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obstruction area and Reynolds number were the variables that changed during the testing.
The pitch diameter ratio employed in the investigation is one. The Reynolds number was
changed between 6000 and 21000. For numerical examination, k-- ¢ technique was used
in this study. The use of flow obstruction geometry as a turbulator improves heat
transmission derived from the hot surface of the pipe to the air throughout the test region
substantially. In this research work, the tested designs, a circular ring separated from the

Keywords: tube wall and a hexagonal ring with the same flow blockage area improve heat
CFD; inserts; friction factor; heat transmission. Hexagonal rings incur a lower fluid friction cost than circular rings and
exchangers; HRT; pressure drop; circular rings with clearance. The maximal heat transfer enhancement (Nut/Nup) for the
Reynolds number; Nusselt number diameter ratio of the insert of 0.6.3 is 2.28-3.01.

1. Introduction

Heat exchangers are widely used in many different applications, such as chemical reactors,
electronic heat dissipation systems, thermal power plants and cold storage. The performance of heat
energy equipment (heaters water and air coolers, condensers, boilers, coils) is primarily determined
by the rate of energy exchange and losing pressure through the heat transfer tubes Fluid mixing and
vortex generation are primarily responsible for improving heat transmission. It may be expanded by
generating various vortices and swirling flow. The vortices and swirl flow reduce viscous sub-layers
while enhancing heat transfer area. Various researchers are looking for new heat transfer
enhancement techniques [1]. To investigate and improve the thermal performance of a heat
exchanger using a heat storage device [2]. To experimental results and numerical data for numerous
heats transfer enhancement techniques have been proposed and presented. Among them are
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twisted tape [3,4], circular ring turbulator [4-7], conical shaped geometry [8-9], conical rings [10], V-
nozzle [11], diamond-shape tabulators [11], The investigation of several inserts with diverse
configurations of shape and geometry such as perforated circular ring [12-16], The effects of conical-
nozzle form ring inserts on factors related to friction and heat transfer were investigated in a circular
tube with convergent and divergent nozzle configurations. The pressure surge is significantly reduced
with increasing porosity [17—18]. The system is thought to have a long wavelength and a low Reynolds
number, among other things, according to Manjunatha et al., [19]. Utilizing numerical integration,
the frictional force and pressure rise have been computed [20]. As the values of variable thermal
conductivity rise [21], the temperature rises. Several others include Vaidya, Rajashekhar, Prasad et
al., The equations for velocity, temperature, and concentration can be found [22]. Ribs are a well-
liked technique for enhancing heat transfer and are used in many heat-exchanging conduits [23].
using heat exchangers with serpentine oval tubes to generate more heat and efficient [24]. It is
discovered that as chemical reaction and heat source parameters increase, both the local Nusselt
number and the decreased skin friction coefficient rise [25]. The RNG-model is used to numerically
solve the governing equations using the finite volume method. A variance of 4.15%, 3.89%, and 7.65%
is shown by the simulation results of Nusselt number versus Reynolds number for tubes made of
plain, plain twisted tape, and dimple twisted tape when compared to experimental data. At various
Reynolds numbers, the dimple twisted tape tube's friction factor is 60 to 70 percent higher than the
plain twisted tube's [26]. Highlighted are the creation of non-Newtonian momentum equations, the
formulation of conservation equations in sophisticated coordinate systems, and the incorporation of
a variety of body forces into momentum equations [27].

The intensification, intensification, or augmentation of heat transfer rate are terms used to
describe the method of improving heat transmission. By adding different types of inserts to the flow
path, this passive approach increases the rate of heat transmission. The smaller hydraulic diameter
of the flow route allows for this to happen. Due to the fluid's spirals' induced centrifugal force, heat
transfer is improved by utilising twisted tape inserts. combining dynamic pressure signals and the
deep learning technology, a method for identifying the flow regime[28]

As shown by literature research, fluid flow can be successfully obstructed utilising a number of
devices, which can increase turbulence intensity. This study work examines numerically and through
computational fluid dynamics (CFD) the performance of three different flow obstruction geometries:
the hexagonal ring turbulator (HRT), and the circular ring disconnected from the wall. A 30%, 40%, or
50% flow blockage area is maintained for all gecometries. Every insert in this study has a ring with the
exact same geometry and pitch 1 configuration. A new parameter has been suggested for this
investigation. The parameter that has been taken into consideration to assess the performance of
inserts with various flow blocking geometries is the percentage of the tube's cross-sectional area that
is blocked by the turbulator geometry, or flow blockage area (FBA). For combination turbulators, a
lower Reynolds number and the lowest values of coil spring pitch and twist ratio are ideal operating
conditions. The development of empirical correlation for Nu, f, and employed experimental data.
Inserts with HRT were evaluated among the inserts.

2. Methodology
2.1 Numerical Modelling and Method
2.1.1 Physical geometry

The range of parameters varied during the test is summarised in Table 1. Various configurations
of inserts are presented in Table 1. In this study, a total of nine inserts were examined and are listed
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in Table 2. In this study, the Reynolds number between 6,000 and 21,000 was considered in this

research.
Table 1
Range of geometrical parameters
Parameter details Dimension/range
Pitch diameter ratios (PDR) 2,3and 4
Flow blockage area(FBA) 30%, 40% and 50%
Reynolds number (Re) 6000- 24000

The inlet temperature of the air Ambient temperature

Table 2

Inserts configuration

Insert

Configuration

CR30%
CR40%
CR50%
CR30%,1
CR40%,1
CR50%,1
HR30%
HR40%
HR50%

Circular ring with FBA 30%

Circular ring with FBA 40%

Circular ring with FBA 50%

Circular ring with clearance of 1 mm FBA 30%
Circular ring with clearance of 1 mm FBA 30%
Circular ring with clearance of 1 mm FBA 30%
Hexagonal ring with FBA 30%

Hexagonal ring with FBA 30%

Hexagonal ring with FBA 30%

The heat exchanger geometry is created in the ANSYS workbench design module. The fluid
domain is separated into three sections, calming section, test section of 1000 mm, and exit section,
as presented in Figure 1 and Figure 2. The Table 3 displays all of these meshes Nu and f values.

Fig. 2. Test section geometry fitted with Hexagonal Ring (HRT)

Table 3

Grid independence test

No. of elements Nu % variation  f % variation
1482132 75.06457  --- 1.2174 -
2012054 76.08066 1.3536 1.2604  3.5321
2413760 76.4295 0.45851 1.257 0.2698
3023156 76.62899  0.261 1.2598 0.2223
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3. Experimental Setup

The schematic design of the experimental test apparatus is shown in Figure 3. A 2 HP blower and
a heat exchanger tube are part of the open-loop system (test section). In order to monitor the airflow
rate, it also has an orifice meter connected to a U-tube manometer that uses water as the

manometric fluid. The test section details are shown in Figure 4 and Figure5.

1. Blower 2. Control valve 3. Micromanometer 4. Exit section
5. Manometer 6. Test section 7. Control panel 8. Calming section
9. Orifice meter 10. Entry section

Fig. 3. Experimental setup

Insulation

Thermocouple

Heating coil

Pipe

Section X-X

Fig. 4. Test section

X 100 mm 50 mm

Thermocouples

Wire heater Ll Pressure tap

Insulation

|
X
Fig. 5. Test section details
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4. Results

In this section, the heat transfers and fluid flow parameters were examined using numerical
simulations of fluid flow in a tube equipped with a circular ring and a range of gap sizes.

4.1 Heat Transfer Performance

The results of heat transfer for tubes with HRT fitting at different diameter ratios (0.6, 0.7, and
0.8) and PDR (1, 2 and 3). The variation of Nu with Re for all novel inserts with various pitch ratios is
shown in Figure 6 (a)-(b).

The primary finding is that the test section with HRT inserts has a heat transfer rate that is 47%-
201% higher than the smooth tube. The results show that, for a certain range of Reynolds numbers
for PDR 1, HRT with diameter ratios of 0.8, 0.7, and 0.6 enhances the heat transfer enhancement rate
by roughly 1.69-2.04, 2.08-2.57, and 2.28-3.01 times, respectively. A smaller diameter ratio increases
the likelihood of fluid flow obstruction. Nut/Nup is seen to decrease as the Reynolds number
increases in Figure 6 (b).
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Fig. 6. Test results (a) Reynolds number versus Nu (b) Reynolds number versus Nut/Nup for HRT Inserts

Figure 7 shows a comparison between the pressure drop across the test section and the pressure
drop in a straightforward tube and the improved heat transfer using ring inserts. For all of the test
situations, Figure 7(a)-(b) demonstrates that the friction factor somewhat decreases as the Reynolds
number rises. The insert's friction factor is between 126% and 230% higher than that of the plain
tube, with a diameter ratio of 0.8 and a PDR of 3. This insert has the lowest friction factor. The overall
performance factors are presented in Table 4.
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Fig. 7. Reynolds number versus (a) fand (b) f/f, for HRT

Table 4

Overall performance factor ranges with a different insert

Sr. no. Insert (FBA, PDR)

Overall performance factor

30%,2
30%,3
30%,4
40%,2
40%,3
40%,4
50%,2
50%3

50%,4

O oONOOUD, WNR

1.04-1.26
1.02-1.22
1.0-1.21
0.92-1.18
0.91-1.15
0.9-1.13
0.85-1.07
0.82-1.05
0.78-1.019

4.2 Empirical Correlations

The following empirical correlations were created using the most recent experimental data

Nu =0.023Re"®3(d/D) %8 ppR—017

f =0.094Re™"74(d/D) 3 ppDRO3

n=1234Re023(d/D)-92 PDR~00¢

(1)

(2)

(3)

Figure 8 displays comparisons between expected and experimental results (a)—(c). In terms of
thermal performance, HRT is superior to base inserts or inserts with attached rings to the wall.
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Fig. 8. Experimental data compared with predictive data from empirical correlation for (a) Nusselt
number (b) friction factor (c) Overall friction factor for HRT

4.3 Numerical Results and Discussion

A computer simulation of fluid flow in a tube with various inserts was used to examine the
parameters of heat transmission and fluid flow. The grid distribution inside a circular tube with
circular rings is shown in Figure 9. A non-uniform 3-dimensional mesh is employed in this

investigation. The grid is smoother around the tube walls and circular ring because to the strong
velocity and temperature differences.

SN

AYAVY

SOAIAAA
XX

0%
XA

Fig. 9. Mesh structure of the fluid domain

4.4 Velocity Contour

The velocity vectors for the selected pipe models are shown to help understand the domain-
specific flow patterns and behaviours. The introduction of a circular ring, as shown in Figure 10(a)-
(c), disturbs fluid circulation between the tube wall and core sections. For 50% FBA, the frequency of

the primary recirculation vortex is higher. The size of the recirculation vortex grows as FBA increases,
as shown in Figure 10(a)-(c).
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Velocity
Contour 1

|

©
Fig. 10. Velocity contour in tube with (a) 30% rings (b) 40 % ring (c) 50% ring

Figure 11 depicts an axial velocity contour plotted on planes 1, 2, 3, and 4 at axial coordinates 'x'
from the ring with x/D values of 0, 0.1, 0.3, and 0.6, respectively. Figure 10 shows the vector contour
for different FBA settings. When comparing Figure 11(a)-(c), it is clear that the 50% ring inserts cause
significant whirling. Furthermore, as FBA increases, the fluid velocity streamline becomes more
curved, indicating that the perturbation in the boundary layer becomes more intense.

Figure 11 and Figure 12 show velocity contours and velocity vector plots for fluid flow within a
pipe fitted with a circular ring insert with a circumferential gap. Due to flow separation and
reattachment, a standard circular ring with no gap exerts a large shear stress on a tube wall.
According to Figure 12, a side-running flow and a core-running flow are produced around the ring,
resulting in an intense secondary flow and substantial fluid mixing. The cooling fluid is transported to
the tube wall by the moving centre. The velocity contours for tubes with converging and diverging
designs are shown in Figure 13.
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Fig. 11. Velocity contour on a cross-sectional plane 1, Plane 2, plane 3 and plane 4
for (a) 30% ring (b) 40 % ring (c) 50% ring

Fig. 12. Velocity vector in tube with (a) 30% rings (b) 40 % ring (c) 50% ring
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i p—— ANSYS
e 18,2

Fig. 13. Velocity contour on a longitudinal plane for insert with (a)
1mm gap (b) 2 mm gap (c) 3mm gap

Fig. 14. Velocity vectors on a longitudinal plane for insert
with (a) Imm gap (b) 2 mm gap (c) 3mm gap
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Fig. 15. Photography of flow across the ring with a gap
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Fig. 16. Velocity contour for convergent and divergent sections
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Fig. 17. Velocity contour on various sectional planes for HRT insert
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Fig. 20. Photography of flow across the HRT

The velocity contour figures on two longitudinal sectional planes and several transverse sectional
planes. In contrast to a circular ring, a fluid-filled area exists between the ring and the wall in a HRT.
A circular ring encourages effective flow separation and thins the boundary layer in that area because
secondary reverse flow is more common there, as seen in Figure 13-19. As a result, the tube wall
experiences a strong shear force. Inflow through the HRT, on the other hand, is less relevant in the
area where the ring and the wall are separated. As seen in Figure 20, pair of vortices forms near the
wall when the HRT makes contact with the tube wall, enhancing heat transfer locally in the close area.
In the present work, a new turbulator, Hexagonal ring turbulator (HRT), was tested experimentally
to investigate the thermo-hydraulic performance of a circular heat exchanger tube with air as a
working fluid in a turbulent regime.
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5. Conclusions

The rate of heat transfers and pressure loss over a flat tube are both significantly increased by
flow obstruction within the studied range of all parameters. As FBA and Reynolds number rise, the
rate of heat transmission increases. Additionally, pressure drop rises with FBA and somewhat falls
with increasing Reynolds number. Heat transmission is improved for a given FBA by a hexagonal ring
and a circular ring with clearance (Nut/Nup). The PDR was 1 and the diameter ratio was 0.8 for the
insert with the best overall performance factor of 1.04-1.34. Different characteristics, such as
perforated, slots, etc., can be used to investigate the impact on heat transport and friction factor. In
terms of heat transfer, HRT is superior to base inserts—that is, inserts with rings attached to the wall.
Insert with HRT achieves a higher overall performance factor, 1.34, compared to CRT, which only
achieves a maximum overall performance factor of 1.26 over the tested range.
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