Engineering

OPEN @ ACCESS Freely available online

Journal of Aeronautics & Aerospace

Perspective

The Flow Separation between the Airfoils is Regulated using Synthetic Jets

Yulia Kuma"

Department of Bioengineering and Aerospace Engineering, Universidad Carlos 111 de Madrid, Madrid, Spain

DESCRIPTION

In aerodynamics where precision and control are paramount, the
regulation of airflow around airfoils stands as a crucial challenge.
One innovative solution that has emerged in recent years is the
use of synthetic jets. These devices, characterized by their
pulsating or oscillating jets of fluid, are adept at manipulating
the flow separation between airfoils. This article delves into the
significance of synthetic jets in the regulation of flow separation
and the transformative impact they have on aerodynamic
performance.

Understanding flow separation

Flow separation occurs when the airflow over a curved surface,
such as an airfoil, encounters adverse pressure gradients or
abrupt changes in geometry. This phenomenon leads to the
detachment of the boundary layer from the surface, resulting in
turbulent vortices and reduced lift. Flow separation poses
challenges in various applications, from aircraft wings to wind
turbine blades, as it hampers efficiency and increases drag.

Enter synthetic jets: Synthetic jets, also known as zero-netmass-
flux actuators, present a paradigm shift in the approach to
mitigating flow separation. Unlike traditional methods that
involve static airfoils or flaps, synthetic jets introduce dynamic
and controlled pulsations of fluid into the boundary layer. These
oscillating jets alter the local airflow, disrupting the formation of
separated vortices and promoting smoother, attached flow.

The mechanism of synthetic jets: The operation of synthetic jets
involves the periodic expulsion and entrainment of fluid
through an orifice. This expulsion and entrainment occur in a
rhythmic manner, creating a series of vortices that interact with
the oncoming airflow. The alternating ejection and suction
phases induce a dynamic effect on the boundary layer,
preventing or minimizing flow separation.

The key advantage of synthetic jets lies in their ability to
influence the flow without the need for external mass injection.
This distinguishes them from traditional jet actuators, making
them particularly suitable for aerodynamic applications where
weight, complexity, and energy efficiency are critical factors.

Applications in aerospace engineering

In the aerospace industry, the regulation of flow separation is
pivotal for achieving optimal aerodynamic performance. Aircraft
wings, in particular, benefit significantly from the application of
synthetic jets. By strategically placing these devices along the
wing surface, engineers can actively control the airflow to
maintain attachment and mitigate separation, especially during
varying flight conditions. During takeoff and landing, where the
aircraft operates at lower speeds and higher angles of attack,
flow separation becomes more pronounced. Synthetic jets
offer a dynamic solution, adjusting the airflow to prevent
stall conditions and enhance control. This capability
contributes to improved safety and maneuverability, essential
factors in aviation.

Benefits beyond aircraft wings: While the aerospace industry
has been a primary beneficiary of synthetic jet technology, its
applications extend beyond aircraft. Wind turbines, for instance,
encounter flow separation on their blades, leading to reduced
efficiency. By incorporating synthetic jets, engineers can actively
manage the airflow over the blades, optimizing power generation
and mitigating the impact of turbulent conditions.

In the field of automotive design, where aerodynamics plays a
crucial role in fuel efficiency, synthetic jets offer a promising
avenue for reducing drag and enhancing vehicle performance. By
strategically placing synthetic jets on the surfaces of cars,
engineers can potentially improve fuel economy and reduce
emissions.

Challenges and future developments: Despite the promising
advancements, challenges remain in the widespread adoption of
synthetic jet technology. Fine-tuning the parameters of synthetic
jets, frequency and amplitude, to suit specific
aerodynamic  conditions  requires  careful
Additionally, ensuring the long-term reliability and durability of
synthetic jet actuators is an ongoing area of research.

such as
calibration.

The future of synthetic jets in aerodynamics holds exciting
possibilities. Advanced control algorithms, coupled with real-time
sensing technologies, may enable adaptive and autonomous
systems that dynamically respond to changing aerodynamic
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conditions. This could revolutionize the way aircraft, wind
turbines, and other vehicles interact with the surrounding airflow.

CONCLUSION

In the intricate dance of air over surfaces, the regulation of flow
separation stands as a pivotal challenge. Synthetic jets, with their
dynamic and pulsatile nature, have emerged as a transformative
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tool in the hands of aerodynamic engineers. From enhancing
the efficiency of aircraft wings to optimizing the performance of
wind turbines, synthetic jets showcase their versatility and
potential across various industries. As research and development
in this field continue to advance, the marriage of synthetic jets
and aerodynamics promises a future where airflow regulation
becomes a dynamic and adaptive process, unlocking new
possibilities in efficiency, safety, and performance.
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