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Abstract

:

Featured Application


This research can be used in a mechanism for conveying fabrics in automatic sewing and cutting equipment for home textiles. No such device concept has previously been advanced. The advantages of the device are environmental protection and energy saving; additionally, the fabric can be conveyed smoothly. It, therefore, greatly reduces the production costs of the home textile industry.




Abstract


This research takes as its basis the engineering requirement that the cloth conveyed by a cloth-feeding mechanism moves forward for a certain distance in a balanced and stable manner; therefore, a scheme for the air-assisted conveyance of fabric is designed. The traditional fabric-conveying mechanism occupies a large space, consumes a lot of energy, and the conveying is unstable, As a new type of conveying method, the technology of using a gas-assisted device to convey fabric has emerged rapidly due to its extensive application range, and the fact that it produces no pollution and zero emissions. By establishing the mathematical model of the balance between the upper and lower surfaces of conveyed fabric, the Creo flow analysis module is used to simulate and analyze the surface pressure distribution of conveyed fabric. The purpose is to analyze the influence of fabrics with different weights on the airflow velocity in the pipeline when the fabric is conveyed in a balanced state and to determine the layout scheme of the air supply pipeline, as well as the configuration law of the airflow velocity in the pipeline. The research results demonstrate that the constructed air-assisted conveying mechanism model is able to realize the smooth lifting and forward conveying of different fabrics, The fabric with a density of 60 g/cm² has been smoothly suspended and transported forward for 200 mm, and the regularity can be obtained by comparing the weight of 30–80 g/cm² different fabrics. As the weight of the fabric increases, the flow rate in each row of pipes and the total flow rate of the air compressor also show an upward trend, forming a certain linear law, providing a reference for the development of the next-generation home-textile kit, which has three-sided automatic sewing and an integrated cutting device.
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1. Introduction


With the advent of the novel consumption era, significant changes have taken place in consumer groups, consumer demands, and consumption patterns. The improvement of material living standards has generated higher requirements for the manufacturing of home textiles [1]. Accordingly, at present, there is high export demand for home textiles in China. With the increasing demand for the automatic processing of fabrics, the automatic processing of fabrics, such as those used to make clothes, has matured, and the conveyor chain of the assembly line is now relatively complete. Nonetheless, in the field of large fabrics, such as bed sheets and quilt covers, little research has been conducted into automatic processing equipment. Numerous large textile enterprises conduct research on cloth conveyors to optimize the parameters and performance of cloth conveyors, as each product must have different characteristics [2]. Customers demand value, but the current practical applications are undesirable.



Therefore, the integrated three-sided automatic sewing and cutting device for home textile kits designed by Nantong University came into being; the fabric-conveying component is the most important part of this device. Due to the ever-increasing requirements for the working stability of feeding mechanisms and the appearance quality of sewing threads [3], an air-assisted model scheme for pneumatically conveying flexible materials is proposed, which aims to suspend the conveyed fabric and move it forward smoothly for a certain distance. The majority of traditional pneumatic conveying modes convey fabrics in a limited space. At present, the conveying of cloth is carried out by traditional mechanical transmission, and no pneumatic conveying device has been used yet, such as large coal-particle-conveying devices, which employ pneumatic power to efficiently and smoothly convey coal particles [4]. The disadvantage is that the energy consumption is large and the system structure is complex, rigid shotcrete pneumatic conveying flows, which are used to process rigid shotcrete [5]. The disadvantage is that it is carried out in a certain space, or the pneumatic conveying of flexible elongated granular materials [6]. For the first-generation cloth-feeding mechanism, the shortcomings of instability and complexity are more obvious. Since the fabric is a flexible object, the traditional conveying method will produce deformation. Therefore, the pneumatic conveying device can effectively solve these problems. In the past, Fluent was mostly used for fluid simulation analysis, such as the simulation of droplets in inkjet printing, etc. [7], but this paper uses Creo for modeling, and the Creo Flow analysis module for simulation analysis. The main function of Creo software has long been used for 3D modeling, and the iteration of design and simulation is subject to the high-tech threshold of the simulation profession and the long calculation times required by traditional tools. Furthermore, advanced analytical capabilities, such as fluid simulation, nonlinearity, and multi-physics, have been added to the software. This is advantageous, in that ordinary designers without a professional background in simulation can design and simulate synchronously, without cross-departmental iteration [8]. It is, therefore, a more convenient, fast, and efficient means of conducting the subsequent structural design of the gas-assisted device, which is closer to the actual product.



The Flow analysis in Creo is based on the finite element volume algorithm: apply computational fluid kinematics technology to study flow field analysis, including static pressure, dynamic pressure, fluid velocity, and calculation of various parameters in turbulent flow mode [9]. Quantitative analysis included fluctuations in total pressure distribution under different fabric grammages. In order to analyze the stress on the fabric, several monitoring points are set up [10]. For the purpose of improving the movement performance of the feeding mechanism, this paper deduces and determines the theoretical data of the mechanism using theoretical knowledge of the Determination of Flow State by Critical Reynolds Number [11]. Finally, it supports the thin-walled object at the end of the pipeline through aerodynamic force. The three-dimensional model acts on a material and conveys it forward. First, taking a fabric with a grammage of 60 mg/m2 as an example, the theoretical flow rate of airflow required for the fabric to reach equilibrium is deduced in detail, and second, different fabric weights are tested. The research on the demand variation of the airflow velocity of the gas-assisted model reveals the demand law of the fabric weight on the airflow velocity of the gas-assisted model, providing a reference for the development of the next-generation home-textile kit, with three-sided automatic sewing and an integrated cutting device.




2. Model Establishment and Simulation


2.1. Force Analysis and Calculation


The main component of this research is a force analysis of the pipeline outlet on the conveyed object. In this paper, a pipeline with an inner diameter of 9 mm is the initial setting parameter; the pipeline model is simplified, and the force analysis of the related gas outlet is shown in Figure 1.



In fluid mechanics and aerodynamics [12], the ideal fluid follows the conservation of mechanical energy. Daniel Bernoulli proposed “Bernoulli’s principle” [13], which states that the pressure on the lower surface of the conveying object (total pressure P) is equal to the static pressure and the dynamic pressure. Dynamic pressure is the kinetic energy of air flowing in one direction. For an incompressible fluid, the Bernoulli Equation along the streamline is


   P  i 1   =  P  i 2   +   ρ  V x    2   2  =  C  ( s )    



(1)




where P is the static pressure, ρ is the fluid density, and V is the fluid velocity [14].



The dynamic pressure presented by the dynamic pressure energy to the outside is


   P b  =   ρ  V y    2   2   



(2)







There is a flow velocity in the direction parallel to the surface of the conveyed object, which means that the surface pressure on the lower surface of the conveyed object, as well as the static pressure, decreases. The static pressure difference between the upper surface and the lower surface causes the conveyed object to be under downward pressure; however, due to the increase in the dynamic pressure, the total pressure is also reduced. As such, the supporting object does not fall. To keep the conveying object balanced and not falling, the following equation needs to be satisfied:


   P  i 1   +  G S  =  P  i 2   +  P b   



(3)







Formulas (1)–(3) can be simplified as


    ρ  V x    2   2  +  G S  =   ρ  V y    2   2   



(4)







It can be seen from Formula (4) that, if the equation is to be established, Vy needs to be greater than Vx, and the angle between the pipe and the box needs to be at least smaller than 45 °C. Therefore, the angle between each row of pipes and the box is initially set to be 40 °C. The length of the pallet is 20 mm, and the height of the first row of pipes from the pallet is about


   h 1  =   20   tan  40 °    = 23.84    mm   



(5)







Then, the pressure on the conveyed fabric is


   G S  =   S ρ g  S  = ρ g  



(6)







First, the derivation and calculation are carried out with the gram weight ρ1 of the model fabric as 60 g/m2, because Vx = Vy × tanα1 and α1 = 40 °C, and the air gram weight is 1.29 kg/m3 by default. The above data are substituted into Formulas (1)–(5) to obtain Vx = 1.43 m/s, Vy = 1.70 m/s, ensuring that the flow velocity of the air x-direction parallel to the conveyed fabric is close to 1.43 m/s near the surface of the conveyed fabric, except for the boundary layer, so that the conveyed fabric can reach an equilibrium state.




2.2. Simulation Model and Meshing


A conveying object model with a length of 220 mm (20 mm is the length of the pallet and 200 mm is the forward distance of the conveyed object) and a thickness of 1 mm is built. The center of the first row of pipes is 23.84 mm from the lower surface of the conveyed object, the angle is 40 °C, and the inner diameter of the pipe is 9 mm, with a wall thickness of 3 mm. This model involves the simultaneous simulation of the inner domain of the pipeline and the outer domain of the conveyed material. It is necessary to establish a simulation domain of the outer domain of the conveying object and the inner domain of the pipeline for mesh division, as shown in Figure 2.




2.3. Turbulent Kinetic Energy and the Turbulent Dissipation Rate


There are a large number of turbulent flows in nature. This kind of flow is very complex, and it has significant practical applications. The laminar flow is stable and forms turbulent flow. The most obvious feature of turbulence is its randomness [15]. The gas-assisted model is not only affected by many factors, such as the Reynolds number and incoming turbulence intensity, but these influencing factors are also interrelated and restrict each other [16]. In the process whereby the air enters the outside through the pipe and then exerts pressure on the conveyed fabric to prevent it from falling, it must first be considered whether the flow state of the air is turbulent or laminar [17]. Through the criterion of the flow state—the critical Reynolds number—the flow Reynolds number Re can be calculated and compared with the critical Reynolds number to judge the flow state [18]. The formula for the flow Reynolds number is


  R e =   ρ v L  μ   



(7)




where ρ is the density of the fluid, v is the velocity of the fluid, L is the characteristic length, and μ is the viscosity coefficient. ρ is 1.29 kg/m3, L is 220 mm, and μ is 1.46 × 10−5 Pa·s. [19].


  v =   1.43   sin  40 °    = 2.22    m / s   



(8)







The above data can be substituted into the formula to obtain the Reynolds number:


  R e =   ρ v L  μ  =   1.29 × 2.22 × 0.22   1.46 ×   10   − 5     = 43,244.22  



(9)







The critical Reynolds number is 4300, judgment criteria by fluid state, when the Reynolds number exceeds 4300, it can be determined that the fluid state is turbulent at this time. Turbulence intensity describes the degree of wind speed change with time and space; it reflects the relative intensity of the fluctuating wind speed and is the most important characteristic quantity for describing the characteristics of atmospheric turbulence [20].



There are two main reasons for turbulence. One is that, when the air is flowing, it will be rubbed or blocked by the ground’s roughness. The other is the vertical movement of the airflow caused by the difference in the air weight and atmospheric temperature [21]. According to experience, turbulence intensity can be solved using the following formula:


  I = 0.16  R e     −  1 8    = 0.16 ×   53,261.10   −  1 8    = 4.11 ×   10   − 2    



(10)







Studying the laws of turbulent motion plays an increasingly important role in solving practical turbulence problems [22]. Accurately solving the turbulent flow field has always been one of the main goals of fluid mechanics. The turbulent kinetic energy is estimated by using the turbulence intensity above as


  K =  3 2  ( U I  ) 2  =  3 2  ×    (  1.14 × 4.18 ×   10   − 2    ) 2  = 3.41 ×   10   − 3    



(11)







When the turbulent kinetic energy is transferred from the outer scale to the inner scale and reaches a dynamic equilibrium, the turbulent kinetic energy dissipation rate can be estimated by the flux of the turbulent kinetic energy in the inertial subregion [23]. The turbulence scale is estimated as


  ε =  C μ      3 4       k   3 2     l  =   0.09    3 4    ×     ( 3.41 ×   10   − 3   )    3 2      0.4 × 0.008   = 1.02 ×   10   − 2    



(12)







See Table 1 for the first simulation input data of the first pipeline.



The pressure distribution obtained from the simulation is shown in Figure 3.




2.4. Boundary Layer Calculation with Monitoring Point Setting


The advantage of Creo fluid simulation is that it can be modeled and simulated directly in Creo. To observe the air flow rate on the lower surface of the conveyed material [24], it is necessary to set up several monitoring points.



According to the boundary layer theory proposed by Prandtl, for a fluid with low viscosity such as air, when the incoming Reynolds number is large enough, the influence of viscosity is limited to the thin layer of fluid near the surface area of the flowing object; the flow characteristics and the ideal flow are very different, and there is a large velocity gradient along the normal direction. The thin layer where the viscous force plays an important role in the near region of the object surface is the boundary layer [25]. Due to the adhesion conditions between the fluid and the object's surface, the velocity of the fluid in direct contact with the object surface drops to zero. In the subsequent simulation, the speed monitoring point cannot be set on the surface of the conveyed fabric, and the distance from the monitoring point to the lower surface of the conveyed material should be greater than the thickness of the boundary layer.



Due to the complexity of turbulence itself and the limitations of experimental measurement techniques [26], the thickness of the boundary layer can only be estimated based on the same magnitude of the viscous and inertial forces in the boundary layer in aerodynamics. For the flow around a plate, the relationship between the thickness of the boundary layer and the length of the plate is


   δ L  ~  1      R e  L       



(13)






  R  e L  =    V ∞  L  v   



(14)







Blasius’s exact solution formula for the boundary layer is


  δ = 5.0     v L    V ∞       



(15)




where δ is the boundary layer’s thickness, L is the length of the flat object, V∞ is the incoming velocity of the air, and v is the kinematic viscosity coefficient [27].



After measuring, the maximum distance that the airflow swept across the conveyed object is determined to be 40.70 mm. It can be calculated by substituting into the calculation formula the thickness of the Blasius boundary layer:


  δ = 5.0     v L    V ∞      = 5.0 ×     0.04070 × 1.46 ×   10   − 5     1.43     = 3.22 ×   10   − 3     m  



(16)







Therefore, the thickness of the boundary layer after the first pipe is discharged should be 2.91 mm, and the monitoring point should be set at 3.22 mm, as this is the best monitoring position.



At a distance of 3.22 mm from the lower surface, eight monitoring points (P01–P08) are set along the center line of the conveyed object, with a spacing of 2 mm, and they are arranged in sequence. The speed of each monitoring point in the x-direction is shown in Figure 4.





3. Simulation and Data Analysis


3.1. Determination of the Outlet Velocity of the Pipeline


It is observed from Figure 4 that the maximum speed point P8 in the X-irection is 1.06 m/s, which is different from the obtained ideal speed in the x-direction of 1.43 m/s. This is because of the dissipation of turbulent energy in practice. At this time, the velocity of the air outlet can be adjusted so that the air velocity in the x-direction at the boundary layer approaches 1.76 m/s. The adjustment speed and the speed change of the maximum speed point P8 are shown in Table 2.



The linear Equation is fitted to the data in Table 2 above, as is shown in Figure 5.



It can be seen from the figure that there is a linear trend, and a linear equation is obtained.


  y = 0.3396 x + 0.0231  



(17)







From this, to obtain the speed of 1.43 m/s in the x-direction of the P8 point, it is substituted into the linear equation to solve x = 4.14 m/s; the flow velocity in the x-direction of the air outlet is 2.66 m/s, and that in the y-direction is 3.17 m/s. When the x-direction of the P8 point is 3.17 m/s, the speed is close to 1.43 m/s. According to the cloud diagram of the pressure distribution on the lower surface of the conveyed fabric, as shown in Figure 6, ten monitoring points (P9–P18) are generated along the z-direction with a distance of 2 mm point pressure value. The pressure between points P16 and P17 tends to 0 pa, and the distance from the center line is about 14–16 mm. In order to ensure uniform lateral pressure distribution, the point of the minimum pressure value in the z-direction should be as close as possible to the point of the maximum pressure value. Considering the uniform distribution of each row of pipes, 11 pipes should be placed in the first row, as shown in Figure 7 for the simulation.




3.2. Determination of Pipeline Arrangement and Distribution


In the simulation in Figure 6, it can be deduced that the maximum pressure point is on the 20 mm pallet, which is a certain distance from the intersection of the pipe center line and the lower surface. According to the statistics of the pressure data, the maximum pressure point is about 8 mm away from the intersection of the pipe center line and the lower surface. It can be assumed that the maximum pressure point on the lower surface of the conveyed object should be 8 mm away from the intersection of the center line of the second pipe, and the lower surface after the second pipe is discharged. From this, it can also be concluded that the minimum pressure on the bottom surface of the first pipe is 40.70 mm. In order to keep the entire conveying object as constant and stable as possible, the maximum pressure point after the gas outlet of the second pipe and the minimum pressure point after the gas outlet of the first pipe should be coincident. Assuming that the included angle between each row of pipes and the box is 40 °C, the distance between the second row of pipes and the lower surface of the conveying object is


  D =   40.7 + 8    tan     40 °    = 58.03    mm   



(18)







The first row of pipeline steps is repeated to simulate and analyze the calculations. Due to the distance from the lower surface, the pressure distribution on the lower surface of the conveying object increases with the vertical distance from the pipeline to the conveying object; the range also expands, but the pressure decreases. The thickness of the boundary layer formed by the output air flow of different rows of pipes to the lower surface of the conveying object is different. The calculation formula of the thickness of the boundary layer of the flat laminar flow can be obtained by Blasius, as shown in Table 3:




3.3. Surface Pressure Distribution under the Conveyed Material


The parameters and arrangement of the second, third, fourth, and fifth rows of pipelines can be obtained according to the calculation flow chart of each row of pipeline parameters in Figure 8. The specific results are shown in Table 4.



The simulation analysis results of each row of pipelines, corresponding to the data in Table 4.



There are errors in the length and calculation of the gas flowing through the fabric in practice that affect the calculation of boundary layer thickness. The error graph is shown in Figure 9.



The simulation analysis results of each row of pipelines, are shown in Figure 10 and Figure 11.



The final model building and meshing are shown in Figure 12. The pressure distribution formed on the lower surface of the conveyed object, after all the pipes output airflow together, is shown in Figure 13.



It can be observed that the surface pressure of the conveyed stream tends to be equal, overall. It is speculated, when the boundary pressure of the conveyed stream is small, this is because the airflow “flows out” at the boundary, and the boundary velocity accelerates, resulting in a decrease in the peripheral pressure. This hypothesis will be subject to further research in the future.





4. Discussion of the Demand Law


4.1. Theoretical Value of the Gas Flow Rate Required for Fabrics with Different Grammages


According to the (5) force balance equation, it can be simplified as


    ρ  V y    2   2  −   ρ  V x    2   2  =  ρ 1  g  



(19)




where ρ is the air weight, with a default value of 1.29 kg/m3; ρ1 is the conveyed fabric weight, for which different conveyed fabric weights are selected (the thin silk fabric weight range is 20–80 g/m2): 30, 40, 50, 70, and 80 g/m2. The theoretical value of the required gas flow rate for different grammage fabrics is shown in Table 5.



The angle between the pipe and the box, the diameter of the pipe, and the distance between the pipes remain unchanged. Creo is used to simulate and adjust the pipe outlet in sequence.




4.2. Simulation Adjustment of the Conveyed Fabric under Different Gram Weights


According to Section 2.4, having determined the boundary layer thickness of each row of the pipeline output airflow on the lower surface of the conveyed fabric and set up monitoring points, the value changes in the monitoring points are observed, and the flow velocity is adjusted at the outlet of the pipeline, so that the flow velocity at the monitoring point is close to the theoretical value. The thickness of the boundary layer after the air outlet of each row of pipes under conveyed fabrics with different gram weights is shown in Table 6.



The flow rate of each row of pipelines for different grammage fabric requirements is summarized in Table 7.



The fitting of the linear equation to the data in Table 7 is shown in Figure 14.



The airflow formula is


  Q =   (  d 2  )  2  v π  



(20)







The total flow of the air compressor is calculated, and data fitting is conducted, as shown in Figure 15.



The simulation results of this study are roughly the same as the expected results, and the pressure on the lower surface of the fabric is evenly distributed. The simulation results are roughly the same for different fabric weights. At the same time, it was found that the pressure at the boundary of the lower surface of the fabric is relatively small. It is speculated that the reason for this may be that the air velocity at the boundary increases significantly, resulting in a decrease in the peripheral pressure. The shortcoming of this study is that the fabric deformation, and the effect of this deformation on the airflow, are not considered. In future studies, the degree of fabric deformation and the coupling of the fabric to the airflow will be considered. At the same time, in the fluid simulation, the fluid–solid coupling effect needs to be considered, which is also a very critical influencing factor. The findings of this study will be widely used in the future, and are of great significance to the feeding mechanisms in the home textile industry.





5. Conclusions


	(1)

	
A scheme for the gas-assisted conveying of flexible materials was proposed, For the first time, in the passage to the outside world, the use of air force to transport the fabric, and a mathematical model of the balance between the upper and lower surfaces of conveyed flexible materials was deduced.




	(2)

	
A gas-assisted conveying mechanism model for the pneumatic conveying of flexible materials was established, and the surface pressure distribution for conveying flexible materials was simulated and analyzed using the Creo flow analysis module. The minimum pressure point of the conveyed fabric in the Z-direction was superimposed with the adjacent maximum pressure point after the air is discharged between the same row of single pipes, and then, superimposed to determine the distance between the upper and lower adjacent rows, so as to determine the horizontal spacing.




	(3)

	
The layout scheme of a total of 41 pipes in five rows was determined. The tubes are 9 mm in diameter and arranged in five rows. From the first row to the fifth row, there are 11, 9, 8, and 7 pipes, respectively. The constructed gas-assisted conveying mechanism model can not only realize the smooth lifting and forward conveying of the conveyed flexible materials, but also provides a reference for the development of a new feeding mechanism for automatic sewing and cutting machines.




	(4)

	
This paper deduced and analyzed the changing law of the gas flow rate demand of each row of pipelines in the gas-assisted model for different grammage fabrics. It also summarized the demand law of different grammage fabrics for the output flow of the air compressor, developing three-side automatic sewing cutting for the next generation of home textile kits and providing a reference for the development of integrated devices.








6. Patents


The authors of this paper have carried out research on home-textile-kit automatic sewing and cutting integrated devices for many years. Four Chinese invention patents related to this paper have been published; the Patent Application Publication numbers are CN 111847032 A, CN 111824814 A, CN 110424104 A, and CN 110409067 A. Significantly, two patent authorization announcements have been granted; the patent numbers are CN 110409067 B and CN 110344184 B.
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Figure 1. Force analysis of the pipeline outlet and transported logistics: (a) pipeline outlet diagram; (b) force diagram of the conveyed logistics. 
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Figure 2. Inner and outer domain meshing: (a) simulation of the internal and external domains; (b) mesh division. 
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Figure 3. Surface pressure under conveying stream. 
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Figure 4. Monitoring point distribution map and x-direction speed curve: (a) monitoring point settings; (b) speed in x-direction at each point. 
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Figure 5. P08 point x-direction speed scatter diagram and fitting curve. 
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Figure 6. The first row of single pipe pressure: (a) distribution of monitoring points in the z-direction; (b) pressure distribution at each point. 
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Figure 7. Pressure distribution of the first row of pipes. 
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Figure 8. Calculation flow chart of the pipeline parameters of each row. 
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Figure 9. Airflow through fabric distance error. 
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Figure 10. Pressure distribution diagram of each row of single pipes after the air outlet: (a) the second row of single longitudinal pipes; (b) the third row of single longitudinal pipes; (c) the fourth row of single longitudinal tubes; (d) the fifth row of single longitudinal tubes. 
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Figure 11. Pressure distribution diagram of all pipes in each row after the air outlet: (a) the second row of horizontal pipes; (b) the third row of horizontal pipes; (c) the fourth row of horizontal pipes; (d) the fifth row of horizontal pipes. 
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Figure 12. Modeling and meshing of the final solution: (a) modeling of the final solution; (b) meshing of the final model. 
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Figure 13. Cloud map of the final pressure distribution. 
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Figure 14. The relationship between the airflow rate of each row of ducts and the weight of the fabric. 
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Figure 15. Fitting the relationship between the total flow and the gram weight of the conveyed fabric. 






Figure 15. Fitting the relationship between the total flow and the gram weight of the conveyed fabric.



[image: Applsci 13 00912 g015]







[image: Table] 





Table 1. Simulation parameters.
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	Simulation Parameters
	Value





	Pipe outlet speed in x-direction Vx (m/s)
	1.43



	Pipe outlet y-direction speed Vy (m/s)
	1.70



	Turbulent kinetic energy (m3/s2)
	0.00341



	Turbulent kinetic energy dissipation rate (m2/s2)
	0.0102
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Table 2. Speed in x-direction at point P08 at different flow rates.
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	Experiment Number
	1
	2
	3
	4
	5
	6
	7
	8
	9





	Air outlet x-direction speed Vx (m/s)
	1.43
	1.63
	1.83
	2.03
	2.23
	2.43
	2.63
	2.83
	3.03



	Air outlet y-direction speed Vy (m/s)
	1.70
	1.94
	2.18
	2.42
	2.66
	2.90
	3.13
	3.37
	3.61



	outlet speed V (m/s)
	2.22
	2.54
	2.85
	3.16
	3.47
	3.78
	4.09
	4.40
	4.71



	Point 08 x-direction speed (m/s)
	0.78
	0.88
	0.99
	1.10
	1.20
	1.31
	1.41
	1.52
	1.62
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Table 3. Boundary layer thickness of each row of pipes.
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	Row of Pipes
	The Distance That the Airflow Swept across the Conveyed Object L (mm)
	Boundary Layer Thickness (mm)





	1
	40.70
	3.22



	2
	71.49
	4.27



	3
	94.55
	4.91



	4
	114.98
	5.41



	5
	105.86
	5.20
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Table 4. Overall piping arrangement.






Table 4. Overall piping arrangement.





	Row of Pipes
	Number of Pipes
	Vertical Distance to Conveyed Object H (mm)
	Airflow Rate in the Pipe V (m/s)





	1
	11
	23.84
	4.20



	2
	9
	58.03
	5.02



	3
	8
	108.64
	8.48



	4
	7
	170.79
	9.99



	5
	6
	250.78
	13.78
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Table 5. Theoretical flow rate of the air outlet when the conveyed fabric has different gram weights.
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	Conveyed Fabric Weight (g/m2)
	30
	40
	50
	60
	70
	80





	Theoretical air velocity in the x-direction (m/s)
	1.04
	1.20
	1.34
	1.43
	1.60
	1.43



	Theoretical air velocity in y-direction (m/s)
	1.24
	1.43
	1.60
	1.70
	1.90
	2.10
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Table 6. Boundary layer thickness of the gas flowing through the lower surfaces of different fabrics.
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	Conveyed Fabric Weight (g/m2)
	30
	40
	50
	60
	70
	80





	Boundary layer thickness of the first row of pipes (mm)
	3.78
	3.52
	3.33
	3.22
	3.05
	2.91



	Boundary layer thickness of the second row of pipes (mm)
	5.00
	4.66
	4.41
	4.27
	4.04
	3.85



	Boundary layer thickness of the third row of pipes (mm)
	5.76
	5.36
	5.07
	4.91
	4.64
	4.43



	Boundary layer thickness of the fourth row of pipes (mm)
	6.35
	5.91
	5.60
	5.41
	5.12
	4.88



	Boundary layer thickness of the fifth row of pipes (mm)
	6.10
	5.67
	5.37
	5.20
	4.91
	4.69
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Table 7. The flow velocity of each row of pipe outlet under different fabric weights.
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	Conveyed Fabric Weight (g/m2)
	30
	40
	50
	60
	70
	80





	The flow velocity of the first row of pipes Vi1 (m/s)
	3.08
	3.47
	3.86
	4.12
	4.49
	4.60



	The flow velocity of the second row of pipes Vi2 (m/s)
	3.97
	4.50
	5.04
	5.52
	6.15
	6.78



	The flow velocity of the third row of pipes Vi3 (m/s)
	5.63
	6.00
	6.60
	7.19
	8.01
	8.84



	The flow velocity of the fourth row of pipes Vi4 (m/s)
	6.65
	7.59
	7.94
	8.45
	9.46
	10.36



	The flow velocity of the fifth row of pipes Vi5 (m/s)
	8.09
	9.12
	10.06
	10.97
	12.32
	13.78
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