
Contents lists available at ScienceDirect

Case Studies in Thermal Engineering
journal homepage: www.elsevier.com/locate/csite

Numerical exploration of the impact of fluid type in a uniquely
designed shell and spiral tube heat exchanger
Naim Ben Ali a, Dheyaa Jumaah Jasim b, Saman Aminian c, Pradeep Kumar Singh d,
Husam Rajab e, Ismail M.M.Elsemary f, g, Lioua Kolsi h, Neaman Sohrabi i,
Reza Haddadvand i, Seyyed Amirreza Abdollahi j, *

a Department of Industrial Engineering, College of Engineering, University of Ha'il, Ha'il City 81451, Saudi Arabia
b Department of Petroleum Engineering, Al-Amarah University College, Maysan, Iraq
c Department of Civil Engineering, College of Engineering, Cihan University-Erbil, Erbil, Iraq
d Department of Mechanical Engineering, Institute of Engineering and Technology, GLA University, Mathura, U.P., India
e College of Engineering, Mechanical Engineering Department, Alasala University, King Fahad Bin Abdulaziz Rd., P.O.Box: 12666, Amanah: 31483,
Dammam, Kingdom of Saudi Arabia
f Department of Mechanical Engineering, College of Engineering, Northern Border University, Arar, 91431, Saudi Arabia
g Combustion and Energy Technology Lab, Mechanical Engineering Department, Shoubra Faculty of Engineering, Benha University, 108 Shoubra Street,
Cairo, Egypt
h Department of Mechanical Engineering, College of Engineering, University of Ha'il, Ha'il City, Saudi Arabia
i Department of Mechanical and Mechatronics Engineering, Southern Illinois University, Edwardsville, IL, USA
j Faculty of Mechanical Engineering, University of Tabriz, Tabriz, Iran

A R T I C L E  I N F O

Handling Editor: Huihe Qiu

Keywords:
Thermohydraulic performance
Shell-and-coil tube heat exchanger
Friction coefficient
Hybrid nanofluid

A B S T R A C T

Shell and spiral tube heat exchangers are widely favored in refrigeration and applications such as
heat recovery systems, food processing, and heat storage. Researchers' primary focus is to dis-
cover a simple and cost-effective approach to improve the efficiency of heat exchangers. The re-
search employed a specially designed shell and spiral tube heat exchanger to enhance efficiency.
This research involved utilizing ANSYS FLUENT CFD software to analyze the thermodynamic effi-
ciency and predict heat transfer in the specified converter. The analysis incorporated factors such
as displacement velocity coefficient and friction coefficient. Researchers are focused on finding a
simple and cost-effective approach to improve the efficiency of heat exchangers. Furthermore,
the selection of nanohybrid fluids is a crucial factor influencing the thermohydraulic perfor-
mance of shell and spiral tube heat exchangers. Among the three fluid nanohybrids chosen for
simulation, the water nanohybrid exhibited superior temperature performance, surpassing all
other liquids. Furthermore, the optimal thermal performance for the hybrid nanofluid was ob-
served at φ1 = φ2 = 0.7.

1. Introduction
Many people mistake the spiral heat exchanger for a modern invention. However, a spiral pattern was first proposed in the 19th

century. The delay in progressing to a complete product until the 1930s was caused solely by an absence of suitable materials and
manufacturing methods. The utilization of spiral heat exchangers has been on the rise, with their application expanding across sectors
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Table 1
Specifics relating to the shell and tube, which are helically twisted [27].

Parameter Value

Interior diameter of coiled tube 0.007
Exterior diameter of coiled tube 0.008
Coil diameter 0.1
Coil pitch 0.017
Number of turns 18
Shell diameter 0.15
Shell height 0.377
Inner tube diameter 0.060
Inner tube height 0.335

like chemicals, steel, pulp, and paper. S. Kim et al. [1] researched shell coil and helically shaped tube heat exchangers, exploring dif-
ferent dimple configurations across various Dean numbers and input temperature rangesThe pressure drop, Nusselt number, and tem-
perature difference were computed using three-dimensional Reynolds-Averaged Navier-Stokes (RANS) equations. An optimal node
count of approximately 190 million was determined through grid dependency analysis. The numerical findings aligned closely with
experimental data, showing that inline and staggered configurations exhibited the highest temperature differences and lowest pres-
sure reductions. A study by A. Alimoradi et al. explored the application of annular fins to enhance heat transfer between the shell and
the helical coil heat exchanger. Thirteen heat exchangers were designed and tested across three different shell-side Reynolds num-
bers. Two approaches were employed to validate the numerical model: comparing heat transfer coefficients on the shell sides through
approximation methods and conducting thermal transfer calculations. The results showed that heat transfer rates can increase by up
to 44.11 % within the range of 7500–30000 [2]. This study addresses the critical question of efficiently removing heat from surfaces
with high-temperature flux using tabulators and components with specific geometries [3]. This study's critical hypothesis revolves

Figure (1). Schematics of the computational domain.
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Figure (2). The results of the validation tests carried out on the current numerical model.

Figure (3). Mesh independence study for outlet temperature.

around enhancing turbulence and heat transfer, which can elevate fluid temperature through increased planes of transfers and vortex
formation. Focusing on turbulent flows within the curved tube of a solar collector, the research examines the effects of two distinct
spring inserts with varying spacings on flow dynamics [4]. M. Paikar and colleagues [5] investigated how utilizing turbulators of dif-
ferent shapes affected the overall heat transfer coefficient (HTC) and flow pressure drop. The findings indicated that the single and
double-blade turbulators (SBT and DBT) raised the heat transfer coefficient (HTC) and pressure drop (PD) inside the tubes of the Shell
and Tube Heat Exchanger (STHE). A.K. Rostami et al. [6] studied the finned tube heat exchanger with a shell and helical coil configu-
ration. The findings indicate that the average Nusselt number remains constant on the coil side across all geometries, with minimal
impact from Reynolds number variations on either side. In a study by M. Javidan et al. [7], heat storage in a heat exchanger using ec-
centric pipes and melting Paraffin RT50, an organic substance, was explored. The study focuses on heat transfer in a heat exchanger
incorporating paraffin phase change material, explicitly determining the latent heat energy efficiency of the RT50 substance. M.A. Er-
fani Moghaddam and colleagues [8] investigated the incorporation of metal foam and fins in a triple concentric tube heat exchanger
to examine the evolution of the melting process. Danial Salehipour and colleagues [9] studied the effectiveness of a spiral geometry
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Figure (4). For the proposed model, a grid has been produced.

Table 2
The thermophysical properties of the working fluid and coil (steel).

Property Water Water/Cuo_MOS2( ∅ = 0.3%vol) Water/Zno_Al2O3( ∅ = 0.3%vol)

ρ [Kg/m3] 998.2 1029.915 1016.534
Cp [j/Kg − K] 4182 4172.265 4176.429
k [w/m − K] 0.6 0.6072 0.60654
μ [Kg/m − s] 0.001003 0.001010 0.001010

economizer. Their research showed that in the third scenario, the cold-water outlet temperature was 2.85 % higher than in the first
scenario. Additionally, the third scenario exhibited a maximum improvement of 1.39 % compared to the second scenario. This re-
search [10] uses a local thermal non-equilibrium (LTNE) model to examine heat transfer processes in a porous fin, considering natural
convection and radiation influences. The study shows that lowering the Rayleigh and Biot numbers decreases the temperature profiles
of the solid phase. Furthermore, the temperature difference between the solid and fluid phases diminishes with a low Rayleigh and a
high Biot number. Saeed Dinarvand and colleagues [11] examined the impact of an oblique magnetic field and temperature-
dependent thermal conductivity to reduce the heat transfer rate. The findings indicate that incorporating temperature-dependent
thermal conductivity and an oblique magnetic field decreases heat transfer. The reference research [12] investigates the transient per-
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Table (3)
Specifications of the network related to the mesh specification.

Mesh specification

Method: Patch Conforming, Tetrahedrons
Body Size Type: Element Size
Size Function: Curvature, square
Quality: Medium
Medium Mesh: Element Size: 0.5 mm

Nodes: 1414496
Fine Mesh: Elements: 1518981

Nodes: 1618221

Table (4)
Characteristics of mixed nanofluids Water/Zno_Al2O3 with different volume percentages.

Property Water Water/Zno_Al2O3( ∅ = 0.1%vol) Water/Zno_Al2O3( ∅ = 0.3%vol) Water/Zno_Al2O3( ∅ = 0.5%vol)

ρ [kg/m3] 998.2 1003.661 1016.534 1033.789
Cp

[
j∕kg − k] 4182 4178.421 4176.429 4165.210

k [w/m − k] 0.6 0.6059 0.60654 0.62139
μ [Kg/m − s] 0.001003 0.0010025 0.001010 0.0010126

formance of a solar power facility equipped with a parabolic receiver across different locations in Iran (6 cities). It evaluates the influ-
ence of integrating a latent heat storage system within the setup. Among the phase change agents (PCM) considered, NaNO3 exhibited
the best performance in the latent heat storage system, while H250 showed the weakest performance. A grooved spiral wound heat
exchanger (GSWHE) was recommended to improve the heat transfer efficiency of the spiral wound heat exchanger. An experimental
test setup was established to assess the heat transfer efficiency by comparing the performance of a spiral wound heat exchanger
(SWHE). When water flow rates are reduced, the GSWHE's overall heat transfer coefficient is higher than that of the SWHE. The Wil-
son plot method was used to determine the heat transfer coefficient on both sides. Compared to the empirical correlation, there is an
error of approximately 30 % for the SWHE's heat transfer coefficient on its tube side. The findings also indicate an apparent enhance-
ment in heat transfer on the shell side of the GSWHE due to the presence of grooves. The overall performance of GSWHE was 1.23
times higher than that of SWHE, considering efficiency as a parameter, as stated in Refs. [13–19]. In the research outlined in citation
[20], numerical analysis is conducted on the heat transfer and fluid flow within a dual-coil heat exchanger featuring a novel swirl
generator that integrates a curved structure within the inner channel (hot side). Moreover, a larger inner radius of the turbulator im-
proves heat transfer rate and effectiveness. Numerical simulations shall assess the thermal performance of a hydraulic double sole-
noid tube heat exchanger with a spiral configuration. Reference 21 is based on a new vortex generator consisting of two parts: the out-
ermost curved blades, which have 2 holes in the interior section, and the semicircular blade, with 2 holes in the inside part. The study
discussed in Ref. [22] investigates the heat transfer and pressure drop properties of a cone helically coiled tube heat exchanger using
MWCNT/water nanofluids. The study indicates that, even 45 days after preparation of MWCNT Water nanofluids, they are stable and
have not produced significant nanotubes in the inner walls of the tubes. This document introduces a numerical method for approxi-
mating partial differential equations that describe a common magnetic problem using the Spectral Element Method (SEM). This ap-
proach is believed to be the first of its kind [23]. This paper explores domain decomposition utilizing the principles of the Perfectly
Matched Layer (PML) through the Spectral Element Method (SEM) for the first time. This method aims to efficiently solve near and far
electromagnetic fields with minimal computational resources [24]. This research centers on utilizing an artificial neural network
(ANN) to identify the most effective parameter values for heat transfer in a mixed convection process. The initial phase of the study
involved performing Computational Fluid Dynamics (CFD) simulations to analyze the effects of different Grashof numbers [25]. Com-
bined heat and power systems offer notable benefits in the present energy crisis scenario [26]. One of the key components frequently
employed in such systems is the spiral heat exchanger (SHE). Several significant failure modes (FMs) exist that can reduce the effi-
ciency of these devices [27] (see Table 1).

This research employed a uniquely designed shell and spiral tube heat exchanger to enhance efficiency. Additionally, ANSYS FLU-
ENT, a computational fluid dynamics (CFD) software, was utilized to anticipate the target converter's thermohydraulic performance
and heat transfer attributes. This included parameters such as convective heat transfer coefficient and friction coefficient. The main
aim of the simulation in this study is to determine the suitable nanohybrid fluid for the spiral shell and tube heat exchanger to achieve
enhanced thermal efficiency.(See Table 2)

2. Governing equations and boundary conditions
The equations dictating mass, momentum, and energy conservation can be formulated as follows [20,21]:

𝜕𝜌

𝜕t
+ ∇.

(
𝜌v
)
= 0 (1)
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Figure (5). Changes in convective heat transfer coefficient at various Reynolds numbers for the fluid flowing through the spiral coil.

Figure (6). Changes in the Nusselt number based on convective heat transfer coefficient at various Reynolds numbers for the fluid passing through.

𝜕
(
𝜌v
)

𝜕t
+ ∇.

(
𝜌vv

)
= −∇p + ∇.

(
𝜇∇v

) (2)

𝜕
(
𝜌cpT

)

𝜕t
+ ∇.

(
v
(
𝜌cpT

))
= ∇ (k∇T) (3)

Here, ρ, μ, k, and Cp denote the density, viscosity, thermal conductivity, and heat capacity of the working fluid. Additionally, T, v,
and (P) represent the temperature, velocity, and pressure, respectively. The average Nusselt number (Nuave), friction factor (f), and
overall performance (η) are defined as follows [20,21]:

Nuave =

hmdh

k
(4)
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Figure (7). State of heat transfer between two fluids.
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Figure (8). Pressure drop changes for three types of working fluid.

Figure (9). Friction coefficient changes for three types of working fluid.

f =
2dhΔp

𝜌u2L
(5)

𝜂 =

(
Nu

Nu0

)(
f0

f

) 1

3 (6)

Here, dh and L represent the diameter and hydraulic length of the pipe, respectively. Hm denotes the average convective heat
transfer coefficient, where the subscript 0 signifies the flow mode of the base fluid (water). Δp represents the pressure drop. The criti-
cal Reynolds number in the spiral tube can be calculated using a specific correlation formula, which is:
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Figure (10). To determine the best converter mode, changes in the thermal performance coefficient shall be taken into account.

Figure (11). The influence of particle concentration on the convective heat transfer coefficients.

Re
cr
= 2300

[
1 + 8.6

(
r

R
c

)0.45
]

(7)

Here, r and RC represent the pipe and coil ring radii, respectively. In this study, r = 3 mm and RC = 50 mm. Using Equation (7),
the critical Reynolds number Recr = 7877 can be calculated for this situation. Additionally, the critical Reynolds number proposed by
Ito [21] is:

Re
cr
= 20000

(
r

R
c

)0.32

(8)

This article utilizes water as the base fluid and incorporates four hybrid nanofluids containing copper, molybdenum disulfide, alu-
minum oxide, and zinc. These nanofluids are mixed with water at a specific volume percentage of 0.3 %, and a unique chemical com-
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Figure (12). The effect on Nusselt number of the volume concentration of the desired fluid nanohybrid.

Figure (13). Changes in value of pressure drop due to the volumetric concentration of nanohybrid.

position is employed in the geometry discussed in the article. This specific hybrid nanofluid is selected for its elevated heat capacity,
which enhances the thermal efficiency of the converter, and its high mass-to-volume ratio. Additionally, their solubility in the base
fluid makes them a preferred option for utilization.

ZnO_Al2O3 nanoparticles dispersed in water at volume concentrations ranging from 0.1 % to 0.5 % serve as the heating medium
within the spiral tubes. The density and specific heat of the nanofluid were calculated using Eqs. (9) and (10) based on the mixture
rules. The thermal conductivity and viscosity of the nanofluid were predicted using two empirical correlations introduced by Cor-
cione [25] (Equation (11) and (12)). In Equations (9)–(12), the temperature-dependent thermo-physical properties of water were in-
corporated.

𝜌nf =
(
1 − 𝜑p

)
𝜌f + 𝜑p𝜌p (9)

(
𝜌Cp

)
nf

=

(
1 − 𝜑p

) (
𝜌Cp

)
f
+ 𝜑p

(
𝜌Cp

)
p (10)
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Figure (14). Changes in friction factor value based on volumetric concentrations of fluid nanohybrid.

𝜆nf

𝜆f

= 1 + 4.4Re0.4
br

Pr0.6

(
T

Tfr

)10(𝜆p

𝜆f

)0.03

𝜑0.6
p

(11)

𝜇nf

𝜇f

=

1

1 − 34.87

(
dp

df

)
−0.3

𝜑1.03
p

(12)

ρ nf is the density of nanofluid particles, ρf is the density of the base fluid, φp is the fluid concentration, ρp is the density of the
fluid,Cp is the specific heat, λnf is the thermal conductivity of nanofluid, Re is the Reynolds number, Pr is the Prandtl number, Tfr is
the temperature of the freezing point of the base fluid, λp is the thermal conductivity of particle, μnf is the viscosity of nanoparticles,
and dp is the tube diameter (see Fig. 1).

2.1. The studied geometry
As depicted in Fig. 2, this specific shell and tube converter configuration deviates from conventional designs. In this setup, a hol-

low tube is placed inside the shell, enabling the cold liquid to enter the shell through this tube. In simpler words, the cold fluid first
enters the shell side's inner tube and then moves into the main shell, passing over the spiral coil. Eventually, it exits the shell, as
shown in Fig. 2. This technique permits fluid flow regulation on the shell side, enhancing the converter's thermal efficiency.

2.2. Numerical procedure
This issue is addressed by solving it using the finite volume method in the ANSYS FLUENT 18.2 commercial computational simula-

tion software. The distribution of mass, momentum and energy conservation equations is based on a Second Order Upwind scheme.
The velocity-pressure coupling is managed using the SIMPLE algorithm. The Gradient Evaluation using the GreenGauss Cell Based
Methodology is carried out. In addition, for residuals of continuity, momentum, and energy, the convergence criterion 10−6 is set.

2.3. Verification investigation of employed numerical model
Careful alignment of geometrical conditions and equations to the problem is vital for a numerical model to be validated effec-

tively. The above numerical method was applied by comparing the Nusselt number for flow within the conical coiled tube at different
Reynolds numbers, referencing a relevant article [21]. The Dean number and the mean Nusselt numbers shall be determined as fol-
lows:

De = Re ×

(
di

2 × Rc

)0.5

(13)

Nui =

(
hi × di

k

)
(14)
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Figure (15). The process of fluid movement in the desired exchanger and heat transfer between two fluids.

The heat transfer within the internal spiral tubes and the corresponding formula for heat transfer can be determined as per the fol-
lowing equation:

Q = hi × Ai ×
(
TWall − Tbulk

)
(15)

Corresponding to the boundary condition of the outer wall of the heat exchanger:

Tw = 0 (16)

Fig. 2 illustrates the results of a validation analysis for this numerical model. The numerical outcomes from the present model are
contrasted with the experimental findings [22]. For each Reynolds number, the numerical results of the problem-solving are com-
pared with experimental data. The validation outcomes show a reasonable error margin, demonstrating the reliability of the numeri-
cal model for validation purposes.

3. Mesh independency study
A grid independence study is necessary to determine the optimal size of the network and improve its cost and time effectiveness.

This research selected six grids with cell counts of 2000058, 4952861, 6731068, 8932518, and 10165818 for assessment. Fig. 3 gives
an overview of the results (see Fig. 4).

Table 3 displays the attributes of mesh distribution on the problem's geometry (see Table 4).

3.1. Relevant boundary conditions in the studied geometry
A hot fluid flow, including hybrid and nonhybrid nanofluids, flows into the spiral tube at the inlet boundary. Different Reynolds

numbers, particularly 1000, 1500, 2000, and 2500, are applied to the hot fluid. At the same time, a constant Reynolds number of
1500 keeps cold water flowing freely into the shell. Output pressure type shall be defined as the output boundary condition for the
spiral coil and the shell.

3.2. Boundary conditions of the wall
The outer shell wall will be thermally insulated, whereas the inner wall of the spiral coil will be regulated to control the heat trans-

fer within the tube.

4. Results and discussion
In this section, we will continue to analyze the results after reviewing the geometry studied and validating the present work. The

results will be presented in various graphs and contour charts representing the different modes of action.

4.1. Exploring the impact of the working fluid type on heat transfer and pressure drop in the intended exchanger shell or tube
For fluid flowing through a designated spiral coil, the figure below shows variations in convective heat transfer coefficient at vari-

ous Reynolds values. Three different types of working fluids with a volume concentration of 0.3 % shall be included in this evalua-
tion.

As seen in the figure above, the lowest value of the convective heat transfer coefficient is linked to a Reynolds number of 1000,
whereas the highest value is connected to a Reynolds number of 2500. This diagram demonstrates that raising the Reynolds number
enhances any fluid's vortex heat transfer coefficient. Moreover, the nanohybrid fluid Water/ZnO_Al2O3 demonstrates the highest con-
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Figure (16). Variations in the thermal performance value depending on the volume concentrations of the fluid nanohybrid.

vective heat transfer coefficient, indicating superior heat transfer efficiency between the two fluids with this particular nanofluid (see
Fig. 5).

The figure below (Fig. 6) illustrates variations in the Nusselt number, dependent on the convective heat transfer coefficient at dif-
ferent Reynolds numbers for the fluid flowing through the specified spiral coil. This examination involves three distinct types of work-
ing fluids.

This examination involves the three mentioned earlier; this figure shows that the fluctuations in the Nusselt number align with
those of the convective heat transfer coefficient. The Nusselt number also increases when Reynolds' numbers are increased—e distinct
types of working fluids. In addition, the nanohybrid fluid Water/Zno_Al2O3 appears to have the highest Nusselt value, while the base
fluid Water/Zno_Al2O3 appears to have the lowest value. This implies that, when using Water/Zno_Al2O3 fluid nanohybrid, the heat
transfer efficiency from one liquid to another is improved and these differences can be seen in the temperature distribution as de-
scribed below:

The best heat transfer between the two fluids occurs when the fluid nanohybrid Water/Zno_Al2O3 is used, as shown in Fig. 7
above. In this figure, the hot fluid has absorbed more heat than the cold fluid, decreasing temperature. Fig. 8 below depicts the
changes in pressure drop for three types of working fluids within the 1000 < Re < 2500 range.

The above chart shows an increasing trend with fluid nanohybrid changes, different Reynolds numbers, and a decrease in pres-
sure. The data indicates that the pressure drop for the two nanohybrid fluids is elevated compared to the base fluid, water. This can be
attributed to the increased viscosity of nanohybrid fluids compared to the base fluid. Additionally, the figure suggests that the peak
pressure drop linked to the nanohybrid fluid Water/Zno_Al2O3 is observed at a Reynolds number of 2500. Indeed, a heightened pres-
sure drop will result in greater energy consumption from the pump or necessitate increased pumping effort.

The diagram below (Fig. 9) displays the changes in the friction coefficient for three types of working fluids within the
1000 < Re < 2500 range.

Fig. 9 above shows lower Reynolds numbers and fluid velocities are associated with higher friction coefficients. Moreover, it is
clear that with an increase in fluid velocity, the friction coefficient decreases due to their inverse relationship, along with the quicker
escape of fluid from inside the tube and reduced contact of the fluid with the inner surface of the tube. The highest friction coeffi-
cient value is linked to the nanohybrid fluid Water/Zno_Al2O3.

Fig. 10 shows the differences between the thermal efficiency coefficients used as measurements to determine the converter's opti-
mum performance mode.

According to the figure above, using the Water/Zno_ Al2O3 fluid nanohybrid is recommended for improved efficiency in the in-
tended shell and tube heat exchanger. It is also observed that beyond a Reynolds number of 1500, the heat exchanger efficiency will
decrease when both types of fluid nanohybrid are utilized. In addition, according to the figure above, Reynolds number 1000 is asso-
ciated with a fluid nanohybrid Water/Zno _Al2O3 and constitutes the peak thermal efficiency of the targeted converter. The converter
efficiency shall be 21 % higher than that of the Water/Zno_Al2O3 fluid nanohybrid at the lowest Reynolds number when using the
Water/Zno_Al2O3 fluid nanohybrid.
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Table (5)
Comparison of the ratio of combined nanofluids Zno_Al2O3 at different temperatures and volume percentages.

Temperature Density ratio of Zno_Al2O3 nafluid in different volume concentration

φ = 0.1 φ = 0.3 φ = 0.5

300 1.1084 1.1278 1.1676
310 1.0954 1.1123 1.1590
315 1.0884 1.0911 1.1055
323 1.0639 1.0799 1.0902

4.2. Exploring the impact of the volume concentration of Water/Zno_Al2O3 nanohybrid fluid on heat transfer and pressure drop in the desired
converter

In this section of the review, we will examine how the volume concentration of the Water/Zno_Al2O3 nanohybrid fluid influences
the factors that affect the efficiency of the desired converter. In the following figure, the impact of the volume concentration of the
target fluid nanohybrid on the convective heat transfer coefficient is depicted as one of the indicators of heat transfer.

Above, Fig. 11 illustrates the impact of particle concentration on the convective heat transfer coefficient. The Reynolds number is
directly correlated with the convective heat transfer coefficient increase. The maximum heat transfer coefficient shall be achieved in
nanohybrid fluid with a volume concentration of 0.5 %. The incorporation of Zno_ Al2O3 further enhances the thermal conductivity of
nanofluids. Moreover, the incorporation of ZnO–Al2O3 nanoparticles delays the formation of the thermal boundary layer, enhancing
heat transfer between the two fluids. Fig. 12 displays the impact of the volume concentration of the target fluid nanohybrid on the
Nusselt number as a critical indicator of heat transfer.

The value of the Nusselt number increases as the Reynolds number and particle volume increase. Significant increases in the num-
ber of Nusselt compared to water at volume concentrations of 0.1 %, 0.3 %, and 0.5 % nanofluid hybrid Water_Al2 O3 are observed.
The enhancement in heat transfer results from thoroughly mixing water particles and Zno_Al2O3. In addition, the turbulent motion of
Zno_Al2O3 particles in base fluid disrupts formation of boundary layers and promotes secondary flows. The internal convective heat
transfer coefficient is directly correlated with the Nusselt number. Additionally, the Nusselt number increases as the convective heat
transfer coefficient and volume concentration are elevated. This is attributed to the enhanced heat transfer between the two fluids, as
illustrated in the figure below:

The following Fig. 13 depicts the variations in the pressure drop value depending on the volume concentrations of the
Water/ZnO_Al2O3 fluid nanohybrid at different Reynolds numbers.

The figure above illustrates the rising trend of pressure drop with alterations in the volume concentration of nanofluid particles
and Reynolds number. Compared to base fluid, the pressure drop for nanofluids with concentrations of 0.1 %, 0.3 %, and 0.5 % is
5 %, 12 %, or 15 % higher. The presence of additional ZnO_ Al2O3 particles causes the increased viscosity. It is also evident that the
peak pressure drop associated with the desired nanohybrid fluid happens at a volume concentration of 0.5 % and a Reynolds number
of 2500. The change in friction coefficient according to the various volumetric concentrations of Water and ZnO_Al2O3 nanohybrid
fluid, broken down by Reynolds number, can be found below Fig. 14.

The figure above illustrates the declining pattern of the friction coefficient with variations in the Reynolds number. Additionally,
it is noted that the friction coefficient value rises with an increase in the volume concentration of the nanohybrid fluid. This phenome-
non results from the increased viscosity and the presence of more ZnO_Al2O3 particles. Additionally, the highest friction coefficient is
observed at a volume concentration of 0.5 % and a Reynolds number of 1000, attributed to the lower velocity and enhanced contact
of the fluid with the pipe walls. An example of how the fluid moves from one liquid to another in a desired exchanger and heat trans-
fer shall be shown in Fig. 15.

As depicted in the above figure, the cold fluid flows through the section within the pipe between the spiral coils; this absorbs some
heat from the spiral coil during this passage. Subsequently, the fluid exits the pipe end and impacts the shell wall, inducing a rota-
tional motion. Heating should primarily take place between the two fluids. The figure below illustrates variations in the thermal per-
formance coefficient, representing the optimal performance mode of the desired converter for different volume concentrations of the
water/ZnO_Al2O3 nanohybrid fluid.

As per the above figure, utilizing a water/ZnO_Al2O3 fluid nanohybrid with a volume concentration of 0.5 % is recommended to
achieve higher efficiency from the desired shell and tube heat exchanger. It is also evident that employing volume concentrations
above 0.1 % at the lowest Reynolds number enhances the converter's efficiency under consideration. However, at the highest
Reynolds number (2500), the efficiency of the nanohybrid fluid with concentrations of 0.5 % and 0.3 % decreases, while for the fluid
with a concentration of 0.1 %, the efficiency increases. Furthermore, as depicted in the figure above (Fig. 16), the desired converter's
peak thermal efficiency occurs at a Reynolds number of 1500, associated with the water/ZnO_Al2O3fluid nanohybrid at a volume con-
centration of 0.5 %.

Table 5 displays the density ratio of ZnO–Al2O3 mixed nanofluid at various temperatures and volume percentages. The find-
ings indicate that as the volume percentage of nanofluids rises, along with enhanced heat transfer, the nanofluid ratio also in-
creases.
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5. Conclusion
This research employed a uniquely designed shell and spiral tube heat exchanger to enhance efficiency. Furthermore, the compu-

tational fluid dynamics (CFD) software ANSYS FLUENT was used to forecast the converter's thermohydraulic performance and heat
transfer characteristics, encompassing factors like the convective heat transfer coefficient and friction coefficient. The main objective
of the simulation in this study is to determine the most suitable nanohybrid fluid for the spiral shell and tube heat exchanger to
achieve enhanced thermal efficiency. Examples of the acquired results are illustrated below:
⁃ A significant factor influencing the thermohydraulic performance of shell and spiral tube heat exchangers has also been shown to

be the type of fluid nanohybrid selected.
⁃ The maximum thermal efficiency of the specified converter is observed at Reynolds number 1000 and linked to the fluid

nanohybrid Water/ZnO_Al2O3.
⁃ Out of the three chosen fluid nanohybrids in the simulation, it was observed that the Water/ZnO_Al2O3 fluid nanohybrid exhibits

superior thermal performance compared to the other fluids.
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