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Abstract -

Efficiency in industrial processes heavily relies on heat
exchanger performance. As industries strive for heightened
energy efficiency, integrating innovative methods becomes
imperative. Computational Fluid Dynamics (CFD) has emerged
as a potent tool for optimizing heat exchanger designs. This
review focuses on employing CFD techniques to explore the
integration of nanofluids and twisted tape turbulators in shell
and tube heat exchangers to enhance heat transfer efficiency
significantly. Nanofluids, comprising nanoparticles dispersed
in base fluids, offer potential for augmented thermal
conductivity and convective heat transfer due to unique
nanoparticle properties. Similarly, twisted tape turbulators
manipulate fluid flow patterns within tubes, intensifying
convective heat transfer but simultaneously increasing
pressure drop. By analyzing numerous studies, this paper
distills insights, challenges, and opportunities arising from this
combined approach. It delineates nanofluids' capability in
improving convective heat transfer coefficients while
addressing issues like nanoparticle agglomeration.
Additionally, it underscores the impact of twisted tape
turbulators on fluid flow dynamics and heat transfer,
highlighting the trade-offs between enhanced heat transfer
and increased pressure drop. The review emphasizes the
necessity for holistic approaches combining theory,
experiments, and simulations to propel innovation in efficient
heat exchange across diverse industries. The synergy of
nanofluids, twisted tape turbulators, and CFD simulations
presents promising avenues for advancing heat exchanger
technology towards enhanced efficiency and performance.
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1.INTRODUCTION

The efficiency of heat exchangers plays a pivotal role in
numerous industrial processes, ranging from power

generation to chemical processing. As industries continue to
seek enhanced energy efficiency and performance,
researchers and engineers have explored innovative
methods to augment the heat transfer rates within these
systems. In recent years, Computational Fluid Dynamics
(CFD) has emerged as a powerful tool for analyzing and
optimizing heat exchanger designs. This review paper
focuses on the utilization of CFD techniques to investigate
the integration of nanofluids and twisted tape turbulators in
shell and tube heat exchangers, aiming to achieve
remarkable improvements in heat transfer efficiency.
Nanofluids, colloidal suspensions containing nanoparticles
dispersed in conventional base fluids, have attracted
substantial attention due to their potential to substantially
enhance thermal conductivity and convective heat transfer.
The unique characteristics of nanoparticles, such as high
surface area and distinctive thermal properties, have led to
intriguing possibilities for improving heat exchanger
performance. Through precise control of nanoparticle
concentration and size, researchers have aimed to exploit
these properties to achieve elevated heat transfer
coefficients and reduced temperature gradients.

In parallel, the deployment of twisted tape turbulators
within heat exchanger tubes has demonstrated considerable
promise in augmenting heat transfer rates. Twisted tapes,
with their ability to induce swirl, vortices, and enhanced
turbulence, can significantly influence fluid flow dynamics
and heat transfer characteristics. By altering the flow
patterns within the tubes, these turbulators contribute to
increased convective heat transfer coefficients, potentially
leading to more efficient heat exchanger operation. The
convergence of nanofluid-enhanced heat exchangers and
twisted tape turbulators, coupled with the computational
power of CFD simulations, has provided a platform for in-
depth investigations into the intricate interactions between
fluid dynamics and heat transfer. This review paper aims to
critically analyze the collective findings from various studies,
shedding light on the underlying mechanisms driving
enhanced heat transfer performance. Furthermore, the
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paper will address challenges and limitations inherent in
these techniques, such as nanoparticle agglomeration and
pressure drop penalties, which necessitate careful
consideration during design and operation. As the demands
for energy-efficient technologies grow, the insights
presented in this review paper hold significant implications
for both academia and industry. By synthesizing the
advancements in CFD analysis of shell and tube heat
exchangers integrated with nanofluids and twisted tape
turbulators, this paper contributes to a deeper
understanding of the complex phenomena underlying heat
transfer augmentation. It serves as a valuable resource for
researchers, engineers, and practitioners seeking to optimize
heat exchanger designs and advance the frontiers of thermal
engineering.

2. LITERATURE SURVEY

Different types of heat exchangers, such as plate heat
exchangers, tube fin heat exchangers, plate fin heat
exchangers, double-pipe concentric tube heat exchangers,
regenerators, cooling towers, and shell & tube heat
exchangers are in use. They are selected and designed for
specific purposes and heating and cooling applications [1].
In passive techniques, the heat transfer rate is improved by
using some modification techniques such as swirl flow
devices, extended surfaces, coiled tubes, additives for liquids
and gases, displaced enhancement devices, etc. In compound
techniques, heat transfer is improved by the right
combination of partial active and partial passive techniques
[2]. Z. Said et al. (2019) investigated Shell-and Tube Heat
Exchanger operating with CuO/H20 nanofluid to analyses
the stability, heat transfer performance, possible reduction
of the effective area and thermos physical properties with
Nanoparticle concentrations of 0.05, 0.1 and 0.3 vol%. They
found that overall heat transfer coefficient increased by 7 %,
and the area was reduced by 6.81 % [3]. Mohammad
Hussein Bahmani (2018) investigated parallel flow double
pipe heat exchangers and counter flow double pipe heat
exchangers to evaluate heat transfer characteristics at
turbulent flow conditions of H20/alumina nanofluid. His
results showed that by increasing the nanoparticle volume
fraction and with an increase in Reynolds number (Re),
enhancement of convection heat transfer coefficient and
Nusselt number takes place. The maximum rate of thermal
efficiency enhancement and average Nusselt number are 30
% and 32.7 %, respectively [4]. Baba et al. (2018)
investigated a double-pipe heat exchanger having
longitudinal fins experimentally to evaluate heat transfer
characteristics. They used Fe304/H20 nanofluids (0-0.4 %
volume concentration) at Reynolds number (Re) 5300 to
49000. They found that at higher volume concentration of
nanofluids, there was an 80 to 90 % increase in heat transfer
rate for proposed (finned) heat exchangers as compared to
plain tube heat exchangers [5]. A. K. Gupta et al. (2021)
evaluated the heat transfer characteristics of Si0O2/H20,
Al203/H20, and CNTs/H20 nanofluids for turbulent flow

(Re 2,000 to 10,000). They performed computational fluid
dynamics (CFD) in a concentric tube heat exchanger. They
considered 1 %, 2 % and 3 % volume concentrations. They
found that 23.72 %, 20.71 %, and 32.65 % improved heat
transfer rates and a 26.83 %, 23.6 %, and 37.25 %
improvement in the overall heat transfer coefficient with a 3
% volume concentration of A1203/H20 nanofluid, Si0O2/H20
nanofluid, and CNTs/H20 nanofluid when equated with base
fluid, respectively [6]. In nanofluid, nanometer-sized
particles, generally having high heat transfer characteristics
(metal oxides/carbides/CNTs), suspended in a base fluid,
generally having low thermal conductivity (water/ethylene
glycol/oil), form a colloidal solution. In present situations,
nanofluid has been incorporated successfully to enhance the
performance of solar devices [7]. A specially prepared
mixture of base fluid and nanoparticles is called nanofluid.
Nanofluid properties have a collective effect of base fluid
properties and nanoparticle properties [8]. Adnan S6zen et
al. (2019) experimented with a plate heat exchanger with 1.5
wt% water-TiO2 nanofluid. They use a temperature range of
40 to 50 degree celsius and a mass flow rate of 3 to 7 lpm.
They resulted in an 11 % improvement in heat transfer rate
in experimental work [9]. Kumar & Chandrasekar (2019)
performed computational fluid dynamic analysis on double
helical coiled tube heat exchanger with CNT/water
nanofluids having 0.2, 04 and 0.6 % of volume
concentrations. They resulted 30 % enhancementin Nusselt
number with 0.6 % volume concentration of nanofluid while
11 % of pressure drop as compared to without nanofluids
[10].Y. Phaindraa et al. (2018) experimentally investigated
heat transfer and flow characteristics of hybrid nanofluid
(Al203 & Cu/0il with a 0.1 % volume concentration) in a
concentric tube heat exchanger. The result shows a 10.34 %
average increase in Nusselt number for Al203 & Cu/0il
hybrid nanofluid as compared to pure oil [11]. M. Armstrong
etal. (2020) organized an experimental investigation into a
silver nano-coated double pipe heat exchanger to analyze
heat transfer performance using the displacement reaction
method. They observed in nano-coated surface heat transfer
increased with the increase in mass flow rate with a 95 %
enhancement as compared to bare copper pipe [12]. N.
Parthiban etal. (2020) experimentally investigated the heat
transfer performance of a counter flow heat exchanger with
SiO2 nanoparticles at different mass flow rates. Heat
exchanger effectiveness and heat transfer rate were
increased with the use of Si02 nano particles. The mass flow
rate of 0.05 kg/s was found as the optimum for nanofluid
[13]. L. Liu et al. (2021) evaluated the thermal energy
storage performance of a tubular heat exchanger using PCM
nano emulsion at charging and discharging temperature
ranges of 20-5 °C and 5-15 °Crespectively. They found that
PCM nano emulsion has high energy release efficiency (50 %
higher than water) and encouraging potential for air-
conditioning application in buildings [14]. M.E. Nakhchi et
al. (2021) evaluated the heat transfer characteristics and
thermal performance of a double-pipe heat exchanger using
Cu0/H20 nanofluids. They proposed a novel arrangement
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with perforated cylindrical turbulators. They found that for a
proposed heat exchanger with a 1.5 % volume fraction of
CuO nanofluids, the thermal performance factor was 1.931
higher as compared to a simple heat exchanger arrangement
[15]. S.Kaushik et al. (2021) performed computational and
experimental analysis for a concentric spiral tube heat
exchanger to evaluate heat transfer rates. They used three
different nanomaterials (A1203, ZnO, CuO) and tested them
in turbulent flow conditions. They found optimized results
for the Reynolds Number range of 4236-18540 and a flow
rate of 0.72 to 2.94 L/min [16]. C. ]J. Ho et al. (2022)
experimentally investigated a concentric double tube duct to
analyses forced convection heat transfer (at laminar flow
condition) with the use of Al1203/PCM nanofluids. In this
experimental setup, Al203/Water nanofluid is used in the
outer tube and PCM Nanofluid in the inner tube. They
discovered thatat Re = 1700, heat transfer rate increases by
32 % for 1 % Al203/ H20 nanofluid and 4.63 % for phase-
change nanofluid [17]. ] Shenglan et al. (2022) Innovative
double-tube heat exchanger with staggered helical fins
(DTHE-SHF) showcased notable advantages: substantial
pressure drop reduction compared to traditional designs
(DTHE-TSHF) and an enhanced comprehensive performance
by 10%-30%. Through numerical simulations and field
synergy theory, the DTHE-SHF's optimized synergy angle
between velocity and pressure fields contributed to
improved thermal efficiency [18].] Bahram etal. (2022) The
study explores convection heat transfer in a countercurrent
double-tube heat exchanger with various fin configurations
using water-aluminum oxide and water-titanium dioxide
nanofluids at different concentrations. Compared to water-
titanium dioxide, water-aluminum oxide nanofluid exhibits
superior convection heat transfer, with a 12% increase in
coefficient at 6% concentration. Geometries with fins,
especially the curved fin, show significantly improved
efficiency (up to 85%) compared to finless designs, while
maintaining lower pressure drops despite higher heat
transfer coefficients. However, higher Reynolds numbers
and nanofluid concentrations result in increased pressure
drops in this novel geometry [19]. K Deshmukh etal. (2023)
The study investigates TiN nanofluid's convective heat
transfer performance in a heated U pipe, analyzing its impact
at varied concentrations and flow conditions. Utilizing TiN
nanoparticles in water presents promising thermal
properties for solar applications. Experimental evaluations
demonstrate increased heat transfer efficiency with TiN
nanofluid concentration and Reynolds number rise, yielding
a 30.04% enhancement in Nusselt number at 0.1% volume
concentration. Additionally, the study correlates data to
estimate Nusselt number and friction factor, showing a 2%
pressure drop for enhanced heat transfer [20].
V. Chuwattanakul et al. (2023) In this experimental
investigation, broken V-ribbed twisted tapes (B-VRT)
significantly enhanced heat transfer in a heat exchanger tube
through increased mixing via longitudinal vortices and
swirling flow. The B-VRT with a 45° rib attack angle
outperformed other configurations, offering up to 31.9%

higher Nusselt numbers compared to typical twisted tapes
(TT) across a Reynolds number range of 6,000 to 20,000.
Correlations developed for heat transfer (Nu), pressure drop
(f), and aerothermal performance (APF) showed accurate
predictions within #49% to +5.4% deviations [21].C Sun et al.
(2023) This study introduces a novel approach for designing
perforated twisted tapes (PTTs) through parametric
modeling and optimization, enhancing heat transfer in flow
channels. Utilizing multi-objective optimization and
computational fluid dynamics, the method achieves
significant reductions in average and root mean square
temperatures by up to 5.46% and 72.64%, respectively,
while reducing friction factors by 57.35%. The half-width
PTTs exhibit superior performance, showcasing potential for
creating highly efficient convective heat transfer devices
with expanded design possibilities [22]. Y Hong et al. (2023)
This study devised a thermal enhancement technology using
spiral corrugated tubes and multiple twisted tapes for liquid-
gas heat exchange in waste heat recovery scenarios.
Numerical investigations revealed that incorporating
multiple twisted tapes homogenized flow fields, increased
heat transfer, and reduced friction. Surface perforations on
the twisted tapes further improved overall efficiency by
around 7.9%, offering a promising waste heat recovery
solution [23]. K Rohit et al. (2023) The research delves into
optimizing solar water heating systems (SWHS) by
integrating perforated delta obstacles, studying their impact
on friction factor, Nusselt number, and thermo-hydraulic
performance. The study identified the most efficient
configuration (Reynolds number = 1200, angle of attack =
45°, pitch ratio = 1) using an AHP-ARAS hybrid decision-
making approach, offering robustness through sensitivity
analysis and validation [24].

3. MATHEMATICAL EQUATIONS

3.1. Nusselt Number (Nu) Calculations

The Nusselt number represents the ratio of convective heat
transfer to conductive heat transfer and is often used to
quantify heat transfer enhancement.

For forced convection: =Nu=h-Dh /K
Where:
h = Convective heat transfer coefficient
Dh = Hydraulic diameter of the tube
k = Thermal conductivity of the fluid

3.2. Heat Transfer Coefficient (h) Calculation:

The convective heat transfer coefficient is a crucial
parameter in heat exchanger analysis.
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For internal flow
Nu=0.023-Re0.8-Pr0.3

(Dittus-Boelter equation):

h=k-Nu/Dh

Where:

Re = Reynolds number

Pr = Prandtl number

3.3. Reynolds Number (Re) Calculation:

The Reynolds number helps characterize the flow regime
within the tubes.

Re=p-V-Dh/u

Where: p = Density of the fluid

V = Velocity of the fluid

p = Dynamic viscosity of the fluid
3.4. Pressure Drop:

Pressure drop is a critical consideration, especially when
turbulators are employed.

For flow through tubes with twisted tape turbulators: AP=f-L
-p-V2/(2.Dh)

Where:

f = Friction factor

L = Length of the tube segment

3.5. Concentration of Nanoparticles:

In the case of nanofluids, the concentration of nanoparticles
can be represented by a simple equation.

Cnanoparticles= Mnanoparticles/ Vbase fluid

Where:

Mpanoparticles = Mass of nanoparticles

Vbase fluid = Volume of the base fluid

3.6. Effective Thermal Conductivity of Nanofluids:

The effective thermal conductivity (keff) of nanofluids takes
into account the increased conductivity due to nanoparticles.

keff=kbase fluid-(1+2.5-Cnanoparticles)
Where:

kbase fluid = Thermal conductivity of the base fluid

These equations provide a glimpse into the mathematical
aspects of analyzing shell and tube heat exchangers with
nanofluids and twisted tape turbulators. However,
depending on the specific modeling and assumptions, more
intricate equations and numerical methods can be employed
in CFD simulations to capture the complex fluid flow and
heat transfer phenomena.

4. CFD (FLUID FLOW FLUENT)

CFD Simulation for Fluid Flow Analysis with ANSYS Fluent

CFD simulations have become a cornerstone in the
analysis and optimization of heat exchangers due to their
ability to capture complex fluid flow patterns, temperature
distributions, and heat transfer characteristics. ANSYS
Fluent, a widely used CFD software, offers a versatile
platform for conducting detailed simulations that aid in the
understanding and enhancement of heat exchanger
performance.

4.1. Geometry and Meshing:

The first step in a CFD simulation involves creating a
representative 3D geometry of the shell and tube heat
exchanger, incorporating details such as tube layout, baffles,
and twisted tape turbulators. ANSYS Fluent supports various
meshing techniques, including structured and unstructured
grids, which discretize the geometry into smaller
computational elements. An appropriately refined mesh near
the heat transfer surfaces and turbulator regions is essential
to capture gradients accurately.

4.2. Boundary Conditions:

Defining accurate boundary conditions is crucial for a
reliable simulation. Inlet and outlet conditions, such as
velocity profiles and temperature distributions, need to
mirror real-world scenarios. For nanofluid simulations, inlet
conditions should account for the concentration of
nanoparticles. ANSYS Fluent provides user-friendly
interfaces to input these conditions.

4.3. Fluid Properties and Turbulence Modeling:

Accurate representation of fluid properties is vital. ANSYS
Fluent supports various fluid property models for nanofluids
and base fluids. Additionally, turbulence models like the
Reynolds-Averaged Navier-Stokes (RANS) equations coupled
with appropriate turbulence models (k-epsilon, k-omega,
etc.) are used to capture the effects of turbulence induced by
twisted tape turbulators.

4.4. Nanofluid Modeling:

To simulate the behavior of nanofluids, ANSYS Fluent
enables the inclusion of additional phases representing
nanoparticles dispersed within the base fluid. This requires
defining the properties and behavior of the nanoparticles,
including thermal conductivity, density, and dispersion
characteristics.

© 2024,IRJET | ImpactFactor value: 8.226

ISO 9001:2008 Certified Journal | Page94



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 11 Issue: 02 | Feb 2024

www.irjet.net

p-ISSN: 2395-0072

4.5. Twisted Tape Turbulators:

For twisted tape turbulators, the geometry of the tapes
can be incorporated into the simulation model. ANSYS
Fluent's capability to handle moving geometries can
simulate the swirl induced by the twisted tapes, which
influences fluid flow patterns and heat transfer.

4.6. Solution and post-processing:

After setting up the simulation, ANSYS Fluent solves the
governing equations numerically using iterative methods.
The simulation results provide detailed insights into flow
patterns, temperature profiles, pressure distributions, and
heat transfer rates within the heat exchanger. These results
can be visualized using contour plots, vectors, streamlines,
and other graphical representations provided by the
software.

4.7.Validation and Optimization:

It's crucial to validate the CFD simulation results against
experimental data or analytical solutions. Once validated, the
simulation can be used to perform parametric studies,
investigating the effects of various parameters like nanofluid
concentration, turbulator design, flow rates, and more on
heat exchanger performance.

In conclusion, ANSYS Fluent serves as a powerful tool for
simulating fluid flow within shell and tube heat exchangers
integrated with nanofluid and twisted tape turbulators. The
software's capabilities in handling complex geometries,
boundary conditions, turbulence modeling, and multiphase
flows enable researchers and engineers to gain valuable
insights into heat transfer enhancement mechanisms,
optimizing designs, and ultimately contributing to the
advancement of thermal engineering.

5. CFD QUATIONS
5.1. Navier-Stokes Equation:
The fundamental equations describing fluid flow behavior

used in CFD simulations for fluid flow analysis in heat
exchangers using software like ANSYS Fluent:

dp+V-(pV)=0
d(pV)/ 0t +V-(pVRV)=-VP+uv2V+pg
Where:
p = Density
V = Velocity vector
P = Pressure
n = Dynamic viscosity

g = Gravitational acceleration

5.2. Energy Equations:
The equation for energy conservation to account for
temperature variations:

d(pcpT)/ 0t +V-(pcpTV)=V-(kVT)
Where:
cp = Specific heat at constant pressure
T = Temperature
k = Thermal conductivity

5.3. Turbulence Model:

For simulating turbulent flows, various turbulence models
can be used, such as the k-epsilon or k-omega models. These
models involve additional transport equations for turbulent
kinetic energy (k) and its dissipation rate (g).

k-epsilon model: d(pk)/ dt +V-(pkV)=V-[(u+ut)Vk]+pe—pe0
Where:

k = Turbulent kinetic energy

€ = Turbulent dissipation rate

pt = Turbulent viscosity

€0 = Turbulent dissipation rate due to buoyancy effects

5.4. Species Transport Equation (For Nanofluid):

If simulating nanofluid behavior, a species transport
equation for nanoparticles' concentration (Cnanoparticles)
can be added.

d(pCnanoparticles)/dt +V-(pCnanoparticles
V)=V-(pDVCnanoparticles)

Where:

Cnanoparticles = Nanoparticle concentration
D = Diffusivity of nanoparticles

6. CONCLUSIONS

In the pursuit of enhancing heat exchanger efficiency, the
integration of Computational Fluid Dynamics (CFD)
simulations has proven invaluable in uncovering the
intricate mechanisms that govern heat transfer
augmentation. This review paper delved into the
convergence of two innovative techniques: the utilization of
nanofluids and the incorporation of twisted tape turbulators
within shell and tube heat exchangers. Through a meticulous
examination of numerous studies, this paper aimed to distill
the collective insights, challenges, and opportunities
presented by this synergistic approach.
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The review highlights the potential of nanofluids and twisted
tape turbulators in enhancing heat transfer rates within heat
exchangers. Nanofluids offer improved convective heat
transfer coefficients but face challenges like nanoparticle
agglomeration. Twisted tape turbulators manipulate fluid
flow for better heat transfer but increase pressure drop. CFD
simulations, notably ANSYS Fluent, have been instrumental
in understanding these phenomena. The review emphasizes
the need for combined theoretical, experimental, and
simulation-based approaches to drive innovation in efficient
heat exchange for diverse industrial applications.
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