
Heat Transfer Research 50(9):851–863 (2019)

1064-2285/19/$35.00 © 2019 by Begell House, Inc. www.begellhouse.com            851

ENHANCING THE THERMAL PERFORMANCE 
OF A MICRO FINNED TUBE WITH TiO2–WATER 
NANOFLUIDS USING TWISTED TAPE INSERTS

D. Mageshbabu,1 A.E. Kabeel,2 Ravishankar Sathyamurthy,2,3,* 
S.A. El-Agouz,2 Ali J. Chamkha,4,5 M.S. Girĳ a,6 & B. Madhu7 

1Department of Mechanical Engineering, S.A. Engineering College, Chennai-600077, Tamil Nadu,
  India 

2Mechanical Power Engineering Department, Faculty of Engineering, Tanta University, Egypt

3Department of Automobile Engineering, Hindustan Institute of Technology and Science, Chennai-
  603103, Tamil Nadu, India

4Mechanical Engineering Department, Prince Sultan Endowment for Energy and Environment, 
  Prince Mohammad Bin Fahd University, Al-Khobar 31952, Saudi Arabia

5RAK Research and Innovation Center, American University of Ras Al Khaimah, P.O. Box 10021, 
  Ras Al Khaimah, United Arab Emirates

6Department of Computer Science and Engineering, Jeppiaar Engineering College, Chennai-600119, 
  Tamil Nadu, India

7Department of Mechanical Engineering, Velammal Institute of Technology, Chennai, Tamil Nadu,
  India

*Address all correspondence to: Ravishankar Sathyamurthy, Mechanical Power Engineering Department, Faculty 
 of Engineering, Tanta University, Egypt; Department of Automobile Engineering, Hindustan Institute of 
 Technology and Science, Chennai-603103, Tamil Nadu, India, E-mail: raviannauniv23@gmail.com

Original Manuscript Submitt ed: 4/9/2018; Final Draft  Received: 8/29/2018

This paper investigates the heat transfer characteristics and friction factor of fi nned microtube fi tt ed with twisted tape 
inserts. Results show that the performance of the fi nned microtube with nanofl uid depends on concentration of nanoparti-
cles, pitch ratio, and the type of the pitch used. With increase in the concentration of nanoparticle with the base fl uid the 
viscosity of the nanofl uid increased by 30% compared to the fl uid with concentration of 0.05%. The increase in the con-
centration of nanoparticles leads to increased pressure drop and pumping power. For the Reynolds number Re = 2000, the 
maximum performance ratio is found to be 1.5, 2.05, 2.1, and 2 for 0, 0.05, 0.1, and 0.2% concentration ratio, respectively. 
Similarly, with increase in the Reynolds number from 2000 to 10,000 the performance ratio decreases. Moreover, the results 
of performance ratio revealed that the use of a nanofl uid have performance more than unity. Similarly, the performance of 
fi nned microtube heat exchanger is higher in the case of twist ratio (LR-Y = 6) and concentration ratio (φ = 0.2%), as the 
turbulence inside the tube is greatly infl uenced by the boundary layer separation by the inserts for enhanced friction ratio 
(f/fp) and Nusselt number ratio (Nu/Nup) compared to a smooth plain tube.
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1. INTRODUCTION

Addition of nanoparticles to a fl uid is one of the best and effective methods employed in enhancing the heat 
transfer for any thermal application. With their excellent heat thermal conductivity, it is widely used in thermal ap-
plications such as solar PV/T, water heating systems, and refrigeration systems. Single-phase nanofl uids are mainly 
used in solar PV/T collectors and two-phase nanofl uids are mainly used in refrigeration systems (Heris et al., 2006; 
Salimpour and Amir, 2015; Ouyahia et al., 2016; Sonawane et al., 2013; Hussein et al., 2016; Akhavan et al., 2010; 
Kayaci et al., 2013). Heris et al. (2006) experimentally investigated the effect of Al2O3 nanofl uids and estimated 
the convective heat transfer coeffi cient in plain circular tubes with laminar fl ow. Experimental results showed that 
there is an increase in the heat transfer rate with increase in the concentration of nanoparticles from 0.2% to 2.5%. 

Salimpour and Amir (2015) studied the effect of concentration of TiO2 nanofl uids in a laminar condition in 
different cross-sectional geometries. Results showed that the Nusselt number decreases with square and triangular 
cross section as compared to that of a circular pipe. Due to the sharp edges at the corners, the heat transfer rate is 
reduced as compared to smooth circumference as in the case of circular pipes. The Nusselt number increases by 
10% with increase in the concentration of nanoparticles from 0.2% to 0.6% in a circular cross section. 

Ouyahia et al. (2016) numerically studied the hydrodynamic and thermal properties of TiO2 in a triangular 
geometry. The entrapped nanofl uid weakens the fl uid fl ow and increases the heat transfer rate by adding nanoparti-
cles. The increase in the aspect ratio of the cavity (triangular enclosure) increases the free fl ow of the fl uid, where-
as the heat transfer rate decreases due to convection. Similarly, the Nusselt number increases three times than that 
of the base fl uid without any addition of nanoparticles.

Sonawane et al. (2013) studied the effect of Al2O3 nanofl uids in a concentric tube heat exchanger with laminar 
fl ow. Results showed that the overall heat transfer coeffi cient increases by adding Al2O3 nanoparticles in the 
range 2–3%. With addition of nanoparticles in the range 2–3% there is no improvement in the Nusselt number 
with respect to the Reynolds number (500 < Re < 4000). At different fl ow rates and temperatures it was identi-
fi ed that the overall heat transfer coeffi cient is higher in the case of 3% with 3 LPM mass fl ow rate. Eiamsa-ard 
et al. (2015) experimentally investigated the effect of TiO2 nanoparticles in a heat exchanger with overlapped 
dual twisted tapes with different twist ratios. Results indicated that the Nusselt number was higher for a twist ratio 
of yo/y = 1.5 and concentration of φ = 0.21%. The ratio Nu/Nup decreases with increase in the Reynolds number 
(5000 < Re < 15,000). The optimized twist ratio was identifi ed as 1.5, and the friction factor is higher for the same 
twist ratio as compared to the plain tube. The friction factor ratio f/fp was increased by 2 times while comparing it 
with a plain circular tube. 

Hussein et al. (2016) enhanced the heat transfer rate of TiO2 nanofl uids with different concentrations and parti-
cle diameters in an elliptical tube under turbulent fl ow condition. The wall boundary condition over the elliptical 
tube was considered to be 3000 W/m2 and a computational study was conducted to investigate the heat transfer 
and friction factor. The friction factor and heat transfer (Nusselt number) in a circular tube was enhanced by 9% 
and 4%, respectively. The increase in nanoparticle concentration from 0.25% to 1% showed that there is a sig-
nifi cant increase in the Nusselt number from 400 to 500 at a Reynolds number of 100,000. Similarly, the friction 
factor decreases with increase in the size of nanoparticles from 27 nm to 50 nm. Khdher et al. (2015) experimen-
tally investigated the effect of the Al2O3 nanofl uid in a ribbed tube under turbulent fl ow condition. Results showed 
that the heat transfer coeffi cient and friction factor increased by 620 and 241%, respectively, with maximum con-
centration of nanoparticles in the base fl uid being 3%. Karami et al. (2016) studied the heat transfer and pressure 
drop characteristics of a corrugated tube with MWCNT/heat transfer oil under laminar-turbulent regime. Results 
showed that the use of a corrugated tube increase the rate of heat transfer at a Reynolds number of more than 500. 
Similarly, the Nusselt number has increased up to 137% with increased diameter to depth ratio. Sajadi and Kazemi 
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(2011) investigated the effect of pressure drop and heat transfer characteristics of a TiO2 nanofl uid in a circular 
tube cross section. From their investigation it was identifi ed that the increase in the volume concentration of 
nanoparticles with a base fl uid has no signifi cant increase in the Nusselt number. Kazemi et al. (2014) studied the 
infl uence of different nanofl uids on the parameters such as concentration ratio, particle diameter, and selection of 
the base fl uid on the effect of improving the thermal conductivity. The thermal conductivity of fl uid increases with 
decrease in the particle diameter. Similarly, the thermal conductivity increases with increasing sonication, which 
was found to be increasing from 1 to 3 h and thereafter falling with reduced relative thermal conductivity (SiO2 
0.2%). Ghadimi and Ibrahim (2013) studied the effect of a surfactant on the thermal conductivity and viscosity 
of the TiO2 nanofl uid. From their results it was identifi ed that at a low concentration of nanoparticles in the fl uid 
there was better stability with sonication time of 3 h in a bath type sonicator. Colla et al. (2015) studied the effect 
of mixed convection with a TiO2 nanofl uid and laminar fl ow. The viscosity and thermal conductivity of nanoparti-
cles increase with temperature, and the mean particle diameter was decreased from the day of preparation without 
sonicating the nanofl uid. Said et al. (2014) studied the new thermophysical properties of water-based TiO2 nano-
fl uid. Mageshbabu et al. (2017a,b) studied the effect of different concentrations of Al2O3 in nanofl uids in a fi nned 
microtube fi tted with different inserts. Results indicated that the Nusselt number and performance index increase 
with the concentration of nanoparticles in DI water. From the studies of Mahanthesh et al. (2017) it was found that 
the rate of heat transfer increases by Marangoni convection, while the rate of heat transfer decreases with increase 
in the thermal conductivity and heat supplied. Results also revealed that the velocity of MWCNT/water nanofl uid 
is higher as compared to the SWCNT/water nanofl uid. Sheikholeslami and Shehzad (2017a) studied the infl uence 
of Fe3O4–water nanofl uids in a permeable cavity with the shape factor. The fi nite element model was used to solve 
the equation by control volume. Results showed that the platelet nanofl uid enhanced the rate of heat transfer. Simi-
larly, the augmentation of Hartmann number depends on decrement in the nanofl uid velocity and heat transfer rate. 
Sivakumar et al. (2017) analyzed the effect of partial slip dissipation on magentohydrodynamic (MHD) radiative 
ferrofl uid over a nonlinear permeable convectively heated sheet. Results revealed that the increase in velocity in-
creased the slip parameter, and this occurred in the fl uid–solid interface layers. The increase in the Eckert number 
increased the dimensionless temperature and decreased with increase in the thermal radiation parameter. Similarly, 
the increase in the heat transfer parameter increased the boundary-layer thickness. The increase in the heat transfer 
parameter and Eckert number decreased the heat transport rate.

Sheikholeslami and Shehzad (2017b,c) studied the magnetohydrodynamic convection in a porous medium us-
ing a CuO nanofl uid. It was concluded that the increase in the buoyancy force decreases the rate of heat transfer 
augmentation, while the temperature gradient decreases with increasing Hartmann number (Ha). Kumar et al. 
(2017) studied the nonlinear thermal radiation and chemical reaction of stretched nanofl uid under a rotational 
oscillator. The effective thermal conductivity of nanofl uids was measured using the Hamilton–Crosser method. 
The explicit fi nite difference method was used to derive the stability of a nanofl uid. It was found that the bound-
ary layer separation was delayed by reducing the velocity parameter by improving the concentration of nanopar-
ticles in the fl uid as well as dimensionless radiation parameter. Sheikholeslami and Shehzad (2017d) studied the 
effect of thermal radiation of Fe3O4/water nanofl uid in the Lorentz force for varied viscosity. Results showed that 
the effect of inclination improve the rate of heat transfer. Similarly, there is a signifi cant improvement in the Nus-
selt number with increase in the buoyancy force, whereas the radiation parameter decreases with increase in the 
Hartmann number (Ha). 

In the present study, the effect of TiO2 nanoparticles on the Nusselt number, friction factor and performance 
ratio are experimentally analyzed using different twist ratios in straight and left–right (LR) twisted tapes under 
turbulent fl ow regime.
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2. EXPERIMENTAL DETAILS

The graphical representation of TiO2/water nanofl uids preparation is shown in Fig. 1. Nanofl uids in the concentra-
tion of 0.05, 0.1, and 0.2% were dispersed in water, and sonication is done for almost 60 min in an ultrasonicator 
bath. It is clearly seen that the sonicated nanofl uids have better stability and dispersion than an unsonicated nano-
fl uid. Characterization of TiO2 nanoparticles is done to analyze the purity and nanosize (particle size). The detailed 
specifi cation of titanium oxide is given in Table 1. EDAX image reveals that the purity of TiO2 nanoparticles is 
99.7% with 34.65% of titanium and 64.35% oxide by weight (Fig. 2). SEM image reveals that the size of nanopar-
ticle is in the range from 14.17 nm to 20.23 nm (Fig. 3).

Figure 4 shows the schematic and photograph of the experimental setup. It consists of storage tank, pump, rota-
meter, test section, riser section, pressure transducer, fl ow turbine, and a heat exchanger. The test section is wound 
with an electrical coil for uniform distribution of heat, thermocouples are attached at the test section, and each sen-
sor is placed in thermowell arrangement at a distance of 100 mm. For minimizing the heat loss to the surrounding 
the outside test section is insulated with glass wool tape. Flow and pressure drop of fl uid is measured using a fl ow 
turbine and a pressure transducer, respectively. Using a data acquisition system, the values measured are frequently 
monitored and logged. At the end of riser section, an air-cooled plate heat exchanger is used to remove the heat 
from the nanofl uid. The detailed schematic diagram of the fi nned microtube is given in Fig. 5, and the technical 
specifi cation such as material, length, pitch, apex angle, helix angle, and the height of the fi n are given in Table 2. 
Similarly, the technical specifi cation of the twisted tape insert is provided in Table 3. Stability, thermal conductivi-
ty, and viscosity of nanofl uids are given in Table 4. From the stability measurement it can be clearly seen that the 

FIG. 1: Graphical representation of TiO2 nanofl uid preparation (reprinted from Mageshbabu et al. with permission from Spring-
er Nature, Copyright 2017b)

TABLE 1: Specifi cation of TiO2 nanoparticle (reprinted from Mageshbabu et al. with permission from Springer 
Nature, Copyright 2017b)

No. Material Characteristic Property

1 Appearance White

2 Purity 99.7%

3 Diameter 20 nm

4 pH 7

5 Density 4170 kg/m3
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FIG. 2: EDAX analysis of TiO2 nanoparticle (reprinted from Mageshbabu et al. with permission from Springer Nature, Copy-
right 2017b)

FIG. 3: Scanning electron microscopy image of titanium nanoparticle (reprinted from Mageshbabu et al. with permission from 
Springer Nature, Copyright 2017b)

nanofl uid with 0.1% concentration ratio has good stability as compared to 0.05 and 0.2% concentration. The zeta 
potential of 0.1% concentration is found as –28 ζ/mV (Table 4). The measurement of thermal conductivity results 
show that the improvement in the thermal conductivity is found as 1.6, 9.2, and 13.2% for 0.05, 0.1, and 0.2% 
concentration, respectively, as compared to the base fl uid (DI water) (Table 5). Similarly, the viscosity of nanofl uid 
increases by 16.6% and 25% for 0.1 and 0.2%, respectively. Detailed experimental uncertainty and error of instru-
ments used for the present study is given in Table 5.

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com



Heat Transfer Research 

856 Mageshbabu et al.

FIG. 4: Schematic diagram of heat transfer apparatus

FIG. 5: Detailed specifi cation of fi nned microtube
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The uncertainty of the instruments used to measure the temperature, mass fl ow rate, diameter, length, velocity 
of fl uid, and heat input is calculated using Eqs. (1) and (2):

 3
au = , (1)

TABLE 2: Detailed specifi cation of fi nned microtube (reprinted from Mageshbabu et al. with permission from 
Springer Nature, Copyright 2017b)

Pitch (p) 1.74 mm

Helix angle (α) 23o

Apex angle (β) 75o

Height (h) 0.153 mm

Outer diameter (Do) 16 mm

Inner diameter (Di) 12.5 mm

Number of fi ns (N) 22

Thickness (w) 1.75 mm

Length (L) 1000 mm

Material Copper

TABLE 3: Specifi cation of twisted tape (reprinted from Mageshbabu et al. with permission from Springer Nature, 
Copyright 2017b)

Length of twist (y) 63, 84, and 105 mm

Width of tape (yo) 10.5 mm

Twist ratio (y/yo) 6, 8 and 10

Twisted tape thickness (t) 0.8 mm

Material Copper

TABLE 4: Stability, thermal conductivity, and viscosity measurements (reprinted from Mageshbabu et al. with 
permission from Springer Nature, Copyright 2017b)

No.
Mate-

rial
Concentra-

tion (%)

Zeta 
Potential 
ζ/mV

Stability 
Behavior

Stability 
Time 
(days)

Thermal 
Conductivity 

(W/m·K)

% Improvement 
in Thermal 

Conductivity$

Dynamic 
Viscosity (cP)

1

TiO2

0.05 –22
Moderate 
stability

12 0.60 1.66 0.9

2 0.1 –28 Good stability 14 0.65 9.23 1

3 0.2 –45 Good stability 13 0.68 13.23 1.2

$Base fl uid thermal conductivity, kbf = 0.59 W/m·K.
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where a is the accuracy of the instrument,
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The uncertainty of the Nusselt number is calculated based on the convective heat transfer coeffi cient, diameter, and 
thermal conductivity of the fl uid and it is written as 
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Based on the independent variables, the uncertainty of the system is expressed as

 1 2 3 ......... nu u u u u= + + +  , (6)

where u is the total uncertainty of the system and u1, u2, u3, ..., un is the uncertainty of the individual independent 
variable.

The uncertainty of friction factor is estimated using the variable of pressure drop, length, diameter, and Reyn-
olds number. Mathematically it is expressed as

 

2 2Re
Re

m d
m d

⎡ ⎤Δ Δ Δ⎛ ⎞ ⎛ ⎞= +⎢ ⎥⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

 , (7)

TABLE 5: Uncertainty analysis (reprinted from Mageshbabu et al. with permission from Springer Nature, Copyright 
2017b)

No. Instrument Range Error % Uncertainty

1 Thermocouple 0–100oC ± 1oC 2.5%

2 Flow meter 0–15 LPM ± 0.01 LPM 1.6%

3 pH meter 0–14 ± 0.01 pH 1.7%

4 Pressure transducer 0–5 bar ± 0.01 bar 2.1%
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3. RESULTS AND DISCUSSION

Figure 6 shows the variation of friction factor (f) for different concentrations of titanium oxide in water for a plain 
tube and a fi nned microtube with straight twist (regular-TT) and left–right (LR) twisted tapes under constant heat 
fl ux conditions. It is observed that the friction factor is higher in the case of TT-Y = 6 and LR-Y = 6 when pure 
water is used inside the tube (Fig. 6a). Due to the higher shear stress and interaction of fl uid with the tape wall 

FIG. 6: Variation of friction factor at different concentrations of titanium oxide (constant heat fl ux, Qf = 150 W): (a) 0%, 
(b) 0.05%, (c) 0.1%, and (d) 0.2%
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interface surfaces, the friction factor is higher at a lower Reynolds number. The friction factor decreases thereafter 
with increase in the Reynolds number, and the friction is increased by 75% as compared to a plain tube. Similarly, 
the friction factor increases with increase in the concentration ratio of titanium oxide with water. The maximum 
percentage increase in the friction factor for all the cases is found to be 60% with base reference to a plain tube. 
The optimum concentration for minimum friction factor is found to be 0.1%. The increase in friction compared to 
0% concentration on a plain tube for 0.05%, 0.1%, and 0.2% concentration ratio is found to be 72, 172, and 240%, 
respectively. The friction factor is higher in the case of LR-Y = 6 for all concentration ratios. Similarly, the friction 
factor is higher in the case of same pitch ratio without any addition of nanoparticles in the base fl uid. It is clearly 
observed that the increase in concentration of nanoparticles decreases the friction enhancement index as the fric-
tion between the wall surface and tape surfaces converges for increased friction between the fl uid interface layers. 
The friction enhancement index (f/fplain) with 0% concentration is decreasing with increase in the Reynolds num-
ber, and this ratio is higher for the case of the left–right twist condition with pitch Y = 6. The same trend is also 
observed with increase in the concentration of nanoparticles. With increase in the concentration of nanoparticles in 
the fl uid, friction on the walls increases, which leads to increased ratio of friction with a plain tube.

Figure 7 shows the variation of Nusselt number at different concentrations of nanoparticles with water. With an 
initial Reynolds number of 2000, the Nusselt number gradually increases for all the cases. There is a signifi cant 
increase in the Nusselt number by 55% with increased concentration of nanoparticles. Similarly, the Nusselt num-
ber for LR with a twist ratio of 6 has got the maximum value in all the cases compared. Evidently, it is found that 
for the same twist ratio with straight twisted tape the maximum is achieved and decreases for other twists. The in-
crease in the number of twists increases the turbulence between the fl uid and the tape, reduces the heat transfer as 
well as the contact time. It is seen that increase in the Reynolds number with 0% concentration of nanoparticles in 
the base fl uid increases the ratio Nu/Nuplain. With increase in the concentration level of nanoparticles from 0.05% 
to 0.2% the ratio Nu/Nuplain decreases by 10% and decreases with increase in the Reynolds number.

Figure 8 shows the variation of performance ratio using titanium oxide under different concentration levels 
with water. From Fig. 8a it is observed that the performance ratio increases with increase in the Reynolds number, 
and the performance decreases with a Reynolds number of 4000 for all the three twist pitches when pure water is 
used, whereas, from Fig. 8b–d it is seen that the increase in the Reynolds number from 2000 to 10,000 leads to 
decreased performance ratio due to the higher wall shear stress and decreased friction factor. The optimum concen-
tration of titanium oxide in water was found as 0.1% as the performance ratio in the case is found to be 1.68. The 
increase in nanoparticle concentration from 0.05% to 0.2% results in an increase of about 3% for all twist ratios.

4. CONCLUSIONS

The present investigation has provided valuable information on the enhancement of friction and heat transfer in 
a fi nned microtube with different concentrations of nanoparticles, twist ratios, and twist types and the following 
conclusions are drawn:

• The viscosity of nanofl uids decreases with increase in the concentration of nanofl uid at room temperature. 
• The zeta potential of TiO2 nanofl uids is stable for almost 12 days and has a good stability without adding 

any surfactant. 
• The increase in the concentration of nanoparticles increases the effect of clogging inside the fl ow turbine 

meter and increased pump power, thus results in poor performance.
• Similarly, the improvement in the Nusselt number is found as 20% in the case of 0.2% concentration which 

is higher than in the case of base fl uid without any nanoparticles in the fl uid. 
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FIG. 7: Variation of Nusselt number at different concentrations of titanium oxide (constant heat fl ux, Qf = 150 W): (a) 0%, 
(b) 0.05%, (c) 0.1%, and (d) 0.2%

• The performance ratio is higher in the case of nanofl uid with a nanoparticle concentration of 0.1% by vol-
ume, while the performance ratio decreases with increase in the concentration of nanoparticles in the fl uid as 
the viscosity of the fl uid increases. The performance is higher in the case of LR twisted tape with a pitch to 
diameter ratio of 6.
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