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Abstract. Flow control is a very important research direction in the field of fluid dynamics and 

one of the important research difficulties in the field of aerospace in the 21st century. This study 

aims to explore the principles and applications of active flow control and passive flow control, 

and analyze their practical applications in different fields. By conducting a literature review, this 

study collected and organized relevant literature and papers related to active flow control and 

passive flow control, and conducted a comprehensive summary and comparison. The research 

results indicate that both active flow control and passive flow control are of great significance 

and can improve efficiency or cost-effectiveness through different methods. The development 

process of active flow control has undergone evolution, and its basic principle is introduced by 

classifying different methods and technologies, such as bio-inspired mechanics regulation and 

jet lag, and illustrating their application principles with examples. Passive control methods 

require additional mechanical structures, such as ribbing, grooving, etc., in the boundary layer. 

The active control method requires energy input, and the flow control is achieved by controlling 

the energy input. By understanding and researching the technologies and methods of active flow 

control and passive flow control, it can provide reference and reference for researchers and 

engineers in related fields, and promote the development and application of flow control 

technology.  
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1.  Introduction 

Active flow control and passive flow control are two important directions for studying flow behavior. 

By controlling and regulating the fluid flow process, efficient and controlled flow in different areas can 

be achieved [1]. This study aims to explore the principles and applications of active flow control and 

passive flow control, and analyze their application in practical scenarios. 

In active flow control, the fluid flow process is controlled by introducing an external active regulation 

mechanism. The origin of active flow control can be traced back to a long time, when people began to 

pay attention to how to influence the flow behavior of fluids through external means. With the 

advancement of science and technology, researchers have continuously proposed innovative ideas and 

methods, and developed various active flow control technologies [2]. The basic principle of active flow 

control is to control the direction, speed and stability of fluid flow by adjusting parameters such as fluid 

velocity, pressure, and temperature. The purpose of active flow control is to achieve precise control of 

fluid flow behavior to meet specific needs [3]. 

In active flow control, classification can be made according to the different control methods and 

control methods. A common way to control active flow is to use the mechanical properties of fluids to 
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achieve control [4]. For example, controlling the behavior of flow by changing the speed and direction 

of the fluid. Flow control can also be achieved using the chemistry of the fluid. For example, in the 

preparation of durable scrubbing materials, the rheological properties of fluids are regulated by adjusting 

the concentration and pH of the polymer in the fluid [5]. In addition, active flow control can take 

advantage of the thermal properties of the fluid to control flow behavior. For example, in a cooling 

system, the speed and direction of flow are controlled by controlling the temperature of the fluid. In 

active flow control, there are also some special technologies and methods [6]. A common technique is 

fluid dynamics regulation, which controls fluid flow behavior by changing the flow direction and flow 

rate of the fluid. One of the important methods is injection technology to change the speed and direction 

of the fluid by spraying it, thereby achieving control of the flow behavior [7]. For example, in jet 

thrusters, thrust adjustment of the control body can be achieved by adjusting the speed and direction of 

the jet fluid [8]. In addition, there are other methods related to hydrodynamic adjustment techniques, 

such as conformal coating technology. 

Passive flow control has different principles and methods than active flow control. Passive flow 

control refers to the control of fluid flow behavior by designing suitable flow structures or fluid materials 

[9]. Passive flow control does not require external energy inputs or control mechanisms, but rather 

directs the flow of fluids by designing properties such as the shape, texture and surface coating of 

materials. The advantages of passive flow control are simple, reliable, low-cost, and suitable for many 

practical applications. 

In summary, active flow control and passive flow control are two important directions for studying 

flow behavior [10]. This research aims to explore the principles and applications of active flow control 

and passive flow control, and analyze their practical application in different fields. By understanding 

and researching the technologies and methods of active flow control and passive flow control, it can 

provide reference and reference for researchers and engineers in related fields, and promote the 

development and application of flow control technology [11].  

2.  The usage time of flow control 

Flow control is a widely used technology that is used in a wide range of fields, from aerospace to the 

automotive industry to disciplines such as hydraulics and climate simulation. The main purpose of flow 

control is to change the flow characteristics of the medium by controlling the movement of the fluid to 

achieve the effect of specific requirements. Active flow control and passive flow control are the two 

main research directions in flow control. 

The concept of active flow control dates back to the 50s of the 20th century, when scientists began 

exploring ways to alter the movement of fluids through external intervention. This study will introduce 

the historical evolution, rationale and purpose of active flow control. With active flow control, the 

movement of the fluid can be altered by applying an external force or intervention. This control method 

can make the fluid flow more efficient, thereby improving the performance and efficiency of the system. 

For example, in the design of aircraft, through the control of air flow, the lift of the aircraft can be 

effectively improved and the drag can be reduced, so as to make the performance of the aircraft more 

excellent and improve the cost performance of the aircraft [12]. 

Unlike active flow control, passive flow control changes the movement of a fluid by using special 

materials or design structures. This study will introduce passive flow control. Compared to active flow 

control, passive flow control does not require additional energy input, but rather enables fluid control 

by designing suitable materials or structures [13]. For example, in wind tunnel testing, the flow and 

separation of fluids on the model surface can be changed by setting special textures or ornaments on the 

surface of the model, thereby improving aerodynamic performance [14]. 

In the classification of active flow control, there are many different ways and methods. This study 

will further refine the classification of active flow control. For example, flow control by applying force 

or moment to a fluid is called mechanically regulated flow control [15]. Jet flow control is to control the 

movement of fluids by injecting fluids or gases. These methods have a wide range of applications in 

aerospace, energy, and environmental engineering. For example, in the lift control of the aircraft, the 
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movement of the fluid can be changed by injecting gas to achieve the purpose of improving the control 

performance [16]. 

There are also many different methods and techniques for passive flow control. These methods and 

techniques will be introduced in this study. Passive flow control often uses the natural properties and 

material properties of the fluid to influence the movement of the fluid through special structural design. 

For example, the flow and velocity of the fluid is changed by setting the channels and valves through 

which the fluid passes. This method has a wide range of applications in flow control and automation 

control of pipeline systems [17]. 

In practical applications, active flow control and passive flow control are often combined to achieve 

more efficient and optimized results. For example, in the field of wind power generation, the maximum 

use of wind energy can be achieved by actively controlling the blade angle and shape of wind turbines 

and by passively controlling the surface texture of wind turbines. In summary, flow control plays an 

important role in various fields. Through active flow control and passive flow control, the motion 

characteristics of the fluid can be changed, improving the performance and efficiency of the system. 

Active flow control achieves goals through external intervention, while passive flow control achieves 

goals through material and structural design. Together, they enable more efficient and optimized flow 

control. In the future, flow control technology will continue to develop and apply, and provide more 

possibilities and challenges for researchers and engineers in various fields. 

3.  Active flow control 

Active flow control and passive flow control are two important research directions in the field of fluid 

mechanics. Active flow control regulates the motion state of the flow field through external intervention, 

which mainly relies on the input of external energy. Passive flow control is to change the characteristics 

of the flow by modifying the geometry of the flow body or adding a specific flow field structure, which 

is mainly achieved by using the material, shape and texture of the passive structure. 

The research on active flow control dates back to the 30s of the 20th century, mainly due to the focus 

on fluid mechanical control problems. In the past few decades, with the gradual deepening of people's 

research on flow behavior and control methods, active flow control has been widely used. The basic 

principle of active flow control is to change the nature of the flow by applying external excitation, such 

as the traditional addition of some external force or pressure excitation to the flow field, so as to achieve 

the purpose of control. This control method is widely used in aerospace, extreme physics, environmental 

science and engineering [18]. 

In contrast, the field of application of passive flow control is relatively new, originating in the 80s of 

the 20th century. The basic principle of passive flow control is to affect the flow by changing the shape 

and structure of the flow body, so as to achieve the purpose of flow control. There are two main types 

of passive flow control methods: one is to increase the geometric complexity of the flow body, and use 

separation and vortex effects to change the flow state; The other type is to change the surface properties 

of the flow body, using the characteristics of passive structures such as texture and coating to change 

the properties of the flow. The main purpose of passive flow control is to reduce fluid resistance, improve 

fluid heat transfer, etc., and is suitable for ships, automobiles, aircraft and pipelines [19]. 

Both active flow control and passive flow control play an important role in different application areas. 

In some special environments, active flow control and passive flow control can cooperate with each 

other to achieve better control effects. For example, in aircraft design, drag can be reduced by using 

active controls, while passive structures can be used to change the flow field to achieve better fluid 

control. This combination can improve the performance of aircraft and reduce energy consumption in 

the aerospace field [20]. 

In short, active flow control and passive flow control are two important research directions in the field 

of fluid mechanics. Active flow control regulates the motion state of the flow field through external 

energy intervention, while passive flow control changes the characteristics of the flow by changing the 

shape and structure of the flow body. Both control methods are widely used in aerospace, extreme 

physics, environmental science and engineering. Through the combination of active flow control and 
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passive flow control, better fluid control can be achieved, equipment performance and energy 

consumption can be reduced. In the future, with the deepening of research and continuous improvement 

of technology, the application prospects of active flow control and passive flow control in various fields 

will be broader. 

4.  Examples and principles of active flow control 

Active flow control is a method of using external forces or energy to change the behavior of fluid 

dynamics. In active flow control, there are a variety of ways and methods that can be classified and 

applied. This chapter will refine the classification of active flow control and illustrate its principles and 

applications. 

An active flow control method is based on body mechanics. This method realizes the control of fluid 

flow by changing the mechanical properties of the fluid, such as flow rate, flow direction and flow 

structure. Body mechanics adjustment mainly involves inserting some resistance elements or devices 

into the fluid to change the flow state of the fluid by changing the position, shape or number of resistance 

elements. For example, by installing slender obstacles in the pipeline, the speed and direction of the flow 

field can be controlled, enabling precise control of fluid flow. This method has been widely used in the 

field of aviation, such as high-lift devices for aircraft wingtips. By adjusting the position and shape of 

the device, the control of aircraft lift and drag can be achieved [21]. 

Another way of active flow control is jet flow. In this way, the movement state of the fluid flow is 

changed by spraying substances such as accelerators or particulates to achieve fluid flow control. Jet 

flow technology has a wide range of applications in aircraft wake control and traffic flow control. For 

example, an aircraft will produce a large number of wakes during takeoff and landing, and through the 

jet wake manipulation system, the speed and direction of the wake can be changed, thereby reducing the 

impact on subsequent aircraft. In addition, in urban traffic flows, jet flow technology can also be used 

to reduce congestion and improve traffic efficiency. By setting up a jet device on the road, it is possible 

to control the flow and speed of the traffic flow, thereby optimizing the traffic flow. 

Body mechanics regulation and jet flow are two common methods of active flow control, which 

control fluid flow by changing the hydrodynamic properties and the motion state of the ejector. These 

control methods have a wide range of application prospects in aviation, transportation, energy and other 

fields. With the continuous development of science and technology, active flow control will play an 

important role in more fields, providing people with more efficient, safer and more sustainable flow 

control solutions. 

5.  Passive flow control 

Passive flow control refers to a method of regulating the flow of fluids through geometry or material 

properties, etc., without external energy input. In passive flow control, the design of geometry and 

material properties plays a crucial role. In this section, we will refine some of the passive flow control, 

introduce its related methods and technologies, and give examples of its application principles [22]. 

First of all, one of the most common methods in passive flow control is the design of geometry. By 

designing special geometries, the flow pattern of the fluid can be changed, so that the flow can be 

controlled. For example, by designing a surface with an elongated columnar structure, the fluid can be 

vorticed on its surface and the turbulence in the flow can be reduced or eliminated. This passive flow 

control method can be applied to aircraft wings, ship rudder surfaces and other fields to improve their 

hydrodynamic performance. 

Another common passive flow control method is design that takes advantage of material properties. 

By touching the fluid to the surface of a special material, the properties of the flow can be changed and 

the flow can be controlled. For example, by coating a layer of micron-sized nanowires on the surface of 

the fluid, the fluid can form a micro-nanostructure similar to lotus leaves on its surface, thereby 

improving the flow performance of the fluid and reducing the frictional resistance [23]. This passive 

flow control method can be applied to hydroelectric power generation devices, wind power generation 

devices and other fields to improve their energy conversion efficiency. 
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In addition to the design of geometry and material properties, passive flow control can also be 

achieved through various phenomena in fluid flow. For example, by using the law of vortex generation 

and propagation, the flow rate and direction of the fluid can be regulated. Passive flow control methods 

can also use the particle interaction of the fluid to achieve flow control. For example, the introduction 

of solid particles into a gas flow can affect the speed and direction of the flow through the collision and 

friction of the particles. This passive flow control method has a wide range of applications in gas delivery, 

powder conveying and other fields [24]. 

In summary, passive flow control is a method of regulating fluid flow through geometry and material 

properties without external energy input. In this section, we elaborate on the different methods and 

techniques of passive flow control and illustrate their application principles. The advantage of passive 

flow control methods is that they are simple, economical, reliable, and can be useful in many areas. In 

future research, we can further refine and study the passive flow control method in depth, and explore 

its application potential in more fields. 

6.  Combination of active flow control and passive flow control. 

It is very important to combine the advantages of active and passive and give examples of active and 

passive flow control. Active flow control and passive flow control each have their own advantages, and 

their cooperation can improve the effect and performance of flow control. 

Active flow control uses external devices or systems to control the flow field by actively intervening 

in flow behavior. The advantage lies in its flexibility and adjustability, which can be adjusted and 

optimized at any time according to your needs. A common form of active flow control is the introduction 

of artificial interference, such as jet air or liquids, into the flow field. This method can change the flow 

behavior by interfering with the velocity and pressure distribution in the flow field, thus affecting the 

motion or surface characteristics of the target object. For example, installing a jet device on the wingtip 

of an aircraft can control the flow near the wingtip through the jet airflow, reducing the drag and 

aerodynamic noise of the wingtip, and improving the performance and comfort of the aircraft [25]. 

Another active flow control method is by controlling the surface morphology. For example, installing 

adjustable deflectors on cars can adjust the angle and shape of the deflectors according to vehicle speed 

and driving status to improve the aerodynamic performance and stability of the vehicle. Precise control 

of flow can be achieved by monitoring the flow field and vehicle status in real time, and adjusting the 

parameters of the deflector according to the preset control strategy [26]. 

Unlike active flow control, passive flow control does not require external intervention, but rather 

controls the flow by designing hydrodynamic structures or materials. Passive flow control relies 

primarily on hydrodynamic effects and material properties, and offers the advantages of simple 

implementation, no external energy and low maintenance costs. A typical example is the design of 

distributed microscale particles on the surface of aircraft wings that can separate fluid boundary layers, 

reducing drag and aerodynamic noise. 

In practice, active flow control and passive flow control are often complementary. By combining the 

two, more efficient flow control can be achieved. For example, on the blades of a wind turbine, both 

active and passive flow control measures can be applied to improve energy conversion efficiency. Active 

flow control can monitor and adjust the shape of the blades in real time through the intelligent control 

system to adapt to the flow characteristics under different wind speed conditions. Passive flow control, 

on the other hand, can improve blade stability and life by optimizing the blade surface structure and 

coating material, reducing fluid resistance and chatter. 

In addition, the combination of active and passive flow control is also widely used in aerospace, 

automotive, energy and other fields. Through the research and development of new flow control 

technologies and materials, the performance and efficiency of fluid systems can be further improved, 

and more applications can be realized. 

In summary, in the study of flow control, the cooperation of active and passive flow control can 

achieve more efficient flow control effects through innovative technologies and methods. By combining 

the advantages of the two, the performance and reliability of the flow system can be further improved, 
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and the development and application of flow control technology can be promoted. It is hoped that the 

results of this research can provide reference and reference for researchers and engineers in the 

corresponding fields, and promote the further development and application of flow control technology. 

7.  Realistic use of flow control 

Active flow control and passive flow control are two important concepts in the field of fluid mechanics, 

which are widely used in different fields and provide effective technical means for solving various 

engineering problems. The following will summarize the scenarios in which active flow control and 

passive flow control have been used in practice, and analyze their functions and make conjectures and 

assumptions about possible future applications [27]. 

Active flow control mainly changes the structure and characteristics of flow through external energy 

input. A typical example is injection control technology, which changes the speed, direction, and 

stability of a flow by spraying a fluid or gas into a flow. This technology has a wide range of applications 

in the aerospace sector, such as nozzle technology used in jet propulsion systems, which can control the 

attitude and dynamic performance of aircraft through jet airflow. In addition, in automotive engineering, 

regulating the combustion process of the engine by injecting air or fuel can achieve higher combustion 

efficiency and lower exhaust emissions. In the future, with the rapid development of aerospace and 

automotive engineering, active flow control technology will be further applied and promoted, and its 

power and potential will continue to increase. 

Passive flow control mainly relies on the geometry and material properties of the object itself to 

achieve flow control. A typical example is the application of concave and convex surface structures. By 

designing an uneven structure on the surface of the object, the separation and winding behavior of the 

flow can be changed, thereby reducing resistance and noise. This passive flow control technology is 

widely used in aircraft design, automotive engineering and hydraulics. For example, in the design of 

aircraft airfoils, by setting a subtle concave and convex structure on the airfoil, the airflow can be better 

aligned to the airfoil, reducing drag and aerodynamic noise. In the future, with the advancement of 

materials science and manufacturing technology, passive flow control technology will be more widely 

used, providing more efficient and sustainable solutions to various engineering problems. 

In summary, active flow control and passive flow control have a wide range of application scenarios 

and important functions in different fields. Active flow control changes the structure and characteristics 

of flow through energy input, enabling precise flow control and performance optimization. Passive flow 

control relies on the geometry and material properties of the object itself, and the adaptive and optimized 

flow can be achieved by designing a reasonable surface structure and material composition. For the 

future application of conjectures and hypotheses, with the advancement of science and technology and 

the increasing demand for flow control, active flow control and passive flow control technology will 

continue to be developed and applied, and bring more innovations and breakthroughs. Especially in the 

aerospace, automotive engineering, energy and environment fields, active flow control and passive flow 

control will play an important role in providing reliable technical support for solving practical 

engineering problems. 

8.  Conclusion 

Active flow control and passive flow control are two important concepts in the field of fluid mechanics, 

which are widely used in different fields and provide effective technical means for solving various 

engineering problems. The following will summarize the scenarios in which active flow control and 

passive flow control have been used in practice, and analyze their functions and make conjectures and 

assumptions about possible future applications. 

Active flow control mainly changes the structure and characteristics of flow through external energy 

input. A typical example is injection control technology, which changes the speed, direction, and 

stability of a flow by spraying a fluid or gas into a flow. This technology has a wide range of applications 

in the aerospace sector, such as nozzle technology used in jet propulsion systems, which can control the 

attitude and dynamic performance of aircraft through jet airflow. In addition, in automotive engineering, 
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regulating the combustion process of the engine by injecting air or fuel can achieve higher combustion 

efficiency and lower exhaust emissions. In the future, with the rapid development of aerospace and 

automotive engineering, active flow control technology will be further applied and promoted, and its 

power and potential will continue to increase. 

Passive flow control mainly relies on the geometry and material properties of the object itself to 

achieve flow control. A typical example is the application of concave and convex surface structures. By 

designing an uneven structure on the surface of the object, the separation and winding behavior of the 

flow can be changed, thereby reducing resistance and noise. This passive flow control technology is 

widely used in aircraft design, automotive engineering and hydraulics. For example, in the design of 

aircraft airfoils, by setting a subtle concave and convex structure on the airfoil, the airflow can be better 

aligned to the airfoil, reducing drag and aerodynamic noise. In the future, with the advancement of 

materials science and manufacturing technology, passive flow control technology will be more widely 

used, providing more efficient and sustainable solutions to various engineering problems. 
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