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1. Introduction

Active flow control (AFC) is a fast-growing, multi-disciplinary science and technology for energy
and propulsive systems. It is aimed to achieve transition delay, drag reduction, lift enhancement,
turbulence management, separation postponement, noise suppression, combustion enhancement, etc.
The potential benefits of flow control may include improved performance, affordability, fuel
consumption economy, and environmental compliance.

In the aerospace field, the flow control has a significant impact on the aerodynamic design, as well
as on the propulsion systems (such as jet engines and rockets) of future aerospace vehicles. Regarding
engine components, flow control in turbomachinery is needed to increase efficiency of thrust and
power generation while reducing environmental footprint.

Several applications of active flow control to the low-pressure turbine section of a gas turbine are
reviewed and evaluated in previous studies [1–4]. Some characteristics of low-pressure turbine flow
conditions such as freestream turbulence, secondary flows, and unsteady wakes lead to questions for
flow control that must be considered during the design of these components.

Furthermore, efficient combustor designs and stable compressor flows using flow control are
also needed. In recent years, attention has also been focused on the control and suppression of
combustion instabilities by actively and continuously perturbing certain combustion parameters in
order to interrupt the growth and persistence of resonant oscillations [5–8].

Remarkable developments in control theory have considerably expanded the selection of available
tools which may be applied to regulate physical systems. These techniques show great benefits for
several applications in fluid mechanics, including the delay of flow transition, and thus of turbulence.

Active flow control research is characterized by a highly multi-disciplinary approach including
theoretical, computational and experimental fluid dynamics, aerodynamics, physics, chemistry,
and propulsion. Although many flow control technologies have been identified and researched at
the basic level for many decades, few have ever reached maturity and full-scale deployment in a
commercial product.

2. Flow Control Applications

In light of the above, this Special Issue collected some of the latest research on relevant topics, and
more importantly, addresses present challenging issues in the implementation of active flow control
techniques as plasma actuators for the control of flow separation in compressors.

The performance of modern, highly loaded compressors are limited by the corner separations.
Plasma actuation is a typical active flow control methodology, which has been proven to be capable of
controlling the corner separations in low-speed compressor cascades [1].
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In reference [9], the mechanism of high-speed compressor cascade corner separation control with
plasma actuations was investigated.

Numerical simulations have been performed in order to investigate the control effects of the
suction surface as well as the endwall plasma actuations in suppressing flow separation in a
high-speed compressor cascade flow. The main flow structures related to the corner separation
and the corresponding flow losses are firstly predicted in the absence of active flow control. Then the
reduction of the corner separation flow structures through the implementation of suction surface
and endwall plasma actuations are investigated. It was shown that plasma actuators improve the
high-speed compressor cascade static pressure rise coefficient, while reducing the corresponding total
pressure loss and blockage coefficients. In particular, the suction surface plasma actuators are suitable
to suppress both corner separation vortex and airfoil separation, and they are more efficient than the
endwall plasma actuators in terms of reduction of the total pressure losses However, the endwall
plasma actuation is more efficient in the reduction of the flow blockage and improvement of the static
pressure rise.

In reference [10], plasma actuators have been applied for the optimization of steady and unsteady
airloads on a compressor cascade. Plasma actuators have been located both on the pressure and on the
suction side of the blade trailing edge, in this way suction side plasma actuation reproduces the effects
of mechanical wing spoilers, whereas pressure side plasma actuation acts as a mechanical Gurney flap.

Traveling wave mode simulations demonstrate that reductions in the peaks of the blade pitching
moment can be obtained on the whole spectrum of interblade phase angles through a proper triggering
of pressure/suction side actuation. Hence virtual control surfaces can provide effective load alleviation
on the cascade, with potential remarkable reduction of fatigue phenomena.

The control of unsteady load is confirmed also in other recent studies [11], that demonstrate the
feasibility of using multiple dielectric barrier discharge (multi-DBD) plasma actuators (PAs) as a novel
approach for load alleviation and stability control of airfoils in unsteady flow.

As flow separation is a critical phenomenon for aircraft, flow separation control over airfoils is
an important application, the effectiveness of asymmetrical and symmetrical plasma actuators for
enhancing the aerodynamic performances of an airfoil is of great interest.

In reference [12], a DBD plasma actuator, attached near the leading edge of an airfoil and operating
in burst mode, is shown to be very effective for controlling flow separation at a Reynolds number of
6.3 × 104, when applied to the flows at an angle of attack higher than the stall. In the paper, guidelines
for the effective use of DBD plasma actuators are proposed. A DBD plasma actuator is also applied to
the flows under cruise conditions. A simple airfoil with an attached DBD actuator presents a higher
lift-to-drag ratio than a well-designed airfoil.

The high voltage waveform has a great effect on the control authority of the DBD plasma actuator.
In reference [13], nanosecond pulsed dielectric barrier discharge (DBD) actuators have been installed
on a NACA 0015 airfoil and the operation of the actuator at the dominant experimentally measured
flow frequencies at stall conditions was shown to give good control authority.

In recent years, fluidic actuators as synthetic jet actuators have been investigated as suitable
devices for a wide range of flow control applications.

Synthetic jet actuators are zero net mass flux devices, which modify lift and drag forces by altering
the boundary layer and wake for a body in crossflow. Boundary layer modification is reached through
a propagating train of vortices, which are created by an oscillating diaphragm within a cavity inside
the body.

In reference [14], synthetic jet actuators and plasma DBD actuators have been compared in terms
of active separation control performance on a highly loaded subsonic compressor stator cascade.

The plasma actuator is slightly more efficient for the reduction of flow separation in the region just
downstream of the blade actuators. However, at the same mechanical power delivered by the actuator
to the fluid, the synthetic jet actuator SJAs are more advantageous than the continuous jet actuator CJAs
and slightly outperform plasma actuator application from the pressure loss reduction and pressure rise
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viewpoints. The fluidic jets have low power requirements, whereas the power consumption would be
prohibitive for the PA configuration that shows low fluid mechanic efficiency.

Another area of interest, other than flow around streamlined airfoils or turbine blade, is flow
control around bluff bodies such as large pylons, e.g., onshore wind turbines, tidal turbine mounts
or the risers used for offshore platforms, deep-water wind turbines or bridge sections. Synthetic jet
actuators could modify the wake produced by a structure and hence reduce the magnitude and/or
frequency that a structure oscillates at, with a beneficial effect on reducing the risk of failure.

In reference [15], a numerical study was performed to investigate the effect of varying synthetic
jet actuation frequency on drag and lift coefficients, pressure coefficient and the turbulence intensity in
the wake of a circular cylinder in cross-flow.

A significant modification of the drag coefficient for a circular cylinder in cross-flow at Reynolds
equal to 3900 is achieved by varying the actuation frequency of the synthetic jet.

The passive flow control has also been of great interest in many studies. Vortex generator,
distributed roughness, streamlining, and uniform blowing and suction are among various devices that
are employing for the passive flow control technique.

Vortex generators (VGs) are increasingly used, especially in the field of wind turbines, as flow
control devices to improve rotor blade aerodynamic performance.

Nevertheless, VGs may produce excess residual drag in some applications. The so-called
sub-boundary layer VGs can lead to a significant flow-separation control with lower drag than
the conventional VGs. In reference [16], an investigation has been performed about how well the
simulations can reproduce the physics of the flow of the primary vortex generated by rectangular
sub-boundary layer VGs mounted on a flat plate with a negligible pressure gradient with an angle of
attack of the vane to the oncoming flow of 18◦.

The computational results show good agreement with the experimental data provided by the
Advanced Aerodynamic Tools of Large Rotors (AVATAR) European project for the development and
validation of aerodynamic models. Finally, the results indicate that the highest VG seems to be more
suitable for separation control applications.

Finally, control of the flow could be also useful for heat transfer enhancement in heat exchangers.
Thermal augmentation techniques can be divided into active and passive. The passive techniques with
the tube inserts are most frequently used because they do not require the direct application of external
power. Twisted tape is the most commonly used solution. The thermal augmentation of twisted tape is
given by its ability to induce swirl flow and increase the turbulence intensity close to the tube wall,
which can promote mixed flow from the near-wall and central regions.

In reference [17], the effects of ball turbulators (BTs) on the heat transfer and fluid friction
characteristics in a circular tube are investigated through numerical simulation. The performance
evaluation criterion (PEC) data underline that the use of a smaller ball diameter ratio and a smaller
spacer length are preferred. The results also reveal that BTs with a larger diameter ratio and a smaller
spacer length yield the highest heat transfer rate as well as the largest pressure loss. It was also shown
the BTs outperform plain tubes in terms of fluid flow velocity near the tube wall.

In the field of active control, the development of control algorithms is a key issue. In reference [18]
a new wind farm control algorithm that adjusts the power output of the most upstream wind turbine
turbines to maximize the total power output and load decrease was implemented.
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