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Abstract. The genesis of both coherent structures and reactive flow control strategies is explored. Futuristic control systems that utilize mi-
crosensors and microactuators together with artificial intelligence to target specific coherent structures in a transitional or turbulent flow are 
considered. Of possible interest to the readers of this journal is the concept of smart wings, to be briefly discussed early in the article.
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cial intelligence/machine-learning control (AI/MLC) to target 
specific coherent structures in a transitional or turbulent flow 
are considered. Of interest to the readers of this journal is the 
concept of smart wings, to be discussed briefly herein. The his-
torical nature of the present article precludes adequate coverage 
of the most recent literature in closed-loop flow control. That 
monumental task is left to another occasion.

We start in Section 2 with a brief introduction to the concept 
of smart wings. The genesis of coherent structures and flow 
control are provided in Sections 3 and 4, respectively. Section 5 
attempts to delineate the modern views of and the association 
between both subjects. Progress in closed-loop control during 
the last two decades is tracked in Section 6. Concluding remarks 
and prospects are given in the last section.

2.	 Adaptive wings

A wing is the primary lift-generating surface of heavier-than-air 
aircraft. Unlike fixed wings on manmade airplanes, flapping 
wings on birds and insects generate both lift and thrust. Adap-
tive wings—also known as smart, compliant, intelligent, mor-
phing, controllable, and reactive wings—are lifting surfaces that 
can change their shape in flight to achieve optimal performance 
at different speeds, altitudes, and ambient conditions. There are 

1.	 Introduction

The ability to manipulate a flowfield actively or passively to 
effect a desired change is of great technological importance, 
and this may account for the fact that scientists and engineers 
pursue the subject more than any other topic in fluid mechanics. 
The potential benefits of realizing efficient flow-control sys-
tems include saving billions of dollars in annual fuel costs for 
land, air, and sea vehicles, reversing or at least slowing down 
dangerous global warming trends, and achieving economically 
and environmentally more competitive industrial processes in-
volving fluid flows. Controlling a turbulent flow is particularly 
challenging, and this article provides an overview of that sub-
ject, although in the context of the broader field of flow control.

The genesis and interdependence of both coherent struc-
tures and reactive flow control strategies are explored in this 
survey. Especially for the uninitiated, the article is a modest 
attempt to guide through the bewildering complexity of non-
linear control strategies. Futuristic control systems that utilize 
microelectromechanical systems (MEMS) together with artifi-
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Chapter I: The period

It was the best of times, it was the worst of times, it was the age of wisdom, it was the age of foolishness, it was 
the epoch of belief, it was the epoch of incredulity, it was the season of Light, it was the season of Darkness, it was 
the spring of hope, it was the winter of despair, we had everything before us, we had nothing before us, we were 
all going direct to Heaven, we were all going direct the other way—in short, the period was so far like the present 
period, that some of its noisiest authorities insisted on its being received, for good or for evil, in the superlative 
degree of comparison only.

(Opening paragraph in A Tale of Two Cities  
by Charles Dickens, 1859.)

INVITED PAPER




































































