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ABSTRACT 

Vortex rings can maintain their structure during motion and achieve long-

distance transport with low energy consumption, which is a fluid transport 

method with great energy-saving potential. In this paper, a reciprocating vortex 

ring generator structure is designed, which can generate two vortex rings during 

the reciprocating motion of one piston, making full use of the thrust in the 

reciprocating motion period of the piston and improving the vortex ring 

generation frequency compared with traditional vortex ring generators. For the 

characteristics of long-distance transport of vortex rings, an experimental 

platform is designed and built, and 277 sets of experiments are carried out with 

different geometric parameters. The results show that the effect of generating 

two vortex rings could be achieved under other parameter conditions, except for 

some parameter conditions where the diameter ratio D1/D2 = 4. By analyzing the 

influence of baffle width ratio, length ratio, and diameter ratio on the moving 

distance of vortex rings, the performance of the vortex ring generator is 

preliminarily studied. In 277 sets of experiments, the maximum moving distance 

ratio x1 of vortex ring 1 is 13.7 when L1/L2 = 2.4, D1/D2 = 2, and w1 = 0.2. And 

the maximum moving distance ratio x2 of vortex ring 2 is 20 when L1/L2 = 2, 

D1/D2 = 2.5, and w2 = 0.2.  
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1. INTRODUCTION 

 Vortex ring is a self-propelled three-dimensional ring 

structure (Dasouqi et al., 2020), which is widely found in 

transmission of human blood (Saaid et al., 2018), volcanic 

eruptions (Taddeucci et al., 2021), and the propulsive 

motion of living creatures such as jellyfish (Gemmell et 

al., 2015). Vortex rings can maintain their structure during 

motion and achieve long-distance transport with low 

energy consumption (Xiang et al., 2018). The study of 

vortex rings has always been a classic topic in the field of 

fluid mechanics (Ren et al., 2016). Through numerical 

simulation and experimental research, the structure of 

vortex rings (Shadden et al., 2006; Noro et al., 2013), 

vortex ring collisions (Nguyen et al., 2019; New et al., 

2020), and other physical characteristics have been 

studied. In addition, the theoretical formulas for vortex 

rings have also been proposed (Krueger, 2008; Buttà & 

Marchioro, 2020). 

 With the rapid economic and social development (Yu 

et al., 2023), the demand for a comfortable living 

environment is getting higher (Tan et al., 2023). Vortex 

ring ventilation (VRV) is a new type of air supply system 

consisting of vortex rings. Compared with an air supply jet 

(Sakhri et al., 2021), vortex rings can reduce the loss of 

fresh air during transportation because of their stable 

structures (Cao et al., 2022). Air vortex ring personalized 

air supply is a form of air supply with potential application 

for long-distance, directional, and efficient air supply to 

the target area (Wang et al., 2020). Zhai et al. (2022) 

conducted research on personalized air supply scenarios 

under non-isothermal conditions, exploring the impact of 

thermal buoyancy on the vortex ring air supply process, 

and proposed methods to reduce temperature difference 

losses. Ultimately, they found that the vortex ring air 

supply method has better directionality and lower 

attenuation rate. The vortex ring ventilation system is still 

in the research stage, while the effect of structural changes 

of the vortex ring generator on the vortex ring moving 

distance is less studied. 

 Vortex rings can be used in numerous other fields in 

addition to the air supply field. Mouallem et al. (2021) 

proposed a conceptual model for directed particle  

transfer using controllable vortex ring reconnection, in which  
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NOMENCLATURE 

D1 diameter of the outer tube  W2 width of the inner ring baffle 

D2 diameter of the inner tube  W3 width of the ring piston 

D3 diameter of the inlet  w1 width ratio of the outer ring baffle 

L1 length of the outer tube  w2 width ratio of the inner ring baffle 

L2 length of the inner tube  X1 moving distance of vortex ring 1 

S stroke of the ring piston  X2 moving distance of vortex ring 2 

T time of the piston forward (return) process  x1 moving distance ratio of vortex ring 1 

t time  x2 moving distance ratio of vortex ring 2 

W1 width of the outer ring baffle    
 

entrained particles can be effectively transported within 

the core region of the vortex ring through self-induction; 
Wang & Covington (2023) designed a simple vortex ring 

based single user olfactory display, which is a digital 

device that provides users with controllable odors; Vortex 

rings can also be applied to flow mixing in fields such as 

combustion engineering. In order to improve jet and 

mixing rates, Xia et al. (2021) combined vortex rings with 

swirls to enhance the intensity of turbulent fluctuations. 
Jain et al. (2023) studied the interaction between vortex 

rings and applied it to the cleaning mechanism of oily 

porous surfaces. 

 Vortex ring generators play a decisive role in vortex 

ring generation effect. Most of the current vortex ring 

generators are mechanical piston type and synthetic jet 

type (Ikhlaq et al., 2022), among which the mechanical 

piston type is the most commonly used and effective. This 

mechanism for generating vortex rings has also been used 

to study the characteristics of vortex rings (Dabiri & 

Gharib, 2004; Zhang et al., 2020). Maxworthy (1977) and 

Pullin (1979) used the piston device to generate vortex 

rings and studied the evolution of vortex rings. They found 

that the shear force caused the fluid flowing out of the 

piston unit to form a vortex ring. Gharib et al. (1998) 

conducted experiments on vortex rings in waters using a 

piston device, and the results showed that the volume of 

the vortex ring does not increase indefinitely with 

increasing piston thrust. When the piston thrust increases 

to a fixed threshold, the volume of the vortex ring itself 

will no longer change, and the extra volume of fluid due to 

the excess thrust will form the wake of the vortex ring. 

Dipendra et al. (2020) proposed a device and method for 

generating gusts in the form of vortex rings under 

laboratory conditions and analyzed the flow characteristics 

of vortex rings. The device has an unlimited range of usage 

and can generate continuous gusts in any direction. It can 

also be used to study the gust effects of natural aircraft, 

artificial micro air vehicles, swimmers, and aquatic plants. 

Limbourg and Nedić (2021b) conducted an experimental 

study on the vortex ring generation effect of two piston 

type vortex ring generators with different outlets. The 

experimental results showed that the vortex ring generated 

by the orifice outlet was better in momentum and impulse 

than the tube outlet; Tian et al. (2021) designed a 

continuous jet vortex ring generator for air supply, which 

mainly includes annular and conical outlets. Seth et al. 

(2017) designed a vortex ring generator for use in water, 

mainly for research in the field of biomimetics. Many 

scholars have changed the structure of vortex ring 

generators to get a better vortex ring production effect (Xia 

& Zhang, 2018; Limbourg et al., 2021a), but overall, the 

structure of the mechanical piston-type vortex ring 

generator is still relatively single. Only one vortex ring can 

be generated during a reciprocating piston movement 

cycle, and the thrust during the piston movement cycle 

cannot be fully utilized. To apply vortex rings to more fluid 

transport applications, it is necessary to increase the 

frequency of ring generation and make vortex rings move 

longer distances.  

 In this paper, a new reciprocating vortex ring generator 

is designed, which can effectively utilize the thrust during 

the reciprocating motion of the piston and increase the 

frequency of vortex ring generation. And the difference in 

the diameter of the inner and outer tubes of the generator 

forms a contraction channel to accelerate the second vortex 

ring, thus moving a long distance. In addition, considering 

the application of vortex rings, research is conducted on 

the characteristics of long-distance transportation of vortex 

rings, exploring the impact of geometric factors on the 

vortex ring moving distance (the distance from the vortex 

ring generation to the time when it is slow moving and 

about to break). In order to conduct the above research, an 

air vortex ring generation system was also designed and 

constructed. 

2. STRUCTURAL DESIGN OF THE RECIPROCATING 

VORTEX RING GENERATOR 

 The structure of the reciprocating vortex ring generator 

designed is shown in Fig. 1. The vortex ring generator 

mainly consists of an outer tube, an inner tube, a ring 

piston, a ring baffle, a support structure, and a connection 

structure. The annular outlet 1 is formed between the inner 

and outer tubes, and the inner tube outlet is outlet 2. A ring 

baffle is placed at each outlet. A circular inlet on the side 

wall of the outer pipe connects it to the external pipe so 

that it can enter the fluid, the bottom of the outer pipe is 

sealed. The connection structure connects the ring piston 

to the external driving part so that the piston can move 

back and forth between the two tubes. The support is used 

to hold the inner tube inside the outer tube. 

 The two-dimensional vortex ring generator's working 

diagram is shown in Fig. 2, and the arrows in the figure 

indicate the direction of fluid flow. In Fig. 2(a), the ring 

piston starts moving from the bottom of the inner tube and 

moves forward rapidly to compress the fluid between the 

two tubes, generating the first vortex ring (vortex ring 1) 

at outlet 1. In Fig. 2(b), when the piston returns rapidly to 

the bottom of the inner tube, it will compress the fluid 

between the two tubes and at the rear of the outer tube to 

finally generate a second vortex ring (vortex ring 2) at 

outlet 2. The fluid is further accelerated in the compression 
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Fig. 1 Structure diagram of the reciprocating vortex 

ring generator 

 

 
(a) Piston forward process 

 
(b) Piston return process 

 

Fig. 2 Structure diagram of the reciprocating vortex 

ring generator 

 

process by the contraction channel created by the inner and 

outer tubes, causing the vortex ring 2 to move faster and 

farther. In this way, two vortex rings can be formed during 

the reciprocating motion period of the piston, making full 

use of the thrust of the piston.  

 Figure 3 shows the basic structure of the vortex ring 

generator, where L1 is the length of the outer tube, L2 is the 

length of the inner tube, D1 is the diameter of the outer 

tube, D2 is the diameter of the inner tube, D3 is the diameter 

of the inlet, W1 is the width of the outer ring baffle, W2 is 

the width of the inner ring baffle, W3 is the width of the 

ring piston.  

 
Fig. 3 Basic geometric dimensions of the reciprocating 

vortex ring generator 

 

Table 1 Initial parameters of the vortex ring 

generator 

Parameters Value 

L1(length of the outer tube) 18cm 

D1(diameter of the outer tube) 15cm 

D3 (diameter of the inlet) 1.2cm 

S (stroke of the ring piston) 7cm 

T (time of the piston forward 

(return) process) 
0.1s 

 

 The width of the ring piston W3 varies with the 

diameter of the inner and outer tubes as follows： 

𝑊3 = (𝐷1 − 𝐷2) 2⁄     (1) 

 Define the ratio of inner and outer baffle widths as w1 

and w2: 

𝑤1 = 2𝑊1 𝐷1⁄      (2) 

𝑤2 = 2𝑊2 𝐷2⁄      (3) 

 The dimensions of the outer tube were kept constant 

and the dimensions of the inner tube and the baffles were 

changed for different sets of experiments. Table 1 shows 

some initial parameters of the vortex ring generator. 

3.  EXPERIMENTS AND METHODS 

3.1 Experimental system 

 The whole experimental system consists of four main 

parts: the driving part, the visualization part, the vortex 

ring generation part, and the distance measurement part. 

 As shown in Fig. 4, the driving part mainly includes an 

air compressor, a controller, a solenoid valve, and a 

cylinder. The visualization part includes a fan, a throttle 

valve, and a gasholder. The vortex ring generation part is 

the reciprocating vortex ring generator designed in this 

paper. The distance measuring part includes a side scale, 

two ground scales, and a camera. Figure 5 shows the 

physical diagram of the experimental system.  
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Fig. 4 Schematic diagram of the experimental system 

 

 

 
(a) The driving, the visualization, and the vortex ring 

generation parts 

 
(b) The distance measurement part 

Fig. 5. Physical diagram of the experimental system. 

 

3.2 Experimental Methods 

 Through the solenoid valve, the air compressor 

delivers compressed air to the cylinder after compressing 

a specific volume of air. The controller controls the switch 

of the solenoid valve. By adjusting the cylinder's valve, 

compressed air enters the cylinder through the solenoid 

valve and pushes the cylinder rod a certain distance. The 

cylinder rod drives the connected vortex generator's ring 

piston to reciprocate, and the movement stroke of the 

piston remains unchanged. Ignite smoke cakes in the 

gasholder to produce smoke with a similar air density 

before the piston begins to move. Turn on the fan to make 

the smoke in the gasholder enter the vortex ring generator 

through the pipe. The throttle valve can control the flow 

rate of the smoke, and the appropriate flow rate can make 

the smoke enter the vortex ring generator more evenly to 

achieve a better visualization effect. The piston moves 

forward rapidly and compresses the smoke to generate 

vortex ring 1. Measure the vortex ring 1's moving distance 

X1 when it is about to break. When the piston returns 

rapidly, vortex ring 2 is generated. Also, measure its 

moving distance X2 from generation to breaking. Vortex 

rings may deviate during its movement, so some scales are 

installed on the side of the vortex ring's movement path 

and the ground, and a camera is used to record the vortex 

ring's movement process to assist in measurement. 

 Define the moving distance ratios of vortex ring 1 and 

vortex ring 2 as x1 and x2: 

𝑥1 = 𝑋1 𝐿1⁄      (4) 

𝑥2 = 𝑋2 𝐿1⁄      (5) 

 Where L1 is the outer tube's length of the reciprocating 

vortex ring generator, X1 is the moving distance of vortex 

ring 1, and X2 is the moving distance of vortex ring 2. 

3.3 Analysis of Errors 

With a measurement accuracy of 1 cm, the experiment's 

main source of error is the distance measurement error. 

During the movement of the vortex ring, it will be affected 

by the flow field in the measurement area. At the same 

time, because the smoke density is greater than the density 

of air, the vortex ring may shift during the movement, 

which will bring measurement errors. When there are two 

or more vortex rings in the measurement area, each vortex 

ring may interact with the others and also affect the 

measurement of moving distances. 

 The flow field in the measuring area must be kept as 

steady as possible during each group of experiments in 

order to minimize measurement errors. Additionally, 

measurement scales should set on the side and the ground. 

Two people conduct the experiment; one person performs 

the experimental operation, and the other person measures 

the distance. Each experimental group should be run at 

least ten times, and values with large deviations should be 

ignored. The average of stable values should be used to 

calculate the ultimate vortex ring movement distance. The 

next vortex ring is generated when each vortex ring is 

about to break, reducing the interaction between the vortex 

rings when determining the movement distance of each 

vortex ring. In addition, due to the errors in human eye 

measurement, a camera is used to record the movement 

process of vortex rings, achieving the impact of auxiliary 

measurement.  

3.4 Experimental Content 

 Under the same external conditions, changing the 

structure of the vortex ring generator can make vortex 

rings move at different distances. Generally, the faster the 

vortex ring moves, the farther it moves. Therefore, the 

transport characteristics of the vortex ring generator are 

preliminarily studied by exploring the influence of 

geometric factors on the moving distance of vortex  

rings. In this experiment, the smoke is compressed by the  
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Table 2 Geometric dimensions 

L1/ L2 
D1/ 

D2 
w1 w2 

1.8 2 
0.1, 0.15, 0.2, 

0.25, 0.3 

0.1, 0.2, 0.3, 

0.4, 0.5 

1.8 3 
0.1, 0.15, 0.2, 

0.25, 0.3 

0.1, 0.2, 0.3, 

0.4, 0.5 

1.8 4 
0.1, 0.15, 0.2, 

0.25, 0.3 

0.1, 0.2, 0.3, 

0.4, 0.5 

2.4 3 
0.1, 0.15, 0.2, 

0.25, 0.3 

0.1, 0.2, 0.3, 

0.4, 0.5 

 

reciprocating piston, and the outlet is suddenly narrowed 

due to the existence of a ring baffle, thus forming a vortex 

ring structure. The generation effect of vortex rings can be 

altered by changing the size of the ring baffles as well as 

the relative length and diameter of the inner and outer 

tubes. Therefore, the influence of the above factors will be 

studied. 

 Firstly, the influence of baffle width ratios on vortex 

ring moving distances is investigated, and the range of 

geometric dimensions is shown in Table 2. The value 

range of w1 is between 0.1 and 0.3, and the value range of 

w2 is between 0.1 and 0.5. Different L1/L2 and D1/D2 

values are selected for 100 sets of experiments. 

 Based on the analysis of the results of the above 

experiments, preserve the more meaningful ranges of w1 

and w2 to reduce repetitive work, and then carry out 

experiments to investigate the influence of other factors. 

As shown in Table 3, the range of L1/L2 is between 1.8 and 

2.6, and the range of D1/D2 is between 2 and 4. Different 

w1 and w2 values are selected for 177 sets of experiments.  

Table 3 Geometric dimensions after reducing the 

range of w1 and w2 

L1/ L2 D1/ D2 w1 w2 

1.8 2.5 0.15, 0.2, 0.25 0.1, 0.2, 0.3 

1.8 3.5 0.2, 0.25, 0.3 0.1, 0.2, 0.3 

2.4 2, 2.5 0.15, 0.2, 0.25 0.1, 0.2, 0.3 

2.4 3.5 0.2, 0.25, 0.3 0.1, 0.2, 0.3 

2.4 4 0.2, 0.25, 0.3 0.1, 0.2 

2.0, 2.2, 2.6 2, 2.5 0.15, 0.2, 0.25 0.1, 0.2, 0.3 

2.0, 2.2, 2.6 3, 3.5 0.2, 0.25, 0.3 0.1, 0.2, 0.3 

2.0, 2.2, 2.6 4 0.2, 0.25, 0.3 0.1, 0.2 

 

 Based on the 100 experiments in Table 2, a total of 277 

experiments will be conducted. 

4. RESULTS AND ANALYSIS 

4.1 Vortex Ring Generation Effect 

Figure 6 shows the generation of vortex rings from 

two different outlets, where vortex ring 1 and vortex ring 

2 are shown in red solid and red dashed frames, 

respectively. When t=0.5s, the piston rapidly moves 

forward to generate vortex ring 1 at outlet 1. At this time, 

the piston is stationary, and vortex ring 1 moves forward 

for some distance. The structure and movement of vortex 

ring 1 can be seen clearly between 1.0s and 4.0s. When 

t=7.5s, the piston quickly returns and generates vortex ring 

2 at outlet 2. It is evident from the figure that vortex ring 2 

flows more quickly because of the contraction channel 

created by the inner and outer tubes.  The reciprocating 

vortex ring generator designed is capable of generating 

two vortex rings in one piston motion cycle.  

 

Fig. 6 Visualization of vortex rings 
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Fig. 7 Measurement process of vortex ring moving distances 

 

 Figure 7 shows the measurement process of vortex 

ring moving distances during experiments, and vortex ring 

1 and vortex ring 2 are shown in red solid and red dashed 

frames respectively. Vortex ring 1 is completely generated 

at time t = 1.0s and is then allowed to move forward for a 

distance.  When t = 11.0s, vortex ring 1 moves slowly. At 

this time, vortex ring 2 is generated and moves forward 

quickly. Record the distance as X1 when vortex ring 1 

starts to break at t = 13.0s. Then vortex ring 2 continues 

to move forward carrying less amount of smoke. When 

vortex ring 2 begins to break, record its moving distance 

as X2. Throughout the experiment, x1 reaches maximum 

value of 13.7 when L1/L2 = 2.4, D1/D2 = 2 and w1 = 0.2, 

while x2 reaches the maximum value of 20 when L1/L2 = 

2, D1/D2 = 2 and w2 = 0.2. 

4.2 Effect of Baffle Width Ratio 

 A ring baffle is placed at the vortex ring generator's 

outlet to cause a sudden shrinkage of the outlet section. 

This makes the fluid accelerate as it rushes out, which is 

more conducive to the formation of the vortex ring 

structure. The acceleration will be insufficient if the baffle 

size is too small, and it will result in a significant local loss 

if the baffle size is too large. Therefore, it is necessary to 

conduct experimental research to investigate how baffles 

affect vortex ring development. A total of 100 sets of 

experiments were carried out, as shown in Table 2. Only 

the effect of w1 on x1 and w2 on x2 will be examined in the 

following analysis because, in the structure of the vortex 

ring generator designed in this paper, vortex ring 1 and 

vortex ring 2 are generated at the outlet 1 and outlet 2, 

respectively. 

 
Fig. 8 Effect of w1 on x1 

 

 Figure 8 shows the effect of w1 on x1 under different 

conditions. When w1 is small, there is insufficient fluid 

acceleration at the exit, which results in low vortex ring 1 

velocity as well as a small moving distance x1. However, 

increasing w1 will also increase the local loss of fluid at 

the outlet, and when the local loss is too large, it will offset 

the acceleration of fluid at the outlet, so when D1/D2 is 

between 2 and 3, x1 first increases and then decreases with 

the increase of w1. When D1/D2 = 2, the difference 

between the inner and outer tube diameters is smaller than 

that of D1/D2 = 3, which means that the section of outlet 1 

at D1/D2 = 2 is smaller than that at D1/D2 = 3, so x1 peaks 

earlier and reaches the maximum at w1 = 0.2. When D1/D2 

=3, x1 reaches the maximum at w1 = 0.25. When D1/D2 = 

4, the difference between the inner and outer tube diameters 
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Fig. 9 Effect of w2 on x2 

 

makes the section of outlet 1 larger, so x1 keeps increasing 

in the taken range of w1, but the increase is slow when w1 

> 0.25. 

 Figure 9 shows the effect of w2 on x2 under different 

conditions. The increase of the baffle width ratio w2 

makes the fluid accelerate at outlet 2 but also increases the 

local loss at there. Therefore, when D1/D2 is between 2 

and 3, x2 first increases and then decreases with the 

increase of w2, peaking at w2 = 0.2. The inner tube's 

diameter is too small compared to the outer tube when 

D1/D2 = 4, which causes less fluid to be compressed into 

the inner tube during the piston's return. However, at the 

same length, the small diameter of the pipe makes the loss 

along the flow of the fluid occupy the main influence. As 

a result, in this case, the local loss increases as w2 

increases, but the fluid acceleration effect is insufficient, 

causing x2 to trend downward. When w2 ≥ 0.3, vortex ring 

2 can no longer be produced, which means that x2 = 0. The 

effect of D1/D2 on the moving distance will be analyzed in 

detail below. 

4.3 Effect of Length Ratio 

 The length ratio L1/L2 mainly affects the fluid loss 

along the way during the generation of vortex rings and 

the amount of fluid compressed during the piston's 

reciprocating motion. The increase of L1/L2 is equivalent 

to the reduction of the inner tube's length, which will 

reduce the loss along the way during the generation of 

vortex rings. The piston will compress less fluid when it 

moves forward and less fluid will be conveyed by the 

vortex ring 1 because the inner tube's length reduction will 

result in a smaller cavity between the inner and outer 

tubes. The shorter inner tube also results in more space at 

the rear of the outer tube, which causes the piston to 

compress the fluid more when it returns and reduces the 

acceleration effect during the generation of vortex ring 2. 

One vortex ring will move a short distance if it carries too 

much fluid. When there is too little fluid, the fluid carried 

by the vortex ring structure quickly diffuses into the 

external environment, making vortex rings break quickly 

and move a short distance. 

 In Fig. 10, the solid line represents x1. Under different 

conditions, x1 first increases and then decreases with the 

increase of L1/L2. When D1/D2 = 2 in Fig. 10 (a), x1 peaks 

at L1/L2 = 2.4, while in other cases x1 peaks at L1/L2 = 2.2. 

The fluid loss along the way and the fluid carrying 

capacity of vortex ring 1 are decreased with an increase in 

L1/L2. As a result, the moving distance ratio x1 increases. 

However, when L1/L2 reaches a certain point, vortex ring 

1's fluid-carrying capacity is insufficient. The final result 

is a short moving distance as the fluid carried by vortex 

ring 1 quickly diffuses into the outer environment. 

 The dashed line in Fig. 10 represents the moving 

distance ratio x2 of vortex ring 2. In most cases, x2 is 

greater than x1 because the generation process accelerates 

vortex ring 2 due to the difference in inner and outer tube 

diameters. Except for the case in Fig. 10(e), x2 first 

increases and then decreases with the increase of L1/L2 

and peaks at L1/L2 = 2.0 in all other conditions. At the 

beginning of the increase of L1/L2, the decrease of fluid 

loss along the way will make x2 increase. However, when 

L1/L2 increases to a certain level, the piston will compress 

a large amount of fluid during the return process, weaking 

the acceleration effect and making the vortex ring 2 move 

slowly and x2 decrease. 

 In the case of D1/D2 = 4 in Fig. 10 (e), because the 

inner tube diameter is too small, the space between the 

inner and outer tubes and the rear of the outer tube is too 

large. In this way, a large amount of fluid will be 

compressed during the piston return process, but very 

little of that fluid can be compressed into the inner tube. 

As a result, the generation effect of vortex ring 2 is poor 

and x2 is smaller than x1. When L1/L2 ≥ 2.4 and w2 ≥ 0.2, 

vortex ring 2 can no longer be formed, and result in x2 = 

0.  

 From this, it can be seen that when D1/D2 = 4, the 

generation effect of vortex rings, especially vortex ring 2, 

is very poor, making it difficult to achieve the expected 

effect of the reciprocating vortex ring generator designed 

in this paper. 

4.4 Effect of diameter ratio 

 The influence of the baffle ratio and length ratio on the 

moving distance of vortex rings have been analyzed in this 

paper, and the influence of the diameter ratio is analyzed 

in this section. The inner tube diameter will decrease as 

D1/D2 increases, which will increase the volume of the 

cavity between the inner and outer tubes. As a result, the 

piston will compress more fluid during reciprocating 

motion, which will directly affect the vortex ring 1 

generation. As the diameter difference between the inner 

and outer tubes increases, the acceleration effect will also 

increase theoretically. However, a too-small inner tube 

will have less fluid compressed inside of it, which will 

have an impact on the vortex ring 2 generation. This 

makes the effect of D1/D2 on vortex ring 2 highly 

complicated and requires analysis based on data. 

 As shown in Fig. 11 (a), when w1 = 0.2, x1 

decreases with the increase of D1/D2. According to the 

analysis of Fig. 8, when D1/D2 ≥ 3, x1 peaks at w1 = 0.25, 

and when D1/D2 < 3, x1 peaks at w1 = 0.2, so in Fig. 11(b)  
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Fig. 10 Effect of L1/L2 on moving distance ratio, where the solid line represents x1 and the dashed line represents 

x2. (a) Under D1 /D2 = 2, (b) Under D1 /D2 = 2.5, (c) Under D1 /D2 = 3, (d) Under D1 /D2 = 3.5, (e) Under D1 /D2 = 4

there will be an upward trend of x1. If the whole trend in 

Fig. 11 (b) is divided into D1/D2 = 2-2.5 and D1/D2 = 3-4 

for observation, the trend will be the same as that in Fig. 

11 (a), that is, x1 decreases with the increase of D1/D2. 

Because the loss along the way increases as the inner 

tube's length increases, x1 is relatively small when L1/L2 = 

1.8. The conclusion here corresponds to the analysis of 

Fig. 10.  

 Figure 12 shows the effect of D1/D2 on x2. In several 

different cases, x2 first increases and then decreases with 

the increase of D1/D2 and peaks at D1/D2 = 2.5. The 

increase of D1/D2 is equivalent to a decrease in the inner 

tube diameter. Theoretically, the acceleration effect 

caused by the difference in inner and outer tube diameters 

increases, but it also results in more fluid being 

compressed as the piston returns. The combined effect 

causes the above trend in x2. The inner tube diameter is 

excessively small compared to the outer tube when D1/D2 

= 4, which results in insufficient fluid being pushed into 

the inner tube and a poor generation effect of vortex ring 

2. From the analysis of Fig. 10, it can be seen that the 

piston compresses more fluid in the return process when 

L1/L2 increases, and the local loss gradually increases as 

w2 increases. This leads to the situation of x2 = 0 in Fig. 

12(b), which means that vortex ring 2 cannot be generated. 
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(a) Under w1 = 0.2 (b) Under w1 = 0.25 

Fig. 11 Effect of D1/D2 on X1 

 

  

(a) Under w2 = 0.1 (b) Under w2 = 0.2 

Fig. 12 Effect of D1/D2 on X2 

 

4. CONCLUSION 

 In this paper, a reciprocating vortex ring generator 

structure is designed, which can generate two vortex rings 

during the reciprocating motion of one piston relative to 

traditional structures. An experimental platform is 

designed and built to investigate the influence of 

geometric factors on the vortex ring moving distance. The 

main conclusions are as follows: 

1. The effect of generating two vortex rings could be 

achieved under other parameter conditions, with the 

exception of some parameter conditions when D1/D2 

= 4. In most of the 277 sets of experiments, x2 is 

greater than x1. When L1/L2 = 2.4, D1/D2 = 2, w1 = 

0.2, x1 reaches a maximum value of 13.7, and x2 

reaches a maximum value of 20 when L1/L2 = 2, 

D1/D2 = 2.5, w2 = 0.2.  

2. Within the parameter selection range of experiments 

and keeping other factors unchanged, when D1/D2 < 

4, x1 first increases and then decreases as w1 

increases, and x2 first increases and then decreases 

as w2 increases. When D1/D2 = 4, x1 increases as w1 

increases, and x2 decreases as w1 increases. 

3. The moving distance ratio x1 first increases and then 

decreases as L1/L2 increases. When D1/D2 < 4, x2 

first increases and then decreases as L1/L2 increases. 

When D1/D2 = 4, x2 decreases as w2 increases when 

L1 /L2 = 2.4 and w2 ≥ 0.2, x2 = 0, which means that 

vortex ring 2 cannot be generated. 

4. As D1/D2 increases, the moving distance ratio x1 

decreases while x2 first increases and then decreases. 

When D1/D2 = 4, the generation effect of vortex 

rings is poor, and the moving distances x1 and x2 are 

both short. 

There are still some limitations in our work, such as the 

experimental device is not precise enough, which 

leads to some errors in the experiment, and the 

research method is relatively single. In the future, 

more sophisticated experimental equipment will be 

used to measure some dynamic parameters of vortex 

rings. The characteristics of a reciprocating vortex 

ring generator will be studied using numerical 

simulation methods and compared with 
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experimental results. The reciprocating vortex ring 

generator will be multi-objective optimized to 

increase vortex rings' moving distance, etc. 
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