.5 mm hole
> 4mmhole
W.out hole
©
250
—~ 200
8 150
£ 100
2 50 10.5mmhole
8 o0
o] 7.5mm hole
> 0 4 ) 4mm hole
3
W.out hole
Location + 5

(b)
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g 50 10.5mmhole
> 0 7.5mmhole
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(d)
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S
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o 0 7.5mmhole
0 4 2 4mmhole
3 W.out hole
Location 5

Fig. 5: Velocity distribution in three-dimensional view: a) 1 twist; b) 2 twist; ¢) 3 twist and d) 4 twist

Figure 4 an 5 displays the comparison of experimental
and numerical results of temperature at five locations over
the length of the tube with different twist tape and
different hole diameter. The numerical results are aligned
with the experimental results, also it was observed tape
has 2 twist and (10.5 mm) hole diameter provides a lngher
decrease in temperature about (31%) as compared with

another twisted tapes (20, 21 and 27%) for 1-4 twists,
respectively. Hence, increasing of twisted number will get
turbulent behavior of flow, thus, due to low decrease in
temperature. Velocity distribution 1s presented in three
dimensional ploting in Fig. 5, obviously, tape with one
and two twists have umiform velocity distribution due to
the lamiar behavior of flow while for3 and 4 twists
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fluctuating along the tube length was observed due to the
formation of vortices around the tape which led to
turbulent behavior of flow.

CONCLUSION

Tape inserts in tubes are a techmique employed mn
industrial practices. An experimental and numerical study
was achieved of the heat transfer in tube with different
twisted tapes and different hole diameter. Tt can be
concluded that the number of twisted tapes 1s directly
proportional to the velocity and inversely to temperature.
The hole diameter in the twisted tape has a simple effect
on the distribution of temperature and velocity. Also, it
was observed the tape has 2 twist and (10.5 mm) hole
diameter provide a higher decrease m temperature about
(31%0) as compared with ancther twisted tapes (20, 21 and
27%) for 1, 3 and 4 twists, respectively. Tt was found
that tape with 2 twist gave an improved in heat
transfer as compered with another twisted tapes. Good
agreements between numerical and experimental results
are found.
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