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Abstract. The objective of this study is to improve the aerodynamic efficiency
of the aerofoil using novel method of minute vortex generators. The simulation
work was carried out using Reynold Average Navier Stokes equation with k
omega SST turbulence model to evaluate the aerodynamic performance in terms
of lift, drag coefficient. The proposed method is to divide the size of existing
vortex generator into small size and same placed in two different locations with
small size. The results shows that the lift and stall angle improved by 50% and
26 % at the same time the drag was reduced by considerable amount. This
proposed method can replace the existing aircraft vortex generators and improve
the aerodynamic performances.

Keywords: Aerofoil, Drag Coefficient, Lift coefficient, Vortex generators,
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1 Introduction

Nowadays air travel play the major role to transit the people from one place to another
place with minimum time durations. The development of the airline industry provides
a way to new design. The performance of aircraft wings is enhanced by delaying the
boundary layer. To execute this, the most often used strategy is to improve the stall and
to maximize the coefficient of lift by using active and passive control mechanisms.
However, all existing active methods require the installation of small and complex
additional components to achieve the desired flight performance. This increases dead
weight and results in high maintenance costs. Moreover, a minor malfunction in these
components can potentially cause the entire system to fail. One of the main passive
method used to control the boundary layer is vortex generator method, in which the
boundary layer is controlled efficiently by inducing a vortex flow at mid of the wing.
Mostly, the vortex generators are located at the mid of the wing. The major drawbacks
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in this method are, minimum amount of lift coefficient increased with incremental of
drag.

Mayuri R. Gore and Balaji K [1] reviewed the existing vortex generators related
articles. It reveal that the research gap and development in the vortex generators area.
Balaji, K. et al.,[2] conducted the study on vortex generator over an symmetrical and
cambered aerofoil. It concluded that the position of vortex generator at 0.2% of chord
position is optimum location to enhance the aerodynamic performance of an aircraft
wing. Balaji, K. et al.,[3] studied the performance of vortex generator at the midpoint
of the wing to study the performance on symmetrical and cambered aerofoil. It reveals
that the considerable amount of increment in its performance. Zhenzhou Zhao et al.,[4]
studied the vortex generator on the horizontal axis wind turbine and its detailed study
about the design and performances. It reveal that the research opportunities and future
scope to enhance the performance. Soheila Abdolahipour et al.,[5] conducted study on
supercritical acrofoil with pulse jet vortex generator. It concluded that the increment in
lift and decrement in drag at various angle of attack. Ali Niknahad and Amir Bak
khoshnevis [6] studied the vortex generator with three different shape in order to
minimize the total drag of an aerofoil. It proved that the circular vortex generator
producing considerable amount of drag reduction with high lift to drag ratio. Vansh
Ratna Sharma et al.,[7] performed the triangular vortex generator with heat transfer
flow at turbulent flow. It shows that the good amount of aerodynamic performance
enhancement with efficient amount of heat transfer. ABDUL QADER HASAN et
al.,[8] studied the effect of winglets and vortex generator over an remote control aircraft
using numerical study. It reveals the combination of vortex and winglet enhances the
aerodynamic performances. Omid Nematollahi et al.,[9] performed the study on vortex
generator with delta wing. The results are compared with the smooth wing and efficient
enhancement of aerodynamic performances. Sh. Sham Do et al.,[10] study about the
vortex generator installed over an solar powered aircraft. It concluded that vortex
generators are improved the performance to improve the flight duration. Manthan Patil
et al.,[11] performed effect of vortex generator over the delta wing through the flow
visualization methods. It proved that the minimize the drag and enhance the lift
coefficient at various angle of attack. M. A. Brutyan & Tenzin Tadin [12] studied the
vortex generator with transonic aircraft conditions. The study reveals that the effect of
aerodynamic performances and temperature .It shows the considerable amount of
increment of performances. Hector G. Parra et al.,,[13] studied the effect of vortex
generator over an rotary wing aerofoil. It shows that the flow visualization over an
rotary wing aerofoil and visualize the wake regions. V. G. Tsipenko & V. 1. Shevyakov
[14] explained the effect of vortex generator depend on the various configuration and
its performances to enhance the operations. Arunvinthan, S..et al.,[15] conducted study
on the shark scale-based vortex generators (SSVG) with different configurations. It
proved that the proposed SSVG method effectively enhances the aerofoil performance
at various angle of attack. Shengxian Huang et al.,[16] implemented the 2D aerofoil
with double sided vortex generator. The proposed idea effectively improved the
performance and control the flow separation. Putra, W., Hariyadi, S., & Pambudiyatno,
N. [17] designed the triangle vortex generator over an swept back wing. The results
concluded that the considerable amount of increment of lift coefficient and stall angle
with minimization of drag and wake region. Balaji, K., et al [18] and Saranya s et al
[19] evaluated active and passive boundary-layer control methods to improve aerofoil
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performance across different flight phases using a RANS—SST framework. Results
show that inward dimples increase stall angle by about 50%, while the active IBSS
method delivers up to a 100% improvement in aerodynamic efficiency over the
baseline, making it the most effective approach. Nayak, D., [20] investigated a
combined active—passive boundary layer control strategy using injection and vortex
generators to enhance wing performance at subsonic speeds. An optimal setup with
injection at 20% chord and a vortex generator at 60% chord improves lift by 42% while
reducing drag by 44%, demonstrating a practical and efficient approach for aircraft
wings. Balaji, K., & Yadav, A.[21] identified the optimal winglet angles for effective
boundary-layer control by comparing spiroid, split-scimitar, and blended winglets on a
cambered aerofoil using numerical and wind-tunnel tests. Results show that a blended
winglet at 95° on a NACA 6321 aerofoil delivers the highest aerodynamic efficiency
by significantly reducing induced drag across angles of attack. Balaji, K., et al [22]
evaluated the structural safety of a two-seater trainer aircraft’s rectangular wing mid-
section using both finite element analysis and the K-factor theoretical method. The
close agreement between numerical and theoretical results confirms adequate safety
margins, offering a reliable approach to improve structural efficiency while reducing
aircraft weight. Ruifang Jiang et al.,[23] performed the vortex generator study on the
rotary wing aerofoil. It proved that the torque output is enhanced through that output
power improved. Nobuo Namura et al.,[24] simulated the multipoint optimization study
of vortex generator with different cases. The results concluded that results in the
aspects of stability, pitching moment and separation study . Kumar, R., et al.,[25]
conducted the vortex generator study with different configuration over an aerofoil. The
results compared and concluded that the vortex generator with customized vortex
generator can produce higher amount of acrodynamic performances.

The above literature proved that the passive method of vortex generator is effectively
control the boundary layer and improved the performances. In all the papers discussed
about the VG placed at the single point over a top surface to enhance the behavior of
aircraft wing. There are few papers, which are available by placing the VG at multi
location over an wing. The objective of the proposed work is to place the vortex
generators at multiple location at the separation point to energize the flow which made
the flow attachment and performance improvement.

2 Methods

2.1 Geometric Design

Fig. 1 shows the comparison of an existing vortex generator and MLVG configuration.
The basic difference between them is the location of vortex generators and the number
of rows. MLVG system operated by creating the circulation flow. The NACA 6321
model is designed with the domain size which is specified in the literature [3].The
design made for this research is displayed in Fig 2 and specifications are mentioned in
Table 1.
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Fig. 1. Comparison of baseline and Vortex generator aerofoils

Fig.2. Design of Baseline and MLVG Aerofoil

Table 1.Model specifications

Details Specification Parameter
Model NACA 6321
Airfoil span 23 cm
chord 15 cm
length 2400 mm
Domain height 1500 mm
radius 750 mm
Length (L) 2.2 mm

Height (H) 0.8 mm
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~ VGat02c Vane angle (B) 16deg
Thickness 0.1 mm
d 5 mm
D 11.3 mm
Total VG pairs 20
Length (L) 4 mm
Height (H) 1.2 mm
VG at 0.5¢ Vane angle (B) 16deg
Thickness 0.2 mm
d 5.8 mm
D 11.3 mm
Total VG pairs 20

2.2 Numerical Analysis

The design is segmented into smaller elements to ensure precise results. Based on the
grid independent study conducted through the literature the mesh size is finalized with
nodes of 671452 and elements size of 2841542. The turbulence model used for this
study is k omega SST and boundary conditions are based on the literature [3]. Finite
volume analysis carried out with Reynolds average Navier Stokes Equation used to
solve this statement. The non mentioned values of various coefficients are collected
based on the different angle of attack.

3 Methods

The computational study was conducted with the velocity of 15 m/sec. In that results
of baseline and MLVG are compared and explained in the graphical form as mentioned
in below

3.1 Lift Coefficient Curve

Fig. 3 illustrates the lift comparison across various angles of attack for different
configurations. The baseline aerofoil experiences stall at an 18-degree angle of attack,
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whereas with the incorporation of MLV, stall occurs at 26 degrees. It is concluded that
the performance of the MLVJ method is best suited for all angles as compared to regular
aerofoils. Figure 4 presents a comparison between the existing VG method and the
MLVG method. It can be concluded that, when compared to the baseline aerofoil, the
existing methods improved the maximum angle of attack only by 4 degrees whereas,
the MLVG method improved the same to a maximum of 8 degrees, through improved
boundary layer control. Another important feature is that the MLVG method performs
better not only at higher angle of attack but also at low angle of attack as compared to
its counterparts.

14

AOA
MLVG = BASELINE Biting 6= MLVG

@ (b)

Fig. 3(a) &(b) Co efficient of lift of baseline ,existing and MLVG Method

3.2 DRAG COFFICIENT CURVE

Fig. 4(a) compares the drag coefficient values of the baseline aerofoil and the
MLVG method at different angles of attack. The graph indicates that the drag value
in the MLVG method remains equal to that of the baseline aerofoil. From this it
can be concluded that MLVG method contributes in improvement of lift while
maintaining the same drag. In the VG at separation point method, the coefficient
of drag value is noted to increase with the increase in lift. Fig. 4 (b) is the
comparison of the drag coefficient values of the existing VG method and MLVG
method for different angle of attack. The existing method is display to create
maximum drag compared to the MLVG system. So MLVG system is used to
increase the lift at the same time it reduces the drag which ensures good
performance at different angle of attack. In both cases after the maximum angle of
attack, the drag value increases abruptly.
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Fig. 4(a) &(b) Co efficient of drag of baseline ,existing and MLVG Method

33 Pressure Coefficient Curve

Fig. 5 shows that the pressure coefficient variation along the surface of an aerofoil
at various conditions. It shows that the pressure variation over the top surface of an
aerofoil is decreased due to the flow attachment happened. In that the pressure
conditions are improved compared to the existing method. It clearly shows that the
MLVG system efficiently improve the performance of aircraft wing without affecting
any other parameters.
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Fig.5. Pressure coefficient of baseline, existing and MLVG Method

3.4 Velocity Contour

Fig. 6 shows the velocity distribution over an aerofoil. In that NACA 6321 baseline
aerofoil is having reverse flow due to boundary layer separation. Existing methods and
proposed MLVG methods are used to control the separation. Especially in the MLVG
method, the flow separation is controlled very effectively and the flow of air particles
is close to each other under safe zone conditions compare to existing methods.
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Fig. 6. Comparison of Velocity distributions

4 Conclusions

An Modified Location of Vortex Generator (MLVG) for the enhanced acrodynamic
performance of aircraft wing, comprises of disposing on an aircraft wing, two rows of
vortex generators to create circulation flow over aircraft wing without disturbing main
flow and effectively controlling boundary layer separation, characterized in the
positioning of the said first row at maximum thickness point (separation point) which
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is the starting point of boundary layer separation in aerofoil and characterized in the
positioning of the second row at the point where next circulation is created near mid of
aerofoil thereby introducing circulation flow at the exact location of flow separation
with the improved stalling angle of attack and increased lift. The Modified Location of
Vortex Generator (MLVGQ) aircraft wing is regular aircraft wing without secondary
control surfaces thereby reducing weight, the maintenance cost of secondary control
surfaces.The Modified Location of Vortex Generator (MLVG) is used to increase the
coefficient of lift and stall angle with the decrement of drag.The Modified Location of
Vortex Generator (MLVG) height is fixed based on the boundary layer thickness and
position is fixed at two different locations where the flow separation will start. The
Modified Location of Vortex Generator (MLVG) at various angles of attack, the stall
is improved by about 44% with a decrease in drag. The Modified Location of Vortex
Generator (MLVG) is suitable for all aerofoils (Symmetrical and Cambered) in
subsonic conditions. The future work of the study is to fabricate the model and conduct
the experimental study as well try to apply the similar concept for some other
applications.

Disclosure of Interest: The authors have no competing interests to declare that are relevant to
the content of this article.
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