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Abstract. The article proposes a methodology for studying the productivity (capacity) and power 
consumption of a pneumatic conveyor for active ventilation of soybeans in container-modular storage in 
farms and the factors affecting them. In determining the parameters of the pneumatic conveyor, the physical 
and technological characteristics of the grain (soybean) are taken into account. The proposed methodology is 
based on the method of classical calculation for selecting a pneumatic conveyor with nominal parameters, 
which is necessary not only for transportation, both vertically and horizontally, but also for active ventilation 
of grain in containers during storage. The purpose of the methodology is to select a specific pneumatic 
conveyor for container-modular equipment for soybeans storage in the conditions of farms in Kazakhstan. 

 
1Introduction 

Soybean storage can be short-term (temporary) and 
long-term. The first one is calculated in days or months 
(one to three) in duration, while the second one lasts 
from several months to several years. Both short-term 
and long-term storage should be organized in a way 
that there are no losses in weight (except for 
unavoidable ones) and, even more so, losses in quality. 

In practice, two ways of storing grain are used: in 
tare (in bags) and in bulk (in stores, hoppers, silos). 

Storage in tare is used only for some batches of 
seed: elite seeds, beans, seeds containing essential oils, 
small-grain seeds, corn seeds, beets, sunflower. This 
method of storage is more expensive, but it must be 
used in certain cases to prevent the loss of grain and 
seed in mass and quality [1]. 

The main method of soybean storing is storage in 
bulk [1]. This storage method has such disadvantages 
as the absence of air flow through the entire volume of 
the grain mass, as a result of which “dead zones” are 
formed which are devoid of airflow, leading to 
clumping and moistening of the grain, which leads to 
significant grain losses. In addition, rodents and birds 
eating grain also increase losses. 

In [2] a modular equipment for grain storage with 
active ventilation, eliminating these drawbacks, is 
proposed. The main idea of this work is that standard 
containers for the transportation of goods with a 
capacity of 10-80 cubic meters are used as containers 
for grain (soybean) storage. Each module consists of a 
selected container, pneumatic conveying aggregate, 
pipelines, and control and monitoring instruments. 

Equipment for grain storage with active ventilation, 
includes a hopper for grain storing, characterized in 
that the hopper is made in the form of a vertically 
situated container, while its lower part (bottom) is 
made conical at an angle of at least 40° with a lower 
hole connected to the pneumatic conveyor through a 
nozzle and on the inner side, on three equidistant levels 
along the height of the container, are placed humidity 
sensors, which are fixed on the steel pipes, and a 
sensor control and monitoring panel is installed on the 
outer side of the container.  

In Fig. 1 a sketch of the equipment is presented.  
The main component of the equipment is a 

pneumatic conveyor consisting of a conveying aggregate 
(a blower and a supply cyclone (multicyclone) with 
filter), pipelines, and cyclones-unloaders, designed for 
suck–blow vertical or horizontal conveying of soybean 
or any other cereal crop over considerable distances [3]. 

The equipment for grain storage with active 
ventilation performs three cycles: loading, venting and 
unloading and operates as follows: 

Loading of grain (Fig.1) into an equipped container 2 
from a vehicle 3 is carried out by a pneumatic conveying 
aggregate 1 through a loading pipeline 9, then through a 
vertical pipeline 7 into a cyclone 5, where the air-grain 
flow is separated into air, which is removed through a 
nozzle 15, and into grain, which is settled down in 
container 2 for storage. The gate valve in the lower part 
of the cyclone 5 is driven by an electric motor. 

Active ventilation of grain in container 2 is carried 
out in a closed circle with the pneumatic conveying 
aggregate 1 from the lower nozzle (with rotary valve) 12 
of the container through a two-way valve 14, then 

MATEC Web of Conferences 287, 04004 (2019)	 https://doi.org/10.1051/matecconf/201928704004
Power Transmissions 2019 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution  
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



 
 

through the vertical pipeline 7, the cyclone 5, and returns 
to the storage container 2. 

Unloading of grain from the storage container is 
made from its lower nozzle by the pneumatic conveying 
aggregate 1, through the two-way valve 14, a pipeline 8 
through a cyclone 6 into a vehicle 3 [2]. 

 
Fig. 1. Equipment for grain storage with active ventilation [2]: 
1 – pneumatic conveying aggregate; 2 – container; 3 – vehicle 
from where  the grain is loaded and where it is unloaded; 4 – 
mechanical transmission for the conveyor driving (if any); 5 
and 6 – grain separating (discharging) cyclones-unloaders; 7 – 
pipeline for active ventilating or loading; 8 – pipeline for 
unloading; 9 – pipeline (hose) for loading of grain mass; 10 – 
humidity sensors; 11 – two-way valve; 12 – lower nozzle; 13 – 
Sensor control and monitoring panel; 14 – two-way valve; 15 
and 16 – nozzles (with filters) for removal of air flow from the 
cyclones. 
 

The aim of this article is to propose a methodology 
for studying and justifying the parameters and operating 
modes of the pneumatic conveyor, taking into account 
the physical characteristics of the material, during 
storage and active ventilation of soybeans by the 
proposed technology and determining its optimal 
parameters. 

2 Calculation of the equipment  
For the calculation of the pneumatic conveyor, the given 
in [4] method (calculation method of the suction 
equipment) is assumed. This is a classical method of 
selecting a pneumatic conveyor with nominal 
parameters, which is necessary not only for 
transportation, but also for active ventilation of grain in 
storage containers. 

2.1 Flow rate calculation  

Calculations are based on equipment with a 40-ton 
container and where all material (soybeans) in it should 
be shifted for 10 hours. So, a specified (real) mass flow 
rate (capacity, productivity) of the pneumatic conveyor 
is adopted as Gsp = 4 t/h. The estimated (ideal) mass flow 
rate G is determined as follows [5]: 

                         ,spsaf GКG                           (1) 

where 

Gsp - specified mass flow rate; 
safК - safety factor ( ,safК = 1.2 for grain and 

safК = 1.15 
for intermediate products). 

2.2 Pipeline calculation 

The estimated air velocity v (m/s) in the pipeline is 
determined by the following formula [5]:  

                     10.5 0.57 ,spev k v                       (2) 

where 
spev -  velocity of the material particles (for soybean vspe = 

15), m/s; 
k - coefficient of sustainable conveying, depending on 
the material properties (for grain k = 1.2 ÷ 1.5). 
The estimated air velocity in the pipelines of the 
interdepartmental pneumatic conveying systems is taken 
according to a solids loading ratio (particle mass loading 
= mass flow rate of particles/mass flow rate of air)  of 
the air-grain flow as follows: 
v = 20 m/s for  up to 0.5 kg/kg; 
v = 22 m/s for  more than 0.5 kg/kg; 

The value of  for interdepartmental pneumatic 
conveying systems is assumed up to 3.5 kg/kg (for bran, 
animal feed, and flour) and 3.5 ÷ 5 kg /kg for grain [5, 
6]. For soybean, the more appropriate value is  = 3.6 
kg/kg. Also, the solids loading ratio (particle mass 
loading) of the air-grain flow can be determined by the 
following formula:  

                        

1000

rec ep

G
Q




 


 ,                           (3) 

where 
rec - density of air entering the receiving device (suction 
nozzle), kg/m3; 

epQ - estimated volumetric flow rate of air in the pipeline, 
m3/h; 

G – conveyor mass flow rate, t/h. 
Since the atmospheric air (whit а) is used, under normal 
atmospheric (free air) conditions the air density is rec = 
а =1.2 kg/m3.  
The estimated volumetric flow rate in the pipeline is 
determined from formula (3) as follows: 

                        

1000
ep

rec

GQ
 

 


.                             (4)
 

Theoretically required diameter of a circular pipeline 
bore is calculated by the following formula [7]: 

 

                         

4
3600

epQ
D

v


 
  

.
                            

(5) 

The diameter of pipeline bore is rounded to the 
nearest larger or smaller value D, according to the 
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current GOST for pipes and determine the cross-section 
area of the pipeline given by  

                               

2

4
DF  

 .                             (6) 

Then the volumetric flow rate of air in the pipeline is 

                       3600epQ F v                              (7) 

From the operating work of such equipment, it 
follows that when choosing the diameter of the pipeline 
it is necessary to observe a ratio of 100 to 1, that is, at 
10m of the pipeline height, the diameter should be equal 
to 0.1 m. Accordingly, in our case the diameter of the 
pipeline should be within 80-145 mm. 

However, the validity of these calculations must be 
verified empirically, which is supposed to be done in our 
further studies. 

2.3 Pressure drop calculation 

The pressure drop (loss) in the pneumatic conveyor Hpt 
is determined by the following formula [8]:  

    

0 . .

. .

pt cars rec fr v fr h

tap v c c u

H H H H H H

H H H

     
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  


       (8) 

where
 Нcars- pressure drop in the blower and in the gravity flow 

pipe (lower nozzle);  
Нrec - pressure drop in the receiver;  
Нo - the amount of pressure drop to accelerate velocity 
of fed into a pipeline material to it conveying velocity 
(acceleration of the material) and to retrieve (redress) the 
air-grain flow velocity after bends;  
Нfr.v., Нfr.h - the amount of pressure drop of friction 
during the movement of the air-grain flow in straight 
vertical and horizontal sections of the pipelines; 
Нb - the amount of pressure drop in bends;  
Нv.c - pressure drop during the vertical conveying; 
Нc.u - pressure drop in a cyclone-unloader; 
1) Since the value of the pressure drop Pcars is small, it 
can be taken Нcars = 150 Pa. 
2) The pressure drop (loss) in the receiver is determined 
by the following formula: 

                   

2

2
rec

rec rec rec
vH    ,                      (9)

 

where 
rec - loss factor, depended on the type of receiver; 
rec = a = 1.2 kg/m3– air density at the receiver inlet, 
kg/m3; 
vrec  - air velocity in the receiver, m/s. 
In the equipment in question, a receiving device of the 
“Nozzle” type is selected, for which rec = 0.7 [9].  
The air velocity in the receiver is determined by the 
following formula [9]:  

                         rec
rec

Fv v
F

 ,                            (10) 

where 

F and Frec - cross-sectional area of the pipeline and the 

receiver pipe, m2. For approximate calculation it is 

allowed to take F = Frec. 

Then    

                  20.25 1rec recH v    .                (11) 

3) The amount of pressure drop to equalize the velocities 
of the material and air (acceleration of the material) and 
to retrieve (redress) the air-grain flow velocity after 
bending is determined by the following formula:  

                       .o o o bH H H  .
                     

(12) 

Pressure drop to equalize the velocities of the 
material and air (acceleration of the material) is 
determined by the following formula:  

                             oH i G  ,                           (13) 

where 
G - conveyor capacity, t/h; 
i - pressure drop corresponding to the acceleration of 1 
ton of material in the initial section of the pipeline [9, 
10], Pa/(t/h), given by: 

                             
2

M vi
D


 ,                               (14) 

where 
M = 0.324 - coefficient for coarse materials (soybean); 
v - air velocity, m/s; 
D - pipeline diameter, m. 

Ppressure drop to retrieve (redress) the air-grain flow 
velocity after bends is determined by the following 
formula:  

                           
. . .

1

n

o b o b j
j

H H


 ,                                (15) 

where 
n - number of bends. 

The pressure drop after each bend j is given by: 

                       . .o b jH y i G    ,                       (16)
 

where  
y – coefficient depending on the size of the central 
angle of the bend (Fig. 2), the ratio of the radius of the 
bend curvature to the diameter of the pipeline and the 
length of the straight section behind the bend. 

Usually, a bend radius is adopted ten times pipeline 
diameter (r = 10D) [6]. In this case for elbow bend (α = 
90º) y = 0.4; 
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For the equipment in question whit two elbow bends 
(Fig. 1) 

              
. 2 0.8o bH y i G i G      ,                            (17) 

4) The pressure drop from friction during the conveying 
of the air-grain flow in straight vertical (Hfr.v) and 
horizontal (Hfr.h) sections of the pipeline is determined 
by the following formulaе 

                   . 1fr v cl vH H K    ,
                     

(18) 

                   . 1fr h cl hH H K    ,
                     

(19) 

where 
Нcl - pressure drop of clean air flow;  
Kv and  Kh - empirical coefficients.  

Friction pressure drop of clean air flow is determined 
by the following formula:  

                          
.cl l mH H L  ,

                           
(20) 

where 
Hl.m. - friction pressure drop (loss) of clean air flow per 1 
m of pipeline, Pa/m; 
L - length of the straight sections of pipeline, m.  

The pressure drop Hl.m is given by: 

                          
2

. 2l m
vH

D
  ,

                         
(21) 

where 
 - empirical pipeline friction coefficient determined by 
Nikuradze’s formula:   

                 
2

1

1.75 2lg
2
D






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 

,
                      

(22) 

where  
δ – pipe wall roughness, m. 
For usually used for grains (including soybean) pipes the 
wall roughness is accepted  = 0.2·10-3 m [11]. 

The coefficient Кv for soybean is given by: 

                    
1.33

0.04v
v

A D
K

v


 ,                         (23) 

where 
Av - coefficient, for grain Av = 240; 

The coefficient Kh for soybean is given by: 

                    
1.25

h
h

A DK
v


 ,                                  (24) 

where 
Ah – coefficient, for grain Ah = 150;  
5) The pressure drop in a bend (Fig. 2) Нb is determined 
by the following formula: 

             . 1b b cl bH H K    ,                           (25) 

where 
Hb.cl - pressure drop (loss) of clean air flow in the bend;   
Kb - bend loss factor given by: 

                  

1.25
b m

B DK
rv
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 


 
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 

,                             (26) 

where 
 r - radius of curvature of center axis of the bend (r = 
10D in the equipment in question);  
В and m - empirical coefficients. For air-grain flow [4]: 
В =620 and m = 0.15 for flow from horizontal to 
vertical direction 
and 
В = 550 and m = 0.23 for flow from vertical to 
horizontal direction; 
The pressure drop of clean air flow in the bend Hb.cl is 
given by: 

                    
2

. 2b cl b b
vH      ,

                        
(27) 

where 
b and b - empirical coefficients from [4]: 
b = 1 for elbow bend (α=90º, Fig 2); 
ξb= 0.36 for pipe diameter D = 119…125 mm. 
6) Pressure drop during vertical conveying is determined 
by the following formula:  

                        
.v cH g S     ,

                       
(28) 

 where 
S - height of the vertical section (S = 10 m in the 
equipment in question). 
g – earth acceleration, m/s2. 
 
 

 
Fig. 2. Elbow bend of the pipeline for active ventilation (pos. 7 
in Fig.1) with α=90º  
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7) Pressure drop in a cyclone-unloader.  
As unloading device a cyclone separator is chosen by the 
air-flow rate Qc.u and air velocity vc.u at its inlet nozzle. 
The needed cross-section area Fc.u is  given by [12, 13]  

                   .
.

.3600
c u

c u
c u

QF
v

 ,                               (29) 

where 
Fc.u - cross-section area of the inlet pipe of cyclone-
unloader, m2; 
Qc.u – volumetric flow rate of inlet air, m3/h;  
vc.u - velocity of inlet air, m/s. 
When determining Qc.u, a change in the air condition 
along the conveyor pipeline should be taken  into 
account: 

                     
.

.
c u pc

c u

Q Q 


 ,                             (30) 

where 
 - air density at the inlet of the pipeline;  
c.u - air density at the inlet of the cyclone-unloader, 
which is given by: 

                     
.

a pl
c u

sp

p H
R T







,                            (31) 

where 
pа –atmospheric pressure;  
Нpl - calculated pressure drop in the pipeline; 
Rsp - specific gas constant, for dry air R = 288 J/kg∙°K;  
T - absolute temperature at the end of the pipeline is 
equal to (273+tоC), °К.  
Under normal atmospheric (free air) conditions (pа = 
101325 Pа, t° = 20oC, and relative humidity  = 50)     
 =a = 1.2 kg/m3 and Т = 273+20 = 293°К. 
Pressure drop in the pipeline Hpl is calculated from 
formula (8) for a respective branch of the conveyor as 
follows: 

. . .pl o fr v fr h b v cH H H H H H              
(32) 

where  
Нo - the amount of pressure drop to accelerate velocity 
of material fed into a pipeline to its conveying velocity 
(acceleration of the material) and to retrieve (redress) the 
air-grain flow velocity after bends (see formula (12)); 
Нfr.v., Нfr.h - the amount of pressure drop from friction 
during the movement of the air-grain flow in the straight 
vertical and horizontal sections of the pipelines (see 
formulae (18) and (19)); 
Нb - the amount of pressure drop in the bends (see 
formula (25)); 
Нv.c - pressure drop during the vertical conveying (see 
formula (28); 
By choosing the inlet air velocity vc.u, the required cross-
section area Fc.u is determined, and a cyclone type is 
selected. For the equipment in question vc.u = 22.86 m/s 

and Fc.u = 0.017 m2. Hence a cyclone type ЦР-400, with 
Fc.u = 0.018 m2 (D = 400 mm), from [3] is selected. 

Pressure drop (loss) in the cyclone-unloader is 
determined by the following formula: 

                   

2
.

. . . 2
c u

c u c d c u
vH    ,                      (33)

 

where 
ξc.d  - loss factor, depended on the type of cyclone; 
c.u - air density at the inlet of the cyclone-unloader, 
given by formula (31). 
For the chosen cyclone (ЦР-400) ξc.d = 3.7 and ρc.u =1.1 
kg/m3. 

2.4 Rotary valve calculation  

In the equipment in question, feeding devices are 
installed to seal the opening through which the material 
is fed to or unloaded from the conveyor [14]. In our case, 
(Fig. 1), that is, at the bottom of the container (lower 
nozzle 12). A rotary valve [4] ШУ-15 is selected. Mass 
flow rate of rotary valve Gr.v (in kg/h) is determined as 
follows: 

           
. . . .0.06r v r v m r v r vG V n        ,                 (34) 

where 
Vr.v – displacement volume of the valve (per one 
revolution), dm3/rev (ШУ-15 is with Vl = 15 dm3/rev);  
n - rotor’s speed, rpm;  
m - material bulk density, kg/m3;  
r.v - correction factor of bulk density, taking into 
account aeration, for  grain materials equal to 0.7 [4];  
r.v - filling efficiency, for grain equal to 0.5 [4]. 
For soybean m =720 kg/m3 is accepted. 
After following in formula (34) 

                            
.r vG G ,                               (35) 

the rotor’s speed can be obtained: 

           
. . .0.06 r v m r v r v

Gn
V   


  

,                      (36) 

The typical speed according to [6] is 20 rpm, which 
coincides with the producer’s recommendation for 15 ÷ 
30 rpm.  

2.5 Supply cyclone calculation 

A supply cyclone is selected according to the volume 
rate of air flow Qs.c entering the cyclone and the air 
velocity vb.c in its inlet. The required cross-sectional size 
of the inlet Fs.c (in m2) is determined as follows [13, 15]: 

                  
.

.
.3600

s c
s c

s c

QF
v

 ,                              (37) 

The air flow volumetric rate Qs.c is determined as 
follows:  
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.
               

(38) 

After choosing the cyclone type, its pressure drop 
(loss) Hs.c is determined by formula (9) as follows: 

                  

2
.

. . . 2
s c

s c s c s c
vН    ,                        (39) 

where 
φs.c - loss factor, depended on the cyclone type;  
vs.c - air velocity in the cyclone inlet; 

. .b c - density of the air in the cyclone, determined by 
formula (31) as follows: 

                   . .
а pl

s c
sp

р Н
R T







                           (40) 

A cloth filter of the supply cyclone is selected 
according to the volumetric rate of air flow Qs.c entering 
the cyclone and the permissible load on the filter cloth. 
The required surface Ff of the filter cloth is: 

                       
,

60 per

f
f q

Q
F 

                           
 (41) 

where 
Qf – air flow volume rate, m3/h;  
qper – permissible specific air load on filter cloth, 
m3/min∙m2. 

 The air flow volumetric rate for one-stage filtration 
is determined as follows: 

                      . .f s c s cQ Q Q 
                       

(42) 

where 
ΔQs.c = 36 m3/h [4]- the total amount of air leakage in the 
cyclone and connecting pipeline, m3/h.   
The pressure drop of a filter in case of grain conveying is 
determined as follows [4]: 

                           ,525 3,1qH f                            (43) 

For the conveyor in question a filter Г4-1БМФ-600 is 
chosen with following parameters [4]: 
Qf = 700 m3/h; qper = 1.25 m3/min∙m2; Ff = 12 m2; Hf = 
525 Pa for q = 1.0. 

2.6 Blower calculation 

2.6.1 Air-flow rate calculation 

The blower for the pneumatic conveyor is chosen 
according to the estimated air-flow rate Q and the 
pressure pu according to the relevant characteristics. The 
estimated  air-flow rate Q is determined as follows [5]:  

                            1.05 f fQ Q Q  ,               (44)  

where  

Qf  - filter air flow rate, determined by formula (42), m3/h 
ΔQf - amount of air leakage in the filter, m3/h. For 
chosen filter Г4-1БМФ-600 it is ΔQf = 600 m3/h; 

The value of the selected rate must be on the 
downstream part of the characteristic curve Q-pv (i.e. to 
the right of the maximum pressure) and exceed the 
nominal by no more than 20 m3/min (at maximum 
efficiency) flow rate of the blower.  
To choose a blower according to a characteristic made 
up for suction conditions under normal atmospheric 
conditions ( = 1.2 kg/m3), the pressure is determined by 
the formula: 

                  

1.2
bl cal

cal

H H


 ,                          (45) 

where 
cal – calculated air density at the blower inlet 
determined as follows: 

                cal

calа
cal RT

Hp 
 ,                         (46) 

where 
Нcal – calculated required pressure in the conveyor, Pa; 
Tcal = (273+toC) – estimated absolute air temperature in 
summer for the area (in our case t = 20oK), K; 
а – atmospheric pressure, Pa. 
The calculated required pressure in the conveyor is 
determined as follows: 

             .cal pt s c f coll unacH H H H Н H      
,
            

(47) 

where 
Hpt - pressure drop in the conveyor, determined by 
formuls (8); 
Hs.c - pressure drop in the supply cyclone, determined by 
formula (39); 
Hf  - pressure drop in the filter of the supply cyclone, 
determined by formula (43); 
Hcoll - pressure drop in the collector, considered [4] -
1500 Pa; 
Hunac - unaccounted pressure drop, considered [4]  -1000 
Pa. 

2.6.2 Motor power calculation 

The calculated power of the blower motor Рcal (in kW) is 
calculated as follows: 

                  ,
3600 1000

bl
cal

bl tr bear

Q HP
  



                   

(48)  

where 
Q - estimated air-flow rate, determined by formula (44), 
m3/h; 
Hbl - required pressure, determined by formula (45), Pa  
bl  - blower efficiency, taken from the aerodynamic 
characteristics of the machine; 
tr - transmission efficiency, equal to 1.0 when the 
blower is on the shaft of the motor, equal to 0.98 if there 
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After choosing the cyclone type, its pressure drop 
(loss) Hs.c is determined by formula (9) as follows: 
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where 
φs.c - loss factor, depended on the cyclone type;  
vs.c - air velocity in the cyclone inlet; 

. .b c - density of the air in the cyclone, determined by 
formula (31) as follows: 
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A cloth filter of the supply cyclone is selected 
according to the volumetric rate of air flow Qs.c entering 
the cyclone and the permissible load on the filter cloth. 
The required surface Ff of the filter cloth is: 

                       
,
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f
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Q
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 (41) 

where 
Qf – air flow volume rate, m3/h;  
qper – permissible specific air load on filter cloth, 
m3/min∙m2. 

 The air flow volumetric rate for one-stage filtration 
is determined as follows: 
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where 
ΔQs.c = 36 m3/h [4]- the total amount of air leakage in the 
cyclone and connecting pipeline, m3/h.   
The pressure drop of a filter in case of grain conveying is 
determined as follows [4]: 
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For the conveyor in question a filter Г4-1БМФ-600 is 
chosen with following parameters [4]: 
Qf = 700 m3/h; qper = 1.25 m3/min∙m2; Ff = 12 m2; Hf = 
525 Pa for q = 1.0. 

2.6 Blower calculation 

2.6.1 Air-flow rate calculation 

The blower for the pneumatic conveyor is chosen 
according to the estimated air-flow rate Q and the 
pressure pu according to the relevant characteristics. The 
estimated  air-flow rate Q is determined as follows [5]:  
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where  

Qf  - filter air flow rate, determined by formula (42), m3/h 
ΔQf - amount of air leakage in the filter, m3/h. For 
chosen filter Г4-1БМФ-600 it is ΔQf = 600 m3/h; 

The value of the selected rate must be on the 
downstream part of the characteristic curve Q-pv (i.e. to 
the right of the maximum pressure) and exceed the 
nominal by no more than 20 m3/min (at maximum 
efficiency) flow rate of the blower.  
To choose a blower according to a characteristic made 
up for suction conditions under normal atmospheric 
conditions ( = 1.2 kg/m3), the pressure is determined by 
the formula: 
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where 
cal – calculated air density at the blower inlet 
determined as follows: 
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where 
Нcal – calculated required pressure in the conveyor, Pa; 
Tcal = (273+toC) – estimated absolute air temperature in 
summer for the area (in our case t = 20oK), K; 
а – atmospheric pressure, Pa. 
The calculated required pressure in the conveyor is 
determined as follows: 
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where 
Hpt - pressure drop in the conveyor, determined by 
formuls (8); 
Hs.c - pressure drop in the supply cyclone, determined by 
formula (39); 
Hf  - pressure drop in the filter of the supply cyclone, 
determined by formula (43); 
Hcoll - pressure drop in the collector, considered [4] -
1500 Pa; 
Hunac - unaccounted pressure drop, considered [4]  -1000 
Pa. 

2.6.2 Motor power calculation 

The calculated power of the blower motor Рcal (in kW) is 
calculated as follows: 

                  ,
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cal

bl tr bear

Q HP
  

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(48)  

where 
Q - estimated air-flow rate, determined by formula (44), 
m3/h; 
Hbl - required pressure, determined by formula (45), Pa  
bl  - blower efficiency, taken from the aerodynamic 
characteristics of the machine; 
tr - transmission efficiency, equal to 1.0 when the 
blower is on the shaft of the motor, equal to 0.98 if there 

 
 

is a coupling, and equal to 0.95 in case of a belt 
transmission;  
bear = 0.99 – bearing efficiemcy. 
After the abovementioned calculations the blower is 
chosen. 
For the conveyor in question Q = 1380 m3/h. 
Transmission efficiency is considered tr = 0.95;  
According calculation the blower can be selected.  

2.7 Nozzle choice 

Nozzles with filters (pos. 15 and 16 in Fig. 1) for the 
removal of air flow from the cyclones-unloaders are 
chosen by the air flow rate Qc.ds which depends on the 
volume flow rate Qc.u, of the cyclone inlet air flow (see 
formula 30). It may be considered 

                
. . .c ds c u c dsQ Q Q  ,                            (49) 

where  
ΔQ c.ds= (3…6)% of Qc.u 
For the equipment in question ΔQ c.ds= 0.05 Qc.u is 
chosen.  

3 Analysis of the results 

On the basis of the developed methodology, the 
calculation of the studied equipment (Fig1) was made 
with the following input data: 
- Average daily mass flow rate                         40 t/day 
- Operating time                                                10 h/day 
- Specified (real) mass flow rate Gsp                  4 t/h  
- Pipeline length L                                             34 m 
- Height of the vertical section S                       10 m 
- Number of bends                                              2 by 90°  
- Solids loading ratio of the grain-air flow µ      3.6 kg/kg 
- Particles (soybean) velocity vspe                     15 m/s 
 
After calculations following results are obtained: 

- Estimated (ideal) mass flow rate G                   4.8 t/h 
- Estimated air velocity v                                    22.86 m/s 
- diameter of pipeline bore D                            125 mm 
- Pressure drop in the receiver Нrec                      31.54 Pа 
- Amount of pressure drop of  material acceleration after 
feeder and bends Нo                                       3189 Pа 
- Pressure drop (loss) of friction in 
     vertical sections Нfr.v                                  1147 Pа 
     horizontal sections Нfr.h                              1735 Pа 
- Pressure drop in bends Нb                                989 Pа 
- Pressure drop of vertical conveying Нv.c              43.2 Pа 
- Air-flow rate at cyclone-unloader inlet Cru        0.2 m3/h 
- Air velocity in cyclone-unloader inlet vc.u       22.86 m/s 
- Air density at cyclone-unloader inlet c.u       1,11 kg/m3 
- Pressure drop in pipeline Hpl                         2914,23 Pа 
- air-flow rate at cyclone-unloader inlet Qc.u       720 m3/h 
- Required cross-section area Fc.u                       0.017 m2 
- Type of selected cyclone-unloader                 ЦР-400 

with D = 400 mm, Fc.u = 0.018 m2 

- Pressure drop in cyclone-unloader Hc.u           1063 Pa 
- Mass flow rate of rotary valve Gr.v                4800 kg/h 
- Required cross-section area of  

supply cyclone Fc.u                                      0.0091 m2 
- Pressure drop in supply cyclone Hs.c                1450 Pа 
- Required surface of filter cloth Ff                       12 m2 

- Type of selected filter                      Г4-2БФМ -600 
- Pressure drop of supply cyclone filter Hf           525 Pа 
- Estimated  air-flow rate Q                               1423 m3/h 
- Required pressure in the conveyor Hcal         15706 Pа 
- Calculated air density at blower inlet cal        1.01кg/m3 
- Required power of the blower Рcal                   8.4 kW 
- Type of selected blower ТВ-65-1,2 [14] 
- Air-flow rate in cyclone-unloader  

outlet nozzle                                                   22.86 m/s 
- Type of selected nozzle “Soplo” (Сопло) 
 

The proposed methodology makes it possible to 
choose the main parameters and modes of operation of 
the pneumatic conveyor for soybeans and on this basis to 
choose the optimal pneumatic conveying aggregate for 
the proposed modular equipment for soybeans storage 
with active ventilation.  

The proposed methodology allowed to establish that, 
the optimal bore of the pipeline should be no more than 
125 mm, as a result of which the power consumption of 
the electric drive is reduced by 3-5%. Accordingly, the 
total cost of equipment is reduced. 
 
4 Conclusion 
An innovative way for soybean storage with active 
ventilation is proposed.  

A methodology for studying the productivity 
(capacity) and power consumption of a pneumatic 
conveyor of soybeans is proposed. The influencing 
factors are considered. Their variation allows for the 
choice of a conveying aggregate with optimal 
parameters. 

The methodology is applied (as an example) for the 
calculation of pneumatic conveying equipment for 
container-modular storage with active ventilation of 
soybeans in farms. 
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