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Abstract— The rate of heat transfer, which is dependent on a
number of factors like Reynolds number, fluid properties, and
surface features, can be increased by using various techniques. In
this research, an experimental analysis was conducted on a
smooth circular tube and subsequently on a tube fitted with
inserts. During the experiment Reynolds number was varied
from range of 15,000 to 25,000, while a maintaining heat flux
constant along the tube circumference. The tube, constructed
from steel, includes a centrally placed rod supporting
symmetrically arranged inserts. Computational Fluid Dynamics
(CFD) analysis is carried out to evaluate heat transfer
enhancement using inserts. The experimental findings on heat
transfer enhancement and pressure drop in a tube without
inserts are validated against numerical results obtained from a
Fluent solver. Nusselt number and friction factor are calculated
based on both experimental and simulation data. The CFD model
suggests an optimal insert configuration with a pitch of 3 cm and
an angle of attack of 30°.

Keywords— CFD, Heat Transfer Enhancement, Inserts,
Circular Ring, Ring Inserts.

NOMENCLATURE:-

As-Surface area, m?

Cpa- Specific heat air, kd/kg K

Di- Internal Diameter of the test tube, m

Do - Extarnal Diameter of the test tube, m

L - Length of test tube, m

f - Friction factor of tube fitted with modified vortex generator.

fs - Friction factor of plane tube

hi - Average heat transfer coefficient, (w/m2K)

K - Thermal conductivity of air, W/m K

P - Pitch length of the of inserts, m

m - Mass flow rate, kg/ s

Nu - Nusselt number

Nuc - Nusselt number on the basis of equal pumping power
(Without vortex generator)

Nus - nusselt number on the basis of equal Reynolds number (Without
vortex generator)

Q - Volume flow rate of the hot air, m /s

1. Introduction:-

The efficiency of heat exchangers is often constrained by the
thermal performance of gases, which generally exhibit lower
heat transfer coefficients compared to liquids or multiphase
flows. To optimize energy performance while minimizing
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volume and manufacturing costs, high-performance heat
exchangers are in demand. Enhancing heat transfer can be
achieved by increasing the heat transfer coefficient,
augmenting the heat transfer surface area per unit volume, or
both.

Tube inserts are widely used for heat transfer enhancement as
they are easy to install, do not require material deformation,
and provide improved thermal performance. The use of
twisted tape and wire coil inserts is common due to their
effectiveness in increasing heat transfer.

1.1 HEAT TRANSFER ENHANCEMENT:-

Generally speaking, the hydraulic diameter of the flow
passage is decreased by inserts of various types that are
inserted to increase the rate of heat transfer. The main reasons
why inserts like ribs, dimples, wire coils, and twisted tapes
improve heat transmission in a tube flow include secondary
flow, flow blocking, and flow partitioning. As a result of a
decreased free flow area, flow obstruction raises the pressure
drop and intensifies viscous effects. Additionally, blockage
speeds up the flow and, in certain cases, creates a sizable
secondary flow. Because secondary flow produces swirl and
the consequent fluid mixing enhances the temperature
gradient, which eventually results in a high heat transfer
coefficient, secondary flow also improves the thermal contact
between the fluid and the surface.

1.2. Enhancement Technique:-

The enhancement techniques can be broadly classified as

l. Passive technique

Il. Active technique
Various enhancing methods are often divided into passive and
active methods. Table 1 provides a list of the different
techniques or tools that fall under each of these two groups.
The main difference is that passive procedures don't need
direct external power input like active methods do. Usually,
they add an insert, material, or other device, or they alter the
flow channel's surface or geometry. By disrupting or
changing the current flow behavior, these passive schemes
encourage higher heat transfer coefficients.
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1.2.1 The various forms Heat Transfer Enhancement devices
are:

a) Tube inserts: These augmentation methods have the
advantage of being able to be put in an existing
smooth tube heat exchanger and preserving the
smooth tube's mechanical strength.

b) Mesh inserts:-

Due to the higher per unit volume of mesh inserts,
the temperature decreases considerably along the
direction of flow, and the porous segments release a
greater amount of energy, primarily upstream.

1.3 Optimization:

Heat transfer enhancement improves thermal performance;
it is often associated with an increased pressure drop,
requiring higher pumping power. The optimization process
aims to balance heat transfer augmentation and energy
consumption. By adjusting Reynolds number, heat transfer
coefficient, and friction factor, an optimal system design can
be achieved.

2. Literature:-

Passive, active, or a combination of passive and active heat
transfer augmentation techniques are frequently employed in
process industries, evaporator heating and cooling, thermal
power plants, air conditioning units, refrigerators, space
vehicle radiators, automobiles.

Compared to active approaches, passive techniques which use
inserts in the flow path to increase the rate of heat transfer are
more favourable since they can be readily implemented in an
existing heat exchanger and the fabrication of the inserts is
straightforward. The most widely utilized passive heat transfer
augmentation methods are ribs, fins, dimples, mesh inserts,
wire coils, twisted tapes, and more.

Different heat transfer enhancers are:-

(a) Fins and micro fins,

(b) Porous media,

(c) Large particles, suspensions,

(d) phase-change devices,

(e) Flexible seals,

(f) Flexible complex seals, and

(9) Vortex generators.

Most of heat transfer augmentation methods presented in

the literature that assists fins and microfins in enhancing

heat transfer are reviewed.

2.1 Mechanisms of Augmentation of Heat Transfer:-
The mechanisms of heat transfer enhancement can be at
least one of the following
a) Use of a secondary heat transfer surface.
b) Disruption of the laminar sub layer in the turbulent
boundary layer.

VOL. 33,NO0. 8, 2024

c) Promoting boundary-layer separation.

d) Promoting flow attachment/reattachment.

e) Delaying the boundary layer development.

f)  Thermal dispersion.

g) Redistribution of the flow.

h) Increasing the difference between the surface and
fluid temperatures.

i) Increasing fluid flow rate passively

2.2 Experimental Work Done for Enhancement:-

The experimental setup consists of a one-meter-long
tube with a 25 mm diameter and 0.5 mm thickness. A
constant heat flux of 125 W is applied to the tube’s
circumference, and airflow through the pipe is analyzed at
different velocities. The system is modeled using Gambit
software and analyzed with Fluent software. A central rod
supports symmetrically placed inserts, with variations in
pitch (3 cm, 5 cm, and 10 cm) and angle of attack (90°, 60°,
45°, and 30°). The CFD model is validated against
experimental results by comparing temperature and
pressure variations.

3. Modelling Setup and Governing Equations:-

Establishing the governing equations is the first stage
in doing a CFD analysis of a system. The energy equation,
momentum equation, and continuity equation are the ones
at play. The equations for motion and energy are,
respectively

DP
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The governing equations for heated flow through a
rectangular porous channel are continuity.
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Because of their intricacy, these equations must be solved
computationally. Since these equations are all connected,
solving them all at once requires the employment of a
computational code. These equations were solved for this
analysis using the commercial code FLUENT.

3.1 Discretization methods:-

(i) The Finite Volume Method (FVM) is one of the
discretization techniques being employed. In research codes
and commercial software, this is the "classical" or standard
method that is most frequently employed. Discrete control
volumes are used to solve the governing equations. FVM
discretizes the N-S equation by recasting its partial differential
equations (PDEs) in the conservative  form.

%”IQdV+”FdA=0

Where "A" is the cell surface area, V is the cell volume, F
is the vector of fluxes, and Q is the vector of conserved
variables.

(ii) Technique of finite elements (FEM). Although it can also
be used for fluids, this approach is widely used for solid
structure analysis. However, more caution is needed when
using the FEM formulation to guarantee a conservative
answer. For the Navier-Stokes equations, the FEM
formulation has been modified. FEM is far more stable than
the FVM technique, even though conservation needs to be
considered.

A weighted residual equation is created using this method:

R = [[JwQdve
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4. Descriptions of the Problem and Geometry:-

A tube of length one meter and diameter one inch with
thickness 0.5 mm is the dimension of model under
consideration. Constant wall flux 125 watt is maintained at the
circumference of hollow tube. Objective of this experiment is
to remove heat by the air that flow through this pipe with a
certain velocity. For this case firstly it is modeled in gambit
software and analyzed in fluent software. Values of pressure
drop and temperature difference is validated for experimental
resultant. In the next case, an insert of in the form of ring is
used. The results are analyzed for three different parameter
like angle of insert, spacing between insert and Reynolds
number. Objective of experiment is to find out at which angle,
pitch spacing and Reynolds number, minimum pressure drop
is observed with high heat transfer rate. For the angle
variation, trial is made for different angle. Meshing is the most
important work in this project. If the meshing is fine, result
will be more accurate. For the analysis fluent software is used.
At different iteration, convergence of solution takes place.

After smooth tube validation, tube with insert is used for
analysis. Inserts are made of aluminum. Length of insert is
10.5mm, inclined part width is 2mm, & pitch of insert is 10
cm. A rod of diameter 2mm is placed axially inside the tube to
provide a support for inserts. Now flow rate is changed at each
trial. Pressure drop across the tube and Temperature variation
is studied throughout the tube.

4.1 Validation of CFD model

An essential part of any modeling study is comparing
numerical predictions with experimental data. The main goal
is to show that CFD models are accurate enough to be used for
simulation with confidence and to have the results taken into
account when making design decisions.

4.2 Validation of Smooth Tube:-

The Gambit software is used for bottom-up validation
modeling of the tube, and the meshing tool in Gambit is used
for tetrahedral meshing.

Tube specifications:

» Length - 1000 mm
» Diameter — 25 mm
» Thickness — 0.5 mm

The simulation is done at different Reynolds number

ranging from 15000 to 25500.
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Fig.4.1 Geometry of Tube in Gambit

Mesh
Fig4.2 mesh of tube
Cells- 46020
Faces 140020
Nodes 48060

Partitions 1

1 cell zone, 4 face zones.

4.3 Validation Results

Validation of the Gambit Model is done at different Reynolds
number, while Temperature and Pressure variation
throughoutthe tube is monitored to get the temperature and

pressure profile.

e At Reynolds no- 15373 for smooth tube:-

AMEYES FLUERMT 12.0 (2d, dp, pbns, ska)

Software used:-
For modelling and meshing:-GAMBIT
For analysis:-ANSYS FLUENT 12.0
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Fig 4.3 Temperature Profile of smooth tube at Reynolds NO.-
15373
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Fig 4.4 Pressure Profile of smooth tube at Reynolds NO.-
15373

e At Reynolds no- 18828 for smooth tube:-

R
321wz
3 3Mever
3 300002
3 200402
3 19092 .
340002

2100002

3000002

30Tese2

R

R

3 asen

300002

3 Atese2

ERTER

3 %4eve2

R

R ]

ERE 2]

3130402 x x

wdet l

"

Contowrs of Snatc Temperstae (V)
ANEYE FUUENT 120 (0d ap. pteos. she)

Fig 4.5 Temperature Profile of smooth tube at Reynolds NO.-
18828

VOL. 33,NO. 8, 2024

Trial | Reynolds | AT° | AT °© | AP AP % %
no. C C (exp) (CFD) | error error
(exp | (CFD | inPa in Pa (AT °C | (AP)
) ) )
1 15373 14 12 78.31 | 68.48 | 14.28 12.82
2 18828 13 10 107.4 | 92.74 | 23.07 13.69
6
3 21741 12 11 186.1 | 162.1 | 8.33 12.92
86 25
4 24307 11 10 2155 | 190.2 | 9.91 11.75
84 43
. o ANSYS
" 7
- /—“’

“n IA
R ANSYS FLUENT 2.0 (34, db. pons, ske)

Fig 4.6Pressure Profile of smooth tube at Reynolds NO.-
18828

e At Reynolds no- 18828 for smooth tube:-
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Fig 4.7Temperature Profile of smooth tube at Reynolds NO.-
21741
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Fig 4.8Pressure Profile of smooth tube at Reynolds NO.-
21741 . o
Fig 4.10 Validation by Pressure
Table -1 Comparison of pressure drop and temperature . ]
change over smooth tube Since the above CFD results for smooth tube is satisfactory
with respect to the experimental results. Hence the further
modification can be done in the model to get the heat transfer

Table — 2 Comparison of Nusselt No. enhancement by adding circular rings to it and varying other
Trial | Reynolds | Nusselt No | Nusselt No % error
no. (CFD) (exp)
1 15373 118.786 123.871 411
Re vs AT 2 18828 |  123.953 131.482 5.73
5 3 21741 135.784 152.125 10.72
e 4 24307 | 157.139 183.537 14.38
= W parameters
()
§ 10
@©
@ 5. CFD Results and Analysis
g- c == ATexp
- == ATcfd The analysis is carried out for 3 different pitches (distance
between two consecutive inserts)
0 1) 10cm
12000 17000 22000 27000 2) 5cm
Reynolds No 3) 3cm
v ) At different angle of rings i.e. 90°, 60°, 45°, and 30°

CFD analysis for the above arrangement is done at different
Reynolds number by varying the flow rate of air at the inlet of
tube.

Fig 4.9 Validation by Temperature

The CFD simulations reveal that reducing the insert angle
leads to a decrease in pressure drop, while temperature
variations exhibit no significant trend. The pressure drop is
found to be minimal at an insert angle of 30° and maximum
at 90°. As spacing between inserts increases, pressure drop
initially rises and then declines. The optimal configuration for
heat transfer enhancement is determined based on these
findings.By analysis of the above models following results
are obtained and they were plotted in a graph for different
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pitch of rings. And on the basic of the results optimum
combination for heat transfer enhancement is suggested.

The entire simulation depends on two parameters: the angle of
the inserts and the distance between them. It was discovered
that while the tube's pressure drop diminishes with decreasing
insert angle, the air temperature chance does not follow a
consistent pattern. The pressure drop is greatest at 90 degrees
and lowest at 30 degrees. Pressure drop first rises and then
falls with increasing insert spacing. However, the temperature
differential first rises and then falls as the separation grows.
Since the temperature difference varies very little, pressure
drop is now the primary criterion.The maximum temperature
rise for each pitch is examines as well as the corresponding
pressure drop.

Table 3 Optimum Result

Pitch Angle (degree) | AT (°c) AP (Pascal)
(cm)

10 90° 19 1408

5 45° 22 1362

3 30° 21 1001

6. CONCLUSIONS:

This experimental investigates heat transfer enhancement in
tubes fitted with inserts through experimental and CFD
analysis. The results indicate that insert angle and pitch
significantly influence pressure drop and temperature
variation. The optimal configuration consists of an insert pitch
of 3 cm and an angle of 30°. Future research can explore the
effects of asymmetric insert arrangements and variations in
spacing between inserts.

There is some future work regarding this project. Angle
between insert at upper side of support and lower side can be
varied. Similarly spacing between inserts at upper side can be
varied with lower side.
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