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ABSTRACT
In this paper, we consider a possibility to choose value of pressure of devices for pneumatic transport 
to increase energy saving. We also introduce an analytical approach for the prognosis of transport 
of free-flowing materials to estimate velocity of the transport and choosing of the required value of 
pressure.
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INTRODUCTION

At present, in many industries, during the processing of various bulk materials, their pneumatic transport 
through pipelines[1-4] is used. Such industries include the production and processing of building materials, 
agricultural, food, and pharmaceutical products. For example, in the construction industry, cement, 
plaster, and lime are transported through pneumatic conveying systems. The advantages of pneumatic 
transport include high productivity, large radii of action, complete absence of losses of transported 
material in pneumatic lines, high environmental characteristics of plants, and the possibility of building 
branched systems adapted to complete control automation. The disadvantages of pneumatic transport are 
the relatively high specific consumption of electricity per unit mass of transported material and the wear 
of pneumatic lines due to the abrasive effect.
In the framework of this paper, a pipeline in the form of a straight circular cylinder [Figure 1] is 
considered. Through its left end is a put in free-flowing loose material. The main aim of this work 
is to choose the pressure value, at which energy saving would increase when pneumatic transport 
of this material. The accompanying goal of this work is the formation of an analytical technique for 
predicting the transport of bulk materials to assess the transfer rates and the choice of the desired 
pressure.

METHOD OF SOLUTION

To solve our aim, we determine the spatiotemporal distribution of the velocity in the pipeline in question 
and perform its analysis. The required spatiotemporal distribution of the velocity field was calculated by 
solving of the Navier–Stokes equation.[5-7]
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Where  
v = v r,z,t( )  is the velocity of transport of the considered free-flowing material, 

 
F z = P z S k( ) ( ) , 

S is the pipe section area, 

k  is the unit vector along the axis Oz, P (z) = Pk−(Pk−Pa) z/h, Pk is the 

compressor pressure, Pa is the atmosphere pressure, ρ is the gas density, and ν is the kinematic viscosity. 
The boundary and initial conditions to these equations could be written in the following form.


v z t0, ,( ) ≠ ∞ , 

∂ ( )
v r,z,t

vr
= 0

r=R

, v r,z, =0 0( ) ,  
v r, ,t = vin0( ) ,  

v r,h,t = vout( ) , v r,z,0 =( ) 0  (2)

The projections of the velocity defined by Eq. (1) in the cylindrical coordinate system have the following 
form,

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

v

t
+ v

v

r
+ v

v

z
=

r r
r

v

r
+

r r
r

v

r
r

r
r

z
r r z 1 1



















 ( )





+
3 r r r

rv +
v

zr
r ¶

¶
¶
¶

¶
¶

1

∂
∂

∂
∂

∂
∂

− −( )





∂
∂

∂
∂κ

v

t
+v

v

r
+v

v

z
=

S
P P P

z

h
+

v

z
+

v

z
z

r
z

z
z

k 0

2
r

2

2
z

ρ
ν 22 z

z a+
z r r

rv +
v

z
S

P P

h







∂
∂

∂
∂

( ) ∂
∂






−

−κν
ρ3

1  (3)

Then, we transform the Eq. (3) to the following integral form,
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Figure 1: Cylindrical piping
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Next, we solve this equation by averaging the functional corrections.[6-8] In the framework of this 
method, to obtain the first approximation of the required projections of the velocity of the material under 
consideration, we replace them with the yet unknown mean values vr→αr1, vz→ αz1. Then, the relations 
for these approximations take the following form,
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The average values of αr1 and αz1 are determined using the standard relations,
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Substitution of relations (4) into (5) leads to the following result,
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The first approximation of the required value of the compressor pressure (at the inlet to the pipeline) 
was determined from the condition that the output velocity of the material is equal to zero. In the final 
form, the relation for the required value of the compressor pressure in the first-order approximation by 
the method of averaging the functional corrections takes the following form,
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The second approximation of the velocity of free-flowing material is defined in the framework of the 
standard procedure for the method of averaging of functional corrections.[6-8] In the framework of this 
method, to obtain the first approximation of the required projections of the velocity of the material under 
consideration, we replace them by the following sums: vr→αr2+vr1, vz→αz2+vz1, where αr2 and αz2 are the 
average values of the second approximation of velocities. Then, the relations for these approximations 
assume the following form,
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The average values of αr2 and αz2 have been determined standardly.[6-8]
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Substituting relation (7) into relation (8) leads to the following result
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The second-order approximation of the required value of the compressor pressure (at the inlet of the 
pipeline) was determined from the condition that the output velocity of the free-flowing material is 
equal to zero. In the final form, the relation for the required value of the compressor pressure in the 
second-order approximation by the method of averaging the functional corrections takes the form,
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In the framework of this work, the required velocities of free-flowing material have been determined 
in the second-order approximation by the method of averaging the functional corrections. In the same 
approximation, the pressure of the compressor is obtained, which makes it possible to increase energy 
saving during pneumatic transport. This approximation is usually sufficient to obtain qualitative 
conclusions and obtain some quantitative results. The results of the analytical calculations were verified 
by comparing them with the results of numerical simulation.

DISCUSSION

In this section, we analyze dependencies of the compressor pressure, which makes it possible to increase 
energy saving during pneumatic transport, from certain parameters. Figure 2 shows the dependence 
of the optimum value of the compressor pressure on the axial coordinate for different pipe lengths h. 
Figure 3 shows the dependence of the optimum value of the compressor pressure on the axial coordinate 

Figure 2: Dependences of the optimal value of the compressor pressure from the axial coordinate for different pipe lengths h
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for different diameters of the pipeline R. The increase in the number of the dependence corresponds to 
the reduction in the radius of the pipeline (1, 1.5, and 2 m).

CONCLUSION

In this paper, we consider the possibility of determination of a pressure value in devices for pneumatic 
transport to increase energy saving. An analytical approach has been introduced for analysis of transport 
of free-flowing materials to estimate the transport velocity and the choice of the required pressure value. 
The dependencies of the optimum value of the compressor pressure on the parameters were investigated.
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Figure 3: Dependences of the optimal value of the compressor pressure from the axial coordinate for different diameters of the 
pipeline R. The increase in the number of dependence corresponds to the decreasing of the pipeline radius (1, 1.5, and 2 m)


