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Abstract. The article presents the methods for calculating the pressure
loss of the pneumatic transport system of a cotton harvester related to the
power consumption of the fan drive. Mathematical models for computer
calculation are presented. Numerical studies of the influence of the pipeline
diameter and the air mixture composition on the power consumption of the
fan drive are presented. It was determined that with an increase in the
diameter of the pipeline from 0.15 m to 0.175 m and a change in the
mixture concentration x = 0.228 + 0.338 for a serial receiving chamber, the
fan drive power decreases from 10.3 kW to 5.79 kW.

1 Introduction

Improving the efficiency of the pneumatic transport system of the cotton harvester while
maintaining the biological qualities of cotton, with less loss of raw material and less power
consumption of the fan drive, is a relevant aspect. However, no attention was paid to the
development of mathematical models to effectively use the pneumatic transport system [1-
15].

In this regard, the development of mathematical models for the pneumatic transport
system of the cotton-harvesting machine is the goal of this article.

When air moves in pipelines, internal and external friction forces of its individual
particles or layers arise. Air has a viscosity, which manifests itself in the form of internal
friction forces induced by relative displacement of its adjacent layers. External friction
forces arise from the contact of moving air particles with the pipeline walls.

When a mixture of air and raw material moves in pipes, pressure losses increase due to
the need to impart acceleration to the particles of the material, to compensate for the energy
consumption to lift the particles and to restore the velocity of the particles of the solid
component when they interact with the wall material of the pipe and with each other.
Therefore, the pressure loss is a consequence of flow resistance (air drag).

When transporting raw cotton, there are different unfavorable areas; one of them is the
pipe- bend. As noted by F.G. Zuev [16], when the flow moves along the pipe-bend,
pressure losses consist of the sum of losses due to friction and air vortices at the flow turn,
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friction of solid particles against the material of the pipe wall, inertial forces of the flow
components and velocity loss during a turn.

Aerodynamic calculations for the cotton transport in cotton harvesters XN-3,6 were
given by N.A. Artykov in [17]. However, the study did not consider the different values of
the pressure loss in the pipelines connected to a single fan.

Different values of pressure loss occur due to the difference in the pipeline lengths and
the number of pipe-bends that connect the cotton receiving chamber to the air collector.
Besides, the chamber located on the front spindle drums receives more raw cotton than the
rear receiving chambers; this also affects the pressure loss. The authors of that article in the
calculation method did not consider the air suction from the leaky pipeline connections.

In this regard, it is necessary to improve the calculation methods given in [18], considering
the above disadvantages.

2 Materials and Methods

For the aerodynamic calculation of the pneumatic transport system of the cotton harvester,
the following data are required: characteristics of the material, productivity, total pressure,
and pipeline route (rise of height, presence of pipe-bends). It is necessary to select the
concentration of the mixture, to determine the air velocity, the pressure loss in the pipeline
network, and to calculate the corresponding power consumption of the fan (for
14XV.61.020.A and 14XV.61.060A harvesters).

Therefore, we determine the pressure loss in all elements of the pneumatic transport system
for CHM MX-2 4, Figure 1.

Fig. 1. Pneumatic system of the vertical-spindle cotton harvester MX-2.4
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The pressure loss at the inflow of the cotton mixture into the receiving chamber is:
2
pY
AP = f— ey
2
where: 9 - is the air flow velocity in the pipeline, m/s;
© — is the air density, (p = 1.29 kg/m®); B —is the coefficient of pressure loss during
acceleration of the material, (f=1.8 + 1.5 m) [13]
The pressure loss in the pipe-bend is determined as:

AP, = 0.58p92 = 0.5p9%(&y + Ep + &7) @

where: &7, S7p> S~ are the resistance coefficients of the bend.
According to [17], $u = 0274 &7p = 0.008 7 = #(0.087p +0.37), the pressure loss in the
inclined section is determined as:

2
t p-9

APy =2, — 27 3)
3TTem oy,

Aem = is the coefficient of frictional resistance, depending on the wall

where:
roughness and the Reynolds number, and the concentration of mixture # ; ; and pare the
length and diameter of the pipeline, respectively; £ ~ is the air density(p = 1.29g/ m3);
I = is the velocity of conveying air, m/s:

The resistance coefficient ﬂ’CM is determined as:
_ H
)“CM = /’J"TP + ﬂ‘T >

According to experimental data, ﬂ'TP is determined from the number
diameters 0.15 m, 0.18 m, 0.21 m by the following expressions:
Arp = 0.164R; %7,

R

e for pipeline

According to [18], R, is determined as:

where: 3 —is the flow rate; D —is the diameter of a circular air pipe; U Tis the gas
kinematic viscosity coefficient;

. H . .
According to [17], A7 is determined as:
M =0.025y,
Expression (2) has the following form

£-p9?
D-2

APy = (0.164R;*"®7 + 0.0254) 4)

Pressurelossunder the impact at the entrance to the bend section is:

AP, = 0.5y p?? (5)
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where: &3 —is the coefficient of local resistance(§y, = 0.4).
Pressure loss at the turning section where it is connected by centrifugal fans is

AP5 = 0.5¢p92 = 0.5p9%(&1 + &rp + &) ©)

where: .fl — is the coefficient that takes into account the confluence of flows; according

to [19], itis &' = 0,09.

Pressure loss in diffuser and fan outlet is:
APg = APy + APy = 0.5p(§x0%ee + Ooutter) @)

2 f—
inlet

where: & 7 —1s the coefficient of resistance of the diffuser(&; = 0.008) [17];

2

is the air flow velocity in the inlet section of the diffuser; & .,

—1is the air flow velocity in
the outlet section of the diffuser.

The pressure loss for lifting the material AP, to the height H is determined as:
AP, = dpuH ®)

where: H —is the rise of the height of the material, m; AP, —is the pressure loss for the

suction of the pipeline system from the total volume of k" =1+1.01 [19].
a2
AP8:<AP1+AP2+AP3+AP4+AP5+AP6+AP7)-k~10 ©)

Based on the above calculation method, the total pressure loss of each pipeline is
determined as:

Aonl

We determine the average pressure loss of pipelines connected to a single fan as:

1:AP1+AP2+AP3+AP4+AP5+AP6+AP7+AP8 (10)

, Pa (11)

Determine the power consumption of the fan drive:

— APyo1Q — APyorQ (12)
7-1000  0.5-1000

2.1Development of a mathematical model

To develop a mathematical model for determining the power consumption of the fan
drive, we assume that:

1. O, =0.40+0.55m"s; consumed air volume of one pipeline;

2. =0+0.5; concentration ratio of the air mixture;

3. p =1.29kg/m’; air density;
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4. v =15.06-10"°m?s; coefficient of kinematic viscosity of air;

5. D =0.15+0.18m; diameter of a transparent flexible pipeline;
6. £ =1.0+1.8m; length of the pipeline used;

7.  H =2.5+3.5m; the rise of the height of raw cotton;

8. F
9

inlet

= 0.085m?; inlet section of the delivery diffuser;
F

outlet = 0.17 m?; outlet section of the delivery diffuser;
10. 0=9.8 m's?; free fall acceleration;

11. k'=1.0+1.01; the coefficient that takes into account the suction of the
pneumatic transport system;

AP
12. k= AP2 =0.8+1.2; the ratio of the pressure loss of the second pipeline to the
I
first pipeline;
AP, . o
13. k, = AP =0.8+1.2 ; the ratio of the pressure loss of the third pipeline to the
1
first pipeline,
AP, . o
14. k;= AP =0.8+1.2; the ratio of the pressure loss of the fourth pipeline to the
1
first pipeline;

15. X =1.8; coefficient used in calculating the serial receiving chamber;

16. X =2.65; Coefficient used in calculating the experimental receiving chamber.
Based on the input data, we determine:

0 40 127-Q

F 7n-D? D?

air flow rate in pipelines.
0=4-Qy; air volume in the discharge diffuser.

1~ is pressure loss in the receiving chambers

2

AP, =(X+1.5u)p'2‘9 , Pa

AP, —is pressure loss in the bends

AP, =0.5- p-9[0.274+0.008+ 1£(0.0872:+0.37)]

AP; —is pressure loss in the pipeline

-0.187 2
AP; =|0.16 19_D +0.025u @
D D-2
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AP, —is pressure loss in the receiver

AP, =0.5-0.4-p- 9’

5 is pressure loss in the turning section (nozzles) where it is connected to the fan

AP, =0.5- p-97[0.09+0.008+ £(0.0871+0.37)]

6 is pressure loss in the discharge diffuser

2 2
AP, =050 0.008 2| +| -2
F;'nlel Fouilet

" is pressure loss when lifting material

AP,
AP, =0-p-u-H
8 is pressure loss at the suction of the pneumatic conveying system

AP, = (AP, + AP, + AP, + AP, + AP, + AP, + AP,)-k'-10™

Pressure loss in four pipelines is:

Aonzz :Aonll K, APmn :Aonn K, AonM :APmn K,
AP — A1)\)011 +Aonl2 +APVOI3 +APV014
ayv 4 b

" is consumed power of the fan drive

AF,-Q AF,-Q
= = , Kwt
7n-1000 0.5-1000

For the MX-1.8 cotton harvester, we determine

AP +A[)volz

_ voll
.Kl’ APZav - 2

Qz :2'Q1

APVOZ 2= AI)\zol 1 s
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1-1000

3 Results of numerical studies

For numerical studies, we use the programs developed in [20]. To determine the effect of
the concentration of the air mixture on the power consumption of the fan drive, we assume

that:

Serialreceivingchamber(Q;=0.55m’/sX=1.8, D=0.175, u=0+0.338, H=2.5 m, I=1.0 m,

k=101, k;=k,=k;=1 );resultsarepresentedinFig. 1

Experimental receiving chamber (Q;=0.425m’/s X=2.65, D=0.175, u=0+0.444, H=2.5

0.5-1000

m, I=1.0 m, k' =1.01, k;=k,=k;=1); results are presented in Figure 2.

To determine the influence of the pipeline diameter (D) and the concentration of the air
mixture () on the power consumption of the drive, we assume that the initial data are:
Serial receiving chamber (Q1=0.55m3/s X=1.8, D=0.150+0.175, u=0+0.338, H=2.5 m,

I=1.0m, k=101, k;=k,=k;=1); results are presented in Figure 3.

Experimental receiving chamber (Q1:0.425m3/s X=2.65, D=0.150+0.175, u=0+0.444,

H=25m,1=10m, k=101, k;=k,=k;=1); results are presented in Figure 4.
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Fig. 2. Influence of the concentration of the air mixture on the power consumption of the fan drive u

= 0 + 0.444 of the serial and experimental receiving chambers
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Fig. 3. Effect of change in the diameter of the pipeline and the concentration of the air mixture (x)on
the fan drive power in the serial receiving chamber
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Fig. 4. Effect of change in the diameter of the pipeline and the concentration of the air
mixture () on the fan drive power in the experimental receiving chamber
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4 Discussions

From the graphs in Figure 2, it is seen that an increase in the concentration of the air
mixture (1) leads to an increase in the fan drive power consumed when using an
experimental serial version of the receiving chamber. However, for the serial receiving
chamber, the power consumption of the fan drive is 1.66 times higher than the consumption
of the experimental receiving chamber. From the graphs in Figure 3, it is seen that an
increase in pipeline diameter from 0.15 m to 0.175 m decreases the power consumption of
the fan drive at 4 = 0.338 from 10.30 kW to 5.79 kW, i.e., by 1.78 times when using a
serial receiving chamber. With an increase in concentration u = (.228 + (.338at pipeline
diameter D=0.15 m, the fan drive power increases toN = 9.62 + 10.30 kW and, at pipeline
diameter D=0.175 m it increases to N = 5.42 + 5.79 kW. With an increase in the pipeline's
diameter, the influence of the concentration of the air mixture on the power consumption of
the fan drive decreases by (10.3: 5.79) = 1.77 times.

Figure 4 shows the effect of the change in the pipeline's diameter and the concentration
of the air mixture (x) on the fan drive power of the experimental receiving chamber. The
patterns of graph changes are similar to the patterns in Figure 3; however, the power
consumption of the fan drive is1.65 times less compared to the serial receiving chambers.

4 Conclusions

To reduce the power consumption of the fan drive, it is necessary to use a pipeline with a
diameter of at least D= 0.175 m. The use of an experimental receiving chamber instead of a
serial chamber allows us to reduce the power consumption of the fan drive by 1.65 times.
With an increase in the pipeline's diameter from 0.15 m to 0.175 m, the effect of the air
mixture composition on the power consumption of the drive decreases by 1.77 times.
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