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ABSTRACT- The aim of this study is to investigate the enhancement of thermal performance factor and
characteristics in tube fitted with helical screw louvered rod inserts using water and carbon nanotubes
(CNT)/Water nanofluids with constant heat flux under turbulent flow condition. Nanofluids of 0.1%, 0.2% and
0.5% volume fraction were prepared by a two step method. In the experiments, the swirling flow was introduced
by using helical screw louvered rod inserts arrangements (forward and backward) inside the inner test tube with
different twist ratios, Y = 1.78, 2.44 and 3.0. The Reynolds number varied from 10,000 to 27,500. The experimental
results revealed that the increase in heat transfer rate of the helical screw louvered rod inserts was found to be
strongly influenced by tape-induced swirl or vortex motion. The heat transfer increased with an increase in the
volume concentration. Thermal performance analysis based on the constant pumping power criteria showed that
helical louvered rod tape inserts with forward arrangement led to better thermal performance than that with
backward arrangement.

Keywords: Carbon nanotube Nanofluid, Helical louvered rod inserts, Thermal conductivity, Viscosity, Nusselt
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A Cross sectional area (m?) k Thermal conductivity (W/m K)
S Surface area (m?) Nu  Nusselt number, hD/k
D  Test section diameter (m) T Temperature (°C)
L Test section length (m) v Fluid velocity (m/s)
VvV Voltage (V) Q Heat input (W)
1 Current (A) q Actual heat flux (W/m?)
m Mass flow rate (kg/s) P pitch
Re  Reynolds number, 4m/muD Y Twist ratio
Pr Prandtl number, pcp/k FWD forward
cp Specific heat (J/kg K) BWD backward
f Friction factor Greek Symbols
h Convective heat transfer coefficient Ap  Pressure drop (Pa)
(W/m2K) u Dynamic viscosity (kg/m? s)

p Density (kg./m3)
¢  Volume concentration (%)

L. INTRODUCTION

Carbon nanotubes are mixed with working fluid due to their extremely high thermal conductivity in the
longitudinal (axial) direction. Base fluids mostly used in the preparation of nanofluids are the common working
fluids of heat transfer applications; such as, water, ethylene glycol and engine oil. In order to improve the stability
of nanoparticles inside the base fluid, some additives are added to the mixture in small amounts. Smith Eiamsa-ard
et al.! measured the heat transfer and friction characteristics employing louvered strips inserted in a concentric
tube heat exchanger. The louvered strip was inserted into the tube to generate turbulent flow which helped to
increase the heat transfer rate of the tube. The flow rate of the tube was in the range of Reynolds number between
6000 and 42,000. The turbulent flow devices consisted of (1) the louvered strips with forward or backward
arrangements, and (2) the louvered strip with various inclined angles (6=15° 25° and 30°), inserted in the inner
tube of the heat exchanger. The increases in average Nusselt number and friction loss for the inclined forward
louvered strip is more while compared to those for the backward louvered strip over the plain tube, respectively.

A.W.Fan et al.2 investigated the characteristics of heat transfer, flow resistance, and overall thermo-hydraulic
performance of turbulent airflow in a circular tube fitted with louvered strip inserts through numerical simulation.
The value of performance evaluation criterion (PEC) lied in the range of 1.60-2.05, which demonstrated that the
louvered strip insert had a very good overall thermo-hydraulic performance. Comparatively steady and good
overall thermo-hydraulic performance can be obtained at a moderate slant angle together with a small pitch.

Aiwu Fan et al.3 investigated the heat transfer rate, flow resistance, and overall thermo-hydraulic performance of
turbulent flow in a circular tube fitted with the conical strip inserts. The value of performance evaluation criterion
(PEC) lied in the range of 1.67 to 2.06, which demonstrated that the conical strip insert had a very good thermo-
hydraulic performance. P.Sivashanmugam and Suresh et al.# conducted an experimental investigation on turbulent
heat transfer and friction factor characteristics of water through a circular tube fitted with full-length helical screw
inserts of different twist ratios, and increasing and decreasing order of twist ratio. S. Suresh et al.5 investigated the
convective heat transfer and friction factor characteristics of the plain and helically dimpled tube under turbulent
flow with constant heat flux using CuO/water nanofluid as working fluid. The effect of the inclusion of
nanoparticles on heat transfer enhancement, thermal conductivity, viscosity, and pressure loss in the turbulent
flow region were investigated.

N. Kannadasan et al.bcompared the heat transfer and pressure drop characteristics of CuO/water nanofluids in a
helically coiled heat exchanger held in horizontal and vertical positions. The experimental results showed that
there was not much difference between horizontal and vertical arrangements in the enhancement of convective
heat transfer coefficient and friction factors of nanofluids compared to that of water. The objective of the present
study is to investigate the turbulent forced convective flow in a tube having helical louvered rod inserts with
different arrangements (forward and backward) by using CNT/water nanofluids and Reynolds number in the
range of 10,000 to 27,500. The results of inserts such as Thermal performance factor (PEC) for turbulent flow
using CNT/water nanofluids of 0.1%,0.2% and 0.5% volume fractions in a circular tube fitted with helical louvered
rod inserts are reported.
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II. EXPERIMENTAL DETAILS

The schematic diagram of the experimental set up is shown in Fig.1. The experimental set up consists of a pump,
heat exchanger, test section, calming section and a fluid reservoir. A plastic container of seven liters capacity is
used as the fluid reservoir. Test and calming sections are made of straight copper tube with the dimensions of
1000 mm long, 10 mm ID and 12 mm OD. Uniform heating is provided by ceramic beads coated electrical SWG
Nichrome heating wire of resistance 120 @ wound on the test section. A thick insulation is provided over the
electrical winding using glass wool to minimize heat loss. The terminals of the Nichrome wire are attached to an
auto-transformer, by which heat flux can be varied by varying noted using the digital display units.

A differential U-tube manometer is fitted across the test section to measure the pressure drop. The fluid after
passing through the heated test section flows through a riser section and then through the cooling unit which is an
air cooled heat exchanger and finally it is collected in the reservoir. A centrifugal pump is used to circulate the
fluid through the circuit. The flow rate of the fluid varies using two rotameter of rating 50 - 1500 Iph for turbulent
flows respectively. The twist ratio Y’ is defined as the ratio of length of one twist (linear distance of 360° rotation)
to diameter of the twist. (Pitch, P/diameter, D). In the present experimental work, three helical louvered rod
inserts with twist ratios 1.78, 2.44 and 3 for both forward and backward arrangements are used as depicted in
Fig.2 A
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Fig.1. Schematic diagram of the experimental set up
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Fig.2. Helical louvered rod with forward and backward arrangements

III. DATAREDUCTION
The performance evaluation analysis for the same pumping power for turbulent flow is given by the following
correlation

Nu

n=—=>"5- @)

fpt
Where numerator is the ratio of the Nusselt number using insert for the plain tube and the denominator is the
ratio of the friction factor using insert for the plain tube.

IV. RESULTS AND DISCUSSION

4.1 Effect of Thermal performance analysis in CNT/Water Nanofluids
The thermal performance factor for the forward helical louvered rod tape at various twist ratios 1.78, 2.44 and 3.0
using CNT/water nanofluid under turbulent flow calculated from the Equation (2) are presented in figure 3

-0.066
T] — 1.1 lRe0.00SS(g] (1 + ¢)5.76 [2]

The thermal performance factor of backward helical louvered rod is arrived from the Equation (3) for turbulent
flow using CNT /water nanofluid.

—0.102
n= 1.13Re°'°°66(g) (1+¢)°* (3)

The thermal performance of forward and backward arrangements helical louvered rod inserts in turbulent flow of
water and CNT/water nanofluids is evaluated in terms of thermal performance factor for constant pumping power
condition. Figs.3 and 4 present the comparison of thermal performance factor with respect to Reynolds number at
different twist ratios for water and CNT/Water nanofluid of 0.1, 0.2 and 0.5% of volume fraction concentrations. It
is evident that the thermal performance factor at Reynolds number increases as the twist ratio decreases. This is
because of the stronger turbulence/swirl flow generated by the helical louvered rod insert in the case of insert
with the smallest twist ratio. Also, the thermal performance factor is found to be decreasing with increase in
Reynolds number. This is because of the increase in pressure loss as Reynolds number increases. The value of the
thermal performance factor must be greater than unity for a net energy gain in the system. It is noted that the
thermal performance factor using CNT nanofluid is higher than the corresponding value using water for all twist
ratios involved in this study.
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Fig. 3. Comparison of thermal performance factor with respect to Reynolds number at different twist ratios for
water and 0.1%, 0.2% and 0.5% nanofluid for FWD
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Fig. 4. Comparison of thermal performance factor with respect to Reynolds number at different twist ratios for
water and 0.1%, 0.2% and 0.5% nanofluid for BWD

The maximum thermal performance factor value of 1.235 is found with the use of nanofluid of 0.5% of volume
fraction of concentration with twist ratio of 1.78 in forward arrangements. When used with backward helical
louvered rod insert with CNTs nanofluid of 0.5% volume concentration, the maximum thermal performance factor
are 1.181 for Y = 1.78. The experimental results show that helical louvered rod insert tape gives better thermal
performance when used with forward arrangements than with backward arrangements.
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V.CONCLUSIONS

In the present experimental study, Thermal performance factor enhancements of helical screw louvered rod
inserts in turbulent flow of water and CNT nanofluids were investigated. The helical louvered rod inserts with
twist ratios Y = 1.78, 2.44 and 3 were used in the experimental study using water and 0.1%, 0.2% and 0.5%
volume concentration of CNT/water nanofluid.

»

The maximum thermal performance factor value of 1.235 is found with the use of nanofluid of 0.5% volume
fraction of concentration with twist ratio of 1.78 in forward arrangements. When used with backward helical
louvered rod insert with CNT nanofluid of 0.5% volume concentration, the maximum thermal performance
factor is 1.181 for Y = 1.78. The experimental results show that helical louvered rod insert tape gives better
thermal performance when used with forward arrangements than with backward arrangements.
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