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I.  INTRODUCTION

The increased demands for the performance of heat

exchangers in power systems,

automotive,
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Heat Transfer Enhancement In
Laminar Flow Using Vortex
Generator - A review

Abstract— Improve the transport of heat by various techniques has for long years been an
intensive focus of research. Numerous applications are required to exchange high-
performance heat. One example is the cooling of electronics like microprocessors. The
current increase in heat exchange studies has led to efficient and compact heat exchangers
as well. This research consists of numerical analysis for the improvement in heat
exchange in a rectangular canal utilizing several kinds of LVG for laminar flow. To
calculate 3-D steady viscous flows with heat transfer a computational fluid dynamics
software program was utilized. The effects of Reynolds numbers from 500 to 1000
(laminar flow) are indicated at various angles of attack by vortices (30 kilometres and 45
kilometres). Three distinct forms of vortex generators are studied: a finite thick delta
wing, a trapezoidal wing and a pair of winglets for delta wings (also called a halve delta
wing). The number Nusselt is calculated without the LVG and compared to the number
Nusselt. The results reveal that the LVG improves the thermal transmission in the
rectangular channel efficiently. In addition, the influence on the channel was assessed of
the LVG drag and the associated pressure decrease. The friction factor for Darcy was
calculated and compared without LVG with the friction factor (f0). In each example, the
parameter for performance assessment was calculated to measure the total configuration
efficiency. Results are examined and recommendations are offered for further research.

Keywords—Heat transfer enhancement, Twisted tape, Vortex generator, nanofluid.

needed. Different approaches are utilized to improve heat
transfer. Like fins, ribs, pinches, and outgoing surfaces,
in an

which cause turbulence interchangeable heat

electrical ~ exchanger. The most frequent material used is aluminum

circuitry in electronic chip cooling, climate control and
cooling applications, internal cooling of gas turbine blades
and in the aerospace, industry led to the use of heat transfer
enhancement techniques for reasons of compactness.

Improved heat transmission in heat exchangers is generally
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due to its high thermal conductivity (205 W/m-K), cheap
maintenance and production costs, and lower weight. Heat
pumps and heat exchangers are employed in many
applications today. The extremely high conductivity of
copper (400 W/m-K) is also utilized at times, though the
user is not usual since it is heavy and expensive. At times
diamonds are also used to enhance heat exchange, as they
have 2000 W/m-k thermal conductivity; however, they are
not commonly utilized until requested, as they are quite
expensive. In high-powered integrated circuits, diamond is
employed. Heat exchangers demand greater space and
space, lower weight and lower costs for improved
performance. Therefore, heat exchangers, due to their
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benefits, can consist of aluminum and copper alloys. Heat
exchangers should have a wide surface area to optimize
performance as the heat transfer takes place on the surface.
Different methods are utilized to improve the transmission
of heat. The material for the rectangular canal walls is
aluminum. In this study.

There are two distinct approaches for improving heat
exchange: active vortex and passive vortex [1]. Active
vortex control is used to actively control the secondary
flow and decrease pressure so that even at the cost of
additional pumping power the requisite heat transfer rates
will be reached. This method is unknown in heat
exchangers since running costs are relatively expensive.
The employment of jets at varying angles from the thermal
transfer surface into the limit layer [2] and the production
of a secondary flow using acoustic excitation [3] and
electro hydrodynamics (EHD), in which an E-field is
created in the flow, are some examples of Active Vortex's
technique [4]. The passive vortex method is recognized to
improve the use of longitudinal or latitudinal heat exchange
generators. Delta wing, rectangle wing, delta winglet,
trapezoidal delta, rectangular winglet All sorts of vortex
generators are wing, dimpled surfaces, ribs and fins. This is
a very effective approach and has minimal maintenance
and operating costs at heat exchangers, which has been
used for a large amount of research. The usage of passive
vortex equipment and its broad application in heat
exchangers for the improvement of heat transmission is
detailed in this paper. There are two types of vortex
generators: transverse vortex generators (TVGs) and
longitudinal vortex generators. The transverse vortex
generator is revolving in a normal direction and the flow is
two-dimensional, whereas the longitudinal vortex
generators have their rotating axes parallel to the main
flow, and three-dimensional flow is required. VVortex power
generators are generated by projecting wings or wingless,
by stinging hole or dimple in the surface, on a plate or
channel at an angle of attack. It is also known that pure
longitudinal vortexes cannot be produced, as transverse

vortex generators are always produced. The assault angle
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affects the superiority between the one and the other. The
rectangular wings and winglets in a flat plate and channel
flux are mostly longitudinal vortices if this attack angle is
finely modest. They have shown that the rise in the number
of Reynolds rises in heat transfer. Sohankar [5] presented
that It has been shown that the strength of the vortex rises
with the Reynolds number. The properties of Delta Wing
Vortex generators in flat plate channel flow were shown by
Gentry and Jacobi [6] and [7]. Results indicated that the
average heat for a laminar flow is increased by 50%-60%.
Jacobi and Shah [8] demonstrated that LVG produces
longitudinal vortices of huge scale and thereby improves
heat transmission. In the last few years, they have also
examined active and passive strategies for improving heat
exchange. Wang et al. [9] tested delta winglet pair (RWP)
with a common down and up flux configuration and
showed that Delta Winglet Pair (DWP) is more efficient in
a common downflow configuration than any other. They
also mentioned that the Nusselt numbers for rectangular
winglet pairs influence several configurations over delta
winglet pairs. The friction factor for RWP has also been
shown to be greater than that for DWP. Numerically,
Tiwari et al. [10] Studies the impact on rectangular
channels of punched delta winglet pairs at various attack
angles. The average heat transfer on both sides of the
channel increased by the increase of the number and angle
of attack of Reynolds. The conclusion was that the
thickness of the RWP indicates a lower average Nussel
number with or without stroking holes than the thickness of
null. They demonstrate that in a rectangular channel with
holes the greater Nusselt number is found but the friction
factor is too much. It has also been shown that an attack
angle of 45 kg is better than 15 kg, 30 kg, 60 kg and 90 kg,
and the reduction in pressure also increases with the rise in
an attack angle. Another, an experimental and numerical
survey by Biswas et al. [11] demonstrates that the heat
transfer improvement in the rectangular channel diminishes
as the LVG position increases from the channel entrance
and transverse space reduces among the LVG pair. They

also showed that both heat transfer improvements and
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pressure losses in the fixed area of LVG are increased by
increasing the area. An excellent approach for enhancing
heat transmission and preventing excessive loss of stream
is to properly increase the length and decrease the height.
DWP, half the chain height, has been concluded to provide
superior outcomes than DWP with a channel height equal
to. Leu et al. [12] have shown that a finite DWP performs
better than a null DWP. Torii et al. [13] revealed that both
a finite heat transfer aid for the Delta and rectangular
winglet pair, but that the Delta winglet pair is more
effective. They indicated that there should be a gap of
seven to ten times the height of two vortex generator rows.
Experimentally Jain et al. [14] showed that LVGs are better
on both sides than in rectangular channels on one side.
Joardar et al. [15] have demonstrated that their calculative
conclusions correspond with the experimental results for
heat transfer in a rectangular channel, employing DWP,
with laminar and turbulent flows. Turbulent flow also takes
less time and storage computer than low Re models near
walls. Wang and others [16] predicted the vortex properties
accurately and produced findings that were reasonably
close to the experimental data for a couple of DWP in a
turbulent flow rectangular channel. The experimental and
numerical investigations carried out by Smotrys [17]
examined the interaction between the vortices and the
turbulent boundary layer produced in ducts with either flat
or curved wall borders. They have also shown that both
CFD and CFU vortices are circulating in a concentric
channel as downstream flow rises, however they are not
equal on a flat plate or a convex area. In the case of
turbulent flows, Sanders et al. [18] exhibited a combination
of LVG's on one side and raw materials on the other side.
Xue et al. [19] have shown that a common flow-up
configuration in a fin-tube heat exchanger is more efficient
than a common flow down arrangement. Heat exchange in
a Finnish oval tube.

Il. COMPUTATIONAL FLUID DYNAMICS

Computational Fluid Dynamics also generally called

CFD is an important branch of fluid mechanics and it uses
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numerical methods and algorithms to analyze and solve
Fluid flow problems. It has become popular since the
previous methods, experimental and Theoretical are either
very expensive, time-consuming, or involve too much
labour. In CFD, Computers are used to solve the algorithms
that define and analyze the fluid flow. Due to The increase
in the computational capabilities over time and better
numerical solving Methods, most experimental and
theoretical work has been done using CFD. CFD is not just
economic but let’s one analyze, simulate and transfer heat
and shock waves in a liquid flow. CFD is not just
economical. In a fluid flow, it also helps to solve partial
differential equations (PDE). The analysis of internal or
exterior flow is mostly supported by CFD. In engineering
branches such as Aerospace the use of CFD has become
more popular in the study of interactions between
propellers or rotors and the fuselage of aircraft; mechanical
in the study of respiratory and circulatory systems for
temperature distribution of a mixing manifold; bio-medical
ingenuity. For CFD analysis, there are a few easy generic

processes to follow.
A. Pre-Processing and Geometry Modeling

Knowing the problem is the first step to any problem. A
well-known problem is the solution of a problem This
technique uses already existing data. Therefore, the
geometry type and size are already known. To develop and
model geometry tools are employed, for example, Creo
Parametric, AutoCAD, Pro/ENGINEER or SolidWorks.
The problem has an aim which enables objective functions
to be specified and the restrictions for the fluid flow
applied. Creo Parametric 2.0 has been utilized for geometry

design in this investigation.
B. Meshing

The process of separating flow domains into subdomains,
mostly consisting of triangles and quadrilateral for 2D
geometry or tetrahedral or hexahedra in 3D geometry, is
meshing (sometimes called grid generation). meshing. In
each subdomain, governing equations are discretized and

resolved. The subdomains are referred to as cells or items.
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In combination, the mesh is termed collectively. Grids are
usually organized, unstructured or mixed. Grids are created
at the workbench point, gambit or ANSYS. The geometry
supplied from Creo Parametric 2.0 was meshed by ANSYS
Workbench 12.0.1 in this research. The Finite Volume
Method (FVM) is the most often utilized methodology in
the simulation of CFD. The governing equations, as the
name indicates, are solved using discrete control volumes.
This approach reforms and discretizes the new equation,
particularly in the conservative form of the Navier-Stokes
equation. In the structural analysis of solids, the Finite
Element Method (FEM) is extensively utilized. In FEM,
the issue is split into extremely tiny, connected pieces.
FEM is stable more than FVM and sometimes more
memory than FVM may be required. A method of
estimating solutions for differential equations is the Finite
Differential Method (FDM).

C. Setup

Boundaries of entry, exit and across the whole fluid
flow as well as viscosity, the liquid property, and operating
circumstances are the different factors that must be
determined when the mesh is finished. The most prevalent
commercial program, FLUENT 12.0.16, is utilized to
create and solve the flow in this study. The flow is also
resolved by selecting algorithms, models, techniques of

solution and convergence inexactness.
D. Post-Processing

Depending on the demand, the necessary findings are
processed. The findings are extracted from many
characteristics, such as temperature, speed, Mach number
and pressure. The whole procedure is sometimes repeated
to ensure better outcomes The relaxation factor is

controlled and the mesh quality improved.
E. Governing Equations

For the simulation of CFD problems, the Navier-Stokes
equation plays a very essential role. This is because of the

fluid application of Newton's second law. Partial
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differential equations define the conservation of mass,

dynamics and energy flow.

In this research, the flow is laminar, incompressible,
and stable on the rectangular channel. The equation of
Navier-Stokes is shown as simply as possible. These
assumptions have been made, It is a steady flow. Thus, this
study does not depend on the time.

1. The fluid has constant density and viscosity which
means it is Incompressible p = constant. Thus, the
thermal changes that occur in the Fluid because of
constant density are neglected in this study.

2. The only velocity component at inlet is in the direction
of the flow, u=V. Thus,v=w=0

I1l. RESULTS AND DISCUSSION

Due to its average surface number ratio, the friction factor
and the performance evaluation parameter, various
generators of longitudinal vortexes, such as the Delta wing,
Trapezoidal Deltas and the Delta winglet, were numerically
analysed and comparable in this study to the advantage and
disadvantage of FLUENT for each. After this investigation,
the following was concluded.

1. The average Nusselt Delta wing surface number ratio at
attack angles of 30% and 450% illustrate the increase in
heat transmission and the increased attack angle lead to a
larger heat increase, but at the cost of loss of pressure.
The pressure loss is also shown to be larger at higher
angles of attack. The entire performance assessment
metric is thus below one. The Delta wings are therefore
seldom employed in heat switches. The major usage of
delta wings is when a Nusselt Number Ratio and
Pressure Loss require a large average surface area. Delta
wings also benefit from inexpensive production,
operation and production costs.

2.The Nusselt average surface ratio is substantially larger
than the delta wing ratio for trapezoidal delta wings at
the same angle of attack, and the same wing chord
length. The only benefit is the sharp front of the
trapezoidal wing, that helps to produce primary vortices

early and consequently has a larger average Nusselt
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surface number than the delta wings. In this case, too, the
friction factor relies on the angle of the assault, and so
larger angles of attack lead to greater pressure losses.
The performance assessment parameter is shown to be
less than one but larger in the trapezoidal wing than that
of delta wing. The trapezoidal wing is however not
favored over delta win.

3.For the delta winglet pair, the average Nusselt number
ratio of a trapezoidal wing is as high as that of a single
chord, but the friction factor is extremely small and near
to one which is less than the two geometries of the other.
For higher attack angles, the friction factor ratio is larger.
However, in terms of the assault angle, the performance
assessment factor is higher = 30 kin than B = 45 kin. The
evaluation parameter of performance is found to be more
than one when Re > 500 for f = 30 ¢ 1, whereas Re
should be about 1000 for B =45 ¢ 1. For obvious reasons
and in the event of pressure loss, the Delta winglet
couples are favoured over alternative designs.

4. The abovementioned item is not only concluded by the
plots, but the statistics in Chapter 4 may make the same
conclusion. In a delta winglet pair, vortices cause greater
flow disturbances than in the delta or trapezoidal wing.

5.The thinning of the boundary layer takes place in all
geometries, but in the delta flange pair, the layer is
noticeable and of a higher order. Drag is created in all
geometries that prevail in channel air, however, in pairs
of delta wings, it is reduced. The delta wing and
trapezoidal wing examples are somewhat higher. More
angles of attachment also provide higher drag form and

higher friction values.

IV. CONCLUSION

Based on this study, much work may be done in future
with the vortex generator for heat transfer improvement.
Here are a few approaches to increase the average Nusselt
number ratio performance factor: Improve the geometry by
using thinner width delta winglet pair. It has been seen that
thinner plates reduce the friction factor ratio while

negligibly changing the average surface Nusselt number
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ratio and, hence, increasing the Performance Evaluation

Parameter.

1.

(1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

The employment of delta winglet pair across larger
ranges of Reynold number might be effective for trying
heat exchange improvement.

Changing geometry and all testing with a new
geometry can show beneficial. It could be
advantageous to blend the triangular sides of a delta

winglet pair into or against the vortex direction.
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