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Introduction. Laws and regulations for maintaining the quality of cotton and fiber, 

cotton processing, as well as some phenomena that occur during its transportation by 

pneumatic transport, cases of changing the flow parameters of pneumatic transport when 

transporting cotton from different distances, with different levels of humidity and 

pollution, devices that change the parameters of the flow ensure that the flow changes at 

the same rate and the established modes have been studied [1-7]. 

The analyzes carried out showed that there is a need to create and introduce into 

production such structures as a throttle with low aerodynamic resistance, which allows 

to change the flow parameters in the cotton pneumatic transport system at the same rate, 

establish a high-precision operating mode and maintain the set mode until there is a need 

to change it [8-12 ]. 

According to the analytical calculations carried out in the study, the selection of 

modes for the process of cotton transportation in pneumatic transport and the 

characteristics of the turbulent mode and the effect on cotton transportation in pneumatic 

transport equipment were studied, the simplest aerodynamic device scheme was 

adopted to visualize the process, and the laws of air movement were first considered 

(Figure 1). Figure 1 shows the place where 1- suction air pipe, 2- fan (pump), 3- drive air 

pipe, 4- throttle, 5- nozzle throttle can be installed. 

 

 
Figure 1. Aerodynamic equipment scheme 

 

Although there are many disadvantages in the cotton industry, the most commonly 

used chokes are circular chokes. The main reason for this is that problems in small devices 

such as chokes are overshadowed by the larger economic and organizational problems 

that have arisen in the cotton industry. Therefore, the creation of throttle structures with 

low aerodynamic resistance, high automation capabilities, and the ability to change the 
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air consumption and pressure at the same time is one of the urgent issues facing the 

industry. 

The movement of air in the air duct occurs due to the vacuum created in the working 

chamber of the fan. That is, a vacuum is created in the chamber due to the fact that the 

fan first throws out the air in the chamber under the influence of centrifugal force with 

the help of its blades. Air enters this space from the fan intake and tends to fill it. The fan 

blades also push these air particles and throw them out. As a result, air flows in through 

the fan from one side and out from the other side. In short, the main factor that causes air 

movement is vacuum, which is static pressure with a negative sign.  

A theoretical research. When the fan is closed, the full pressure in it is equal to static 

pressure, and the dynamic pressure is zero: 

Pd=0, Pt =/ Pst / .   (1) 

Theoretically, the absolute pressure should equal the dynamic pressure when the 

static pressure is zero. But, in practice, this is not the case - dynamic pressure cannot occur 

without static pressure. In an environment under static pressure, dynamic pressure 

occurs only if conditions for air movement are created, for example, if a hole is opened, a 

corridor is created. Therefore, it is correct to say that static pressure is primary, and 

dynamic pressure is its derivative. The nominal pressure that the fan can create depends 

on the power of the fan motor and the air consumption that it can create: 

N = 
𝑸 𝑷𝒏

𝟑.𝟔 𝜼
 ; =>  𝑷𝒏 = 

𝟑.𝟔 𝜼 𝑵

𝑸
 

If we put the found value into the full pressure equation: 

Pst  = 
3.6 η N

Q
- 0.811 ρ Q2/d4,                        (2) 

We determine the air velocity from the same air consumption equation: 

ʋ =1.274 Qd2 ,                                            (3) 

To create an empirical equation, it is necessary to solve this system of equations: 















c b·4  ·42 a 4750

c b·2  ·22 a  900

c b·3  ·32 a 4750

  (4) 

The resulting equation looks like this: 

P = -150 Q2 +900 Q + 3550, (Па)  (5) 

Using the same approach, we determine the relationship between power 

consumption and air consumption, which has a linear relationship: 

N=5 Q+ 6, (kVt)  (6) 

If we pay attention to the results, the increase in air consumption and air speed will 

lead to a continuous increase in dynamic pressure and fan motor power consumption, 

and these indicators do not have an optimal value, that is, the greater the speed or air 

consumption, the greater the dynamic pressure and power consumption, and vice versa. 

At full and static pressure, there is an optimum at small and high air consumption and 

speeds, and it corresponds to the value of approximately v=12 m/s (Q=3.5 m3/s) in the 

VTs-10 fan. According to Figures 9, 11-12, when the air velocity exceeds this value, the 
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static and total pressure begin to decrease sharply, but the power consumption N of the 

motor and the dynamic pressure continue to increase relatively sharply. 

Air velocity and dynamic and total pressure readings cannot be measured without 

inserting a special tube into the pipe. However, it is possible to determine the static 

pressure by opening a single hole in the air pipe and installing an external manometer, 

and based on its value, it is possible to estimate the air velocity, dynamic and total 

pressure values and analyze the process. 

When the fan is working, a negative (suction) air pressure is created on the left side 

of the fan, and a positive (spray) air pressure on the right side of the fan and an air flow 

moving from right to left. The highest pressure and air consumption, as well as the speed, 

are generated on both sides of the fan. During our research, we have seen that part of the 

static pressure is used to overcome the aerodynamic resistance (more precisely, the 

frictional and viscous resistance forces) of the air duct. In this work, we check the pressure 

loss in the bends, splits, joints, expansion (diffuser), narrowing (confuser) places of the 

pipe, separators, separators, cyclones and throttles. Depending on the structural and 

technological parameters of these devices, pressure losses occur at different levels.  

The static Pst and full Pt pressure characteristics are also close to each other, since the full 

pressure is essentially the static pressure in the absence of air movement. Only when the air is 

allowed to move, for example, when the fan mouth opens, does dynamic pressure occur: 

Pt = Pst +𝑃𝑑;  Pst  = Pt -𝑃𝑑;  𝑃𝑑  = Pt - Pst  ; 𝑃𝑑  =0 => Pt = Pst . 

Otherwise, dynamic pressure will not be generated. In addition, in pneumatic transport 

systems, the dynamic pressure of fans according to passport indicators is less than 10% of the 

full pressure. 

According to the fundamental theory, the dynamic pressure should not change 

practically along the length of the pipe. Because, the law of continuity of flow: 

𝜌1𝑓1𝜗1= 𝜌2𝑓2𝜗2 = 𝑐𝑜𝑛𝑠𝑡,      (7) 

according to , if the air density is constant ρ= 𝑐𝑜𝑛𝑠𝑡, the speed should not change in pipes 

𝜗 = 𝑐𝑜𝑛𝑠𝑡 with a constant cross-sectional size d=const. Then, according to the equation 𝑃𝑑 =

0.5𝜌 ∙ 𝜗2, the dynamic pressure should also be constant along the length of the pipe P_d=const. 

However, the pressure P_d in the pipes is variable. Air density changes accordingly. 

If the pipe size is constant: 

𝜗2 = 𝜌1𝜗1/𝜌2,       (8) 

The pressure in front of the fan is several times higher than the pressure at the head of the 

pipe. Mendeleev-Clapeyron equation: 

PV= RT 

according to air volume V, its pressure depends on P: its density r is inversely 

proportional to air volume V: V=1/ρ. That being said: 

 

ρ = P / (RT);       (9) 

On the suction side of the pneumatic transport, there is a rarefied air environment, or a 

low vacuum condition. The real pressure here is equal to the difference between the ambient 

atmospheric pressure Pat and the pressure inside the pipe (system) Ps: 
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Pv= Pat - Ps . 

According to him: 

ρ = (Pat - Ps)/ (RT);    (10) 

air velocity at the pipe head 𝜗1 = 26
𝑚

𝑠
  let it be then: 

𝜗2 =
𝜌1𝜗1

𝜌2
=  

1.165 ∙  26

1.07
=  28.31 m/s. 

We calculate the relative change of speeds: 

kv = 
𝜗2 −𝜗1

𝜗1
 100 = 

28.31−26

26
100 = 8.885 % 

Figure 2 shows the graphs based on the obtained results. According to them, the air 

density decreases as the manometric pressure (vacuum level) increases from the beginning of 

the pneumotransport pipe towards the fan. This is probably why the term "thin air" in relation 

to the low pressure environment appeared. 

An increase in pressure in front of the fan causes a further decrease in air density here, 

and a decrease in it causes a slight increase in air density. In this case, the pressure decrease has 

a stronger effect on the density change than the pressure increase. When the pneumatic system 

is completely hermetic, the change in air density causes a change in the air flow rate. 

 

 
Figure 2. Variation of air density and speed along the length of the pipe 

 

It can be seen from the results that as the pressure of the air moving through the pipe 

increases, its speed increases relatively. This is due to the fact that in an environment with high 

pressure (here, the vacuum level), the force that attracts air molecules to the vacuum source (the 

fan) increases, as a result, the air velocity increases, and, on the contrary, as it moves away from 

the fan, the pressure in the pipe decreases, as a result, the force that attracts the air towards the 

fan decreases, and the air velocity decreases. Also, an increase in initial speed leads to an 

increase in the speed difference, and a decrease in it - to a decrease. Studies show that the 

relative change in air density due to density changes averages 8-9%. However, experience 

shows that the air velocity increases dramatically from the pipe head to the fan. 

Practical research. As practice shows, pneumatic transport pipes are mainly made of 

steel. When making a pipe, the steel sheet is rounded and the two ends are welded together. 

Pipes are connected to each other and long tracks are formed to convey air flow over long 

distances. 

It can be concluded that in the design of aerodynamic and pneumatic transport 

equipment, it is appropriate to accept the density of air at rest in the conditions of Uzbekistan 
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as ρ=1.17 kg/m3, and the density inside the suction part of the pneumatic transport equipment 

as equal to ρ=1.13÷1.07 kg/m3. 

Alternatively, as seen earlier, the density of air at the mouth of the pneumatic transport 

pipe is close to the density of still air (ρ = 1.17 kg/m3), while the density near the fan is lower 

(1.07 kg/m3). Without giving too much theory, based on the fact that the density is directly 

proportional to the air pressure, it can be said that the air density inside the pneumatic transport 

equipment increases linearly from the fan to the mouth of the air pipe, and vice versa, decreases 

according to the linear law from the mouth of the air pipe to the fan. A change in air density 

causes a change in its speed. As a result of the change in air density, its speed increases from 

the head of the pipe to the fan and, conversely, decreases from the fan to the head of the pipe. 

According to calculations, the change is 4 ÷ 9 %. 

Existing choke devices consist of 2 parts: the flow resistance part, i.e. the baffle or flap (or 

flaps), and the control mechanism. 

As a result of the analysis of the operation of the throttles, the following disadvantages 

were identified: 

- the aerodynamic resistance of existing throttle structures in the state where they are not 

fully opened is high; 

- it is impossible to change and maintain air parameters in the existing throttle structures; 

- it is difficult to control the work of existing throttle structures and the possibilities of its 

automation are low. 

The control device to be created should be free of these defects and easy to control. 

The main disadvantage of existing pressure regulators is that they cannot provide 

the required pressure with high accuracy. The main reason for this is that, for example, 

each slot in a honeycomb arc plate provides a specific pressure, and the system cannot be 

adjusted to the pressure between two adjacent slots. That is, the pressure changes with a 

certain step. It cannot be changed in small amounts. 

The following experimental device was prepared for testing throttles (Fig. 3). 

 
Figure 3. Scheme of the experimental device. 1-inlet pipe; 2 - throttle; 3- fan; 4- outlet 

pipe; 5-electronic micromanometer with pitot tube. 

 

After the necessary measurements were taken, throttle 2 was replaced with the next 

type of throttle and measurements were taken and the results were entered into the 
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appropriate tables. The aerodynamic drag coefficient was determined and tabulated 

using the following equation: 

λ = ∆P
2𝐿

𝜌

𝑑

𝜗2 

The measurements started from the initial position of the throttle 2 blades - it is 

parallel to the vertical axis, i.e., the pipe section is turned 20 degrees relative to the 

position, and it was carried out for every 10 degrees. 

It should be noted that there is a certain level of resistance even when the throttle 

blades are fully open. This resistance depends on the projection of the horizontal valve in 

the vertical plane. Therefore, the amount of this projection and, accordingly, the resistance 

coefficient also increases as the number of cells increases. 

All dorsals should have a uniform result when the wings are fully closed. However, 

despite the same conditions, in multi-blade throttles, the pressure is relatively low when 

the blades are fully closed. This happens because the number of blades increases, and the 

number of gaps between them increases. Therefore, even when the fins are fully closed, 

a certain amount of air passes between the fins, and this situation causes a slight decrease 

in the total pressure. However, since this air flow meter is below the sensitivity limit, its 

readings cannot be determined. This situation occurs due to the inability of multi-leaf 

chokes to fully ensure the hermeticity of pneumatic transport equipment. However, 

when the shutters are fully closed, pneumatic transport equipment does not enter the 

operating mode. Therefore, it is not of great practical importance that the throttle cannot 

provide complete hermeticity in the closed state. However, the greater the number of 

parts, the lower the reliability of the mechanical system. From this point of view, it is 

desirable for any system, including air flow control mechanisms, to have as few working 

elements as possible. 

Another positive aspect of the large number of blades is that they can change the air 

flow relatively steadily. Especially in the case of intermediate cases of blades, that is, 

when the deviation angle α is greater than zero and less than 90 degrees, multi-blade 

throttles show less aerodynamic resistance. 

According to the above analysis, it can be concluded that the most effective throttle for 

pneumotransport systems are 2- and 3-bar constructions. Accordingly, for practical use in 

cotton pneumatic transport, we recommend a 2-piece throttle for high-pressure (6-8 thousand 

Ra) systems, and a 3-piece choke for lower (4-6 thousand Ra) pressure systems. A 3-bar 

throttle has less aerodynamic drag in working conditions than a 2-bar throttle. However, the 

construction of the 3-blade choke is relatively complicated and the strength is relatively low.  

Summary. In conclusion, for further research, 2- and 3-blade rectangular cross-section 

throttles were selected, and by generalizing it with the screw adjustment mechanism selected 

in previous studies, we developed throttle designs with 2- and 3-blade, screw fixing, which 

are reliable and stable, allowing to control the air flow in a uniform manner. released The 

developed equations for determining its parameters were processed in the Maple 2020 

program and the values of the output parameters were determined at different values of the 

input factors, and the corresponding values of the throttle aerodynamic resistance and the 

radius of influence of the pneumatic transport equipment were determined. As a result, it 
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turned out that the following parameters have the lowest throttle aerodynamic resistance and 

the highest radius of influence of pneumatic transport equipment: number of throttle blades: 

2; inlet pipe narrowing angle: α=30 degrees; outlet pipe expansion angle, β=15 degrees. 
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