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Abstract 

An attempt is made to enhance the rate of heat transfer in heat 

exchangers using Fe3O4 nanofluid. In this work an 

experimental analysis on twisted tape inserts with varying cut-

radius in Hair pin heat exchanger using Fe3O4 water based 

nanofluid is presented. Experimental data is generated at the 

mass flow rates of ranging from 0.05Kg/s to 0.25Kg/s and the  

Reynolds number  ranging between  3000 to 25000.where as 

the flow rate of the hot fluid in the annulus is maintained 

constant (0.1Kg/s). The Heat transfer coefficient and 

corresponding friction factors required for performance 

analysis are determined for various particle volume 

concentrations of 0.01% and 0.03%. The Nusselt number of 

entire pipe for 0.03% concentrations of nanofluid with radius 

of cut, r=6 insert of H/D=3 is enhanced by 32.01% as 

compared water. The friction factor of entire pipe for 0.03% 

concentration of nanofluid with radius of cut, r=6 twisted tape 

insert of H/D=3 is enhanced by 1.21 times as compared to 

water. The results of the investigation shows an enhancement 

in the performance parameter of the heat exchanger namely 

heat transfer coefficient friction factor with an increase in 

volume concentration of the nanofluid. 

Keywords: Ferric oxide nanofluid, particle volume 

concentration, heat transfer coefficient,     varying cut radius 

twisted tape insert. 

 

INTRODUCTION 

Intensification in heat transfer in an industrial process may 

lead to saving in energy, reduce process time and lengthen the 

working life of the equipment. Enhancement in heat transfer 

can be achieved by either passive methods which does not 

require external power or active methods, which require 

external power. Bergles [1] Twisted tape techniques have 

been used to augment heat transfer in double pipe heat 

exchanger. P.K. Sharma et.al. [2] Presented a new approach to 

predict the convective heat transfer coefficient in a tube with 

twisted tape inserts of different types of pitch to diameter 

ratios. Modification is proposed to Van Driest eddy diffusivity 

expression to the case of swirl flow generated by twisted tape 

inserts. Heat transfer efficiency can be increased by increasing 

the thermal conductivity of the working fluid. Water, ethylene 

glycol and engine oil which are commonly used as heat 

transfer fluids have relatively low thermal conductivities when 

compared to that of the solids. High thermal conductivity of 

solids can be used to increase the thermal conductivity of a 

fluid by adding small solid particles to that fluid. K.V.Reddy 

et.al.  [3] Double pipe heat exchangers are simple in 

construction and efficient in operation. Enhancement in heat 

transfer in heat exchangers can be achieved by using different 

techniques. Et.al [4, 5, 6, 7] Passive technique is one of the 

best methods in this insertion of twisted tape inserts increase 

the heat transfer coefficient, increase turbulence and thus 

increase the rate of heat transfer insides the tubes of the heat 

exchanger. Cut twisted taped further increase the turbulence 

which enhances the turbulent heat transfer. Pak and Cho [8] 

performed experiments on convective heat transfer of 

nanofluids under turbulent flow conditions using Al2O3 and 

TiO2 dispersed in water. P.V.Durga Prasad et.al. [9] carried 

out experimental investigation to enhance the heat transfer by 

using Aluminum oxide nanofluids at low volume 

concentrations and trapezoidal cut twisted tapes . 

The results showed that there is a significant enhancement in 

heat transfer with nano fluids when compared with that of the 

base fluid and the trapezoidal cut twisted tapes enhanced the 

turbulence which in turn increased the rate of heat transfer.  B. 

Raei et.al.[10]  Measured overall heat transfer coefficient and 

friction factors of water based γ-Al2O3 nanofluid in a double 

pipe heat exchanger and results are demonstrated that 

increasing the concentration of nanofluid, flow rate and inlet 

temperatures increase the overall heat transfer coefficient and 
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heat transfer rate. V. Murali Krishna et.al. [11] Conducted 

experiments to study the heat transfer rates of Al2O3–water 

nanofluids for different flow rates and volume concentrations 

in a concentric tube heat exchanger. Comparative analysis has 

been carried between nanofluid and base fluids. Heat transfer 

coefficients are determined using correlations available in the 

literature. Hiregoudar Y et.al. [12] Carried out CFD analysis 

considering four different nanofluids (Magnesium oxide-

water, copper oxide-water, Titanium oxide-water, and Iron 

oxide-water). From the obtained results it is found that 

Magnesium oxide –water based nanofluids shows higher heat 

transfer rates when compared to other nanofluids. Ebenezer 

Paul et.al. [13] Investigated numerically heat transfer, friction 

and thermal performance characteristics of CuO –water 

nanofluid, twisted tape with alternate axis with nanofluid 

particle volume concentrations are varied but the twist ratio 

remained constant. The results showed that with the increase 

in particle volume concentration, heat transfer coefficient 

increases. Thus there is an increase in rate of heat transfer. R. 

Dharmalingam et.al.[14] carried out experimental study on 

heat transfer characteristics of water based Aluminum oxide 

nanofluid in a counter, parallel flow direction in a shell and 

tube heat exchanger in this the overall heat transfer coefficient 

increases with increase in mass flow rate of the nanofluid. The 

Nusselt number increased with mass flow rate irrespective of 

the flow direction and also the flow direction, LMTD 

decreased with increase in mass flow rate. Gamit Sandip D 

et.al. [15] Performed simulation and experimental 

investigation in a double pipe concentric tube heat exchanger 

with inner and annular twisted tape inserts. It is found that the 

double pipe with annular twisted tape enhance heat transfer 

than the other twisted tape in the tube. 

 

EXPERIMENTAL SETUP AND PROCEDURE 

Preparation of Nanofluid 

Ferric Oxide Nanopowder is procured from Sigma-Aldrich 

Chemicals, USA [20] and two step methods is used to prepare 

Ferric Oxide nanofluids required for the present work. The 

thermo- physical properties of Fe3O4 nanoparticles are 

reported in Table 1.  

Table 1: Thermo physical properties of Fe3O4 nanoparticles 

and base fluid. 

Nanofluid  Ferric Oxide (Fe3O4) 

Diameter < 50 nm 

Purity  99% 

Density 5180 Kg/m3 

Specific Heat  104 J/KgK 

Thermal Conductivity 17.65W/m-K 

 

 

Two concentrations of Ferric Oxide Nanofluids with 0.01% 

and 0.03% are prepared by mixing the Ferric Oxide 

nanoparticles in distilled water. For 0.01% concentration: 1 

gram of Sodium Laurel Sulphate (surfactant) is first mixed in 

20 liters of water and stirred thoroughly. Then 10.1 grams of 

Ferric Oxide Nanopowder is added to the water and this 

mixture is stirred by using a high speed stirrer for about 45 

minutes to obtain a nanofluid mixture. For 0.03% 

concentration: 3 grams of Sodium Laurel Sulphate (surfactant) 

is first mixed in 20 liters of distilled water and stirred 

thoroughly and 31 grams of Ferric Oxide Nanopowder is 

added to the water and this mixture is stirred using a 

mechanical stirrer for about 45 minutes to obtain a stable 

nanofluid. The Ferric oxide nanopowder is shown in Fig. 1a 

and is used to prepare nanofluids of 0.01% concentration and 

0.03% concentration is as shown in Fig.1b and Fig.1c. 

 

Figure 1a: Ferric Oxide Nano Powder, Fig.1b Nano fluids 

0.01% concentration, Fig.1c.Nano fluid 0.03% concentration 

 

Experimental setup and working procedure 

The representation of the experimental setup photograph is 

shown in Fig. 2. The experimental setup test section consists 

of a shell with two tubes, two U-bends, flow meters, chiller, 

hot fluid tank, cold fluid tank, pumps, bypass valve 

arrangement and a U-tube manometer. The test section 

consists of a U-bend double pipe heat exchanger; the inner 

tube is made of copper and its diameter (ID) is 0.017 m, and 

the annulus tube is made of mild steel and its diameter is 0.06 

m. The length of the inner tube is 5.6m and the bend is 

equidistant from both ends at a distance of 120 mm; with a 

radius of 60 mm. The inner tube is concentric to the annulus 

tube and is enclosed by it. The system consists of two circuits. 

One is hot water circuit and another one is working fluid 

circuit. The hot water with steady temperature of 700C is 

pumped through the annular region and in the working 

fluid/nanofluid flows through the inner tube by using a pump. 

The mass flow rates for both hot and cold fluids are controlled 

with by-pass valve arrangement. Two flow meters are used to 

measure the mass flow rates of water based nanofluid and hot 

fluid. Throughout the experiments, the mass flow rate of hot 

fluid through the annulus is kept constant (0.1 kg/s) and mass 
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flow rate of nanofluid is varied from 0.05% to 0.25kg/s. The 

heat transfer coefficients for the inner and outer pipes are 

calculated, the surface area related to the bend region is 

relatively small compared to the surface areas of the inner and 

outer pipes. Therefore, the heat transfer in the bend region can 

be neglected with no significant loss of accuracy. The outside 

of the annulus tube is wounded with 20mm diameter asbestos 

rope insulation to minimize the heat loss from the test section 

to the surroundings. Nanofluid is pumped to inner pipes in 

counter flow direction through flow meter. The nanofluid runs 

in closed loop. The Nanofluid coming out from the tubes is 

passed through a chiller to cool it and send it back into the 

tubes at a constant inlet temperature of 280C. In order to 

measure the temperature of both fluids at the inlet and the 

outlet is measured with the help of eight K- type 

thermocouples. Thermocouple needles are connected to the 

data acquisition system and the thermocouple readings are 

recorded in the computer for further processing. The 

thermocouples are calibrated (± 0.1%0C) before placing in the 

test section. Differential pressure of fluid in inner pipes at 

inlet and outlet can be measured with the help of a U-tube 

manometer. The tube is cleaned with pure water in between 

the experiments conducted with the nanofluid. 

 

Figure 2: Photograph of experimental setup 

 

 

Figure 3: The geometric shapes of the variable cut twisted 

tapes in mm (a) twisted tape (b) cut radius with r= 3, (c) cut 

radius with r=6 

Uncertainty Analysis 

Due to the errors in the measurement, the values of Nusselt 

number and friction factor vary from the estimated values. 

Hence, uncertainty analysis is carried out using Beckwith et 

al. [16] considering the measurement errors whereas the 

possible errors in the fluid properties are not included. The 

calculations indicated that the uncertainties involved for 

present study, the estimation are ±1.5% and ±1.3%, 

respectively. 

 

Data Analysis 

Thermo physical properties of nanofluids 

The thermo physical properties (density, specific heat, 

viscosity and thermal conductivity) of the nanofluid are 

calculated as a function of nanoparticle volume concentration 

together with properties of base fluid and nanoparticles. The 

density and specific heat of nanofluid is evaluated using the 

general formula for the mixture: 

                   (1)                                                                                   

                 (2)                                                                                   

 

These equations have been found appropriate for nanofluids 

through experimental validation by Pak and Cho [8]. The 

thermal conductivity are calculated from Maxwell model [21] 

as shown in Eq. (3) which is recommended for homogeneous 

and low volume concentration liquid–solid suspensions with 

randomly dispersed, uniformly sized and non interacting 

spherical particles.  

               (3)                                                                        

Viscosity of nanofluids is calculated with the general 

Einstein's formula [22].  

                               (4)                                                                                         

Where   is the viscosity and the subscripts  and 

 refer to particle, base fluid and nanofluid, respectively.  

 

Varying Cut- Radius Twisted Tapes 

Twisted tapes of 3mm thick,1m length and with H/D ratio of 3 

is used for the experimental analysis and varying cut is 

provided on the periphery of the surface on alternative sides 

of the tape.  The dimensions of the cut-radius of being 3mm 

and 6mm, length of cut being 2mm, 4mm, width 1mm, 

2mm.The varying cut-radius twisted tape geometry is as 

shown in the Fig.3. Two varying cut-radius twisted tape 
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inserts are placed at the upstream of the hair pin heat 

exchanger to carry out the analysis. This is because as the 

working fluid enters the upstream of the heat exchanger, the 

velocity will be more. When the twisted tapes are provided at 

the upstream, the velocity of the working fluid increases and 

the retention time increases.  

 

Heat transfer and friction factor  

The data reduction of the measured results is summarized in 

the following procedures. The mean Nusselt number and 

friction factor are based on the inside diameter of the plain 

tube. Heat transfer to the cold fluid in the tube, Qc in the test 

tube can be determined using  

                   Qc = mc Cpc (Tco-Tci )            (5) 

Where, mc is the mass flow rate of cold water, C pc is the 

specific heat of cold water,  Tci and  Tco are the cold water 

inlet and outlet temperatures respectively. 

The heat transfer rate from the hot water in the annulus side, 

Qh   can be written as 

   Qh = mh Cph ( Thi – Tho )         (6) 

Here, Qh  is the mass flow rate of hot water, Cph  is the specific 

heat of water, Thi   and Tho  are the hot water inlet and outlet 

temperatures respectively. 

The average heat transfer rate Qave  used in the calculation is 

estimated from the hot water and cold water sides as follows: 

  Qave = ( Qc + Q h ) / 2    (7)                             

For fluid flows in a concentric tube heat exchanger, an overall 

heat transfer coefficient  is calculated from: 

                    (8)                                                                                                

Where  

   (9)     

The tube-inside heat transfer coefficient hi is determined by 

using     

             (10)                                                                                                    

 The average Nusselt number based on the inner diameter of 

the tube, was then evaluated by 

                                       (11)                                                                                              

The Reynolds number is based on the flow rate at the inlet of 

the tube. 

                                               

Where µ is the dynamic viscosity of the working fluid. 

Friction factor, f can be calculated from   

                                (12)     

Where ∆ p   is the pressure drop across the test section, ρ is 

the density of working fluid, di is the inner diameter of tube, u 

is the velocity of working fluid, and L is the length of tube. 

 

RESULTS AND DISCUSSION 

Validation of the experimental data for the plain tube  

With the help of data obtained from the experiments and with 

the Nusselt number and friction factor, the experimental setup 

is validated by using water as working fluid and the average 

Nusselt number (average between inner and outer pipe) for 

water is shown in Fig. 4 along with the data, Eq. (13) of 

Notter-Rouse [17] and Eq. (14) of Gnielinski [16]. The 

difference between experimental and theoretical Nusselt 

number for water was obtained a maximum of ±3%.  

The available Nusselt number correlations for single phase 

fluid are given below:  

(i) Notter-Rouse [17] equation     

    (13)                                                                                    

       ,  

(ii) Gnielinski [16] equation  

               (14)     

, , 

 

 

Figure 4: Validation of experimental Nusselt number of base 

fluid with the data of and Notter-Rouse [17] and 

Gnielinski [16] 
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Since the fluid flow is fully developed turbulent flow, the 

friction factor of inlet and outlet pipe is neglected. The friction 

factor of entire pipes is considered for analysis. Friction factor 

experiments for water are conducted initially and the values 

are estimated from Eq. (12). Fig. 5 represents the 

experimental friction factor of water is in comparison with the 

data obtained from Eq. (15) of Blasius [18] and Eq. (16) of 

Petukov [19] and found to be a maximum of ±2.2% deviation. 

The available friction factor correlations for single phase fluid 

are given below: 

 

(i) Blasius [18] equation 

    f = 0.3164 Re−0.25, 3000 < Re < 105     (15)  

 (ii) Petukov [19] equation 

 f=(0.790 lnRe−1.64)−2,2300<Re < 5 X106       (16) 

                                                   

 

Figure 5: Friction factor of water compared with Blasius [18] 

and Petukov [19]. 

 

Effect of variable cut-twisted tape on heat transfer 

augmentation 

The experimental investigations on heat transfer for the plain 

tube and variable cut-twisted tapes with radius (r=0, r=3, r=6) 

for the flow of water and water with nanofluid mixture with 

low volume concentration of 0.01% and 0.03%  Fe3O4 

nanofluid are calculated and presented in Fig.6. Compared 

water data with 0.03% volume concentration of nanofluid in a 

tube with H/D = 3, r=6, the Nusselt number enhancement is 

19.50 % and 32.01% within the Reynolds number range of 

4586 and 22932, respectively. Compared to the plain tube, the 

tubes with variable cut-radius twisted tapes with radius, r=6 

exhibit higher Nusselt number, because the tape inserts create 

swirl flow offering a longer flowing path of fluid flow through 

the tube and also better fluid mixing, resulting in a thinner 

thermal boundary layer along the tube wall and thus better 

convective heat transfer.  

 

Figure 6: Comparison of experimental data of water, Fe3O4 

nanofluid in a tube with variable cut- twisted tape inserts 

 

Effect of variable cut-twisted tape on friction factor 

The use of nanoparticles in the base fluid, the friction factor is 

slightly increased. But this is irrelevant penalty in heat 

transfer enhancement, though the friction factor of nanofluid 

increases with increase of Reynolds number and particle 

concentrations is shown in Fig.7. This can be caused by the 

increase of shear force on tube barrier acted by the larger 

numbers of nanoparticles. It seems that, the nanofluids with 

concentrations of 0.03% by volume provide average friction 

factors higher than the base fluid by around 5.8% and 7.6% in 

the Reynolds number of 4586 and 22932, respectively. It is 

clear that the use of variable cut-radius twisted tape results in 

a very high friction factor than that of plain tube. The friction 

factor of 0.03% nanofluid flowing in a tube with H/D= 3, r=6 

enhances 1.14 times at a Reynolds number of 4586 and 1.21 

times at a Reynolds number of 22932 compared  with water.  

 

Figure 7: Comparison of experimental friction factor of Fe3O4 

nanofluid in a tube with variable cut- twisted tape 

insert 
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Thermal performance factor 

The thermal performance factor (η) can be defined as the ratio 

of the heat transfer coefficient (or Nusselt number) ratio to the 

friction factor (or pressure drop) ratio at the same pumping 

power:   

 𝜂 =
(

ℎ𝑛𝑓,𝑖𝑛𝑠𝑒𝑟𝑡

ℎ𝑠𝑡𝑟𝑎𝑖𝑔ℎ𝑡
)

(
𝑓𝑛𝑓,𝑖𝑛𝑠𝑒𝑟𝑡

𝑓𝑠𝑡𝑟𝑎𝑖𝑔ℎ𝑡
)

𝑛                 (17)                                                                                              

where 𝑛  is the value index. The larger the values of the 

thermal performance factor, the more suitable the 

enhancement heat transfer technique. The value index (𝑛) is 

experienced different values in previous literatures. In the 

laminar flow condition, Usui et al. [23] and Suresh et al. [24] 

have considered 𝑛  = 0.1666 and Hashemi and Akhavan-

Behabadi [25] have taken 𝑛 = 1.0 . In the turbulent flow 

condition, Wongcharee et al. [26] and Abbasian Arani and 

Amani [27] have considered, 𝑛 = 1 3⁄ .  

The results of thermal performance factor based on the same 

mass flow rate criteria are shown in Fig. 8. Evidently, 

nanofluids with higher concentration of Fe3O4 nanoparticles 

yield higher thermal performance factors. The effect of the 

presence of variable cut-radius twisted tape inserts on thermal 

performance factor is also principally governed by the 

influence of heat transfer improvement. For the range 

considered, the maximum thermal performance factor of 1.17 

is observed by using nanofluid of 0.03% volume 

concentration in the entire pipes using variable cut-radius 

twisted tape inserts of H/D=3, r=3 at a Reynolds number of 

22592. 

 

Figure 8: Comparison of thermal performance factor for 

0.03% Fe3O4 nanofluid in a tube with Variable cut-

radius twisted tape insert 

 

CONCLUSIONS 

The heat transfer and friction factor analysis have been 

experimentally performed on the water based Fe3O4 nanofluid 

in the pipes with return bend and variable cut-radius twisted 

tape inserts. The results show that the average Nusselt 

numbers increase with an increase of Reynolds number and 

the nanoparticle volume concentration. However, the 

concentration increment of the nanofluid is accompanied by 

the high pressure drop in the pipe. Under the same Reynolds 

number, the average Nusselt number of entire pipe for 0.03% 

concentrations of Fe3O4 nanofluid with variable cut-radius 

twisted tape inserts of H/D = 3, r=6 is enhanced by 32.01% as 

compared to water. The friction factor of entire pipes for 

0.03% concentration of nanofluid with variable cut-radius 

twisted tape inserts of H/D=3, r=6 is enhanced by 1.21 times 

as compared to water. Convective heat transfer, friction factor 

as well as thermal performance factor associated with the 

simultaneous application of nanofluid and variable cut-radius 

inserts are higher than those associated with the individual 

techniques.  

 

NOMENCLATURE 

di  =  Inside diameter of the tube, m 

do =  Outside diameter of the tube, m 

L  =  Length of the tube, m 

Tci = Inlet temperature of the cold fluid, 0C 

Tco = Outlet temperature of the cold fluid, 0C 

Thi = Inlet temperature of the hot fluid, 0C 

Tho = Outlet temperature of the hot fluid, 0C 

hi     =  Inner heat transfer coefficient, w/m2K 

ho   =   Outer heat transfer coefficient, w/m2K 

K  = Thermal conductivity, W/mK 

Nu = Nusselt Number 

Re = Reynolds Number  

r= radius 

 

Greek Symbols 

p   Pressure drop 

ΔT Logarithmic mean temperature difference 

φ Volume concentration of nanoparticles, % 

𝜇 Dynamic viscosity, kg/m2 sec 

 Ρ Density, kg/m3 

 𝛼 Thermal diffusivity, 𝑚2/s  

Subscripts 

c Cold fluid 

Exp Experimental 

h Hot fluid 

i Inlet 

o Outlet 
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