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Abstract

:

The labor-intensive catch-hauling method in set-net fisheries faces problems of lower productivity, lower efficiency, and higher operational risk due to aging problem and labor insufficiency. To solve such problems, a novel catch-hauling device using the flexible fire hose and net (hose net), which is placed in the box chamber, was proposed in this study. The hoses were inflated with air injected into one edge of the hose net, and the buoyancy force increased: the net gradually floated up, cornering the fish in the opposite edge. To corner and harvest the fish efficiently and safely, the changing formation and motion parameters of the hose net are significant. A series of floating up, sinking experiments, and catch-hauling tests were conducted to evaluate the performance of this device. The results showed that the hose net could gradually float in an ideal form and sink smoothly through natural exhaust and stretched on the bottom of the water tank. The time spent and average speeds in floating and sinking processes varied with air pressure and airflow rate, allowing the hose net motion to be controlled in practice by adjusting the airflow. Through the catch-hauling test using live fish, most of the fish were directed into the fish bag. Two main capture failure phenomena were also observed. Overall, this newly developed automated catch-hauling device is expected to be successful for use in modern fisheries.
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1. Introduction


The set-net is a type of stationary pound net [1] that is frequently used in the coastal areas of Japan, South Korea, and Canada to passively capture fish [2,3,4]. Compared with the traditional trawl, set-net fishing is an efficient fishing method without excessive fuel consumption [4,5]. A set-net mainly consists of leader net, playground, ascending slope net, and box chamber net. In some set-net, there is a fish bag net attached to the box chamber net. The leading net directs the fish to swim into the set-net and is collected in the box chamber net (Figure 1).



The set-net fishery is an important, accounting for approximately 40% of coastal fisheries catch in Japan [7], and is positioned as a crucial industry in the region to create much employment. An important issue in the set-net fishery is how to efficiently capture the catches in the box chamber net and harvest high quality catches. In particular, live capture techniques enable the operators to add value to the catches with more choices to sell immediately, control supply to the market, or hold and grow/fatten [8]. The conventional method uses two fishing vessels to haul up the box chamber and collect its catches. It is easy to harm the fish body, and more importantly, it is inefficient and requires a large number of workers. For example, for a large-scale set-net with a chamber net length of more than 100 m and a net height of tens of meters, the hauling operation requires more than ten operators because it is too heavy and large. However, the Japanese fisheries industry is currently facing a challenge: the shortage of successors caused by an aging population. A few operators, at least one operator, will be sufficient if new technology is implemented. Therefore, the development of an automated catch-hauling system is necessary to address this issue.



Several studies focused on the capture process in set-net and have investigated the fish school behavior and hydrodynamic characteristics in set-net through water tank experiments, numerical simulations, and sea trial experiments [3,5,9,10,11,12]. To the best of our knowledge, only a few studies have reported on automated hauling devices. For example, airbags placed inside the box chamber net were first tested in the 1920s [13]. Fukahori et al. [14] proposed a technique using rubber tubes installed beneath the box chamber net as technology progressed. With air injected into one side of the tubes, the tubes could float gradually and haul up the box chamber net.



Nevertheless, rubber tubes and connecting parts worked well when they were new, but they become no longer waterproof after a few years (usually 4–5 years). Water gradually accumulates in the air floats and belt hoses, making it difficult to float up and sink. Large-scale operations require identifying and repairing defective parts, which were difficult and new parts were costly. Hence, the method does not prevail because price and maintenance cost are high. A type using several polyethylene pipes was not practicable because it was uncontrollable if the length of the pipes are longer than 100 m, and the fish were easily trapped in between [15], resulting in a lower harvesting rate. In the coastal trap-net fishery in the northern Baltic Sea, air pontoons are successfully used to raise chambers during net-hauling [7,16,17]. A concept of a net-like structure made of flexible hoses installed below the box chamber net was proposed in previous studies [18,19]. This structure was arranged and connected similar to a brick form. Since the diameter of the flexible hoses available at low prices was small, the hose net contains many connections. Fish are harvested almost every day; hence the large change in pressure acts on the connectors. If a connector is broken, the air will leak from the broken connector, which is not easily repaired in routine operation. In addition, the buoyancy was not enough to support the floating up of the whole box chamber net. The following types of automated net-hauling systems were developed based on this concept to improve these remaining problems. A water tank experiment was recently conducted for the hose net, which comprised five long hoses connected with each other [20]. The advantage of this hose net is that it reduces the number of couplings. However, air injection and ejection through seven input vents were difficult to manage because air tubes became entangled during net-hauling operations, and airflow was obstructed at the bending portions, limiting the net’s floating speed. Furthermore, due to the asymmetrical configuration of the line, the hose net did not float symmetrically.



Therefore, we improved the convenient on-site operation and catch-harvest performance of the automated catch-hauling device and proposed a novel form using flexible fire hoses and fishing cover netting (hereinafter referred to as hose net) [21,22]. As shown in Figure 2a–c, the innovation here is how the flexible hose net is placed on the bottom netting inside the box chamber net and does not require hauling up the box chamber net; as air is injected into hoses, only the inner hose net device will be raised, and then fish will be induced to the fish bag. It requires less buoyancy, resulting in a lower cost of the system. Furthermore, the hose net can be separated and maintained easily.



As a result, a new system offers cost and maintenance benefits. However, the performance of the system should be assessed to ensure its functionality. The hose net buoyancy and weight should be adjusted such that it may float up the cover netting and sink with its own weight. To achieve the practical function of efficiently cornering the fish, the deformation and motion of the flexible hose net should be examined. This research used a series of water tank tests to confirm the newly created automatic catch-hauling device’s ability to float up and sink. When using this new approach to catch live fish in a tiny water tank, we also examined fish school movement.




2. Material and Methods


2.1. Floating Up and Sinking Experiments of Hose Net


The required performance of the hose net is to ascend in a shape that drives the fish and settle immediately after harvesting by natural exhaust. As the first step, we only conducted a floating and sinking experiment of the hose net without considering the box chamber net. The water tank experiments were performed in the Ocean Engineering Basin at Chiba Experiment Station of the Institute of Industrial Science, University of Tokyo. The Ocean Engineering Basin can generate waves, current flows, and winds, and is 50 m long, 10 m wide, and 5 m deep. The lifting plate can adjust the water depth in a part of the basin between 0.5 and 5 m.



2.1.1. Novel Automated Catch-Hauling Device Model


Figure 3 shows the structure of the current hose net. The hoses used in this device were fire hoses with the same diameter and different lengths, and they were connected; a cover net was attached to the hoses (Figure 3a). There are many candidates for flexible hoses; a fire hose was chosen because it is used and inexpensive. There are only two air input vents, making it easier to be operated. The new hose net is installed in the box chamber net, which means that it does not have to haul up the whole box chamber net, and the buoyancy can be saved greatly. The current hose net has several advantages: (1) By using T-shape connectors, air can flow smoothly through the hoses without being impeded, time for floating up and sinking can be shortened, enhancing the operational efficiency. (2) The hose net is easy to control because there are only two air input vents. (3) Because the newly developed hose net does not need to haul up the whole box chamber net, the buoyancy can be saved greatly, and the operational efficiency is enhanced.



A full-scale set-net will be used in a coastal area of Japan with a water depth of 28 m. The set-net has a box chamber net with a length of 59 m and a width of 36 m. The size of the hose net is the same as the bottom net of the box chamber. The Froude scaling method was chosen for the test, the geometric scale ratio was set as 1/6. The dimension of the 1/6 hose net model is shown in Figure 3a. The length of the hose net model is 9.84 m, width is 6 m. The depth of water in the experiment is 4.6 m. The hose is made of polyurethane coated with twill-woven polyester and is the same structure as the actual hose. This double structure enables the hose to be waterproof and protected from friction (Figure 3c). The hose has good wear resistance. Chain steel or lead is used in the actual sea, whereas steel was selected as the experimental material.



The full-scale cover net will be made of nylon with lead, with a diameter of 1.44 mm for the twine and a mesh size of 20.2 mm for the mesh, depending on the size of fish that fishers wish to release. The cover net in the experiment was made of polyester to match the projected full-scale cover net’s solidity ratio.



Since the scale ratio is 1/6, the ratios of volume and force are 1/220, considering the difference in water density in the water tank and actual sea. The buoyancy is determined to haul up the ascending slope net and close the gate of fish passage. The flexible hoses are densely deployed in the side of the air input. The function of additional weight is to make the hose net sink smoothly by the natural exhaust, which means that the air flows out of the hose net without a vacuum because of the difference between the hose net inner pressure and the atmospheric pressure when the two vents of the hose net are opened. The buoyancy of the hose net decreases with air flowing out and the whole hose net begins to sink gradually on the end side. We adjusted the additional weight through preliminary trials since the buoyancy and weight in floating and sinking activities should be the same. The extra weight for the hose net is supposed to be approximately 40% of the maximum buoyancy, but in this investigation it was increased to 42.5%. Table 1 summarizes the physical properties of the 1/6 model and the actual net.




2.1.2. Experimental Measurements and Analysis


To investigate the deformation in the experiments, floating up and sinking performance of this hose net using for catch-hauling, fifteen depth meters (DEFI2-D, JFE Advantech Co., Ltd., Hyogo, Japan. 1% FS, 0.6 N in water) was attached to the hose net (Figure 3a) and the time step for recording was set as 1 s.



Two air tubes connected the hose net to the flow meter, as indicated in Figure 4, and the tube length was about 10 m. An air compressor was attached to the flow meter, which was used to control the volumes of input and exhaust air, and to measure the airflow rate. A snapshot obtained during the experiment is shown in Figure 5. After configuring the hose net shape, the net sunk to a depth of 4.6 m with the lifting plate. The hose net sank and floated many times. An underwater circular fisheye camera was used to record the hose net floating up and down.



In the on-site operation, the volumes of air in the hose determine the shape of the hose net. In addition, due to the expansion of air during the floating up, the pressure in the hose net may be higher than atmospheric pressure when the valve is closed, which may cause excessive air to be discharged when the hose net sinks. Therefore, the experimental conditions were considered as follows:



(1) Volumes of input air and exhaust air (varied from 0 to 52 L in a 4 L increment);



(2) Initial pressure of the air compressor during air injection (varied from 0.05 to 0.3 MPa in a 0.05 MPa increment);



(3) Inner pressure before exhaust (varied from 0.025 to 0.125 MPa in a 0.025 MPa increment).



The depth meter values of numerous points (X- and Z-coordinates) on the hose net were used to estimate the two-dimensional geometry of the hose net. The Z-coordinates of the depth meter points were collected directly from the depth meters, and the X-coordinates were determined by assuming that all horizontal displacements were in the X-direction and that the connecting two points were a straight line (Figure 6). It was feasible to determine the subsequent horizontal displacement by knowing the distance between the two depth meters using the initial point air input side as the origin.





2.2. Catch-Hauling Tests Using Live Fish


2.2.1. Box Chamber Net and Flexible Hose Net Models


To investigate the catch-hauling performance, we conducted experiments using live fish in a small water tank because the installation of animals is prohibited in the Ocean Engineering Basin. A model of a box chamber net and a flexible hose net model were designed with a length scale ratio of 1/60. Figure 7 shows an overview of the box chamber net and hose net models. The box chamber netting was made of polyester. The netting has a mesh size of 1.16 cm, the twine diameter was 0.05 cm. For the flexible hose net, the details are listed in Table 2 and Table 3. The length and width of the hose net were 1/60 of the full-scale net. However, because the hose with 1/60 diameter of the full-scale net was too small, it was difficult to create the model. The weight of the chains, about 42.5% of the maximum buoyancy, was determined using a 1/6 model and a water tank experiment.




2.2.2. Live Fish


To set reasonable experimental situations and choose appropriate experimental fish, we considered the catch harvest situation at a set-net fishing ground in Ajiro, Shizuoka prefecture, Japan. The newly built automated net-hauling system will be applied here. The most common species harvested are Japanese jack mackerel (Trachurus japonicas), Atlantic mackerel (Scomber scombrus), and Mahi-mahi (Corypaena hippurus); the fork lengths of the prototype fish are 0.13–0.23, 0.3–0.5, and 0.5–2 m. Based on the length scale ratio, the fork length range of the experiment fish was:


     L  f m      L  f f     =  λ  l 60   =  1  60    



(1)






   L  f m   =  L  f f   ×  λ  l 60   = 0.022    cm    – 3.3    cm   



(2)




where    L  f m     represents the fork length of the experimental fish and    L  f f     for prototype fish. Although fish with a fork length of 3.3 cm may be used in the experiment, the prototype fish was 2 m long, which is not common in set-net fishing. The experimental fish with fork length below 1 cm can represent the most fish in the full-scale set-net. However, this kind of fish can escape through the hole of the net in the model. Therefore, weight and swimming speed were mainly considered to choose the experimental fish.



There are three kinds of experimental fish, Japanese wakin goldfish, fringetail goldfish and pearl scale goldfish, were used. The body length, weight, and swimming speed of the three kinds of experimental fish are summarized in Table 4. The total number of fish used in the experiment was 20. The swimming speed of the experimental fish ranged from 0.17–0.63 m/s [23]. According to Froude’s similarity, this can correspond to the swimming speed of common species captured at Ajiro set-net fishing ground.




2.2.3. Experimental Conditions


The depth of the water was 0.44 m. The water temperature was 22 °C, which is a comfortable temperature for goldfish and does not interfere with goldfish activities. In this experiment, due to the limitations of the compressor, we used a syringe instead of the compressor to input air to a hose. Three levels of hauling up speeds, slow, medium and high, were tested, and each hauling up speed was tested thrice. Since the time for floating up to the 1/6 scale hose net was between 90 and 140 s, that of the 1/60 scale hose net should be between 29 and 44 s according to Froude scaling law. The speeds are summarized in Table 5. The total floating up time was shorter in case 1; however, it is within the same level as the 1/6 scale hose net case in cases 2 and 3. During each experimental case, fish movements were also recorded simultaneously. An example is illustrated in Figure 8.






3. Results and Discussion


3.1. Effects of the Air Volumes on the Two-Dimensional Deformation of Hose Net


Figure 9a shows various images of the hose net during flotation. The hose net floated up with air injected in, which can be taken advantage of to drive and corner the fish. The configuration curves under the floating up operations with different volumes of air are shown in Figure 9b. Obviously, at air volumes equal to or lower than 16 L, the hose net did not float to the surface, and only the air input side floated up, while the rear part was still kept at the bottom of the water tank. As the air increased, the front part of the hose net gradually floated to the surface, and the underwater part is thought to induce the catch to enter the fish bag. The steeper the curve, the easier the fish are cornered. The entire hose net floated to the water surface when the air volume was 52.0 L (maximum).



After catch harvesting, the hose net sank by natural exhaust (Figure 10a). The configuration curves for various air volumes are shown in Figure 10b. The high similarity could be found at air volumes lower than 40 L by comparing the configuration curves of hose net with the same volume of air in the floating and sinking down process; high similarity could be found, which means that the sinking down process can be treated as the reverse process of floating up. It can be concluded that the deformation of the hose net mainly depends on the volume of air within it, and the direction of airflow or the airflow rate has almost no noticeable influence on the final deformation of the hose net when the air volumes were more than 40 L; however, the hose net could stay afloat on the water surface because its buoyancy was greater than its weight.



Due to the limitations of the experimental conditions, the analysis was limited to two-dimensional deformation of the hose net. However, the local buoyancy distribution affects the three-dimensional shape of the hose net, which is closely related to the capture efficiency. In addition, the hose is in a flat state underwater pressure, and gradually expands as the air enters, not only the buoyancy changes but also the bending strength of the hose. Air exhausting is the opposite process. The bending stress distribution will affect the safety of the hose net, but it is difficult to determine through water tank experiments. Future research should include: establishing a three-dimensional finite element model of hose net, coupling the movement model of hose net with the air flow model in the hose, and analyzing and evaluating the buoyancy and bending stress distribution.




3.2. Effects of Initial Pressure of Air Compressor on the Floating Speed


The air input side was characterized as X = 0 m, the middle of the hose net was described as X = 5 m, and the rear side was described as X = 9.84 m, based on the coordinates established in the experiment.



The floating motions of these three positions were acquired, and the relationships between vertical displacement and time are shown in Figure 11. The motion with acceleration was found around 4 to 4.6 m below the water surface, whereas the floating at the speed of the hose net becomes almost uniform between 0 to 4 m below the water surface. It means that the buoyancy, weight, and hydrodynamic drag force were balanced. The floating up speed was calculated by assuming that it linearly varies with time. The floating speed of the air input side was smaller in the case of 0.05 MPa. Since the pressure at 4.6 m below the water surface is 0.045 MPa, the small difference between the pressures at the compressor and 4.6 m below the water surface reduced the air transportation rate. The pressure loss of the air tube with the length of 10 m between the compressor and the hose net is likely to be small because the air was injected successfully even with a 0.005 MPa difference. There was less difference in the floating speed of the hose net in the case of higher initial pressures of the compressor. When the hose was fully expanded, the buoyancy reached a maximum, resulting in the uniform motion of the hose net. The floating speed of the middle part gradually increased with increasing initial pressure of the compressor and is likely to depend on the airflow rate. The initial pressure of the air compressor had almost no effect on the motion of the rear side because when the airflow arrived at the rear side, the flow rate was almost the same regardless of how fast the initial airflow rate was in the experiment.



The average floating speeds of the hose net are summarized in Table 6. It should be noted that the higher the initial pressure of the air compressor, the less time required for hauling up process. The floating up speed of the hose net can be adjusted in practice by changing the initial pressure of the air compressor.




3.3. Effects of Initial Inner Pressure on the Time for Sinking Down


The sinking down process consisted of two stages. When the vent was opened, the air was exhausted with high velocity, and inner pressure decreased. The second stage was sinking gradually, beginning from the rear side, similar to a reverse floating up. If the initial inner pressure is higher, it will require more time to eject much air. However, the air ejection rate may be increased by the difference between the initial inner and atmospheric pressure, resulting in less time to eject air. As shown in Figure 12, the orange columns represent the time spent for sinking motion, and blue columns show air exhausting. It was found that the movement time was 140 s, almost the same in the four cases. However, the larger the inner pressure, the longer it took for the inner pressure to decrease, which means more time was spent on air exhausting. With higher initial inner pressure, the total time spent for sinking operation was longer. In practical operation, to enhance the efficiency of the sinking down operation, the initial inner pressure should be relatively small.



These findings suggest that understanding the time variation in the airflow in the hose net will be helpful in the improvement and optimization of the novel automated catch-hauling device. We could control the floating speed of the hose net by changing the initial pressure of the air compressor in practical operation. The air input end should float up quickly to prevent the fish from escaping. Furthermore, the chamber net was not included in this experiment. In particular, the chamber net and hose net easily deformed under wave and water flow, influencing the floating up and sinking down speed. Therefore, future research should be conducted under waves and currents to provide a reliable theoretical basis for its application.




3.4. Catch-Hauling Performances


As an example, Figure 13 shows the fish school motion in the Case 2 hauling up operation. The hose net gradually floated up as the air was injected in. As the hose net was floated, the fish were directed to the fish bag. We also observed from the image that catching failure was caused by fish escaping through the gap between the hose net and the box chamber net. Figure 14 shows two main phenomena of catching failure. One was that fish escaped through the gaps between the hose net and the box chamber net. The other was that fish were stuck on the floated up hose net before swimming forward to avoid the hose net. Overall, the fish-harvesting rate (i.e., the ratio of the number of fish entering the catching pot to the total number of the fish used) in Case 2 (medium speed) was the highest, 78.5%, while the harvest rate in Case 1 (high speed) is the lowest, 55%.



The findings of the experiment revealed that the average floating speed impacts on the existing automated net-hauling system’s fish-harvesting rate. The fish-harvesting rate was the highest among the three examples of when the average floating speed was 0.02 m/s (case 2 in Table 5). Although the fish escape problem occurred in each experiment case, the fish-stuck problem in case 1 (high speed, 0.03 m/s) is the main cause of the lower harvest rate. This means that if the hose net floated up too quickly, the fish would not be able to swim forward in time to avoid the moving net.



The analysis of the floating up and sinking down time was performed using the 1/6 scale model. However, due to the limitations of the experimental equipment, the pressure could not be changed to carry out the experiment using the 1/60 model, so we could not compare the results of the two models. Combining the results of Section 3.2 and Section 3.3 above, it can be concluded that to achieve the function of driving the fish, after the air input end-flats on the water surface, the floating speed of the rest of the hose net should be adjusted by controlling the airflow speed according to the fish swimming speed to avoid the fish-stuck problems.



Additionally, the set-net is a passive trap net; the fish behavior in the chamber net is a significant factor that affects the fish-harvesting rate of the automatic fish-harvesting system, which mainly depends on the species and size of the fish. Sea trials help understand fish behavioral characteristics, but the field investigation incurs a financial cost and personnel power. In addition, experiments using live fish in the laboratory restrict the species and size of fish, and have strict requirements for fish health management. The numerical models of fish school behavior are expected to solve this problem [3,9] because the behavior of different species and sizes of fish can be simulated. It can also account for the entire set-net structure to explore the catch efficiency comprehensively.





4. Conclusions


In this paper, a unique automated catch-hauling apparatus based on a flexible fire hose with a cover net was developed to deal with aging populations. When using this unique method in a set-net, we conducted a series of water tank experiments and catch-hauling tests to evaluate the performance of this hose net, including the deformation shape of the hose net, floating up and sinking down speeds, and fish school behavior.



The newly created hose net can gradually float up in a shape configuration with a significant inclination angle, indicating that the curve might be used to corner and harvest the fish. The volume of air in the newly designed hose net determines how much it deforms.



Floating up speeds of the hose net could be controlled by the initial pressure of the air compressor. With higher initial inner pressure, the total time spent for sinking down operation was longer. The higher the initial internal pressure, the longer the total time spent for the sinking operation.



The fish were driven to the fish bag as the hose net was floated during the catch-hauling tests using live fish. There were two main causes of catching failure: (1) fish escaped through the gaps, and (2) fish became trapped on the hose net, unable to move ahead. This is primarily determined by the floating speed of the hose net and the swimming ability of the fish.



Overall, these findings suggest that the automated catch-hauling device proposed in this study has a high application value in the set-net fishery. In particular, with the introduction of information and communication technology in the fisheries industry, the development prospects of this device are expected. Furthermore, in practical application, sea currents and many other factors may cause substantial problems for the system. Our future work will include laboratory experiments, full-scale testing, and numerical simulations to explore the effects of waves and current flow on the performance of the proposed automated catch-hauling device.
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Figure 1. Structure of a set-net reproduced from [6]. 
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Figure 2. Catch-hauling process of the novel automated hose net system. 
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Figure 3. Structure of the newly developed hose net. 
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Figure 4. Side-view schematic of the experimental setup. 
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Figure 5. Photograph taken during the experiment. 
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Figure 6. Estimating the method of two-dimensional geometry of the hose net. 
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Figure 7. Schematics of the box chamber net and flexible hose net model. 
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Figure 8. An example of the photographs captured during the experiment. 
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Figure 9. (a) Time-series images during the floating up process. (b) Two-dimensional deformation with different volumes of air in the floating up process. 
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Figure 10. (a) Time-series images during the sinking down the process. (b) Two-dimensional deformation with different volumes of air in the sinking up process. 
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Figure 11. Vertical motion of the air input side (X = 0 m), the middle (X = 5 m), and the rear side (X = 9.84 m) of the hose net. 
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Figure 12. Time for sinking operation with different initial inner pressure. 
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Figure 13. Fish school behavior in the hauling up process for case 2. 
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Figure 14. (a) Fish escaped through the gaps. (b) Fish stuck on the hose net and unable to swim forward. 
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Table 1. Physical parameters of the model and actual hose net.
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	Items
	1/6 Model
	Actual Net





	Length (m)
	9.840
	59.000



	Width (m)
	6.000
	36.000



	Inner diameter of the hose (m)
	0.025
	0.150



	Outer diameter of the hose (m)
	0.028
	0.168



	Volume (m3)
	0.044
	9.504



	Maximum buoyancy (N)
	526.8
	116,548.7



	Weight of the chains (N)
	224.0
	48,384.0



	Weight of the hoses (N)
	93.7
	20,239.2



	Weight of the cover net (N)
	12.6
	3350.7



	      Weight   of   the   chains     Maximum   buoyancy      
	42.5%
	42.5%



	      Weight   of   the   hoses     Maximum   buoyancy      
	17.8%
	17.8%



	      Weight   of   the   cover   net     Maximum   buoyancy      
	2.4%
	2.4%
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Table 2. Materials of the 1/60 chamber net and hose net used in catch-hauling tests.
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	Material
	Density
	Mesh Size
	Twine Diameter





	Box chamber net
	polyester
	1380 kg/m3
	11.6 mm
	0.5 mm



	Hose net
	polyester
	1380 kg/m3
	3.8 mm
	0.4 mm



	Hose
	rubber
	1522 kg/m3
	/
	/



	Chain
	/
	21 g/m
	/
	/










[image: Table] 





Table 3. Physical parameters of the 1/60 hose net used in catch-hauling tests.
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	Physical Parameters
	Value





	Diameter of the Hose (cm)
	0.8



	Maximum buoyancy (N)
	4.7



	Weight of the chains (in the air) (N)
	2.0



	Weight of chains/maximum buoyancy (%)
	42.5



	Weight of the hose net (in water) (N)
	0.8



	The remaining maximum buoyancy (N)
	1.9
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Table 4. Three kinds of experimental fish.
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	Species
	Body Length (cm)
	Weight (g)
	Tail Beat Frequency (Hz)
	Swimming Speed (m/s)





	Japanese wakin goldfish (small)
	4 ± 0.5
	4.2 ± 0.3
	20
	0.42–0.48



	Japanese wakin goldfish (big)
	7.2 ± 0.3
	15 ± 0.5
	15
	0.62–0.68



	Fringetail goldfish
	5 ± 0.5
	12 ± 0.5
	8
	0.22–0.26



	Pearl scale goldfish
	3 ± 0.5
	3.5 ± 0.2
	12
	0.18–0.25
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Table 5. Experimental cases.
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Case

	
Case 1 (High)

	
Case 2 (Medium)

	
Case 3 (Low)




	
Time

	






	
Time for air input side floating up (s)

	
5

	
10

	
20




	
Time for the rest part floating up (s)

	
9

	
15

	
21




	
Total time for floating up (s)

	
14

	
25

	
41




	
Average floating up speeds (m/s)

	
0.03

	
0.02

	
0.01
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Table 6. Floating speed of the model hose net.
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Floating Speed

	
Air Input Side

(X = 0) (m/s)

	
Middle Part

(X = 5.0 m) (m/s)

	
Rear Side

(X = 9.84 m) (m/s)

	
Average Floating Up Speed (m/s)




	
Initial Pressure of

Air Compressor (MPa)

	






	
0.05

	
0.11

	
0.06

	
0.12

	
0.03




	
0.15

	
0.14

	
0.07

	
0.12

	
0.04




	
0.20

	
0.16

	
0.07

	
0.12

	
0.04




	
0.25

	
0.18

	
0.08

	
0.12

	
0.04




	
0.30

	
0.21

	
0.09

	
0.12

	
0.05
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