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ABSTRACT 

Analytical and experimental studies have determined the rational design and aerodynamic parameters 
of the separating pipeline for the delivery of raw cotton from the harvesting machines to the hopper 
of the machine. A laboratory setup and methodology for conducting laboratory tests have been 
developed. 
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INTRODUCTION 

To conduct experimental studies on 

determining the aerodynamic parameters of 

the pneumatic transport system of a cotton 

harvester, to study the process of moving raw 

cotton through a curved separating pipeline, as 

well as to justify the main parameters of the 

pneumatic transport system, a laboratory 

stand was made (fig.1). 
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Fig.1. Laboratory installation for studying the process of raw cotton transportation with 

air stream separation 

1-cotton harvesting machine fan; 2-electric 

motor; 3-belting; 4-absorbing pipeline; 5-

discharge pipeline. 

The stand consists of a fan 1 from the cotton 

harvester, set on a special frame. The fan 

wheel is driven by a belt drive from an electric 

motor 2. A transporter 3 is installed under the 

absorbing pipe for steady supply of raw 

cotton to the fan. 

By way of the maximizing the work approach 

of the bench fan to the operating conditions 

of the pneumatic transport system of the 

cotton harvester, the speed of the fan wheel 

on the stand corresponds to the speed of the 

fan wheel on the cotton harvester in the 

operating mode is 144.4-146.5 s-1 . To create a 

certain aerodynamic resistance, flaps are 

installed at the fan inlet in front of the 

absorbing pipe, which partially block the inlet 

openings. Thus, the section of the entrance is 

selected, which corresponds to the 

aerodynamic resistance of the receiving 

chambers of the cleaning machines and the 

pipelines of the cotton harvesting machine. 

THE MAIN FINDINGS AND RESULTS 

As already mentioned, the raw cotton is fed 

to the absorbing pipe of the fan is performed 

with the help of transporter. The productivity 

of a cotton field is imitated by the amount of 

raw cotton evenly spread out on one running 

meter of the transporter. The speed of the 

transporter belt is 1m/s. To simulate a double-

row cotton harvester operating in a field with 

a productivity of 35 c / ha (0.35 kg / m 2), it is 

necessary to lay 0.5 kg of raw cotton on 1 

meter of the transporter. 

For the experiments, variants of the studying 

pipelines with radii of rounding along the 

outer wall of 0.65 m, 0.80 m and 0.95 m were 

https://doi.org/10.37547/tajet/Volume03Issue03-09


The USA Journals Volume 03 Issue 03-2021 60 

 
 

 

  
 

The American Journal of Engineering and Technology  
(ISSN – 2689-0984 
Published: March 27, 2021 | Pages: 58-64 

Doi: https://doi.org/10.37547/tajet/Volume03Issue03-09 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IMPACT FACTOR 

2021: 5. 705 

            OCLC - 1121105677 

made. The choice of separating pipelines 

within these limits is explained by the fact 

that at R 1.0 m, the dimensions of the 

pneumatic transport system are significant, 

and at R 0.6 m, the separating ability of the 

pipeline gets worse. The dimensions of the 

cross sections of the inlet and outlet 

openings of the pipelines are constant and 

equal, accordingly, 0.3 x 0.3 m2 and 0.5 x 0.3 

m2. The angle of rotation of the pipeline 

relative to the horizontal at 1200 is caused by 

the constructive features of the fan. The side 

walls of the pipeline for high-speed filming 

are made of transparent Plexiglass. The outer 

wall of the pipeline is removable, made of 

metal mesh fabric 2a-50x32x1. 0 [ ]. 

Preliminary experiments have shown that the 

cloths used in the separating devices of the 

covers of the bins of cotton harvesters have 

the best separating ability and work without 

the slaughters. In this regard, all further 

studies were carried out with pipelines, the 

outer wall of which is made of this mesh 

fabric with rectangular holes. 

At the laboratory stand, the parameters of 

pipelines that affect the separation of the air 

flow during the transportation of raw cotton 

in it were studied. These include the radius of 

the pipeline, the height of the cross-section 

for the passage of air, the nature of the 

distribution of the air flow and its 

aerodynamic parameters in the separating 

pipeline. The characteristics of the 

distribution of air stream speed along the 

length and width of the separating pipeline 

was determined on the stand in the 

laboratory and directly in the pipelines in the 

field installation by measuring the dynamic 

pressure of the air stream. The pressure was 

measured using a Pitot-Prandtl tube and an 

MMN micrometer. 

The studied cross-section was divided into 

steady sections. Having determined the 

quantity of the dynamic pressure in the 

center of each of them, the average dynamic 

pressure, velocity, and flow rate of the air 

flow were calculated and the field of air 

stream velocities in this section was 

constructed. The average dynamic pressure is 

defined as

 

 

                𝑃0 =
∑ √𝑃𝑑𝑖

𝑧
𝑖=1

𝑍
 ,                                                                   (1) 

where     Pdi – dynamic (speed) pressure at certain points, kg / m2, 

Z – number of measurement points. 

 

The air velocity was determined from the found values of the dynamic pressure 

𝑉𝐵 = √
2𝑔

𝜌
𝑃0,                                           (2) 

https://doi.org/10.37547/tajet/Volume03Issue03-09


The USA Journals Volume 03 Issue 03-2021 61 

 
 

 

  
 

The American Journal of Engineering and Technology  
(ISSN – 2689-0984 
Published: March 27, 2021 | Pages: 58-64 

Doi: https://doi.org/10.37547/tajet/Volume03Issue03-09 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IMPACT FACTOR 

2021: 5. 705 

            OCLC - 1121105677 

where g – acceleration of gravity, m / s2 ,  by 

𝜌 = 𝜌0
𝑇0P

𝑇𝑃0
 ,                                                                        (3) 

where  𝜌0 = 1.2 
kg

m3⁄  , by  Т0 =2930 К  and   𝑃0=10330 kg / m2. 

The air flow rate in the measured section is defined as 

Q = ST VB,                                                                     (4) 

where  ST – the cross-sectional area of pipe, m2. 

Figure 2 shows the distribution of air stream 

speed in a separating pipeline in cross 

sections and, for comparison – the 

distribution in a pipeline with a solid outer 

wall. As follows from the picture, the air 

stream speed at the fan outlet (at the inlet to 

the pipeline) is evenly distributed along the 

height and reaches 28 – 29 m/s. 

 

Moving through the pipeline, there is a 

redistribution of speeds – at the outer wall, 

the speed of the air flow is greater than at the 

inner wall. For this reason, the speed of the 

air stream along the outer wall of the 

pipeline, despite the separation of part of the 

transported air, changes slightly, which 

justifies our assumptions made in analytical 

studies. 

 

_____ the outer wall is mesh 
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------- the outer wall is entire 

Fig.2. Distribution of air stream speed in the separating pipeline (R=0.8 m). 

To determine the trajectory of the movement 

slices at the entrance to the separating 

pipeline, the speed and thickness of the layer 

that moves the raw cotton in it, high-speed 

filming was carried out with a SKS-1 movie 

camera. The shooting frequency was 950-

1000 frames per second. For the processing 

of kinograms, the "Microphoto" device and 

the "Kupava-16" device were used, produced 

for visual viewing of the process captured on 

film. As the film footage showed, the cotton 

flies out of the fan mostly at the outside of 

the exit window, which is explained by the 

presence of centrifugal forces. But there are 

individual slices and lumps of raw cotton 

flying out of the fan closer to the inside of the 

exit window. The analysis and calculations 

carried out on the kinograms show that the 

initial speed of cotton movement through the 

separating pipeline varies from 16 m/s to 18 

m/s. 

The differential equation of motion of a 

cotton slice on a curved mesh surface was 

solved analytically and experimentally, the 

results of which are shown in fig. 3. 

1-according to the solution of the equation on a computer; 2 - according to the analytical solution; 

3 - according to the experiments. 

Fig. 3. Changing of the speed of movement of a cotton slice in the separating pipeline. 

The degree of correspondence of the 

functions obtained on a computer was 

evaluated analytically and experimentally 

using the Kolmogorov criterion [ ]. To clarify 

the theoretical functions when composing a 

differential equation and solving it on a 

computer, we assumed that the air stream 

speed is constant, although in reality this is 

not the case. And therefore, the steady-state 

speed of the cotton slice obtained on the 

computer turned out to be slightly higher 

than that obtained in experiments. 

Experiments to determine the rational 

parameters of the separation pipeline were 

carried out on a laboratory installation. The 
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feed of raw cotton to the fan was 0.5 kg/s, 

which corresponds to the operation of a 

double-row cotton harvester at the first 

harvest, in a field with a productivity of 30-35 

c/ ha. At a certain height of the cross section 

h for the passage of air, a portion of raw 

cotton is transported through the separating 

pipeline to the hopper (container), after 

which the cotton that has flown out of the 

pipeline is collected. Cotton losses were 

estimated by the coefficient q. At the same 

time, the air flow velocity at the outlet of the 

separating pipeline is determined, the flow 

rate is calculated, and the separation 

coefficient is calculated 𝜗. 

CONCLUSION 

According to the results of the experiments, 

from the point of view of maximum 

separation and elimination of losses, the 

minimum cross-section height for the 

passage of the transported raw cotton 

should be in the range of 165-175 mm, 

depending on the radius of curvature of the 

pipeline. Analyzing the experimental data, it 

can be noted that pipelines with rounding 

radii of R= 0.95 m and R=0.8 m are close to 

each other in their separating qualities and 

more effectively separate the air flow 

compared to a pipeline with R=0.65 m. 

However, from the point of view of 

dimensions and metal consumption, the use 

of a separating pipeline with a radius of R=0.8 

m is more appropriate than a pipeline with 

R=0.95 m. 
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