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Double pipe heat exchangers, owing to their simplicity in construction and ease of maintenance, are being

widely used in refineries, food processing units and pharma industries. However, they have a limitation that they

can only operate at low heat loads. In order to make them suitable for higher loads, it is essentially required to

enhance the rate of heat transfer. In this work, an attempt is made to this end using a combination of threaded

rods and water-based aluminum oxide nanofluids. Experimental investigations were carried on a counter-flow

double pipe return bend heat exchanger (DPHE) using water-aluminum oxide (Al2O3) nanofluids with threaded

rod inserts. The volume concentration of Al2O3 nanofluid added in water was 0.03% and 0.05%. The entire

analysis was carried out under turbulent flow regime by varying the mass flow rates of cold water from 3 to

15 LPM in steps of 2 LPM, with the hot water flow rate being fixed at 6 LPM. The Reynolds number range

considered was from 3000 to 30000. From the obtained results, it was found that the maximum enhancement

in the Nusselt number and friction factor for 0.05% concentration of the nanofluid and threaded rod inserts

respectively is 89.95% and 32.46% more than the plain tube. The maximum thermal performance factor was

found to be 1.75 for the combination of 0.05% nanofluid and inserts.
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1. INTRODUCTION

Heat exchanger is a device that can be used for transfer-

ring thermal energy, from one fluid to another, which are at

different temperatures without mixing the two fluids. Heat

exchangers find widespread applications in many fields

such as chemical industries, automobile industries (car

radiator), textiles, power plants, process industries, refrig-

eration and air-conditioning and waste heat recovery.1�2

The enhancement of heat transfer has been an active area

of research for the last three to four decades, since it is

the key factor in reducing the size of heat exchangers

and hence the energy utilization leading to cost savings

and energy conservation. Despite the improvement in heat

transfer of heat exchangers, with the methods and tech-

niques developed to date, still there is a scope for the
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further improvement and hence there is a renewed inter-

est from across the researchers. The main driving force

for this can be increased cost of energy that motivates the

researchers globally to focus on reduction of heat trans-

fer time in addition to the heat transfer enhancement. The

heat transfer enhancement techniques can reduce the ther-

mal resistance by two approaches, one is by increasing the

effective heat transfer surface area and the other is by cre-

ating turbulence in the flowing fluid inside a device. For

increasing the effective heat transfer surface area, either

rough surfaces or extended surfaces are typically preferred

while for creating turbulence, inserts and winglets can be

used.3 However, it is important to assess the cost associ-

ated with these changes as increased pumping power may

result in additional costs. A factor known as thermal per-

formance factor (TPF), defined as the ratio of the change

in the heat transfer rate to the change in friction factor, is

used to evaluate the effectiveness of heat transfer enhance-

ment technique.4

Heat transfer effects in a heat exchanger typically

depend on the properties of the transport fluids such as
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thermal conductivity, viscosity, density and specific heat

capacity. Water, oil and ethylene glycol are the conven-

tional heat transfer fluids used in several cooling and

industrial applications, however, the primary drawback

of these fluids is their inherently poor thermal proper-

ties, when compared to solids, with the consequent poor

heat transfer performance.5 The emergence of nanotech-

nology and its advents led to the development of solid

nano-sized particles which paved the way for the prepa-

ration of a new class of suspensions termed nanofluids.

Nanofluids, owing to their higher thermal conductivities

can be the most promising alternatives as the heat transfer

fluids.6 Moreover, when compared to base fluids, nanoflu-

ids have single-phase heat transfer coefficients7 and in

contrast to conventional suspensions, they exhibit good sta-

bility because of their size effect and Brownian motion of

nanoparticles in the base fluid.8�9 These are the key factors

that attracted the attention of numerous researchers in the

field of thermal engineering.10�11

Nanofluids can be prepared from a variety of nanoparti-

cles such as metals (copper, silver), metal oxides (Al2O3,

copper oxide (CuO) zinc oxide (ZnO) and silica) and

allotropes of carbon (single-walled and double-walled

nanotubes and diamond).12 When nanofluids are used

in heat transfer applications, there are several influential

parameters which play a role in heat transfer enhancement

that include base fluid, purity and stability of nanofluids,

size of nanoparticles, temperature of fluids and dispersion

of nanoparticles.13 Despite the fact that the average par-

ticle size of nanoparticles in the preparation of nanoflu-

ids is in the range of 1 to 100 nm, their discovery has

created so many wonders in the fields of fluid mechan-

ics and heat transfer over the last few decades. In several

engineering applications that involve fluid motion, convec-

tive heat transfer plays a crucial role and thus is given

primary importance in nanofluid application in heat trans-

fer as there is an improvement in thermal conductivity

of base fluid with the suspension of nanofluid. However,

nanofluid’s addition also affects the other properties such

as thermal capacity and viscosity, thus, it is essentially

important to determine the optimum quantity of nanopar-

ticles for maximizing the heat transfer enhancement.14

It is well established that the nanofluids can effectively

enhance the heat transfer in a variety of heat exchangers

such as plate, shell and tube, compact and double pipe

heat exchangers.15 The primary advantage with the use of

nanofluids in heat exchangers is the reduction in the flow

rate of working fluid, and as a result, the heat exchangers

can be designed with smaller size and weight.16

A wide range of nanofluids have been considered in

heat transfer enhancement applications. The foregoing

section presents an elaborate discussion of the research

carried on nanofluids. CuO nanoparticles (4% by vol-

ume) in water have been studied by Plantzalia et al.17 in

a plate type heat exchanger and reported that the there

is an improvement in the thermal conductivity. However,

the heat capacity reduced considerably while viscosity

increased with nanoparticle addition. Aliabadi et al.,18

also investigated plate-fin heat exchanger with CuO-water

nanofluid and vortex-generator (VG). They found that the

use of VG channel enhanced heat transfer rate signifi-

cantly when compared to that plain channel. It is also

reported that the combined effect of nanofluid and VG

channel increased hydrothermal performance considerably.

Multi-walled nanotubes (MWNT) are capable of increas-

ing the heat transfer from the horizontal shell and tube heat

exchangers.19 Shahril et al.20 showed that the increase in

volume fraction of nanoparticle in base fluid and Reynolds

number can increase heat transfer rate, which however,

is accompanied by an increase in pressure drop. Bahiraei

et al.21 studied the effect of water–Al2O3 nanofluids in a

shell and tube heat exchanger equipped with helical baf-

fles. As per their findings, with an increase in nanopar-

ticle concentration and baffle overlapping and a decrease

in helix angle, heat transfer and pressure drop increased.

Shahrul et al.22 studied the nanofluids of water–Al2O3 and

water–CuO and reported that the water–Al2O3 nanofluids

resulted in highest heat transfer coefficient while it was

lowest with water–CuO. However, water–CuO resulted in

maximum energy effectiveness when compared to that

both water and water–Al2O3 nanofluid. In compact heat

exchangers, copper-ethylene glycol nanofluids in an auto-

mobile cooling system, improved the overall heat transfer

coefficient and rate of heat transfer in engine cooling when

compared to base fluid (ethylene glycol). The addition of

2% copper nanoparticles in a base fluid resulted in the heat

transfer enhancement of about 3.8%.23 Peyghambarzadeh

et al.24 studied the effect of Al2O3–water and Al2O3–

ethylene glycol nanofluids as coolants inside the tubes of

an automobile radiator and found that there is an enhance-

ment of about 40% in Nusselt number and heat transfer

rate when compared to base fluid.

Alkam and Al-Nimr25 investigated the thermal perfor-

mance of a conventional DPHE (both parallel and counter

flow) by inserting porous substrates at both sides of inner

tube wall. They found that the improvement in heat trans-

fer increases with an increase in heat capacity ratios. How-

ever, these substrates can increase the pressure drop within

the heat exchanger and also there is a critical value of this

substrate beyond which there is no considerable rise in the

performance of heat exchanger. Mushtaq et al.26 investi-

gated the Al2O3–water and TiO2–water nanofluids (with

the volume fraction of nanoparticles in the range of 0.05

to 0.3%) in a DPHE and found that the nanofluids resulted

in an enhancement of heat transfer coefficient by 18.25

and 15.5% respectively when compared to those with the

base fluid (water). Prasad et al.27 employed two methods

of heat transfer enhancement, one is by providing a bend

in the test tube (active method) and the other is the use of

a combination of Al2O3–water nanofluid (0.01 to 0.03%

2 J. Nanofluids, 12, 1–10, 2023
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by volume) and helical tape inserts (passive method) of

p/d= 5, 10, 15 and 20. It was found that the Nusselt num-

ber enhanced by 32.91% at p/d= 5 and 0.03% by volume

of nanofluid when compared to water. Friction factor at

the similar conditions was 1.38 times higher. Fe3O4-water

nanofluids have been studied by Kumar et al.28 in a double

pipe heat exchanger. They showed that the enhancement

in rate of heat transfer with increase in nanofluid vol-

ume fraction is accompanied by increased pressure drop.

Aghayari et al.29 investigated the �–Al2O3 nanofluid with

a particle size of 20 nm and a volume fraction of 0.1 to

0.3% in a DPHE and reported that there is an improvement

of 19 to 24% in heat transfer coefficient and Nusselt num-

ber. Nanofluids (Al2O3–water and CuO–water) in combi-

nation with corrugated tube was investigated in a double

pipe heat exchanger by Abhinav et al.30 It is reported that

CuO based nanofluids resulted in better heat transfer rate

when compared to Al2O3 based ones in the corrugated

tube than the plain tube. He et al.31 studied the TiO2–

water based nanofluids in a DPHE with nanofluid flow-

ing through a vertical pipe in an upward direction. They

observed that heat transfer coefficient increased with an

increase in nanoparticle concentration at a given Reynolds

number while the pressure drop with the nanofluid is close

to the base fluid.

Krishna Varma et al.32 developed the design of exper-

iments based on Response Surface Methodology (RSM)

to evaluate the optimum parameters for maximizing the

heat transfer and minimizing the friction factor in a DPHE

inserted with twisted tapes. From their results, it can be

concluded that the optimum values of mass flow rate,

radius of cut and angle of cut respectively are 0.05 kg/s,

5.464 mm and 45� for higher heat transfer and minimum

friction factor. It is observed that the flow, in the plain

tubes of the heat exchangers is parallel to the tubes, result-

ing in the lower heat transfer coefficient and lower rate

of heat transfer. The twisted tapes inserted into the heat

exchangers can effectively create turbulence and enhance

the heat transfer rate.33 CFD analysis of a return pipe

heat exchanger fitted with perforated tubes with an angle

of 45� shows that the rate of heat transfer enhancement

is about 55% when compared to those with the plain

tube.34 Fe3O4/water nanofluid has been studied in a heat

exchanger with varying cut-radius twisted tape inserts by

Krishna Varma et al.35 The nanofluid could enhance the

Nusselt number by about 32% while friction factor was

enhanced by 1.21 times with nanofluid when compared to

base fluid.

Hader and Al-Kouz36 considered Al2O3–water nanofluid

in a hybrid solar PV/T cells fitted with fins to enhance the

overall efficiency of the system. They used 27 fins each

at the upper and lower walls of the parallel plates of a

heat exchanger. They carried numerical simulation using

COMSOL software for their analysis. It was reported that

with increase in Reynolds number, length of the fin and

volume concentration of nanoparticles in the nanofluid, the

overall efficiency increased. However, there is an increase

in friction factor with the increase in above parameters.

Al-Kouz et al.37 studied numerically Al2O3–air nanofluid

in a steady state 2-D laminar free convection occurring

in a square cavity. They dispersed Al2O3 nanoparticles in

a base low-pressure gaseous flow and observed that there

is an enhanced heat transfer and also with an increase

in nanoparticle concentration, Nusselt number increased.

Based on the obtained results they developed a correlation

for a Nusselt number with the parameters studied which is

given below.

Nu= 0�2196 Ra 0�0829 Kn−0�511�0�104 (1)

Al-Kouz et al.38 also studied Al2O3 nanoparticles being

dispersed in a base low-pressure gaseous flow in a lam-

inar forced convection heat transfer occurring in the

entrance region of a pipe. The parameters considered were

Reynolds number, Prandtl number, volume concentration

of nanoparticles, Knudsen number (Kn) and aspect ratio

(AR). They found that there is no effect of nanoparticles up

to a volume fraction of 0.03%. The enhancement in aver-

age Nusselt number was respectively 30.35 and 136.74%

with the 0.3 and 0.5% of Al2O3 nanoparticles when com-

pared to that with 0.03%.

Al-Farhany et al.39 numerically investigated the effects

of Hartman number, magnetic field direction, Rayleigh

number, Darcy number, volume concentration of nanopar-

ticle, length of hot fins attached and length of partially

heated wall on a steady state 2-D laminar free convec-

tion occurring in a partially heated porous cavity fit-

ted with two fins. It was reported that an increase in

the parameters Rayleigh number, Darcy number, volume

concentration of nanoparticle, length of hot fins resulted

in enhanced heat transfer. The average Nusselt number

increased by 22.46% in case of b = 0.6 and � = 0.06 as

opposed to that of base case (b = 0.25 and � = 0.06). Al-

Share et al.40 found that hybrid nanoparticles Cu–Al2O3

enhanced Nusselt number by 16 and 22% using the vol-

ume fraction of 1 and 2% respectively which is accompa-

nied by an increased friction factor by 1.34 and 2.33 times

respectively. Al2O3 nanoparticles alone enhanced Nusselt

number by 11 and 27% respectively with the same frac-

tion. They also showed that by increasing the channel

wave amplitude by 25%, the heat transfer increased by

12% with 12% frictional losses. Mehryan et al.41 stud-

ied the effect of mono and hybrid nanofluids consisting of

Al2O3–water and Cu–Al2O3–water on the mixed convec-

tion induced by a hot oscillating cylinder inside a square

cavity. They numerically investigated the parameters such

as Rayleigh number, volume concentration of nanoparti-

cle, amplitude of oscillation and period of oscillation of

cylinder. At a low Rayleigh number, the motion of oscil-

lating cylinder towards the top and bottom walls enhanced

the average Nusselt number. It can be concluded that the

J. Nanofluids, 12, 1–10, 2023 3
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mono nanofluid was found to be better than hybrid one

in enhancing the convection heat transfer rate. Ghalambaz

et al.42 studied the effect of Al2O3–water nanofluid on

natural convection heat transfer around a vertical cone

embedded in a Darcy porous medium. They theoretically

evaluated the effect of parameters such as diameter and

volume concertation of nanoparticles. They reported that

an increase in volume concentration or a reduction in size

of nanoparticle resulted in a reduced heat transfer from

the cone. Babu et al.43 used ANN technique and estimated

thermal conductivity and viscosity of aluminum oxide–

water nanofluids with the volume concentration from 0.01

to 0.1%. They observed various mean square errors and

training times for thermal conductivity and viscosity. The

MSE values found for thermal conductivity and viscosity

were 4.504e−9 and 6.4742e−9 respectively while training

times were 5 and 4 seconds respectively.

From the extensive literature review, it has been

observed that a wide number of tube inserts have been

used for enhancement of heat transfer in heat exchang-

ers. A few of them include twisted tapes, wire coils, heli-

cal tapes and hitran wire mesh etc. Each insert is unique

in its design and has the potential to intensify the heat

transfer. These inserts augment the heat transfer by three

ways, one is by surface modification in the inserts, the sec-

ond is by interrupting the flow phenomenon and the third

is by thinning of the boundary layer. As far as twisted

tapes are concerned, they present themselves as better

performers in laminar region, while in turbulent region,

they cause large pressure drop and hence cannot enhance

the themo-hydrualic performance. It is important to note

that the flow conditions such as laminar or turbulent also

affects the thermodynamic performance of heat exchang-

ers. When pressure drop is taken into account, wire coil

inserts showed better performance than the twisted tapes.

However, it is rarely discussed about exclusive rod inserts

in the literature.

To fill the above gap, this work considers the threaded

rod inserts in combination with aluminum Oxide–Water

based nanofluids in a DPHE. The objective of this work

is to enhance the rate of heat transfer in a DPHE by cre-

ating swirling movement caused by the presence of the

threads on the periphery of the rods. Moreover, as the heat

transfer takes place at the walls of the tube surface, more

fluid is in contact with the tube surface, as a result, better

the heat transfer occurs because of more retention time of

the fluid. The threads provided on the periphery allow the

fluid to be in contact with the near wall region. As a result

of this swirl generation across the tubes increases which

results in an increase in the local convective heat transfer

and thus the integration of all the local convective heat

transfer coefficient along the tube tends to increase over-

all heat transfer coefficient and also results in augmenta-

tion of turbulence. Thus this additional turbulence created

entails the intensification in heat transfer. In this work,

mass flow rates of the working fluid (water and aluminum

oxide nanofluids) were varied from 0.05 kg/s to 0.25 kg/s,

while the mass flow rate of the hot fluid is kept constant

at 0.1 kg/s. Reynolds number range is considered from

3000 to 30,000. The concentration of the nanofluid is var-

ied from 0.01% to 0.03%. This research aims at improving

the performance of heat transfer characteristics of a DPHE

fitted with threaded rods of varying length (75% of the

tube length). Pitch of the threads is considered as con-

stant (51 mm). This is based on the (h/d) ratio, which is

considered as 3. The flow field is considered as turbulent

flow. Also rate of heat transfer, pressure drop and ther-

mal performance factor of plain tube and plain tube fitted

with threaded rods and circulated with aluminum oxide

nanofluids are studied.

2. MATERIALS AND METHODS

Al2O3 nanoparticles of research grade are procured from

Hychem Laboratories, Hyderabad. The pictorial view of

Al2O3 nanoparticles procured is shown in Figure 1. The

average size of the procured nanoparticles was found to be

50 nm. The properties of Al2O3 nanoparticles at 30
�C are

presented in Table. I. The nanoparticles contain the surface

area to mass ratio of 29 and a density of 3970 kg/m3. Since

Fig. 1. Aluminum oxide nanoparticles.

4 J. Nanofluids, 12, 1–10, 2023
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Table I. The properties of Al2O3 nanoparticles.

Property Value

Diameter (nm) <50

Purity (%) 99

Density (kg/m3) 3970

Surface area to mass ratio, (m2/g) 29

Thermal conductivity (W/m-K) 17.65

there is a large difference in the density of the nanoparti-

cles procured and the base fluid (the density of water being

1000 kg/m3), there is every possibility of formation of an

immiscible mixture of the nanofluids. In order to avoid the

formation of agglomerations and to form a homogeneous

mixture, generally, a surfactant is added to the base fluid.

In this work, the surfactant considered is Sodium Lau-

ryl Sulphate (SLS). A measured quantity of the surfactant

(1/10th of the weight of the nanoparticles) is added to the

base fluid.

After adding the surfactant, stirring is done for about

half an hour to allow the nanoparticles to be in immersion

with the base fluid, once the nanoparticles are added to the

base fluid. Pictorial view of the surfactant (SLS) is shown

in Figure 2. Nanoparticles were dispersed in the distilled

water and different particle volume concentrations (0.03%

and 0.05%) of the nanofluids were prepared. For obtain-

ing each concentration of the nanofluids, 15 liters of dis-

tilled water was used. In order to obtain the weight of the

nanoparticles required, the concentrations of 0.03% and

0.05% were fixed and weight of the nanoparticles required

is determined from the law of mixtures. While preparing

the nanofluids, in order to obtain a homogeneous solu-

Fig. 2. Sodium lauryl sulphate (surfactant).

Fig. 3. The inserts made of aluminum rods used in the experimentation.

tion, ultrasonic sonicator (Oscar Electronics) with an accu-

racy of ±3.0% was used. The law of mixtures is shown

in the Eq. (2). Equation (2) can be rewritten as Eq. (3).

The weight of nanoparticles was determined using Eq. (2).

For experimentation, the inserts made from aluminum rods

with 1 m length, 51 mm pitch and 1.5 mm depth were

used. Pictorial view of the threaded rod inserts is shown

in Figure 3.

∅pv

100
= ��Volume of aluminium oxide nanoparticles�

/

�Volume of aluminium oxide nanoparticles

+Volume of water�� (2)

∅pv =
�WAl2O3

�/��Al2O3
�

��WAl2O3
�/��Al2O3

��+ ��Wwater�/��water��
(3)

3. EXPERIMENTAL SETUP AND
PROCEDURE

3.1. Experimental Setup

The experimental setup is a counter flow double pipe heat

exchanger. As shown in Figure 4, it consists of a test

section, flow meters, chiller, hot fluid tank, cold fluid tank,

pumps, bypass valve arrangement and U-tube manometer.

The test section consists of a U-bend double pipe heat

exchanger; with the inner tube being made up of cop-

per and has an inner diameter (ID) of 0.017 m, while the

annulus tube being made up of mild steel with an outer

diameter (OD) of 0.019 m. The total length of the inner

Fig. 4. The experimental setup of double pipe heat exchanger.
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Table II. The specifications of the experimental set-up.

Property Value/name

Material used Copper

Inner pipe ID in mm 17

Outer pipe ID in mm 19

Heat transfer length in mm 3867

Water inlet temperature (inner pipe) 27 �C

Water inlet temperature (annulus side) 60 �C

tube is 1.5 m and the bend is equidistant from both ends

at a distance of 120 mm; with a radius of 60 mm. The

outside surface of the annulus tube is wounded with an

asbestos rope insulation to minimize the heat loss from

the test section to atmosphere. The inner tube is concen-

tric to the annulus tube and is fully enclosed by it. The

hot fluid is pumped through the annular region and the

water/nanofluid flows through the inner tube with the help

of a pump, and the flow is controlled with by-pass valves.

The two flow meters are used to measure the mass flow

rate of cold fluid and hot fluid. Throughout the experi-

ments, mass flow rate of hot fluid through the annulus is

kept constant (6 LPM) while the working fluid mass flow

rate being in the range of 3–15 LPM in steps of 2 LPM.

The test section consists of inlet pipe, bend and outlet pipe.

The specifications of the experimental set-up are presented

in Table II.

3.2. Experimental Procedure

The heat exchanger is provided with lagging on the outer

side of outer pipe to reduce the heat loss. The tank con-

tains fluid (water) which is heated with the help of an

attached heater with hot water tank. The hot fluid from the

hot water tank was routed to the annulus side inlet through

the pump, which was provided between hot water tank and

flow meter. The outlet of hot fluid is collected in hot water

tank. The other fluid (cold water) passes to the inlet of

inner pipe in counter direction through the flow meters.

The outlet of cold water is collected in cold water tank.

The temperature of both pipes at the inlet as well as outlet

was measured with the help of a thermocouple. The flow

meters at inlet of both pipes measure the flow rates. Pres-

sure of fluid in inner pipe can be measured with the help

of manometer. Experiments were performed with various

mass flow rates of cold water i.e., 3, 5, 7, 9, 11, 13 and

15 LPM in the interval of 2 LPM while the flow rate of hot

water entering being fixed i.e., at 6 LPM. Before any data

were recorded, the system was allowed to approach the

steady state. The flow rates of the water are controlled by

adjusting the valve. Once the hot fluid reaches the steady

state of 600 �C, readings of thermocouples of cold fluid

inlet were recorded. After that both hot fluid and cold fluid

pumps were run for 5 minutes, then the outlet readings of

cold fluid and hot fluid are noted down. The uncertainties

of measurement data and the relevant parameters obtained

from the data reduction process were calculated.

Experimental setup is calibrated with water as the work-

ing fluid, prior to using the 0.03% and 0.05% volume con-

centrations of Al2O3 nanofluid. Reynolds number, Nusselt

number and friction factor are calculated. The surface area

related to the bend region is relatively small compared

to the surface areas of the inner and outer pipes. There-

fore, the heat transfer in the bend region can be neglected

with no significant loss of accuracy. The tube is cleaned

with pure water in between the experiments conducted

with the nanofluid. Thermal conductivity of the nanofluids

was measured using KD2Pro thermal property Analyzer

(Decagon devices inc.) which has an accuracy of ±2.5%.

It is a hand held equipment with a needle sensor (1.3×

60 mm), which can be inserted into the test fluid sample.

For measuring thermal conductivity, this instrument uses

line hot source method. Viscosity of the nanofluid was

measured using digital Brookfield viscometer (Ktek Ana-

lytics, India) which has an accuracy of ±1%. It has a spin-

dle speed of 0 to 1000 rpm. A test sample of 200 to 400 ml

is taken in a container and is placed beneath the viscome-

ter. The sample is dipped in up to a pre-defined immersion

mark on the spindle shaft. The dip-in-spindle is ideal for

evaluating the nanofluids in a relative manner. For calibrat-

ing the KD2 thermal analyzer and Brookfield viscometer,

water is taken as the sample fluid. Density of the nanofluid

was determined using Archimedes principle. For this, fluid

of known density was considered. Weight was determined

using an electronic sensitive balance (Nanbei Instrument

Limited, China) that has an accuracy of ±0.001%. Specific

heat capacity of the nanofluids was measured using the

Differential Scanning Calorimeter (DSC 2920 modulated,

TA instruments) with an accuracy of ±1.5%.

Various devices used during the experiments are rotame-

ters for determining the flow rate of the hot and cold fluids,

thermocouples for measuring the temperature, manometer

for measuring the pressure. Two Rotameters (0–30 LPM)

(Damesh, India) were used for measuring the flow rates

of the hot and cold fluids. Accuracy of the flow meters

was found to be in the range of ±0.2–1%. Two P-type

thermocouples were placed at the inlet and outlet of the

test to measure the inlet and outlet temperatures respec-

tively. The accuracy of these thermocouples is ±0.1 �C.

Pressure was measured using U-tube mercury manometer

(Flow Tech measuring Instruments, India) with an uncer-

tainty of 0.00001%.

4. RESULTS AND DISCUSSION
4.1. Validation of Plain Tube

For the entire analysis, the experimental data is generated

for the Reynolds number range of 3000 to 30000. Nus-

selt number, friction factor and thermal performance fac-

tor were determined for the turbulent flow regime. Nusselt

number data for water as the working fluid is validated

against the data obtained for Nusselt numbers from that

of existing correlations available in the literature, Notter

6 J. Nanofluids, 12, 1–10, 2023
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Rouse and Gnielinski equations while the friction factor

data was validated with the data obtained from Blasius and

petukhov equations. The difference in experimental and

theoretical Nusselt number and friction factor is found to

be a maximum of ±3% and ±2.2% respectively. The val-

idation of experimental Nusselt number with that of the

Notter Rouse and Gnielinski is shown in Figure 5. Simi-

larly, validation of experimental friction factor with that of

Blasius and Petukhov is shown in Figure 6. It can be seen

from these figures that they are in good agreement with

each other.

The existing Nusselt number correlations developed by

Notter and Rouse44 and Gnielinski45 for single-phase fluid

are given below by Eqs. (4) and (5) respectively.

Nu= 5+0�015Re0�856Pr0�347

2300< Re< 106� 0�5< Pr�2000
(4)

Fig. 5. The comparison of experimental nusselt number of base fluid

(water) with that of notter rouse and glieniski.

Fig. 6. The comparison of experimental friction factor of base fluid

(water) with that of blasisus and pethukov.

Nu=
�J /2� �Re−1000�Pr

1�07+12�7�f /2�
0�5

�Pr2/3−1�
(5)

where f = 1.58 ln(Re) −3.82)−2, 2300 < Re < 106,

0.5< Pr, 2000

Friction factor values are based on Blasius equation46

and Petukhov equation47 which are given below by Eqs.

(6) and (7) respectively

f = 0�3164Re−0�25� 3000< Re< 105 (6)

f = �0�790 lnRe−1�64�
−2
� 2300< Re< 5×106 (7)

4.2. Effect of Nanofluids

Nanofluids of different concentrations (0.03 and 0.05%)

were circulated inside the tubes of the double pipe

heat exchanger. Reynolds number and Nusselt number

were determined for different concentrations of the Al2O3

nanofluids using the Eqs. (8) and (9) respectively. Varia-

tion of Nusselt number with Reynolds number for differ-

ent concentrations of the nanofluids is shown in Figure 7.

From the figure, it is found that, as the particle volume

concentration of the nanofluid is increased from 0.03%

to 0.05%, there is an augmentation of Nusselt number.

Maximum enhancement of Nusselt number is obtained for

0.05% concentration of the nanofluid and is found to be

27.55% higher than that of the plain tube.

Re =
�Vdh

	
(8)

where � and V are the density and velocity of working

fluid respectively, dh is the hydraulic diameter of the tube

and 	 is the dynamic viscosity of the working fluid.

Nu=
hidh

k
(9)

Fig. 7. The variation of nusselt number with reynolds number for dif-

ferent concentrations of the nanofluid.
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Fig. 8. The variation of friction factor for various concentrations of the

nanofluid.

where hi is the tube inside heat transfer coefficient and k

is the thermal conductivity.

Friction factor for various concentrations of the

nanofluid was determined using the Eq. (10). The variation

of the friction factor with the Reynolds number for differ-

ent concentrations of the nanofluids is shown in Figure 8.

Maximum enhancement in the friction factor is found to

be 12.4% higher than that of the plain tube. The reason

for enhancement in the friction factor is related to the

increase in the particle volume concentration of the Al2O3

nanofluid.

f =

P

�L/D� ��V 2� /2
(10)

where 
P is the pressure drop across the test section, �

and V are the density and velocity of working fluid respec-

tively and L is the length of the tube.

4.3. The Effect of Threaded Rod Inserts

Two aluminum rods of 10 mm diameter and 1 m length

with threads of 85 mm pitch were inserted into the exit

section of tubes of the double pipe heat exchanger while

water was circulated into the tubes of the heat exchanger.

The variation in Nusselt number with Reynolds num-

ber at different mass flow rates of water is shown in

Figure 9. The maximum enhancement in Nusselt number

with threaded rod inserts and water as the working is found

to be 49.83% higher than that of the plain tube. The swirl

flow generated with the threaded rods enhances the heat

transfer coefficient and thus is responsible for enhance-

ment of Nusselt number. The variation in friction factor

with the Reynolds number for different mass flow rates of

the water is shown in Figure 10. The maximum enhance-

ment in the friction factor for plain tube inserted with

threaded rods and water as the working fluid is found to

be 23.35% higher than that of the plain tube. The obstruc-

tion produced by the threaded rods can be attributed to be

Fig. 9. The variation of nusselt number with reynolds number for dif-

ferent mass flow rates of water and threaded rod inserts.

Fig. 10. The variation of friction factor with reynolds number for plain

tube with inserts and water as the working fluid.

responsible for the increased friction factor. Thermal per-

formance factor was determined for various concentrations

of the Al2O3 nanofluids using the equation.

� =

(

Nu/Nup

)

(

f /fp
)1/3

(11)

where Nu and f are the Nusselt number and friction factor

respectively while Nup and fp are Nusselt number and

friction factor of particle respectively.

4.4. The Combined Effect of Nanofluids and Inserts

Nanofluids of various concentrations (0.03%, 0.05%) were

circulated in the tubes of the double pipe heat exchanger

along with the threaded rod inserts. Figure 11 shows the

variation of Nusselt numbers with Reynolds number for

the combination of different concentrations of the nanoflu-

ids and threaded rods. It is found that the enhancement in

8 J. Nanofluids, 12, 1–10, 2023
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Fig. 11. The variation of nusselt number with reynolds number for the

combination of different concentrations of the nanofluid and inserts.

the Nusselt number for the combination of 0.05% concen-

tration of the nanofluid and threaded rods is found to be

82.94% higher than that of the base fluid. The variation

of friction factor with Reynolds number is presented in

the Figure 12. It is found that there is an enhancement in

friction factor by 32.48% than the plain tube.

4.5. Thermal Performance Factor

The thermal performance factor for various concentrations

of the nanofluids and for the combination of various con-

centration of the nanofluids and inserts was determined.

The variation of thermal performance factor with Reynolds

number for various concentrations of the nanofluid, com-

bination of various concentrations of the nanofluids and

inserts in comparison with the plain tube is shown in

Figure 13. It is found that the combination of 0.05% con-

centration of the nanofluid and inserts demonstrates the

maximum thermal performance factor which is 1.75.

Fig. 12. The variation of friction factor with reynolds number for the

combination of various concentrations of the nanofluid and inserts.

Fig. 13. The variation of thermal performance factor with reynolds

number for inserts with water, various concentrations of the nanofluid,

combination of various concentrations of nanofluid.

5. CONCLUSIONS

Heat transfer and friction factor analyses have been exper-

imentally performed on a DPHE using water based Al2O3

nanofluid in the tubes with return bend and aluminum

threaded rod inserts. The entire analysis has been carried

out for different conditions that include water as the work-

ing fluid, Al2O3 nanofluids as the working fluid, combi-

nation of various concentrations of Al2O3 nanofluids and

threaded rod inserts. The following conclusions have been

drawn from the experimental investigations:

• Experimental Nusselt number values of plain tube

were validated with the correlations of Notter Rouse and

Gnielinski. It is found that the difference between experi-

mental values and that of the data obtained from the cor-

relations available in the literature deviates by ±3%.

• Experimental friction factor values of plain tube were

validated with the correlations of Blasius and Petukhov.

The difference in experimental data and the correlations is

found to be within ±2.2%.

• From the above conclusions, it is clear that the experi-

mental data is in good agreement with the theoretical data.

• Maximum enhancement in the Nusselt number with

0.05% particle volume concentration of the nanofluid is

found to be 27.55% higher than the plain tube.

• The maximum enhancement in the friction factor is

found to be 12.4% higher than that of the plain tube.

• The maximum enhancement in the Nusselt number for

0.05% concentration of the nanofluid and threaded rod

inserts is 89.95% more than the plain tube.

• Friction factor for 0.05% concentration of the nanofluid

and threaded rod inserts is 32.46% more than the plain

tube.

• The maximum thermal performance factor was found

to be 1.75 for the combination of 0.05% nanofluid and

inserts.

• The combined effect of swirl flow produced with the

threaded rod inserts and the thermal conductivity of the

J. Nanofluids, 12, 1–10, 2023 9
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nanofluids is found to be responsible for the enhancement

of heat transfer and thermal performance in the double

pipe heat exchanger.

Finally, it can be concluded that the compound methods

offer better heat transfer compared to individual passive

or active techniques. In this work, an effort is made to

investigate the combined effect of square threaded rods

of constant pitch and aluminum oxide nanofluids. Future

experiments can be carried out with hybrid nanofluids and

combination of threaded rods by varying the pitch of the

threaded rods and with helical threaded rods that can fur-

ther enhance the rate of heat transfer.

NOMENCLATURE
� Density, kg/m3

∅ Volume concentration, %


P Pressure drop, kg/m3

f Friction factor

Nu Nusselt number

Re Reynolds number

Pr Prandtl number

� Thermal performance factor
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