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INTRODUCTION

ABSTRACT

Helical tube heat exchangers differ from ordinary heat exchangers in that they have special
qualities that enhance heat transmission since the fluid flows from straight to coiled channels
as curved streams instead of linear ones, leading to the increased momentum and heat trans-
mission rates. However, there is still scope for research on improving heat transfer character-
istics for a helical coil heat exchanger with conjugate heat transfer employing various config-
urations of internal longitudinal fins. Thus, in this work, numerical study was conducted to
explore the flow behaviour and thermal performance of water-ZnO nanofluids (nanofluid) in
a spiral tube heat exchanger. The mass flow rate (th) of the water-ZnO nanofluids was varied
from 0.025 kg/s to 0.125 kg/s, while the mass flow rate of the hot fluid (water) was main-
tained constant at 0.0091 kg/s. The concentrations of the nanofluid in water used were 1%,
2%, and 3%. Simulations in three dimensions were analysed for the turbulent stream regime,
and governing equations for the turbulent stream were solved using the k-epsilon (k-¢) for
Reynolds numbers ranging from 4000 to 12000. The temperature, velocity and pressure con-
tours were analysed with respect to the variation in the concentration and flow rate of the ZnO
nanofluids. Finally, the results confirmed that by applying ZnO nanofluids, the heat transfer
coefficient as well as the friction factor increased by 43% and 1.12 times respectively when
compared with the plain tube.
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or undergone isothermal operations [1]. Heat transfer

Heat exchangers have been essential parts for more than
a century in air conditioning, refrigeration systems and
many industrial processes that need to be heated, cooled,
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enhancement in a heat exchanger is drawing a wider atten-
tion, especially from an industrial community, since it

reduces the heat transfer area for a particular heat exchanger.
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The trend of heat exchanger devices in the future will face
challenges in terms of weight and size reduction, increased
heat transmission efficiency, and cost reduction [2]. The
primary benefits of increasing the heat exchanger perfor-
mance can be the reduced cost and material, and energy
savings in the heat exchange process [3]. Heat transfer
enhancement techniques can be categorized into passive,
active and compound methods. One of the best methods of
improvement is passive method, which improves the heat
transfer while requiring no outside power [4, 5].

Helical coil heat exchangers (HCHEs) are devices in
which the heat is transferred from hot fluid to cold fluid
through a separating cylindrical wall. Because of their small
diameters, these helical coil heat exchangers are mainly
suited for high-temperature and high-pressure applica-
tions. HCHEs are available at a low cost comparatively,
however, the space occupancy of these heat exchangers is
high compared to other heat exchangers. HCHEs are used
in applications like solar water heaters, nuclear reactors,
heat recovery systems and automotive systems. Since dou-
ble pipe heat exchangers (DPHE) can establish a maximum
temperature difference between the shell side and tube side
fluids, they are widely utilized in industrial and engineering
applications such as heat ventilation and air conditioning
(HVAC), heat recovery, refrigeration and chemical reac-
tors, etc. [6].

Many studies and articles in reputable scientific and
engineering journals claim that when heat exchangers
use nanofluids as working fluids, their heat transfer capa-
bilities significantly improve. Nanoparticles are typically
composed of metals, metal oxides, metal carbides, or car-
bon nanotubes. Because of these well-known qualities of
nanoparticles, adding them to the fluids is a useful method
of enhancing heat transfer. They have thermal conductivi-
ties that are higher than those of typical fluids due to their
enormous surface area, which increases heat transport [7].
Numerous benefits of using nanofluids in systems have
been noted, including increased heat conductivity and
decreased pressure drop. However, the degree to which heat
transfer is improved depends on the quantity of nanoparti-
cles added to the base fluid [8]. These fluids also have spe-
cial qualities that make them suitable for use in a number of
other applications, including grinding, microchips, domes-
tic refrigerators, hybrid power engines, and pharmaceuti-
cal processes [9]. A rise in thermal conductivity results in
arise in performance of heat transfer. Actually, the decrease
in the thickness of the thermal boundary layer as a result
of the random mobility of nanoparticles in the base fluid
might make significant contributions to this kind of heat
transfer enhancement [10-12]. For instance, adding 0.3 vol-
ume % of copper nanoparticles to ethylene glycol boosts its
thermal conductivity by 40% [13], while adding 1 volume
% of carbon nanotubes increases a synthetic poly(a-olefin)
oil’s thermal conductivity by 150% [14]. However, the diffi-
culties brought about by the financial constraints resulting
from the high cost of traditional nanoparticles like gold (80

USD/g), diamond (35 USD/g), and silver (6 USD/g), pre-
vent their commercialization [15].

Several researchers studied both experimentally and
numerically the addition of nanoparticles to the base
fluid and their effect on heat transfer performance of heat
exchangers. Kola et al. [16] showed that the combination
of the cut’s radius of twisted tapes and angle of cut has a
substantial impact on heat transfer coefficient (HT'C) and
friction factor of a DPHE. Within the examined range, the
ideal parameters to achieve increased HTC and decreased
friction factor include mass flow rate of 0.05 kg/s, cut
radius of 5.464 mm, and cut angle of 45°. Yang et al. [17]
examined the heat transmission coefficient nanoparticles
of graphite disseminated in liquid for laminar stream in a
horizontal pipe heat exchanger. Investigations are carried
out on the effects of the heat transmission coefficient on
the Reynolds number, volume fraction, temperature, type
of nanoparticles, and kind of base fluid. Their findings
demonstrated that the heat transmission coefficient raised
as the Re and particle concentration increased. In another
study, Bahmani et al. [18] examined heat transmission and
turbulent - stream for H,O / Al,O5, nanofluid in a parallel
and counter flow DPHEs. The results show that the Nusselt
number and thermal efficiency enhanced by 32.70% and
30.0% respectively. However, the finding from the inves-
tigation reported that the increase in nanoparticle volume
fraction increases the outlet temperature of fluid and wall
temperatures. On the other hand, the heat exchanger’s ther-
mal efficiency enhancement slope eventually approaches a
constant value as the Reynolds number increases. In par-
allel flow, this tendency is more pronounced, for this rea-
son, they conclusively reported to use counterflow heat
exchangers at higher Reynolds numbers. In another find-
ing, Hasan [19] suggested that by applying an Al,O5/ H,O
nanofluid, especially at a low Reynolds number, there was a
decrement observed in temperature of the outer wall pipe,
compared with pure H,O.

Attia et al. [20] showed that by combining Al,O,
nanoparticles with the salt water inside the solar still, the
efficiency of solar still was enhanced by 127% and 174%
respectively with the addition of 1g/L Al,O; and 2g/L
AL O;. Pulagam et al. [21] showed that the Nusselt number
was unaffected by concentration variations of Al,O;, indi-
cating that the fluid’s thermal conductivity and hydraulic
diameter were the only factors influencing the heat transfer
coefficient. The pressure drop rose as the chevron angle,
pitch, and concentration increased, while the friction factor
remained constant over a range of concentrations.

Kola et al. [22] optimised the variables such as the flow
rate (rh) of nanofluids, the cut radius, and the cut angle in a
DPHE by inserting twisted tapes with different cross sections
to maximise heat transmission and reduce the friction fac-
tor. They reported that the cut radius and cut angle are more
effective than the flow rate and volume loading. Palanisamy
and Mukesh Kumar [23] used multi-walled carbon nano-
tubes (MWCNTs)/water nanofluids in a cone helically coiled
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tube heat exchanger and explored the heat transmission and
pressure drop. At 0.1%, 0.3%, and 0.5% volume concentra-
tion of the nanofluids, the experimental Nu number is 28.0%,
52.0%, and 68.0% higher than H,O. The pressure drop is also
observed at 16.0%, 30.0%, and 42.0% higher at 0.1%, 0.3%,
and 0.5%, respectively, which shows that using nanofluids
resulted in a higher pressure drop than water.

Mukesh Kumar and Chandrasekar [24] investigated the
heat transmission and pressure drop of the DHCHE using
MWCNT/H,0, nanofluids at 0.2%, 0.4%, and 0.6% volume
concentrations and analysed the findings using computa-
tional software by setting the laminar stream conditions with
the Dean number ranging from 1300 to 2200. The exper-
imental and simulated results confirmed improved heat
transmission rate, pressure drop with increased volume con-
centration. The Nu and pressure drop of the experimental
and CFD data have a standard deviation of 8.5% and 7.2%,
respectively. Onyiriuka et al. [25] investigated a mango bark
nanofluid’s turbulent flow heat transmission characteristic
in a DPHE. The nanoparticle size of 100 nm is considered
for this study. The observation reported an increment in
the Nu by 68% and 45% for the Reynolds number values of
5000 and 13000 respectively, and improvement in the heat
transmission coefficient of nanofluid was observed as twice
that of base fluid. Gupta et al. [26] performed CFD anal-
ysis on a concentric tube heat exchanger to determine the
total heat transmission coefficient, heat transmission rate,
and pressure loss characteristics using Al,O,/H,0, nanoflu-
ids with a Reynolds number range between 2000 — 10000.
The result from the analysis reported that the overall-heat
transmission coefficient, heat transmission rate, and pres-
sure loss increased with increasing volume concentration
of Al,0,/H,0, nanofluids. The experimental analysis con-
firmed that the nanofluids with 0.5%, 1.5%, and 2.5% vol-
ume concentrations enhanced 7.2 %, 13.58 %, and 21.38 %
in overall heat transmission coefficient, and improvement
in heat transmission rates of 6.11%, 12.45%, and 17.27% was
observed at 0.5%, 1.5%, and 2.5% volume concentrations
respectively with a penalty of pressure loss.

Arya et al. [27] prepared MgO-ethylene glycol (EG)
nanofluids at a weight concentration of 0.1%, 0.2%, and
0.3% to assess the heat transmission coefficient as well as
friction factor of a DPHE. The flow rate and mass concen-
tration of nanoparticles are the input operating parameters,
and the output variables, like heat transmission coefficient
and pressure drop, were investigated experimentally. The
analysis exhibited that the heat transmission coefficient
of the heat exchanger intensified by 27% with a nanofluid
wt.% of 0.3 compared with the EG. However, increased
pressure drops and friction factor of 35% and 32%, respec-
tively are reported. The investigation confirmed that the
friction factor decreased with an increased Reynolds
number. Rafi et al. [28] reviewed the research works the
researchers performed on optimising helical coil tube heat
exchangers (HCHE) using Taguchi methods, Artificial
Neural Network(ANN), Genetic Algorithm(GA), and

Multi-Objective Genetic Algorithm. Their studies reported
that ANN and GA methods have proved suitable for mod-
elling and optimising the HCTHE. Kannadhasan et al. [29]
evaluated the heat transmission rate of CuO nanoparticles
in a DPHE using CFD. The CuO nanoparticles at varying
mass concentrations of 0.1 %, 0.2 %, and 0.3 % were organ-
ised and tested in the heat exchanger. The findings demon-
strated that the CuO nanoparticle significantly lowered the
cold-H,O inlet temperature, and the heat transmission rate
increased considerably from 183 to 3488 kW. The influence
of a lower concentration of CuO nanoparticles was less sig-
nificant than a higher concentration of suspended particles,
as demonstrated by simulation findings.

Inyang and Uwa [30] reviewed the usefulness of the
HCHE. Their study discussed various shapes of helical coils
and their influence on the performance and effectiveness of
heat exchanger’s and compared them with straight tube heat
exchangers. The study suggested that the helical coil heat
exchanger augments heat transmission performance and
effectiveness compared to straight tubes. The research find-
ings from the study testified that the appropriate fluids must
be selected to achieve high efficiency in HCHEs. Armstrong
et al. [31] conducted studies with the hybrid nanofluid con-
sisting of silver nitrate with molarities of 0.03 M, 0.06 M, and
0.09 M in graphene oxide (Ag-GO hybrid nanofluid), oper-
ating at a Reynolds number of 1,451 and a flow rate of 47 g/s.
They found the improvements in heat transfer coefficient,
Nusselt number, and thermal performance index as 62.9%,
33.55%, and 1.29%, respectively. Thus, the studies based on
experimental and numerical analyses performed by several
researchers revealed that varying the volume concentration
and Reynolds number for different nanofluids with the out-
put parameters such as decrement in pressure drop, Nusselt
number, and Dean number were tested and compared. Using
varying pressure and velocity during the inflow, Nashine and
Singh [32] examined the heat transfer, friction factor, pres-
sure differential, and Nusselt number of a helical coil tube
for various values of Dean number [ratio of coil diameter
(D) to tube diameter (d)]. According to their findings, the
helical tube’s heat transfer rises with a higher Dean number.
In laminar flow, pressure increases have no influence on
heat transfer, but in turbulent flow, they can have a negative
impact. Finally, studies conducted by several researchers
have reported that enhanced heat transmission augmenta-
tion is observed.

The majority of the analyses were carried out with either
keeping wall temperature or heat flux constant, as with the
boundary conditions. However, numerical research on
improving heat transmission characteristics for a helical
coil heat exchanger with conjugate heat transfer employ-
ing various configurations of internal longitudinal fins is
still lacking. Moreover, the research on HCHE is primarily
focused on nanofluids such as AL,O;, CuO and TiO,, how-
ever, numerical analysis of helical coil heat exchanger cir-
culated with ZnO nanofluids is rarely discussed. Also, the
curvature of the tubes induces centrifugal forces, which in
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turn result in the development of the secondary flow, lead-
ing to the enhancement in heat transfer. In addition to this,
the increase in the thermal conductivity of the base fluid
with the ZnO nanofluids enhances the rate of heat trans-
fer. Therefore, in this current work, the focus is to analyse
the effect of the curvature of the tubes and the effect of the
helical coil along with the circulation of ZnO nanofluids
in the helical coil heat exchanger. In this regard, the focus
is on comparing the heat transfer characteristics of the
helical coil heat exchanger using different concentration
of the ZnO nanofluids for a counter flow helical coil heat
exchanger. The numerical simulation using CFD and the
heat transmission characteristics, such as heat transmission
rate and coefficient, were analysed.

CFD MODELLING OF SPIRAL TUBE HEAT
EXCHANGER

Physical Model

Since the nanoparticles are mixed in the water and are
sent into the tubes of heat exchanger, the fluid is consid-
ered as a homogeneous mixture. Hence the fluid is mod-
elled as single-phase fluid. The model used for the flow is

A—-—l
1 @ 25.00

: 5.00—=

single phase model and the heat transfer is considered as
the conjugate heat transfer. Simulations were carried out on
HCHE with water - ZnO nanofluids of different concentra-
tions. The HCHE is schematically shown in Figure 1. The
thickness of the tube is 3 mm. The inner and outer diam-
eters of the tube are 15 mm and 18 mm respectively. The
distribution of the temperature of the hot and cold fluids
are shown in the temperature contours of the helical coil
heat exchanger circulated with the water and ZnO nanoflu-
ids. Initially, a 3D-HCHE is modelled with one pipe placed
concentrically inside the other larger diameter pipe. A 3D
numerical model of the HCHE is illustrated in Figure 2.
The modelling of the HCHE is carried out using the pro-
cedure outlined in the below sections. Initially, select the
first sketch in the x-y plane; then, extrude it up to a length
of 1600 mm. Next, extrude another sketch up to 1600 mm,
and the operation changes from adding material to adding
frozen. A procedure similar to that of extruding sketch3
and sketch4 up to 1600 mm length in the z-direction is
repeated, and the operation from adding material to adding
frozen is changed. By extruding the entire body and switch-
ing the operation by adding material to add frozen, four (4)
different parts and four (4) bodies, the details of HCHE are
displayed in Table 1.
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Figure 2. Geometry for meshing of helical coil heat exchanger.

Table 1. Particulars of the spiral tube heat exchanger

Part of the model Type of state
Helical fluid Fluid
Helical pipe Solid
Outer fluid Fluid
Outer pipe Solid

Computational Grid Generation

The mesh used is comparatively a coarser and has
mixed cells (tetra and hexahedral cells) with boundary
faces that are triangular and quadrilateral as shown in
Figure 3. But every attempt is made to use tetrahedral cells
as much as possible, with the goal of minimizing diffu-
sion by carefully defining the mesh’s structure, especially
in the vicinity of the wall region. However, a fine mesh is
produced after wards. For this thin mesh, the boundar-
ies and areas of high pressure and temperature gradients
are finely mesh. Turbulence modelling for the near-wall
treatment depends mainly on the value of y+ is indicated
as a non-dimensional distance, commonly employed to
predict the mesh’s fineness or coarseness for a specific
flow pattern and ascertain the ideal cell size to domain
walls. In addition, the y+ value near the wall is con-
strained due to the turbulence model wall laws. As an
illustration, the typical k-epsilon model requires a wall y+
value between 300 and 100. However, to get higher val-
ues of y+, a greater flow velocity near the wall requires
a reduction in grid size. Table 2 presents the values for
different wall treatments, and Table 3 presents the mesh
details employed in this experiment.

Mesh quality is an important parameter, which shows
that the worst cells will have an orthogonal quality, which

Figure 3. Closed view of mesh parts of helical coil heat ex-
changer.

will be close to 0. But the best cells possess orthogonal qual-
ity which is very close to 1. The mesh attributes like orthog-
onal quality and the skewness are assessed. Minimum and
maximum orthogonal qualities achieved were 0.38 and 1.0
restrictively while the maximum skewness achieved is 0.5.
The numerical model is meshed using the coarse mesh
initially with 500000 elements and is modified to medium
mesh with the elements of the mesh being increased to
1000000. Finally, the model is meshed with fine meshing
containing the mesh elements of 2000000. First, there is a
noticeable difference in the outlet temperature. The vari-
ation in the outlet temperature became stable when the
mesh was taken into consideration. It was discovered that
the outlet temperature variation was less than one suggest-
ing that the outcomes are not influenced by the mesh that
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Figure 4. Grid independence study.

Table 2. y+ values for different wall treatments

2000000

Wall treatment method Recommended y+ value Used y+ value at tube wall
Standard wall function 30<y+<400 y+<5
Non equilibrium wall function 30<y+<100 y+<5
Low Reynolds number model y+=1 y+<1
Table 3. Details of the mesh For a.two— dlmensmr%al (2-D) incompressible ﬂu1.d ﬂow,
the Navier-Stokes equation (momentum conservation) is
Feature Type and range given below
Relevance centre Fine meshing 5 5
ou ou ou op o’'u  9Jdu
Smoothing High — +U—+V—=———+ > +— 2)
. ot ox ay ox ox ay
Size 0.7479 mm to 74.797 mm
Number of nodes 1045694 ) ) ) ) )
Number of elements 203592 For a two- dimensional (2-D) incompressible fluid

was used. As such, fine mesh is taken into account in this
research. Grid independence study is illustrated in Figure 4.

Governing Equations
Navier Stokes equations are used for solving the equa-
tions. Continuity, momentum and energy equations [33]
are considered for solving the numerical problem. k-epsi-
lon (k-¢), turbulence model is used for analyzing the turbu-
lence in the tubes of the heat exchanger. The conservation
equations which control the core equation generally used in
analytical fluid dynamics and CFD, are given below.
For a two- dimensional (2-D) incompressible fluid flow,
the continuity equation (mass conservation) is written as
ou v
—+

—=0
ox ady 1)

flow, the energy conservation equation is given as

oT oT T k (d*T o°T
PYCILEPN (3)

—tU—+V—=— |+
ot ox ay pc, |\ ox”  dy

The generalised heat diffusion equation of conduction
is given as

0L T eg @)
ot
The heat transmission coefficient (h) for convection
based on Newton’s law of cooling, given as

q=h(T,~T.)=hAT (5)

where, T; is the temperature over the surface, T, is the
temperature of the fluid and % is the average heat transfer
coefficient (W/m?-K).
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It is well recognized that there are two forms of con-
vection: forced convection, which occurs when fluid flow is
created by external devices like fans and blowers, and natu-
ral convection, which occurs when fluid moves because of
buoyancy.

1

ho ATH (6)

1

hoc AT3 (7)

where h = constant

However, a generalised heat (Q) equation for conduc-
tion to represent the influence of fluid motion, assuming
fluid to be incompressible, constant properties, negligible
shear heating and neglecting changes in kinetic as well as
potential energy is given as

GT 2 .
pc;+u VT =kV'T +q (8)

Also, the distribution of temperature in the boundary
layer is solved to calculate ‘h’ using Fourier’s law given as

q k oT
h= T T oy 9)
w e 0¥ y=0

T -T.

w o

The fluid flow as well as the problems of heat transfer
can be tightly integrated over the term of convection in the
equation of energy when the features rely on temperature.

The Analogy Between Heat Transmission and Momentum
In forced convection analysis, we are primarily inter-
ested in the determination of quantities such as local fric-
tion coefficient, Cg, and Nusselt number. It is desirable to
have a relation between Cg and Nusselt number, so that
we can calculate one while other is available. Such rela-
tionships are developed on the basis of similarity between
momentum and heat transfer in boundary layers, known as
Reynolds analogy. For a given geometry, the friction coeffi-
cient can be expressed in terms of Reynolds number and x
(dimensionless space variable) [34] given as

c 2L =Nu_ (Pr=1) (10)

Therefore, Eq. (10) is a significant similarity because it
makes it possible to calculate the heat transmission coeffi-
cient of fluids with a Prandtl number, Pr=1, using the fric-
tion coefficient, which is more easily measured. Similarly,
another alternative way to express the Reynolds analogy is
mentioned in Eq. (11).

g,x =st.  (Pr=1) (11)
where st = h Nu (12)

c V:Re Pr
pp

is the Stanton number, another dimensionless heat
transfer coefficient.

In order to solve the four unknown (u, v, p, and t)
parameters, the incompressible flows involving tempera-
ture differences that lead to density differences and buoyan-
cy-driven flows require the use of four equations they are:
continuity, two halves of the N-S equation, and one energy
equation.

The unknowns u, v, and P are determined using the
continuity and Navier-Stokes equations. Further, these
unknown calculated values’ u’ and v’ are substituted in the
energy equation to obtain an unknown temperature; hence,
the procedure is termed as coupling the energy equation
with the continuity and momentum equations.

Boundary Conditions

Model requirements serve as the foundation for establish-
ing boundary conditions. The intake condition is specified as
the flow rate (rh), while the exit condition is determined by
pressure. The heat exchanger model is designed as a count-
er-flow and parallel-flow model with two (2) tubes comprising
two inlets and two outlets. A no-slip criterion was established
for every wall, and each has its own specification and corre-
sponding boundary conditions. Further, each wall is set to zero
heat flux, except for the tube walls, and the details of all the
boundary conditions are represented in Table 4. The outside
diameter of the tube is 18 mm and the inside diameter is 15
mm. The hot fluid is flowing through the outside diameter and
the cold fluid is flowing through the inside diameter. The outer
and inside tube diameters are depicted in Figure 1. The tem-
perature distribution across the inner and outer diameters of
the tube are depicted in the temperature contours of the helical
tube and helical tube circulated with the ZnO nanofluids. The
named selections of the boundary conditions are depicted in
Figure 5. “A” represents the inlet of the cold fluid, “C” denotes
the outlet of the cold fluid. While “D” represents the inlet of the
hot fluid and “B” denotes the outlet of the hot fluid.

hot inlet

- cold inlet
- hot outlet

- Cold outlet

- hot inlet

Figure 5. Named selections of the boundary conditions.
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Table 4. Boundary conditions for parallel and counter flow heat exchangers

Inlet condition Boundary Mass flow rate at Turbulent Hydraulic Temperature
condition type inlet (kg/s) intensity (%) diameter(mm) (K)

Hot inlet Mass flow inlet 0.0091 4.6 20 353

Hot outlet Pressure outlet - 4.6 - -

Cold inlet Mass flow inlet 0.025-0.125 3.6 35 288

Cold outlet Pressure outlet - 3.6 - -

RESULTS AND DISCUSSION

Contours of Plain Tube

The contours shown in Figure 6 (a-c) depict the tem-
perature (T), pressure(p), and velocity (v) distribution
along the heat exchanger for the plain tube at a rh of 0.175
kg/s. These contours represent the distribution of the hot
and cold fluids through the helical coil HE with water cir-
culating in the heat exchanger tubes. In addition, the max-
imum pressure distribution of the heat exchanger arises at
407 Pa on the tube side and 38.84 Pa on the shell side, as
depicted in Figure 6 (a). Further, the heat exchanger tem-
perature distribution showed a maximum temperature of
352.9 K, as illustrated in Figure 6 (b); however, the picto-
rial representation illustrated that the temperature on the
tube side was reduced from 353 K to 318.14 K since the heat
transmission between the hot and cold fluids was observed.
Similarly, Figure 6 (c) represents the velocity distribution
in heat exchanger through a variation in the velocity (v) of
0.169 m/s on the tube side.

Pressure

Sl A e o
oo ol
- 3.2526+002 '
| 284304002 3.400e+002 3
243404002 3.3350+002
2.0256+002 3.270e+002
1.616e+002 3.205e+002 -
1.207e+002 3.1400+002
7.979+001 3.075e+002 ®
3.88%+001 3.010e+002 .
lpal.2.012e+0w I 2.9450+002 ..
2.880e+002
[K] !
(@) ® \&

ZnO Contours

Case 1: Simulation of HCHE for ZnO with volume
loading of 1% and flow rate, 1 = 0.075 kg/s

The distribution of hot and cold fluid through HCHE
with a 1.0% ZnO mixture is illustrated in Figure 7 (a-c),
and the heat exchanger pressure distribution represents the
occurrence of a maximum pressure of 407 Pa at the tube
side and 3.816 Pa at the shell side is shown in Figure 7(a).
This depicts that there is a reduction in the pressure which
is due to the circulation of the ZnO nanofluids in the tubes
of the heat exchanger. This drop is attributed to the relative
movement of the ZnO nanoparticles with respect to the
wall and the intermixing of the nanoparticles in the tubes
of the heat exchanger. There arises a wall friction as well as
internal friction between the nanoparticles due to the bulk
flow mixing of the nanoparticles in the fluid. This results in
the drop in pressure in the HCHE. Also, the temperature
distribution of the HE illustrates a maximum temperature
of 352.9 K, which is recorded in Figure 7(b). However, it is
noticed from the figure that the temperature on the tube
side was reduced to 298.257 K from 353 K due to the heat

Velocity
Contour 1

. 1.669e-001

1.502e-001
1.336e-001
1.169e-001
1.002e-001
8.347e-002
6.678e-002
5.008e-002

3.33%e-002
I 1.669e-002

0.000e+000
[m s”-1]

(©

Figure 6. (a-c) Contours of water as a cold side fluid for a mass flow rate of 0.175 kg/s.
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Figure 7. Contours of 1% ZnO as a cold side fluid for a mass flow rate of 0.175 kg/s for ZnO with volume fraction of 2%

and 1h=0.075 kg/s.

transmission effect between hot and cold fluid. The reason
for this is attributed to the increase in the heat transmis-
sion due to the circulation of the 1% ZnO nanofluids in the
tubes of the heat exchanger. This is in turn attributed to the
increase in the thermal conductivity of the base fluid. In
addition, the velocity distribution of the heat exchanger is
one of the effective parameters, and it was noticed that the
maximum velocity occurred at 0.152 m/s on the tube side,
which is depicted in Figure 7 (c). This indicates a decrease
in the velocity of the working fluid because of the friction
between the walls and the ZnO nanofluids. Consequently,
there is a decrease in the centre line velocity of the fluid and
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thus there is an enhancement of the heat transfer because
of the increase in the retention time of the working fluid.

Case 2: Simulation of HCHE

The distribution of hot and cold fluid through the heli-
cal coil HE with a 2% ZnO mixture is represented in Figure
8 (a-c). The pressure distribution in the heat exchanger
generated extreme pressure at 407 Pa and 7.483 Pa at the
tube and shell sides, as depicted in Figure 8(a). similarly,
maximum value of 352.9 K was observed in the distribu-
tion of temperature in the HE, as portrayed in Figure 7(b);
therefore, it is evident from Figure 8(b) that the tempera-
ture on the tube side is reduced from 352.9 K to 304.35
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Figure 8. Contours of 2% ZnO as a cold side fluid for a mass flow rate of 0.175 kg/s.
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Figure 9. (a-c) Contours of 3% ZnO as a cold side fluid for a mass flow rate of 0.175 kg/s.

K with a decrement of 13.75%, this change is due to the
existence of the heat (Q) transmission between hot as well
as the cold fluids. The reason for this is again attributed to
the increase in the concentration of the nanofluid, which
increased the base fluid’s thermal conductivity. Further, the
Brownian motion of the nanofluid resulted in proper mix-
ing of the nanoparticles with the base fluid and resulted in
the enhancement of the heat transfer coefficient and thus
in the enhancement of Nusselt number. The distribution of
the velocity of the heat exchanger is represented in Figure
8(c) and resembles the maximum velocity occurrence of
0.419 m/s at the tube side. This depicts that the velocity is
further reduced because of the wall friction and internal
friction between the nanoparticles in the base fluid.

Case 3: Simulation of HCHE for ZnO with Volume
Fraction of 3% and hm=0.075 kg/s

The distribution of hot and cold fluid through the heli-
cal coil HE with a 3% ZnO mixture is depicted in Figure
9 (a-c). The distribution of pressure in the heat exchanger
is represented in Figure 9(a), which shows that the maxi-
mum pressure of 407 Pa and 23.03 Pa occurred at the tube
and shell sides. This depicts that even though there is an
increase in the concentration, there is not much drop in
the pressure in comparison with the enhancement in the
heat transfer. Hence, there is not much penalty in terms of
friction factor. Similarly, the temperature distribution in the
HE is portrayed in Figure 9(b); therefore, from the simula-
tion, the changes in the figure indicate that the maximum
temperature occurring is 352.9 K. However, the recorded
values from the simulation reported that the temperature
on the tube side was reduced to 293.72 K from 353 K due
to the heat transmission between hot and cold fluid. From
this figure, it was observed that there is an enhancement of
heat transfer of 39% than the base fluid. This is because of

the reduction in the temperature with the increase in the
circulation of the ZnO nanofluids. On the other side, the
velocity distribution of the heat exchanger is demonstrated
in Figure 9(c), confirming that the maximum velocity at the
tube side was recorded as 0.3948 m/s.

Figure 10 presents the variation in heat transmission
coefficient with flow rate (rh) for water ZnO nanofluids of
various concentrations, i.e., 1%,2%, and 3%. It gives a clear
idea about how the heat transmission coefficient rises with
the increased concentration of ZnO nanofluids. The obser-
vation from Figure 10 resembles that at 3% concentration of
ZnO, the heat transmission coefficient is 39% higher than
that with the base fluid. These changes occurred because of
the Brownian mixing of the ZnO, nanofluids with the base
fluid and the rise in thermal conductivity (K) of the carrier
fluid due to the addition of the ZnO, nanoparticles. In a
similar approach, the variation of friction factor with the
flow rate for H,O, ZnO nanofluids of various concentra-
tions at 1.0%, 2.0% and 3.0% are plotted in Figure 11. The
observation from the figure confirmed that the friction fac-
tor was 1.12 times greater with a 3% concentration of ZnO
than the carrier-fluid by virtue of the collision between the
nanoparticles and the nanoparticles with the walls. This
results in the pressure drop inside the tubes. The heat trans-
fer coefficient and friction factor of TiO, nanofluid flowing
in a double pipe heat exchanger with and without helical
coil inserts were experimentally studied by Reddy and Rao
[35]. Helical coil inserts increased heat transmission and
friction factor by 13.85% and 10.69%, respectively, accord-
ing to the trial results 0.02% of the base fluid’s nanofluid.
Abu-Hamdeh et al. [36] showed that the Nusselt number
will rise by 64.7%, 59.9%, 73.5%, and 62% for the semi-cir-
cular, quadrant, circular, inner side, and annulus side,
respectively, if the Reynolds number is doubled in a helically
coiled DPHE with the above cross-sections. Additionally, it
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was determined that a greater Reynolds number enhances
the performance of the inner side, semi-circular, annulus
side, and quadrant-circular cross-sections in that order.

CONCLUSION

Numerical simulation of a spiral tube heat exchanger
is done with the heat transmission between shell to tube
where the spiral tube is used to transport the cold fluid at
a ‘m’ of 0.025 to 0.175 kg/s being considered for the nano-
fluid homogenous mixture of 1% 2% and 3% respectively
for zinc oxide and each of the cases is simulated with dif-
ferent volume fraction and all the masses from the results
obtained with 3% volume concentration the heat transmis-
sion obtained is more compared to other cases compared
for Nusselt number. The following conclusions are drawn:

1. The obtained results demonstrate that the heat trans-
fer coefficient and friction factor enhanced by 39% and
1.12 times respectively using 3% concentration of ZnO
nanofluid when compared with the plain tube.

2. The results indicate that the enhancement in the heat
transfer is because of the helical shape of the coil, the
increase in the thermal conductivity of the base fluid
with the suspension of ZnO nanoparticles and the cen-
trifugal forces that act on the fluid because of the helical
coil in the heat exchanger.

3. The results also indicated that there is a less pressure
drop which is offset by enhancement of heat transfer.
Finally, it can be concluded that the ZnO nanofluids can

be used as heat transfer fluids in helical coil heat exchanger

for better heat transfer.

NOMENCLATURE

kw Kilowatt
USD/g United States Dollar per gram

g/L Gram per liter
CuO  Copper oxide
ZnO  Zinc oxide
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