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Abstract: Thisanalysiswas carried out for enhancing tube side
heat transfer performance by co-swirl twisted tape insert with
ethylene glycol-water base TiO, Nano-fluids. The test section
consists of a long copper tube of 26.6 mm internal diameter and
30mm outer diameter and 900 mm effective length. Each stainless
steel insert was 850 mm in length, 10 mm in width, 1.5 mm
thickness and the twisted ratio was 4.25. For measuring the bulk
temperature two thermometers were used at the inlet and outlet
section of the circular tube. Four K-thermocouples were used in
the experiment section to determine the temperature of the outer
surface. From rotameter, a definite amount of mass flow rate was
measured for the calculation of flow velocity. As well as from
manometer reading, pressure head was measured for determining
pressure difference of the flow section. A nichrome wire was
surrounded around the pipe for uniform heat flux. Nusselt
numbers for i) combination of perforated co-swirl twisted tape
insert and 0.03% volume fraction of Nanofluids (TiO,/Ethylene
Glycol/Water), ii) combination of perforated co-swirl twisted tape
insert and 0.01% volumefraction of Nanofluids (TiO,/EG/Water),
and iii) combination of perforated co-swirl twisted tape insert and
water were increased by 56.72%, 61.52%, 77.98% respectively
than the plain tube.

Keywords : Co-swirl twisted tape, nanofluids, Nusselt number,
twist ratio.

. INTRODUCTION

Numerous research studies on heat exchangers were carried
out to achieve higher effectiveness [1]. Heat transfer
enhancement methodology is common in many engineering
applications including thermal recovery procedures, air
conditioning, and cooling systems, nuclear energy, chemical
reactors, high-performance laser system, chemical process
plants and others [2]. An exciting subject for scientists and
researchers in the latest decades has been the use of passive
methods to improve heat transfer featuresin heat exchangers.
In order to enhance heat transferred by these methods,
numerical and experimental studies were performed.
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Passive heat transfer improvement methods are mostly
preferred because of their smplicity and applicability in many
applications. Furthermore, no external energy input is needed
in passive methods except to move the fluid [3]. Severa
studies were conducted to explore the impact of fluctuation
generators (turbulent promoters) with distinct geometries on
heat exchanger thermal behaviors, such as winglets or fins,
dimpled or grooved pipes, wire coils, twisted tapes. Dueto the
low price of the tape and ease of usein the current scheme, the
method of producing fluid flow by inserting a twisted tape is
considered as one of the most advantageous passive methods.
Using a twisted tape insert reduces thermal boundary layer
thickness, which results in enhanced convective heat transfer
[4]. In many heat transport applications, heat transfer liquids
such as water, ethylene glycol (EG) and mineral oil play a
major role. To improve the low therma features of
conventional heat transfer fluids, solid nanoparticles are
introduced into base fluids [5]. Nanofluids are thought to be
the next-generation heat transfer fluids owing to their
increased heat transfer efficiency and better stability
compared to others [6]. Water's therma conductivity is
greater than Ethylene Glycol. However, in comparison with
water, EG has reduced freezing and greater boiling point.
Compared to water-based nanofluids, greater heat
conductivity improvements are achieved with EG [7].

II. EXPERIMENTAL FACILITY

Thetotal section length of perforated co-swirl twisted tape
insert (asshownin Fig. 1) was 900 mm and the twisted length
was 850 mm and the insert width was 10 mm, the thickness
was 1.5 mm. The porous diameter was 4 mm and twist ratio
was 4.25.

tape
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The experimental set up is displayed in Fig. 2. Long copper
tube of internal 26.6 mm diameter and outer 30 mm diameter
and length of 900 mm was used as the experiment section. In
order to provide heating energy in the entire section, a spira
nichrome wire was wound around the outer surface of the test
section on aregular basis. By this constant flow of heat was
maintained. To prevent heat loss, a mica sheet was used.
M-seal was used at the joining of pipe. The outer surface
temperature was measured by four k-thermocouples which
were placed in equal distance. The outside surface
temperature was taken as the average of the four
thermocouple readings. Pressure drop was evaluated with a
U-tube manometer at the inlet and outlet of the experiment
section. By this pressure difference, the friction factor was
measured. With the hel p of rotameter (capacity 26 L/min), the
flow rate was measured. The fluid flow rate for different data
was varied and maintained constant during the experiment.
The inlet and outlet temperature of the fluids were measured
by a thermometer. The experiments were conducted with
ethylene glycol-water-based TiO, nanofluids with 0.01% and
0.03% volume concentration. After the experimental set up
was assembled, the storage tank was filled with the working
fluid. The fluid flow control valve was placed between the
reservoir and the test section. Once the heating unit was
switched on, sufficient time had been provided to attain a
stable state. In every run of fluid into the experimental
section, fluid flow rate by rotameter, inlet and outlet
temperature by the thermometer, outer surface temperature by
thermocouple, pressure difference by U-tube manometer
reading were noted down. The precaution was taken to keep
the perforated co-swirl twisted tape insert in an accurate
place. The precaution was taken about untouching on the
nichrome-wire test section when it was heated.

Fluid out
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Fig. 2: Schematic diagram of the experimental apparatus

1. Tank 8. Nichrome wire

2. Pump 9. Insulator

3. Gate Valve 10.Temperature reading device
4. Rotameter 11-14. Thermocouples

5. Inlet thermometer
6. Outlet thermometer
7. Test section

16. Voltage regulator
17. Mixing chamber
18. U-tube manometer

TiO, nanoparticles, ethylene glycol, and deionized water
were used for the preparation of Nano-fluids. The amount of
TiO, nanoparticles necessary for various volume fraction was
calculated using the formulain equation (1) [8],
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Volume concentration, o=(W/p)tio2/[(W/p)ticat(W/p)es] (1)

[11. MATHMATICAL MODELING
For developing the mathematical model the following

equations are needed:

Cross sectional area, A,=rd;%/2 2
Inner surface area, A<= nd;L 3
Bulk temperature, T,=(To+Ti)/2 4
Outer surface temperature, T,o=(T1+T+T3+T,)/4 5)
Heat added to the fluid, Q=mCy(T,-T;) (6)

Inner surface temperature, T,,i=Two-QIN(dy/d))/(2nK L)  (7)
Convective heat transfer coefficient, h=Q/[A(Twi-Tp)]  (8)
Velosity, Un=g/Ay 9)

Reynolds number, Re=pU,,di/pt (20)
Prandtl number, P= pC,/K (11)
Experimental Nusselt number, Nue,=hd/K (12)
Theoretical Nusselt number for plan  tube,
Nug=0.023Re’3Pr" (by Dittus Boelter) (13)
where n=0.4 for heating, 0.3 for cooling

Pressure difference, Ap=Ahpg (14)
Theoretical friction factor for plain tube,
f,=(0.79InRe-1.64)2 (15)
Experimental friction factor, fex= Ap/[(L/di)(pUn2/2)]  (16)
Viscosity of base fluid, up=(1-0gc) twaet Pec HeG a7
Viscosity of nanofluid, pp=(1+2.5¢) p (18)
Density of nanofluid, pp= @pngt(1-¢) pur (29
Specific heat of nanofluid, Cen= ¢Cppt(1 - @) Cppy (20)
Thermal conductivity of nanofluid,

Knt=[Knp+2Kpi+29 (Knp - Kor) / [Knp+ 2Kt - @(knp = Ki)] (21)

V. RESULTSAND DISCUSSION

Before using insert and nanofluids, all the data were
taken for the water and plain tube without the insert to
check the accuracy of the setup. With the increase of
Reynolds number Nusselt number increases. From
equation (8), (10), (12) convective heat transfer coefficient,
Reynolds number, and experimental Nusselt number were
calculated respectively. Experimental Nusselt for the plain
tube without insert was 24.27 for the Reynolds number
2056. For the higher Reynolds number experimental
Nusselt number was 69.4. The convective heat transfer was
ranging from 565-1617 W/m?k for the plain tube without
insert. The experimental friction factor was 0.032-0.20.
But with the perforated co-swirl twisted tape and water
experimental Nusselt number was ranging from
38.20-105.77 and the range of convective heat transfer
coefficient was 890.5-2465 W/m?k. For the insert, the
experimental friction factor dlightly increased and the value
was 0.04-0.3.

With 0.01% TiO, in the base fluid of 10% EG,90% water,
and the selected perforated co-swirl twisted tape insert for
Reynolds number 1665, experimental Nusselt number was
39.63 and for Reynolds number 5284, Nue, was 109.57.
The range of the experimental friction factor was
0.06-0.41. Dueto the effect of ethylene glycol the range for
convective heat transfer coefficient was 865-2381 W/m?k.
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The range of experimental friction factor was 0.06-0.41

With 0.03% TiO, in the base fluid and perforated co-swirl
twisted tape insert, the experimental Nusselt humber was
43.17-118.6. For this combination, convective heat transfer

coefficient was 953-2586 W/m’k. The range of
experimental friction factor was 0.07-0.49.
h Vs Re
¢ Plain Tube
& Perforated Co-swirl Twisted
> o Tape Insert With Water
10 <& ¢ Perforated Co-swirl Twisted
ol o ¢ Tape Insert With 0.01% Ti02
Perforated Co-swirl Twisted
Tape Insert With 0.03% Ti02
1500 2500 500 4500 0 6300 7
Re

Fig. 3: Variation of convective heat transfer coefficient
with Reynolds number

The variation of heat transfer coefficient(h, W/m’k) with
Reynolds is shown in Fig. 3. The highest convective heat
transfer coefficient was found when 0.03% TiO, was
dispersed in base fluid and with a combination of perforated
co-swirl twisted tape insert. Average increase of heat transfer
coefficient for 0.03% TiO, with insert, for 0.01% TiO, with
insert, water with insert was 1.56, 1.52, 1.66 times than plain
tube.

Nu Vs Re

140

120 <O~ Plain Tube

100

g 80 o Perforated Co-swirl Twisted
60 o & Tape Insert With Water
&

40 o o Perforated Co-swirl Twisted
0 ¢ Tape Insert With 0.01% Ti02
0 Perforated Co-swirl Twisted
1500 2500 3500 4500 5500 6500 7500 Tape Insert With 0.03% Ti02

Re

Fig. 4: Variation of Nussselt number with Reynolds
number

Nusselt number increases with the flow rate as well as the
Reynolds number as shown in Fig. 4. With insert and water,
the Nusselt number increases gradually than the plain tube
without an insert. Then Nusselt number increases with the
increase of volume fraction of TiO, in the base fluid.

f Vs Re
0.6
<~ Plain Tube Theoretical
0.5 |x
=
-‘; 04 Plain Tube Experimental
£ X
g03
= X Perforated Co-swirl Twisted
£ 02 b 4 Tape Insert With Water
= X
01 X X Perforated Co-swirl Twisted
o0 9 Tape Insert With 0.01% TiO2
1500 2500 3500 4500 5500 6500 7500 X Perforated Co-swirl Twisted

Reynolds Number Tape Insert With 0.03% Ti02

Fig. 5: Variation of friction factor with Reynolds number

The experimental friction factor decreases with the increase
of the Reynolds number presentsin Fig. 5. The friction factor
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average increases 2.45, 2.1, 1.40 times for 0.03% TiO, with
insert , 0.01% TiO, with insert and water with insert
respectively than the plain tube without an insert. The
maximum friction factor was found for 0.03% TiO, in base
fluid with the combination of perforated co-swirl twisted
tape.

Nu/Nup Vs Re

& Perforated Co-swirl Twisted
Tape Insert With Water Than

B v Plain Tube

z

2 Perforated Co-swirl Twisted
z 1 Tape Insert With 0.01% Ti02

Than Plain Tube
Perforated Co-sw
Tape Insert With
0 than Plain Tube
1500 2500 3500 4500 5500 6500 7500
Re

Fig. 6: Variation of Nu/Nu, with Reynolds number

Figure 6 showsthat for perforated co-swirl twisted tape insert
with water Nusselt number increases 1.52-1.6 timesthan plain
tube and the average 1.57 times. For the combination of
0.01% TiO, in the base fluid and perforated co-swirl twisted
tape Nusselt number increases 1.57-1.67 timesthan plain tube
and the average 1.62 times. Similarly for the combination of
0.03% TiO, in the base fluid and perforated co-swirl twisted
tape Nusselt number increases 1.70-1.93 times than plain tube
and the average 1.78 times.

f/fp Vs Re
3
25
Perforated Co-swirl Twisted
2 Tape Insert
&5 R
= L ¢ ©—0 o—o o o Perforated Co-swirl Twisted
Tape Insert With 0.01% Ti02
l Than Plain Tube
0.5 Perforated Co-swirl Twisted
| Tape Insert With 0.03% TiO2
0 Than Plain Tube
1500 2500 3500 4500 5500 6500 7500

Re

Fig. 7: Variation of f/f, with Reynolds number

Figure 7 showsthat for perforated co-swirl twisted tape insert
with water experimental friction factor increases 1.31-1.5
times with respect to plain tube and the average value is 1.40
times. For the combination of 0.01% TiO, in the base fluid
and perforated co-swirl twisted tape friction factor increases
1.97-2.15 times with respect to plain tube and the average
value is 2.01 times. Similarly for the combination of 0.03%
TiO, in the base fluid and perforated co-swirl twisted tape
friction factor increases 2.20-2.70 times with respect to the
plain tube and the average value is 2.45 times.

V. CONCLUSION

The aim of the research is to increase heat transfer. This
research primarily focuses on Reynolds number, Nusselt
number, friction factor as well as particularly the coefficient
of convective heat transfer.
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For 0.03% TiO, with insert, the convective heat transfer
coefficient is higher and that is 1.66 times than the smooth
tube with water. Similarly, this combination shows a 1.78
times increase of Nusselt number than the smooth tube and
2.45 timesincrease of friction factor. This experimental setup
has some limitations. The pipe may be subjected to a
high-pressure drop with the use of perforated co-swirl twisted
tape and nanofluids. Thisresultsin high cost. Another issueis
that higher pressure may cause the tube to fail. The
thermocouple display could not able to show the fractional
value. Therefore, our research inherits some errors.
Additional studies can be conducted to examine the
effectiveness of the heat transfer for perforated co-swirl
twisted tape and for various volume fraction of TiO, in base
fluid. This research will hopefully assist distinct people with
an interest in aregion associated with heat transfer.

APPENDI X

(0] Volume concentration

pTio? The density of TiO, (kg/m°)

W Amount of TiO2 (gm)

d The inner diameter of the tube(m)

Ay Cross-sectional area(m?)

As Tube surface area(m?)

L Length of test section (m)

Ty Bulk temperature (°C)

To The outer temperature of the fluid (°C)

T, Theinlet temperature of the fluid (°C)

T T, T3, T4 | Thermocouple reading (°C)

Q Heat added (W)
The mass flow rate of fluid (kg/s)

C Specific heat of water (J/kgC)

Tui The inner surface temperature of the test
section(°C)

Two The outer surface temperature of the test
section(°C)

Un Veocity (m/s)

Keu Thermal conductivity of copper tube
(W/m?°C)

Re Reynolds number

Pr Prandtl Number

Nug, Theoretical Nusselt number for plain
tube

NUexp Experimental Nusselt Number

Ap The pressure difference (N/m?)

Ah Manometer difference (m)

fin Theoretical Friction Factor for plain tube

fep Experimental friction factor

i The viscosity of the base fluid (kg/ms)

Ut The viscosity of nanofluid (kg/ms)

Prt The density of nanofluid (kg/m°)

Pof The density of the base fluid (kg/m®)

Cont Specific heat of nanofluid (Jkg’C)

Chu Specific heat of base fluid (Jkg’C)

Kot Thermal conductivity of nanofluid
(W/m?°C)

Kt Thermal conductivity of the base fluid
(W/m?°C)
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