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Water nanofluids were examined in a horizontal helical coil tube with constant temperature limitations for Dean values between
1000 and 10,000 to determine the rate of thermal radiation transmission and pressure drop characteristics. When conducting the
tests, a variety of Al2O3 water nanofluid requirements were used, including varying mass flows, heat exchange rates for various
nanoparticle volume concentrations, and changes in coil-side drop in pressure versus coil-side Dean number. Since
nanoparticles have enhanced heat capacity, nanoparticles are developing as a transitional beginning of heat transfer fluids with
significant potential in thermal management applications. Many applications require nanofluids to be used as heat transfer
fluids; thus, scientists are concentrating their efforts on these fluids. The Reynolds values on the coil and shell were in the 1000
to 7000 range on either side of the wire. This paper discusses the impact of particle volume density on shell-side flow
temperatures, heat expulsion rate, and thermal conduction. The result shows that the average heat transfer rises by 13% and
17% when nanoparticle volume fraction percentage density is 0.1%, 0.2%, and 0.3 percent. The results demonstrate that
reducing the mass flow by an increase in particle volume density, pipe diameter, and coil radius improves heat exchanger
performance. The efficiency of the model is enhanced by increasing the diameter of the tube while simultaneously decreasing
the diameter of the coil.

1. Introduction

There is a significant difference in the thermal properties
between water nanofluid and their underneath fluid coun-
terparts. Heat transfer coefficients grow in conjunction with
nanofluid thermal conductivity. This enhanced heat transfer
velocity may be useful in resolving the primary problem of
constructing a compact heat exchanger [1]. Helically coiled
tubes are superior heat transfer apparatuses because of their
stiffness and better heat transfer efficiency than those of
sharp tube heat exchangers [2]. Shell and helical coil tubes,
which have a single heat exchanger canal, are prevalent.
There are two types of fluids in a cold/hot fluid system: flow-
ing out of the shell through the helical coil tube, one travels
towards the center, and another travels through the helix coil

tube. Additional heat transfer in helical tubes is more reliable
because of secondary flow. In the modern world, helically
coiled pipes for heat transfer have gained great attention
due to the numerous applications for which they may be
used. Food and dairy production plants as well as chemical
plants and natural gas processing facilities, as well as power
plants, all use them heavily [3, 4], as do a wide range of other
sectors as well. Another passive way to improve heat trans-
mission is to introduce nanoparticles into the base fluid to
generate nanofluid with high specific heat capacity than
the base fluid [5].

The use of nanofluid in heat transfer activities has
increased considerably in the last decade. For the most part,
these experiments called for the use of water as a basic fluid.
Nanofluids based on water show Newtonian behavior. The
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chemical and food industries all employ non-Newtonian
fluids, as do the healthcare and biopharmaceutical industries
as well as the polymer and oil industries. Methods for
improving performance can be classified as passive or active
[2, 3]. The active methodology makes use of surface vibra-
tion signals and fluid vibrations, whereas the passive
approach employs various inserts and pitch adjustments.
Active methods are harder to employ than passive ones
due to their complexity [4]. Pitch variation aids heat trans-
fer, but it also reduces shell-side heat transfer rate and causes
a considerable pressure decrease. In terms of improving heat
transfer without pressure decreases, we used Al2O3 nano-
fluids to increase the pressure loss heat transfer characteris-
tics [3, 5].

2. Objective

The coiled tube heat exchangers are recommended based on
the results of the analysis, and the paper’s major objective is
to improve heat transmission by utilizing nanofluids. To
determine how much nanofluid is being used, these relation-
ships are used. Then, that information is plotted against the
amount of nanofluid used to show the shell and tube heat
thermal resistance.

3. Literature Survey

Wang et al. [1] discussed how well a new helically tube test
device transfers heat and how much water it moves. The
helical tube shape of the coil was modified to increase its
thermal efficiency. A 20 percent increase in heat transfer
rates was reported when reversed loops were used as a
design change. In addition, the increase in heat transmission
and pressure drop was increased by reducing the reversed
loop’s size.

Ardekani et al. [2] examined the fluid flow and heat
transmission in a circular tube of water nanofluids with con-
stant heat limits. Different coil designs across a range of par-
ticle volume fractions and Reynolds numbers between 8,900
and 11,970 were examined to see how geometrical variables
influenced the results. The researchers discovered that using
nanofluids inside helical coils improved the heat transfer
coefficient more than using straight tubes [3]. They also pro-
vided two correlation experimental results that predicted the
Nusselt number and friction factor.

Job et al. [6] discussed that symmetrical wavy trapezoid
container, Al2O3-water, and SWCNT-water nanofluids were
shown to have unstable magnetohydrodynamics (MHD)
free convection flows. The study discovered that for
alumina-water nanofluids with low Hartmann numbers,
the rate of heat transmission decreased (Ha).

Rakhsha et al. [7] discussed their Nusselt number that
improved by around 21.53 percent, but their pressure
remained the same. CuO nanofluid flow within helical coils
with constant wall average temperature was studied compu-
tationally and empirically in steady-state turbulent forced
convection.

Ahire et.al [8] demonstrated that many heat transfer
activities benefit from the usage of nanofluid, and AL2O3 is

a nanoparticle that is combined with a base fluid to produce
nanofluids. For estimating the chemical and physical charac-
teristics, there is correlation that is accessible.

Sharma et al. [9] investigated the fluid flow characteris-
tics in straight tubes and helical coils with nanofluid. Both
ethylene glycol and propylene glycol/water (EG/W) nano-
fluids included 0–2.5 vol percent alumina nanoparticles and
were mixed in a 60 : 40 wt ratio. A higher friction factor
was reported for nanofluids in both straight and helical coil
tubes compared to base fluids.

Bhanvase et al. [10] systematically used a vertical heli-
cally coiled tube heat exchanger to comprehensively study
the rise in water-based PANI (polyaniline) nanofluid heat
transfer. PANI nonmaterial at 0.1 and 0.5 vol percent
increased the heat transfer by 10.52 and 69.62 percent, cor-
respondingly, according to the researchers’ findings.

4. Application of Nanofluids

A broad range of heat transfer uses, such as transportation,
cooling of electronics, energy storage, and mechanical appli-
cations have revealed that nanofluids have enhanced heat
transfer characteristics and increased energy efficiency than
conventional fluids. When it comes to the development of
next-generation technology for a wide range of technical
and medical applications, nanofluid is critical. The next
parts go through a few of these use cases [11].

4.1. Automobile Applications. Standard engine coolants and
oils can be improved by adding nanoparticles and nanotubes
to produce nanofluids, increasing their thermal conductivity,
and increasing heat exchange rates and fuel economy [12].
Use of these advances can reduce cooling system sizes or
remove heat from vehicular emission inside the same cool-
ing system, depending on your preference.

4.2. Solar Applications. As a consequence of the disparity in
timing between energy supply and demand, it was required
to build a storage system. With a concentration on effective
use and preservation of heat losses and solar energy, thermal
energy storage such as that found in solar thermal systems
and buildings has emerged as an essential element of energy
conservation [5, 12]. Due to a lack of power generation, solar
energy is becoming increasingly important in energy appli-
cations. Fossil fuel usage will be restricted in the future based
on perceived resource depletion concerns.

4.3. Friction Reduction. Minimizing wear and friction is a
major focus of tribological development. Proved challenging
may run more efficiently and reliably using improved fluids.
Because of their high load-bearing capacity, high resilience
to severe pressure, and friction-reducing properties, nano-
particles have recently attracted a lot of study attention
[13]. In contrast to water-based Al2O3 fluids, the cast iron
MQL grinding process included diamond nanofluids. A
thick and solid sludge layer develops on the surface during
nanofluid MQL grinding, which might improve grinding
efficiency, reducing grinding force, better surface roughness,
and burn protection of the workpiece due to the usage of
nanofluid technology [6]. MQL grinding has the potential
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to considerably lower the grinding temperature when com-
pared to dry grinding.

4.4. Electronics Cooling. Smaller computer chips and micro-
electronic elements have much higher power dissipation
than larger ones. It is necessary to have superior heat control
and cooling fluids with enhanced thermal transfer character-
istics to operate safely [11, 13]. Nanofluids have been pro-
posed as heat pipe working fluids for cooling applications
because of their low thermal conductivity.

4.5. Magnetic Sealing. Because it is less expensive and has
lower friction losses than mechanical seals, magnetic seals
are an excellent choice for ecological and dangerous gas seal-
ing in a range of industrial rotating equipment. There are
unique nanofluids such as ferromagnetic fluid (ferromag-
netic fluid). Magnetite and other tiny magnetic particles
are suspended in a stable colloidal solution (Fe3O4). Nano-
particle magnetite [6], which is a component of magnetic
nanofluids, may be made to have a different magnetic field
strength by changing the size and protective coatings. Mag-
netic nanofluids are dispersed in nonpolar and polar carrier
liquids to meet the dispersion requirements that responders
verified [7].

5. Material and Methods

5.1. Helical Coil Tube Specifications. A helically shaped tube
is seen in Figure 1. The inner diameter of the copper helical
coil tube is “2r,” and the coils have a helical shape to prevent
tangling. When you see the letters “d” and “D” in this pic-
ture, it means that you are looking at the inner tube diameter
and coil diameter, correspondingly [8]. Pitch is a term used
to describe the amount of time between two successive rota-
tions. The curvature ratio, represented by the symbol “d/D,”
is another critical parameter in helical coil tubes (HCT).

This relationship between Reynolds number and Dean
value is evident in helical coil tubes (HCTs). The Dean value
determines fluid flow in an HCT [14].

De = Re
ffiffiffiffiffi
r
Rc

r
: ð1Þ

There are three variables in this equation: the Reynolds
number (Re), the tube inner diameter (r), and the coil radius
(RC).

Re = 2rAτ

μ
ð2Þ

Average velocity is represented by “A” in this equation,
density is represented by τ, and viscosity is represented by
μ.

5.2. Proposed System. Figure 2 shows the experimental
setup’s flow map. The setup is comprised of two loops,
which are designated as shell area loop and helically coiled
region loop, respectively. Hot air is handled by the shell side
loop, while Al2O3/water nanofluid is handled by the coiled
tube loop [8, 14]. Aluminum insulating ropes, thermocou-
ples with LCDs, and condensers for cooling nanofluid are
all part of the experimental setup. The test area also
includes an air-duct heating chamber and a power meter
and rotameter [9].

5.3. Preparation of Nanofluid. Sustainable nanofluid may be
made using a variety of methods. In addition, utilizing a sta-
bilizing agent as well as a dispersing agent or an ultrasonic
vibrator is an option. Surface treatment is a popular method
among them because of its versatility, low cost, and benefits.
The nanofluids can only be stabilized for 45 minutes without
the use of appropriate chemicals [14]; however, surfactants
can significantly improve the stability of nanofluids. Sigma-
Aldrich chemicals provided the Al2O3 nanofluid (2mg/ml)
and nanoparticles with a diameter of 20-50 nm for the
experiment. It was necessary to add the necessary nanopar-
ticle volume proportion and the optimal quantity of the
associated surfactant to the measuring jar to distribute the
alumina nanoparticles in distilled water [9]. Acoustic pulses
were generated for 12 hours using a magnetic stirrer
(2000 rpm). This results in homogeneous dispersion and sta-
ble suspension. The “thermophysical” characteristics of the
generated nanofluids were computed using the following
models [12].

PT

2Re

Inner side

H

2Re

Figure 1: A schematic of the helical coil tube.
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5.3.1. Thermal Conductivity. We compared the KD2 Pro
thermal performance analyzer’s Al2O3-water nanofluid
resistivity results to two well-established formulae’s antici-
pated values. The most often used formula for predicting
the thermal conductivity of a solution is as follows [6, 12]:

heff =
hb + n − 1ð Þhg − n − 1ð Þ hg − hb

� �
φ

hb + n − 1ð Þhg + hg − hb
� �

φ
: ð3Þ

Here, the heat transfer performance is represented by
heff , and the shape factor n is represented by “n1/43ψ,” where
ψ “sphericity” is the radius of the curvature. It has values of 1
for spherical particles and 0.5 for cylindrical ones, depending
on the form [10]. The quantities hb and hg indicate the ther-
mal conductivity of particles and fluids, respectively.

5.3.2. Viscosity. It is accurate that the vast majority of the
mathematical correlations that have been utilized to predict
the viscosity of nanofluids have been derived from the well-
known Einstein model [15].

θng = θbg 1 + 2:5φð Þ, ð4Þ

where the viscosity of the solvent is represented by θbg, the
viscosity of the base fluid is denoted by θng, and φ denotes
the volume fraction of the solution.

5.3.3. Density. When considering nanofluid density, the vol-
ume fraction of solid (nanoparticles) to liquid in the pro-
cess is directly proportional. There is a direct correlation
between nanoparticle concentration in a fluid and its den-
sity, with the former being greater when there are more of
them present [7, 9]. Nanofluid density has been claimed to

be in line with the mixing theory proposed in the lack of
experimental data.

σnf = 1 − φð Þσbf + φσs, ð5Þ

where σnf represents the density of nanofluid, σbf denotes
the density of the base fluid, σs represents the density of
solid particles, and ϕ is the volume concentration.

5.3.4. Specific Heat. As the volume particle size of the nano-
fluid increases, the heat capacity of the nanofluid decreases
continuously [6, 13]. The relationship between them demon-
strates excellent correlation with the predictions made using
the thermodynamic equilibrium technique; however, the
simple mixing model fails to estimate the heat capacity of
nanofluid properly. Specific heat is determined in an exper-
iment by using the following formula:

Tpnf =
φρ TPð ÞP + 1 + φð ÞρTpf

ρnf
, ð6Þ

The density and specific heat of a particle are repre-
sented by ρðTPÞP, the density and specific heat of fluid are
represented by ρTpf , and Tpnf indicates the density and spe-
cific heat of a nanofluid [16].

To determine the critical Reynolds number in helical
coils,

Recr = 2300 1 + 8:6 r
Rc

� �0:45
" #

: ð7Þ

Coil diameter (r) and tube diameter (d) are also impor-
tant parameters to consider while determining this value
(Rc). The coil’s curvature ratio was 0.0552, resulting in a

Helical coil
heat 

exchanger

Heat exchanger for
cooling nanofluid Nanofluid tank Pump Control valve

Flowmeter for
cold fluid

Air heater

Control valveFlowmeter for
hot fluid

Hot air IN

Hot
air

OUT

Air IN

Nanofluid out Nanofluid IN

Figure 2: Block diagram of the experimental setup.
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critical Reynolds number of 7671 for the system. The Reyn-
olds numbers used in this paper span from 1837 to 6869.

5.4. Experimental Procedure. At different cold fluid flow
rates under turbulent circumstances, a test was carried out
in a tube heat exchanger with or without circular fins utiliz-
ing Reynolds numbers ranging from 1000 to 7000 and stable
hot air velocity of 5 meters/seconds [10, 15]. A helical coil in
the thermal storage tube bundle circulates cold distilled
water, which swaps heat with hot air from the heat
exchanger. The system takes 30-35 minutes to stabilize,
according to the results of the preliminary tests [17, 18].
Stream temperatures are monitored at the entrance and out-
let. To monitor the controlled flow of cold fluid, a rotameter
was installed at the test section’s inlet [19]. Circular fin
designs with and without fins, as well as flow rates varying
greatly, were also investigated. Al2O3 nanoparticles dis-
persed in distilled water were studied using the aforemen-

tioned technique in a coil in a shell heat exchanger with
and without circular fins at volume concentrations ranging
from 0.25 percent to 1 percent [12, 13].

To calculate the errors of dependent items, the following
equation is used:

δD = 〠
N

i=1

∂D
∂Yi

∂Yi

� �2
" #0:5

: ð8Þ

Yi and D are the independent and dependent variables,
respectively, in this correlation.

5.5. Data Validation. To validate the reliability of trials,
experts had to run accuracy tests with pure water first, then
with nanofluids [20]. We provide the equations for laminar
flows in helical coils with a constant heat flux as the begin-
ning condition [16].

Nu = 0:76 + 0:65
ffiffiffiffiffiffi
De

ph i
Pr0:175, ð9Þ

Nu = 0:7Re0:43Pr 1/6ð Þ d
D

� �0:07
: ð10Þ

De indicates Dean value and Pr indicates Prandtl values,
respectively, in the above equations. D is the diameter of the
coil, whereas d is the inner diameter [17, 18].

Theoretical pressure drop in helically coiled tubes may
be calculated with the help of the following formula:

ΔP = gc
1
d

� �
τU2

2

� �
: ð11Þ

The friction coefficient of the circular tube is represented
by gc in this equation and may be determined using the fol-
lowing correlation [21]:

gc
gs

= 0:47136De0:25: ð12Þ

Petukhov equation is used to calculate the friction coef-
ficient in a tube bank.

gs = 0:79 ln Reð Þ − 1:64ð Þ−2: ð13Þ

6. Results and Discussions

6.1. Performance Analysis of the Heat Exchanger. In real-
world applications, it is better to have a higher heat transfer
rate than to have a worse pressure drop, which necessitates
greater pumping power. This means that in coiled tube heat
exchangers, investigating and evaluating the opposing
impact of increased heat transmission and higher pressure
drop are essential. Equation ((14) is used to determine the
heat exchanger’s efficiency.

ε =
Oavg
Omax

: ð14Þ
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Figure 3: Effectiveness varies with mass flow rate due to a variety of
factors.
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Equation ((15) is used to compute the heat exchanger’s
performance index, which measures how well it performs
in terms of pressure drop.

θ =
Oavg
ΔPcoil

: ð15Þ

Figure 3 demonstrates that when the heat transfer rate
increases, the efficiency rises with the mass nanoparticle
concentration. As the mass flow rate increases, the tempera-
ture differential between the inlet and exit narrows, reducing
efficiency. As tube and coil diameters increase, the heat
transfer field expands, resulting in improved efficiency.

Figure 4 shows that raising the particle volume concen-
tration increases the heat transfer rate. The reason for this
is due to the nanofluid’s thermophysical characteristics.
First, as the volume concentration of nanoparticles increases,
so does their thermal conductivity, increasing the rate at
which heat is transferred. Second, greater nanofluid viscosity

increases flow velocity for the same Reynolds number,
resulting in higher heat transfer rates.

Figure 5 shows the connection between both the Reyn-
olds number and the change in coil-side heat transfer rate.
Heat transmission coefficients grow in direct proportion to
the volume fraction of nanoparticles. As the Reynolds num-
ber rises, the heat exchanger’s instability causes its heat
transfer coefficients to rise as well.

For a given particle volume concentration and Dean
number, the pressure decrease may be shown in Figure 6.
Due to the increased viscosity that results from a rise in par-
ticle volume concentration, pressure drops increase as well.

The coefficient of heat transfer and the pressure drop are
two unrelated variables that are not linked by an equation.
There should be some criteria used to compare the different
heat transfer improvement techniques so that they can be
compared. To achieve this, the performance index, a PEC
(performance evaluation criterion), is used.

ƞ = hNF
hBF

� �
ΔPNF
ΔPBF

� �−1
: ð16Þ

Nanofluid and base fluid are denoted by the subscripts
“NF” and “BF,” respectively. When the performance index
exceeds unity, it appears that the heat transfer approach favors
heat transfer enhancement above pressure drop increase. For
nanofluids of various weight concentrations flowing in the
louvered channel, Figure 7 illustrates the changes in perfor-
mance index vs. Reynolds number. For all nanofluids except
for 0.2 and 0.3 percent wt nanofluids at the lowest Reynolds
number, the performance index is higher than 1.Additionally,
the performance index increases dramatically with the Reyn-
olds number, as can be seen in the graph below. Additionally,
when the weight percentage of nanoparticles increases, so does
the performance index. A maximum performance index of
3.967 is found at Reynolds number 7,200 for nanofluid with
0.10 percent weight concentration.
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7. Conclusion

An Al2O3/water nanofluid inside a helical coil tube was ana-
lyzed for convective heat transfer using fluid heat transfer in
this paper. As the number of particles grows, the nanofluid
temperature decreases, while the water temperature rises,
along with the amount of heat transferred. The results
revealed that when nanoparticle volume concentrations of
0.1 percent, 0.2 percent, and 0.3 percent are present, the
average heat transfer rate increases by 13% and 17%. It was
found that when nanoparticle volume concentration
increased, the thermal performance efficiencies on the coil,
shell, and overall improved. When the mass flow rate is the
same as water, the thermal transfer rate of nanofluids signif-
icantly increases, but the volume particle concentration rises
slightly. The results of the analysis revealed that decreasing
the mass flow rate while increasing the density of nanoparti-
cles, tube diameter, and coil diameter all resulted in better
performance. At Reynolds number 7,200, a nanofluid with
a weight concentration of 0.10% has a maximum perfor-
mance measure of 3.967.
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