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Abstract. The current work focuses on using rectangular inserts with water
as the working fluid to investigate heat transfer experimentally and
numerically in a horizontal circular tube [10]. The study considers variations
in the number of rectangular slots within the same strip. The tube has
dimensions of 0.0266 m diameter. Twisted tapes, featuring rectangular cuts,
are constructed from a 3 mm thick Stainless-steel strip with a length of 1035
mm. For experimentation, two different types of rectangular inserts were
considered: one with nine cuts and the other with eighteen cuts. The
dimensions of the cuts were as follows: length of 1000 mm, width of 13 mm,
depth of cut 8 mm, and thickness 3 mm. The heat flux applied to the
horizontal tube was steady and uniform. The range of the Reynolds number
was 9,000-19,000. A plain tube without an insert was used to compare the
results. The horizontal tube along with rectangular insert was modelled in
Ansys Fluent software with fine meshing and analysed. Initially, CFD
analysis was done for plain tube with and without insert, and results have
been verified by comparison with experimental values. A comprehensive
comparison is established, evaluating different heat transfer parameters,
including convective heat transfer coefficient (h), heat transfer rate (q), and
Nusselt number (Nu).

1 Introduction

A heat exchanger is a device designed to efficiently transfer heat from one medium to
another. It is commonly used in various industrial processes and everyday applications to
facilitate the exchange of thermal energy between fluids, gases, or solids. Heat exchangers
play a crucial role in heating, cooling, and ventilation systems, as well as in chemical
processing, power generation, and many other fields[1]. The Basic principle of a heat
exchanger involves two fluids at different temperatures that flow through separate channels,
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ensuring that they do not mix but still allow heat to transfer from the hotter fluid to the cooler
one[3]. This process facilitates the control of temperature for the involved fluids.

The creation of various enhanced heat transfer surfaces and devices has received a lot of
attention in recent years.

This is evident from the exponential rise in patents, There are hundreds of manufacturers that
sell everything from upgraded tubes to full thermal systems with enhancement technology
and the international technical literature on devices that enhance heat transfer [2]. Many
techniques have been explored to increase the rates of heat transfer within circular tubes, and
a variety of inserts have been used, especially when turbulent flow is taken into account. The
Inserts that were examined included rectangular, quadrant, brush, mesh, coil wire, twisted
tape, and strip inserts, among others. And the rectangular inserts have found portent
applications in thermal energy systems at high temperatures, where the convection &
radiation styles of heat transfer are both important.

The extensive contact surface enhances the internal heat exchange between the phases and
consequently results in an increased thermal diffusivity. Due to the many possible
engineering applications, including electric cooling, drying process, heat pipe etc.., Extensive
research has been conducted on different varieties of twisted inserts in forced convection heat
transfer; nevertheless, there is a scarcity of experimental work conducted in this domain.

2 Experimental Work

2.1 Experimental setup

A twisted tape with a cut was employed to improve the heat transfer rate. Convection is the
movement of potential energy through a fluid's currents, such as heat[6]. This experimental
study used twisted tape with cut inserts to measure the water's tube side heat transfer
coefficient as shown in figl S.M. Peyghambarzadeh et al[16]

e  The test section consisted of a 1035mm long copper tube with an external diameter of
30 mm and an internal diameter of 26.6 mm and 1000mm was used for test section.

e  The bulk temperatures were measured using two thermometers at the tube's inlet and
outlet sections.

e A manometer was used to determine the pressure drop at two different points in the test
section.[11]

e  The experiment included measuring two distinct temperature parameters: one related to
the outer surface of the tube and the other to the inlet and outlet temperatures of the

water.

e Data was took only for the plain copper tube and with inserts.
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Fig. 1. Schematic diagram of Experimental Setup
Table 1. Data Collection
Parameter Value
Test tube inner diameter 26.6 mm / 0.0266 m
Tube outer diameter 30 mm/0.03 m
Tube test length 0.90 m
The Thermal conductivity of copper 379 W/m°C
Viscosity of the water 0.00087 Kg/m.sec (at 28°C)
Water Density, p 1000 kg/m3
Water Thermal Conductivity, k 0.62 W/m°C
Specific heat of the water (at 28 °C), Cp 4177 J/kg°C
Outer Surface area 0.0718 m?
Inner Surface area 0.0702 m?
Length of the Insert 1000mm
Depth of Rectangular Cut 8mm
Width of Rectangular Cut 13mm
Thickness 3mm

2.2 Procedure

The water in the system was pumped around, and the different flow rates were managed by
a rotameter. Subsequently, a voltage regulator provided a constant voltage and a voltage
regulator supplied current to the heater. A series of measurements were conducted to gauge
the flow rate at which the temperature stabilized at both the inlet and outlet points. Initially,
readings were obtained as the flow rate was varied from 192 ml/s to 334 ml/s for a plain
copper tube without any additional inserts. Following this, the same procedure was repeated
after inserting an aluminum component into the copper tube. The experiment encompassed
trials with and without inserts, spanning various mass flow rates while keeping the heat input
and flux constant throughout.

2.3 Order of Operation

Experiments are conducted first without inserts and then with inserts.
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2.3.1 With-out Insert

Firstly, the experiment (plain tube experiment) was conducted with-out any inserts. Water is
the working fluid, moves inside the pipe segment with the less amount of resistancel5].

2.3.2 With Inserts

The inserts used for the experimentation is aluminium material as shown in fig. 2. (length of
1000 mm, width of 13 mm, depth of cut 8 mm, and thickness 3 mm). Firstly 9 number of cuts
were inserted into the plain tube with same dimension as mention above[8]. After that the
number cuts will be increased to 19 number of cuts are inserted in plain tube.

Fig. 2. Photography of Rectangular insert

Each insert is taken and positioned axially within the test section. The attendance of insert in
the tube causes confrontation to flow and raises the turbulence. Turbulence is increased and
flow resistance is created by the insert's presence in the pipe[5]. The mass-flow values of the
water and heat input are equal as the plain tube experiment.

2.4. Heat Transfer Calculations

Velocity (v) : m/ p*A )
Area(A) = nd; 2 /4 (2)
Reynolds Number (Re) : pv d/ p 3)
Heat transfer rate (Q) : mcp, (To-T5) 4)

Heat flux (q) : Q/A ®)]
Area (As) : ndL (6)
Heat Transfer Coefficient (h) : Q / {As (Tinner surface-Thulk) } @)
Nusselt Number (Nu) : hdi’k 8)

Eq. (8) provides the experimental Nusselt Number.

The Nusselt number obtained from experimental data of the plain tube was compared.

Nu = 0.023 Re8 pr 04 )
Eq. (9) gives the theoretical Nu
Pr: pcpk (10)
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3 Computational Fluid Dynamics Analysis

There are lot of devices & systems that are difficult to prototype. We can forecast a design's
performance & test numerous iterations until we achieve the best outcome by using CFD
analysis. It would take a great deal of time and work to accomplish these through physical
prototyping and testing. Better and faster design is made possible by the insight that CFD
analysis provides. Sharp edges enhance the recirculation zones and cause blockages in the
complex flow field that characterises the flow inside tubes with various insert types. Here,
the device is substituted with a separate set of points together show the total geometry of the
cell containing the pressure, velocity, etc. distributions. Determining the mathematical
formulas that control the physical process is necessary for the approach. Only at the discrete
points that correspond to the geometry will these equations be solved. The overall
performance & optimisation of the tubes with or with-out inserts is done using CFD
techniques. FLUENT software was used to simulate the flow of fluid 1 and heat transfer
inside the horizontal tube. The simulation takes into account the same physical parameters as
the experimental setup, such as the tube's inner diameter of 26.6 mm, length of 0.90 m, and
the material of the tube and insert is aluminium, which in the case of a plain tube .

The existing experimental data for tubes with or without rectangular inserts are utilized to
confirm the outcomes of the simulated computational fluid dynamics (CFD) analysis,
including values like the Nusselt number and heat transfer coefficient. Ansys Fluent is used
to create the test section geometry for each insert. Two different kinds of rectangular
inserts—one with nine cuts and the other with eighteen—were taken into consideration for
CFD analysis. The cuts had the following measurements: 1000 mm in length, 13 mm in
width, 8 mm in cut depth, and 3 mm in thickness.

Mesh is shaped in 3-D taking symmetrical model of test section. The problem is solved using
a isolated solver with the following default settings: energy equation, steady (time-
independent) calculation, turbulent (k-e model), and implicit formula. We employed the
Second-Order Upwind scheme for the density and momentum equations, PRESTO for the
pressure interpolation scheme, and SIMPLE for the pressure-velocity coupling method. The
solution took about 500 iterations to reach convergence. Two post-processing features in
FLUENT are used to produce the graphical results.

3.1 Heat Transfer Measurements

Both convective and conductive terms are present in the energy equivalence that FLUENT
numerically solves for fluid side, the impact of the conductive relations on the surface wall
temperature parameters may also be important. The conduction performances in parallel with
convection. A steady wall heat flux is provided in order to observe temperature variations
throughout the tube. The temperature differential between the axial fluid and wall at the tube's
beginning and end is 301 K and 306 K, respectively.

Fig.3 Displays the model produced in FLUENT the horizontal tube without rectangular
insert. Rectangular insert is created by taking symmetric model in FLUENT (2-D).

Fig.4 & § illustrations the model generated in FLUENT for horizontal tube with inserts of 13
mm in width, 8 mm in cut depth, and 3 mm in thickness respectively.

Fig.6 ,7 &8 show the contours of temperature distribution. The normal temperature of tube
wall is noted to rise alongside an increased the number of cuts. This phenomenon arises from
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a greater volume of water flowing through the horizontal tube with larger Reynolds numbers,
resulting in a decrease in the tube wall temperatures. This can be explained by the intense
turbulence that the rectangular insert creates.

ANSYS

2019 R3

(N

Fig. 3. Geometric model of the plain tube without insert

Fig. 4. Geometric model of the plain tube with primary insert placed inside it.

ANSYS

2019R3

ANSYS

2019 R3

Fig. 6. Temperature distribution for plain tube
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]

Fig. 7. Temperature distribution in the plain tube with primary insert

Fig. 8. Temperature distribution in the plain tube with secondary insert

4 Results and Discussion

Comparison is made between numerically and experimentally determined Nusselt Number
values for plain tubes (without rectangular inserts).

Fig.9 illustrates a comparison between analytically obtained and experimentally determined
Nusselt numbers for plain tubes. The Nusselt number achieved through computational fluid
dynamics (CFD) analysis was found to be higher than the experimental Nusselt number. The
total heat dissipated by the water as it flows through the test section is determined by the
combined effects of convective and radiative heat transfers.

Figure 10 presents a comparison between numerical and experimental data showing the
variation of the heat transfer coefficient with the Reynolds number. A portion of heat supplied
to test section is attributed to radiation heat transfer. When determining the heat transfer
coefficient using Equation 7, the heat loss induced by radiation is considered. In contrast to
the numerical values, the experimentally obtained heat transfer coefficient values are
relatively lower. As the flow rate in a plain tube escalates, the heat transfer rate likewise rises
due to a greater volume of water gradually absorbing more heat as it traverses the tube.
Concurrently, pressure drops amplify with the escalating flow rate in the plain tube. Notably,
the numerical heat transfer coefficient values surpass the experimental values.

Fig.11 &12 show a comparison of the Nusselt number and heat transfer coefficient in relation
to the Reynolds number for a plain tube fitted with a rectangular insert.
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Nevertheless, as depicted in fig.11 & Fig.12, compared to a plain tube lacking an insert, both
the heat transfer rate and Nusselt Number exhibited an increase upon insertion of a twisted
tape with cuts into the copper tube. Moreover, with an escalation in the number of cuts, the
heat flux and heat transfer rate also saw an increase. The increase in the heat transfer rate
resulted from the formation of two flow components—axial and radial— as water flowed
through the tube. These components disrupt the water, enabling the flowing of water to
absorb more amount of heat from its surroundings. The rate of flow escalates due to a
secondary flow generated through the hole in the twisted tape with cuts. In contrast to a plain
tube, pressure drop steadily rises with increasing flow rate. In terms of experimental error
margins, it was determined that the numerical predictions closely aligned with the
experimental findings.The difference between the numerical results and the experimental
data for the Nusselt number and the heat transfer coefficient was approximately 10.2% and
12%, respectively.
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Fig. 9. A Comparison of Nusselt Number & Reynolds Number for Plain Tube
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Fig. 10 A comparison of the heat transfer coefficient with the Reynolds number for a plain tube.
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Fig.12. Comparison of the Experimental Heat transfer coefficient & Reynolds Number

5 Conclusion

The characteristics of the water-flow heat transfer coefficient [8] are performed
experimentally and numerically in a horizontal tube that is heated externally and fitted with
different inserts. The tested inserts facilitated improved mixing and increased heat transfer
rates by inducing flow separation and secondary flow, consequently generating turbulence.
Nusselt Number also affected due to the presence of inserts. The investigation involved
studying the temperature, Nusselt number, and heat transfer coefficient variations in a
horizontal tube equipped with rectangular cut geometry across Reynolds numbers ranging
from 9000 to 19000. It was observed that as the Reynolds number increased, there was a
corresponding increase in the Nusselt number, Reynolds number, and heat
transfer coefficient.
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e The Reynolds number for a simple tube without an insert is between 9,000 and 19,000.
Heat transfer rates and the Nusselt number both rise in parallel with an increase in the
Reynolds number. The study revealed a reasonable agreement between numerical
predictions and experimental results. However, the numerical values obtained were
higher than the experimental values. The plain tube's highest experimentally recorded
values for the heat transfer coefficient and Nusselt number were 1916.4 (W/m2K) and
78.5, respectively.

e In the case of a plain tube with a rectangular insert, both the heat transfer rate and
Nusselt Number showed an increase upon insertion of a twisted tape with cuts
into the copper tube. Additionally, with an increase in the number of cuts, there was a
corresponding rise in heat flux and heat transfer rate.In the plain tube with insert, the
greatest experimental values for the heat transfer coefficient and Nusselt number were
4051.74 (W/m?K) and 166.5, respectively.
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