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Abstract: A design of pneumatic transport system of 
domestic cotton-picking machines is described in the paper; the 
results of experimental studies of raw cotton transport by air flow 
are analyzed. Calculations, based on these results, were 
performed to ensure the smooth operation of pneumatic transport 
of raw cotton with an estimate of cotton-air mixture 
concentration. At the same time, the main recommendations are 
aimed at ensuring the least damage to the cottonseeds. 
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I. INTRODUCTION 

At raw cotton machine-harvesting and processing, 
the main operations of its transportation from one 
technological cycle to another are carried out by pneumatic 
transport, which significantly reduces mechanical damage to 
fibers and seeds compared to other types of transport [1-
3,5]. In the well-known spindle cotton pickers, the cotton 
collected by harvesting machines is conveyed to the storage 
hopper by the air flow of different types: suction, injection 
and combined ones. They differ from each other by the 
operating principle. A suction-type air flow is widely used 
in domestic cotton pickers due to the simplicity of design 
and low energy consumption (more than by 3-5 times).Raw 
cotton removed from cotton bolls by spindle drums is fed 
into the pick-up area of the harvester and, with the spindle 
reverse and brush-and-slat pullers, it is fed into the receiving 
chamber through the slot between the puller and the door of 
the device. The receiving chamber is a parallelepiped-
cylindrical pipe with a slot along the height of the puller; the 
brushes of which dump the collected cotton into the 
chamber at a certain initial speed. The pipe is open below 
for air suction and emission of heavy impurities entering the 
chamber (stones, bully cotton, broken branches of cotton 
bushes). 
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The fan mounted on the machine frame by telescopic 

pipes, which are rigidly fixed to the upper part of the 
receiving chamber, sucks in the air flow from the window 
and the cotton, receiving the initial speed from the puller, 
gets into the receiving chamber of the device and is carried 
away by the air flows and moves to the fan. Here, through 
an elliptical side window of the fan, it meets the impeller, 
consisting of blades curved in an Archimedean spiral and, 
moving with them, it enters the tangential exit of the fan and 
is transferred by the injected flow to the hopper separator, 
from where it by inertia reaches the rear wall of the hopper 
and is accumulated there. Studies conducted by a number of 
expert shave shown that the raw cotton entering there 
ceiving chamber of the harvest errata high initial speed 
(more than 9 m/s) is carried away by the air flows of the 
pipe and enters the fan, where it hits the walls of the 
impeller blades and the fan casing and at a speed up to 37 
m/s receives mechanical damage (seeds are crushed, 
fractured, skin is peeled with fiber) [7]. Therefore, the 
reduction of mechanical damage to raw cotton and seeds 
remains an urgent and relevant issue in cotton harvesting. 

Objective: Study and analysis of the design 
features of pneumatic transport of raw cotton from the 
harvester to the machine hopper and the development of 
recommendations to reduce mechanical damage to cotton 
seeds under air flow suction. 

Methods: Analysis of design and experiments with 
cotton pickers under various types of pneumatic transport of 
cotton to the hopper, experimental and theoretical studies. 

II. PRELIMINARY RESULTS  

Figure 1showsa serial cotton picker, where the raw 
cotton picked by the harvesting device is transported to the 
hopper by air flow suction. 

 

 
Fig. 1. Cotton harvester with air flow suction 
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The design of a serial suction pneumatic-transport 
system (PTS) of a cotton picker shown in the Figure 1 
includes a fan with an elliptical inlet for a steroidal air 
collector, which is connected to a pyramid-shaped air 
collector with unequal sides and asymmetrical edges. The 
use of multi-knee curved pipelines leads to an increase in 
aerodynamic drag and thereby reduces the effectiveness of 
the pneumatic system. With such a pneumatic transport 
system, the fan speed is 1450-1500 rpm and the cotton seeds 
damage is more than 3% [7-8]. 

Figure 2 shows the transport of raw cotton by 
injected air flows. The advantage of pneumatic transport by 
injected air flow is that it is unnecessary to run the cotton 
through the fan, hence, no crushing of seeds by the impeller 
blades (vanes) occurs. The disadvantage of injected 
pneumatic transport is the possibility of blowing of cotton-
air mixture off the receiving chamber. Therefore, it is 
necessary to press the ejection jet to obtain suction. This 
increases the hydraulic loss, which requires a large 
consumption of fan power. 

 
Fig. 2. Cotton harvester with injected air flow 

 
Compared to the suction method, the low damage 

to cotton seeds and low cotton loss to ground from the 
receiving chamber of the harvester, requiring 2–3 times 
increase in fan power, are the distinctive features in raw 
cotton transport by ejection-injection methods. 

Using the suction method, an increase in fan speed 
to more than 1270 rpm leads to an increase in cotton seeds 
damage [7]. 
 In order to reduce the damage to cotton seeds, the 
fans were used with the impellers made of thermoplastics 
and the impellers with a rubber pad [9]. But these changes 
did not reduce the damage indices to the established 
standards (GOST 22587-91). 

To ensure a reliable operation of the system, the 
authors in [4] determined the necessary weight 
concentration of air and cotton mixture in the pipelines of 
the pneumatic transport system for the machinery in cotton 
industry. 

The weight concentration of the mixture is a 
dimensionless quantity, determined by the ratio of cotton 
weight (Gm) transported per unit time to the total air flow 
(Gb) for the same period of time: 

B

M

G

G
                                       (1) 

In cotton processing industry, the pipelines of 
diameter of 400-500 mm are used in raw cotton transport. 
The weight concentration of the mixture at a pneumatic 

transport system productivity of 10-12 t/h of raw cotton is 
from 0.6 to 0.8 (μ = 0.6 ÷ 0.8). A dependence graph of raw 
cotton hovering velocity on its volume weight and clod size, 
considering the pipe diameter, is shown in Figure 3 [4]. 

 
Fig. 3. Dependence of raw cotton hovering velocity on its 

volume weight at given pipe diameters [4]. 

According to experiments conducted by Central 
Research Institute of Cotton Ginning Industry, it was 
established that the air speed transporting the cotton in 
pipelines (Vв), should be 1.7 times higher than the hovering 
velocity [4]: 

sв VV  7,1                                                     (2) 

Based on the graph (Fig. 2) for the pipe of d = 
0.175 m at volume weight of cotton 

м( = 50 kg/m3, the 

hovering velocity should be Vs = 8 m/s. 
For a reliable operation of the system, the suction 

air speed in the pipe is: 
Vв = 1,7 8 = 13,6 m/s 

At μ = 0.6, according to (1), the cotton can be 
transported in the pipeline at Gм = 0.235 kg per second. This 
means that with a pipeline diameter d = 0.175 m and an air 
speed Vв = 13.6 m/s, the mass of transported cotton is Gм = 
0.235 kg. 

In cotton-picking machines, a pipeline of a 
diameter d ≤ 0.18 m and an air speed Vв = 24.5 m/s are used. 
By calculation determine the change of the weight 
concentration of mixture (μ) in the pipelines of cotton-
picking machines depending on the field yield and the 
harvester speed. 

Calculations were performed for one row of the 
harvesting apparatus under the following initial data: 
- open boll portion of cotton yield per hectare Gр = 2000 ÷ 
5000 kg/ha; 
- the completeness of machine harvesting П= 0.88; 
- harvester speed Vм = 4.2 km/h = 1.16 m/s; 
- row spacing B = 0.9 m; 
- the number of suction pipelines when picking from one 
row n = 2; 
- pipeline diameter d = 0.175 m; 
- air flow speed in pipelines Vв= 24.5 m/s; 
- specific gravity of air 

в(  = 1.2 kg/m3). 
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Cotton transportation per second in one pipeline is 
determined by: 

410




n

VBG
G Mp

M
,kg/s                            (3) 

Air consumption during this time in one pipeline is: 

BBB V
d
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According to the above initial data and expressions 
(3), (4), we obtain: 
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706,02,15,24
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175,014,3 2




BG kg.          (6) 

Table 2 is made by varying the values of Gр in 
expression (5). 

Table 2. The effect of open boll portion of cotton yield on 
weight concentration of cotton-air mixture (μ) 

Gр, 
kg/ha 

2000 2500 3000 3500 4000 4500 5000 

Gм, 
kg/ha 

0,09 0,112 0,135 0,157 0,18 0,20 0,225 

Gв, 
kg/ha 

0,706 0,706 0,706 0,706 0,706 0,706 0,706 

μ 0,127 0,158 0,192 0,222 0,254 0,283 0,318 
 

Analysis of Table data shows that the weight 
concentration of mixture in cotton picker pipelines is 
relatively small (1.9 times or more) compared to the 
pipelines in pneumatic transport system of cotton ginning 
industry. 

To simulate the process of cotton suction into the 
pipelines of cotton pickers, a stand shown in Figure 4was 
made. 

Figure 4 shows that to simulate the suction 
conditions of cotton picker, a serial receiving chamber was 
taken. The air flow rate through the pipeline is identical to 
the one in cotton pickers and is Q = 0.458 m3/s. The pipe 
diameter of the receiving chamber is d = 0.175m. The 
suction rate of the lower part of the receiving chamber 
differs throughout the cross section and the velocity 
distribution diagram is shown in Fig. 5. 

 

 
Fig. 4. Stand to determine the hovering velocity of raw 

cotton segments 

 

 
Fig. 5.Velocity distribution diagram of air flow in open 

lower window of the receiving 

The air speed in the receiving chamber is regulated 
through a slot between the brush puller and the receiving 
chamber through which the cotton passes. This speed is 
identified by various authors as the hovering velocity of 
cotton equal to 4.52 m/s, 5 m/s, 6.15 m/s [7]. The air flow 
speed in the lower open part of the receiving chamber was 
measured by the Anemomaster kanomax 6112 model 
device. Its diagram is shown in Fig. 5. 

III. DISCUSSION  

An analysis of cotton transport in the cotton 
ginning industry shows that the weight concentration of 
mixture is μ = 0.6–0.8. When cotton is harvested by cotton-
picking machines, even at high yield  5000 kg/ha, the 
weight concentration of the mixture is μ≤0.318. This means 

that the efficiency of transportation pipelines in a cotton-
picker is 2-3 times less compared to the pipeline efficiency 
in cotton ginning industry. The serial receiving chamber of 
the cotton picker mechanism of a harvester does not allow 
an increase in coefficient μ,since an increase in μ leads a 
decrease in air flow in the pipilinesand suction air speed 
along the vertical section of the receiving chamber. As a 
result of a decrease in the suction air speed in the lower part 
of the receiving chamber, ϑ<6.0 m/s, the cotton segments 
cannot move up and fall to ground, which causes an increase 
in raw cotton loss. In this regard, in order to reduce the fan 
speed, i.e. air flow, it is necessary to modernize the 
pneumatic system resulting in a decrease in thepneumatic 
system resistance. 
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Fig. 6. Modernized cotton picker with suction airflow 

Figure 6 shows a modernized cotton picker with an 
improved PTS, where the fan locations are structurally 
changed (rotated  to 180 °), accordingly, the locations of 
flexible corrugated pipelines are improved, instead of 90° 
bend knees and the least radii of curvature (less than 150 
mm) bends with significantly greater radii of curvature of 
the pipelines are formed. 

In the modernized pneumatic transport system, the 
fan speed is 1300-1350 rpm; cotton seed damage is less than 
0.8%. 

IV. CONCLUSION 

A modernized design of pneumatic transport 
system of a cotton picker has been developed, which ensures 
fan operation at a speed of less than 1300 rpm compared to 
serial design witha speed of 1450-1500 rpm. 
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