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Abstract 
 
This article discusses the issues of operability of nonautonomous pneumatic drive under workshop conditions. It is mentioned that in 
order to provide efficient operation and achievement of rated modes by nonautonomous pneumatic drive, it is required to coordinate its 
variables with variables of air supply system. On the basis of one-dimensional equation of adiabatic gas frictional flow in cylindrical pipe, 
the problem of determination of maximum achievable power by nonautonomous pneumatic drive at fixed hydraulic properties of supply 
system has been solved. The obtained dependences make it possible to calculate minimum allowed pipeline diameter of supply system 
providing preset maximum power of pneumatic drive. It is proved that the coefficient of total pressure conservation corresponding to 
maximum drive power is precisely determined by available pressure drop and does not depend on hydraulic properties of the system, and 
in order to achieve maximum drive power, strictly determined portion of available flow energy should be consumed for overcoming of 
the system hydraulic resistance not depending of reduced pipeline length. 
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1. Introduction 

Nonautonomous pneumatic drive (hereinafter referred as the drive) 
operating from external source of compressed air is widely applied 
in mechanisms of ship and aircraft power plants as well as in ma-
chinery spindles and manual pneumatic tools [1, 2, 3, 4, 5, 6, 7]. 
Compressed air can be generated by individual compressor, air 
can be tapped from compressor stage of aircraft gas turbine engine 
or plant compressor station. Compressed air to the drive is sup-
plied via pipeline system (hereinafter referred to as the system), 
herewith, the pressure before the drive could vary significantly 
from the pressure at input to the system as a consequence of hy-
draulic loss in pipeline and restriction losses. Without any special 
requirements to the system variables designer applies allowable 
pressure loss and determines respective hydraulic properties and 
design variables. In the case of certain special requirements, it is 
necessary to determine its hydraulic properties which would sim-
ultaneously provide the preset requirements and preset drive pow-
er, that is, it is required to coordinate variables of the drive and the 
system. For instance, while designing manual pneumatic grinding 
high-duty machines [8, 9, 10, 11, 12, 13, 14, 15], it is required to 
determine variables of supply sleeve which would provide simul-
taneously preset drive power of the machine and required flexibil-
ity of the supply sleeve. In extreme case it is required to determine 
minimum internal diameter of the supply sleeve which would 
provide the preset drive power. Let us consider solution of this 
problem with regard to pneumatic tool. 
Principal flowchart of the system supplying compressed air from 
compressor to pneumatic machine is illustrated in Fig. 1. Com-
pressed air from the compressor, passing the main pipeline 1, the 
filter 2, the pressure regulator 3, the lubricator 4, the blocking 
valve 5 and the sleeve 6 is supplied to the pneumatic machine 7. 

The equation of one-dimensional adiabatic gas frictional flow in 
cylindrical pipe has been described in [16]: 
 
1
𝜆𝜆02
− 1

𝜆𝜆12
+ 𝑙𝑙𝑙𝑙 𝜆𝜆02

𝜆𝜆12
=  𝜒𝜒 =  2𝑘𝑘

𝑘𝑘+1
𝜁𝜁 𝑙𝑙
𝑑𝑑

,          (1) 

 
where k is the adiabatic index; 𝜁𝜁 is the coefficient of pipe hydrau-
lic resistance; 𝑙𝑙,𝑑𝑑  are the pipe length and internal diameter, re-
spectively; 𝜆𝜆 = 𝑐𝑐

𝑎𝑎∗
 is the dimensionless flow rate; c is the flow rate; 

𝑎𝑎∗ is the critical flow rate. 

 
Fig. 1: Typical flowchart of compressed air supply to pneumatic machine: 
1 - pipeline; 2 – filter-drier; 3 – pressure regulator; 4 - lubricator; 5 - 
blocking valve; 6 - sleeve; 7 - pneumatic machine 

In Eq. (1) the flow variables with index "0" are related to the input 
pipe cross section, and the variables with index "1" - to the output 
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pipe cross section. The dimensionless variable χ is referred to as 
the pipe reduced length, it cumulatively expresses hydraulic prop-
erties of the supply system.  
As illustrated in Fig. 1, the system is generally comprised of the 
cylindrical pipeline (1, 6) with various local restrictions: the filters 
(2), the pressure regulators (3), the lubricators (4), the blocking 
valves (5), various fittings, etc. For convenience of calculations it 
is allowed to express all local restrictions in terms of pipe equiva-
lent length, its resistance equals to the sum of all local resistances: 
𝜒𝜒𝑒𝑒𝑒𝑒 =  2𝑘𝑘

𝑘𝑘+1
∑ 𝜁𝜁𝑙𝑙𝑙𝑙𝑐𝑐 . Hereinafter, upon calculations of flows in the 

system the reduced length χ is the sum of the reduced length of 
cylindrical pipeline and the pipe reduced length substituting the 
local resistances. 

2. Analytical Solution 

Equation (1) is transcend, let us convert it in order to obtain ana-
lytical solution. Numerical calculations of variables of drive and 
supply system mentioned in [17] have revealed that practical 
range of variables χ and λ is limited as follows: χ >20; λ< 0.4. 
With available pressure loss 𝜋𝜋 = 𝑃𝑃2𝑠𝑠𝑠𝑠

𝑃𝑃0∗
≥ 0.05 the ratio of flow rates 

in input and output cross sections is in the following range: 0.5 ≤ 
𝜆𝜆0
𝜆𝜆1
≤ 0.95. Respectively, 𝑙𝑙𝑙𝑙 𝜆𝜆02

𝜆𝜆12
 is in the range of: - 0.7 ≤  𝑙𝑙𝑙𝑙 𝜆𝜆02

𝜆𝜆12
≤ -

0.2. Since χ is at least by an order of magnitude higher than 𝑙𝑙𝑙𝑙 𝜆𝜆02

𝜆𝜆12
, 

then it is possible to neglect the term 𝑙𝑙𝑙𝑙 𝜆𝜆02

𝜆𝜆12
 and Eq. (1) can be re-

written as follows: 
 
1

 𝜆𝜆02
− 1

𝜆𝜆12
≈ 𝜒𝜒. (2) 

 
In order to determine variations of deceleration pressure at the 
sleeve segment 0-1 let us apply the coefficient of pressure conser-

vation 𝜎𝜎 = 𝑃𝑃1∗

𝑃𝑃0∗
 =  𝑒𝑒(𝜆𝜆0)

𝑒𝑒(𝜆𝜆1) , where 𝑞𝑞(𝜆𝜆) = �𝑘𝑘+1
2
�

1
𝑘𝑘−1λ�1 − 𝑘𝑘−1

𝑘𝑘+1
𝜆𝜆2�

1
𝑘𝑘−1  is 

the gas dynamic function of the reduced flow rate. 
In the range λ < 0.4 the function of reduced flow rate 𝑞𝑞(𝜆𝜆) varies 
in fact linearly as a function of λ, hence with error not higher than 
3% it is possible to write as follows: 
 

𝑞𝑞(𝜆𝜆) ≈ �𝑘𝑘+1
2
�

1
𝑘𝑘−1 𝜆𝜆. (3) 

 
Then, with consideration for the aforementioned assumption: 
 
𝜎𝜎 = 𝑃𝑃1∗

𝑃𝑃0∗
 ≈  𝜆𝜆0

𝜆𝜆1
 . (4) 

 
Let us multiply the left-side and right-side terms of Eq. (2) by 𝜆𝜆02 
and, with consideration for Eq. (4), Eq. (2) will be rewritten as 
follows:  
 
1 - 𝜎𝜎2 = 𝜆𝜆02χ or 𝜆𝜆0 = 𝜒𝜒−0,5(1 − 𝜎𝜎2)0,5. (5) 
 
Therefore, as a consequence of the applied transformations, the 
transcend Eq. (1) is substituted by the simple algebraic Eq. (5) 
directly interrelating the flow rate 𝜆𝜆0 with the coefficient of pres-
sure conservation σ.  
Let us write the equation of drive power: 
 
𝑁𝑁 = 𝐺𝐺𝐺𝐺𝜂𝜂𝑒𝑒 , 
 

where 𝐺𝐺 = ��𝑘𝑘
𝑅𝑅
� 2
𝑘𝑘+1

�
𝑘𝑘+1
𝑘𝑘−1� 𝜋𝜋𝑑𝑑

2

4
𝑃𝑃0∗

�𝑇𝑇0∗
 𝑞𝑞(𝜆𝜆0) is the gas mass flow; 

𝐺𝐺 = 𝐶𝐶𝑝𝑝𝑇𝑇0∗ �1 − �𝜋𝜋
𝜎𝜎
�
𝑘𝑘−1
𝑘𝑘 � is the available heat drop; 𝜂𝜂𝑒𝑒 is the drive 

efficiency; 𝑃𝑃0∗,𝑇𝑇0∗  are the pressure and the temperature of flow 
deceleration in the input sleeve cross section (0-0); 𝑃𝑃2𝑠𝑠𝑠𝑠  is the 
static pressure at output from engine; 𝜋𝜋 =  𝑃𝑃2𝑠𝑠𝑠𝑠

𝑃𝑃0∗
  is the available 

pressure drop; 𝐶𝐶𝑝𝑝 is the gas heat capacity; R is the gas constant, 𝑑𝑑 
is the sleeve internal diameter; σ is the coefficient of pressure 
conservation at the segment (0-1). 
Under the predefined initial gas parameters variation of drive 

power is completely determined as follows: 𝑁𝑁� =  𝑞𝑞(𝜆𝜆0) �1 −

�𝜋𝜋
𝜎𝜎
�
𝑘𝑘−1
𝑘𝑘 � which is referred to as reduced power. With increase in 

gas flow rate, the drive power increases at first to maximum and 
then decreases due to energy loss in the system.  
Let us determine conditions of achievement of maximum drive 
power with consideration for energy loss in the system. Drive 
power can be written as follows:  
 

𝑁𝑁 = �𝑃𝑃0∗�𝑇𝑇0∗
𝜋𝜋𝑑𝑑2

4
𝐶𝐶𝑝𝑝𝝌𝝌−0,5𝜂𝜂𝑒𝑒�

𝑘𝑘
𝑅𝑅

2
𝑘𝑘+1

�  𝑁𝑁� .  

 
Taking into account Eqs. (3) and (5) and reducing some parame-
ters, we have: 
 

N = �𝑃𝑃0∗�𝑇𝑇0∗
𝜋𝜋𝑑𝑑2

4
𝐶𝐶𝑝𝑝𝝌𝝌−0,5𝜂𝜂𝑒𝑒�

𝑘𝑘
𝑅𝑅

2
𝑘𝑘+1

�  (1 − 𝜎𝜎2)0,5 �1 − �𝜋𝜋
𝜎𝜎
�
𝑘𝑘−1
𝑘𝑘 �.  

 
Let us introduce the following notation: 
 

A= 𝑃𝑃0∗�𝑇𝑇0∗
𝜋𝜋𝑑𝑑2

4
𝐶𝐶𝑝𝑝𝝌𝝌−0,5𝜂𝜂𝑒𝑒�

𝑘𝑘
𝑅𝑅

2
𝑘𝑘+1

,  

 

then 𝑁𝑁 = 𝐴𝐴 (1 − 𝜎𝜎2)0,5 �1 − �𝜋𝜋
𝜎𝜎
�
𝑘𝑘−1
𝑘𝑘 �                                                  (6) 

 
Conditions of achievement of maximum drive power we deter-
mine from 𝜕𝜕𝜕𝜕

𝜕𝜕𝜎𝜎
= 0: 

 
∂N
∂σ

= 𝜕𝜕
𝜕𝜕𝜎𝜎
�𝐴𝐴(1 − 𝜎𝜎2)0,5 �1 −  �𝜋𝜋

𝜎𝜎
�
𝑘𝑘−1
𝑘𝑘 �� = 0.   

 
The complex A without variable σ can be reduced. Therefore, 
parameters in the complex A (including the pipe reduced length χ) 
do not determine the conditions of achievement of maximum 
power. After algebraic transformation Eq. (7) can be rewritten as 
follows: 
 
 1
𝑘𝑘
𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

1−𝑘𝑘
𝑘𝑘 − �1−𝑘𝑘

𝑘𝑘
� 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

1−3𝑘𝑘
𝑘𝑘  = 𝜋𝜋

1−𝑘𝑘
𝑘𝑘 ,  

 
where 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚  is the coefficient of pressure conservation corre-
sponding to maximum achievable drive power with consideration 
for energy loss in the system.  
Applying algebraic transformations, we obtain the following equa-
tion: 
 

𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 �
1
𝑘𝑘

+ �𝑘𝑘−1
𝑘𝑘
� 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

−2�
𝑘𝑘

1−𝑘𝑘 = 𝜋𝜋.  
 
Let us analyze Eq. (8) aiming at obtaining its approximate analyti-
cal solution. Let us introduce the following notation:  
 

X = 1
𝑘𝑘
𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

1−𝑘𝑘
𝑘𝑘  ; Y = −�1−𝑘𝑘

𝑘𝑘
� 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

1−3𝑘𝑘
𝑘𝑘 ;  



302 International Journal of Engineering & Technology 

 
 

Z = 1
𝑘𝑘
𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

1−𝑘𝑘
𝑘𝑘 − �1−𝑘𝑘

𝑘𝑘
� 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

1−3𝑘𝑘
𝑘𝑘  = 𝜋𝜋

1−𝑘𝑘
𝑘𝑘 . 

 
Plots of functions X, Y and Z (at k = 1.4) are illustrated in Fig. 2. 
Their pattern demonstrates that X, the first term of Eq. (8), varies 
by an order of magnitude lower that the second term of this equa-
tion, Y, hence, X can be substituted with constant. 

 
Fig. 2: X, Y, Z as a function of 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 

In order to retain boundary conditions, it is reasonable to set X = 1
𝑘𝑘
. 

Then, Eq. (8) can be written as follows: 1
𝑘𝑘

+ �𝑘𝑘−1
𝑘𝑘
� 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

1−3𝑘𝑘
𝑘𝑘  

= 𝜋𝜋
1−𝑘𝑘
𝑘𝑘 , and we obtain the equation of coefficient of pressure con-

servation 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚  corresponding to maximum achievable power 
𝑁𝑁𝑚𝑚𝑎𝑎𝑚𝑚: 
 

𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 = �� 𝑘𝑘
𝑘𝑘−1

� �𝜋𝜋
1−𝑘𝑘
𝑘𝑘 − 1

𝑘𝑘
��

𝑘𝑘
1−3𝑘𝑘

 (10) 
 
It follows from Eq. (10) that 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 is completely determined by 
available pressure drop 𝜋𝜋 =  𝑃𝑃2𝑠𝑠𝑠𝑠

𝑃𝑃0∗
 and does not depend on hydrau-

lic properties of the system. The plots of 𝜋𝜋 = f (𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚) correspond-
ing to Eqs. (9) and (10) are illustrated in Fig. 3. 

 

Fig. 3: Coefficient of pressure conservation as a function of available 
pressure drop 

The difference in 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚  according to Eqs. (9) and (10) is in the 
range of 2…7%. The rate 𝜆𝜆0  corresponding to 𝑁𝑁𝑚𝑚𝑎𝑎𝑚𝑚  is deter-
mined by Eq. (5) at σ = 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚: 
 
𝜆𝜆0𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜒𝜒−0.5�1 − 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

2�0,5
.  

 

Hence, the mass flow rate corresponding to maximum achievable 
drive power is: 
 

𝐺𝐺 = ��𝑘𝑘
𝑅𝑅
� 2
𝑘𝑘+1

�
𝑘𝑘+1
𝑘𝑘−1� 𝜋𝜋𝑑𝑑

2

4
𝑃𝑃0∗

�𝑇𝑇0∗
 𝑞𝑞�𝜆𝜆0𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚�.  

 
𝑁𝑁𝑚𝑚𝑎𝑎𝑚𝑚 at predefined 𝜋𝜋 and χ is determined by Eq. (6), and substi-
tuting 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 and 𝜆𝜆0𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 into it we obtain the following: 
 

𝑁𝑁𝑚𝑚𝑎𝑎𝑚𝑚 = 𝐴𝐴 𝜒𝜒−0,5�1 − 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚
2�0,5 �1 −  � 𝜋𝜋

𝜎𝜎𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚
�
𝑘𝑘−1
𝑘𝑘
�.  

 
Therefore, the problem of maximum power 𝑁𝑁𝑚𝑚𝑎𝑎𝑚𝑚 at known pipe 
reduced length χ is solved.  In order to calculate minimum pipeline 
diameter of the system at predefined drive power, we apply Eq. 
(11). Using Eq. (1) let us express 𝑑𝑑  in terms of χ: 𝑑𝑑2 =

� 2𝑘𝑘
𝑘𝑘+1

𝜁𝜁𝑙𝑙�
2
𝜒𝜒−2 and substitute it into Eq. (11). Then, the equation 

for predefined power 𝑁𝑁𝑑𝑑𝑒𝑒𝑑𝑑 will be as follows:  
 
𝑁𝑁𝑑𝑑𝑒𝑒𝑑𝑑 = �𝑃𝑃0∗�𝑇𝑇0∗

𝜋𝜋
4
𝐶𝐶𝑝𝑝𝜂𝜂𝑒𝑒 �

2𝑘𝑘
𝑘𝑘+1

𝜁𝜁𝑙𝑙�
2
�𝑘𝑘
𝑅𝑅

2
𝑘𝑘+1

�  �1 − 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚
2�

0,5
�1 − � 𝜋𝜋

𝜎𝜎𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚
�
𝑘𝑘−1
𝑘𝑘
� 𝜒𝜒𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚

−2,5. 

 
Hence, it is possible to write as follows: 
 

𝜒𝜒𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚  = �𝜕𝜕𝑑𝑑𝑑𝑑𝑑𝑑
𝐵𝐵
�
−0,4

,  
 

where B = �𝑃𝑃0∗�𝑇𝑇0∗
𝜋𝜋
4
𝐶𝐶𝑝𝑝𝜂𝜂𝑒𝑒 �

2𝑘𝑘
𝑘𝑘+1

𝜁𝜁𝑙𝑙�
2
�𝑘𝑘
𝑅𝑅

2
𝑘𝑘+1

�  �1 − 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚
2�0,5 �1 − � 𝜋𝜋

𝜎𝜎𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚
�
𝑘𝑘−1
𝑘𝑘
�. 

 
Using Eqs. (12) and (13), we obtain the following equation: 
 

�𝑙𝑙
𝑑𝑑

 �
𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚

= � 2𝑘𝑘
𝑘𝑘+1

𝜁𝜁�
−1
𝜒𝜒𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚.   

 
From Eq. (13) we determine 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 at predefined pipeline length l 
of the system:  
 
 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 = l � 2𝑘𝑘

𝑘𝑘+1
𝜁𝜁� 𝜒𝜒𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 .  

 
Therefore, the problem of maximum allowable pipeline diameter 
of the supply system is solved. 

3. Discussion 

The major conclusion of the performed analysis is that the coeffi-
cient of total pressure  𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚  (Eq. (10)) does not depend on hy-
draulic properties of the system. The plot of reduced power 𝑁𝑁� = f 
(σ) illustrated in Fig. 4 demonstrates that at fixed 𝜋𝜋 the maximum 
power 𝑁𝑁� for any χ is achieved at constant  𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚. 
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Fig. 4: Corrected power as a function of coefficient of pressure conserva-
tion and corrected pipeline length for available pressure drop 𝜋𝜋 = 0.166 

Let us consider some consequences following from Eq. (10). It is 
obvious that increase in 𝜋𝜋−1= 𝑃𝑃0

∗

𝑃𝑃2𝑠𝑠𝑠𝑠
 at predefined drive power leads 

to decrease in required gas flow rate, thus decreasing energy loss 
at hydraulic restrictions of the system. Less obvious is the influ-
ence of 𝜋𝜋−1 on losses in the system during designing of drive for 
maximum achievable power. Energy loss in the system can be 
assessed by the ratio of reduced power 𝑁𝑁�𝑚𝑚𝑎𝑎𝑚𝑚 determined at preset 
χ to theoretical 𝑁𝑁�𝑚𝑚𝑎𝑎𝑚𝑚 determined at χ = 0: 
 

𝜂𝜂𝑠𝑠𝑠𝑠 =  𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚

𝜕𝜕𝑠𝑠ℎ𝑑𝑑𝑒𝑒𝑒𝑒
 =  𝑒𝑒

(𝜆𝜆0) 𝐻𝐻𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚
𝑒𝑒(𝜆𝜆0)𝐻𝐻𝑚𝑚𝑎𝑎𝑚𝑚𝑚𝑚𝑎𝑎

=
1− � 𝜋𝜋

𝜎𝜎𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚
�
𝑘𝑘−1
𝑘𝑘

1−𝜋𝜋
𝑘𝑘−1
𝑘𝑘

.  

 
The plots of 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑓𝑓(𝜋𝜋−1) and  𝜂𝜂𝑠𝑠𝑠𝑠 = 𝑓𝑓(𝜋𝜋−1) illustrated in Fig. 
5 demonstrate that 𝜂𝜂𝑠𝑠𝑠𝑠  increases with pressure loss 𝜋𝜋−1  despite 
that 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 decreases with increase in 𝜋𝜋−1. In workshop system it 
is assumed to apply standard pressure of 0.63 MPa [18, 19, 20, 21, 
22]. Analyzing the plots in Fig. 5 it is possible to conclude that the 
standard pressure of 0.63 MPa in workshop system is quite rea-
sonable, since the increase in 𝜋𝜋−1 > 6 does not result in signifi-
cant increase in 𝜂𝜂𝑠𝑠𝑠𝑠. 

 

Fig. 5: Energy loss in 𝜂𝜂𝑠𝑠𝑠𝑠 system and coefficient of pressure conservation 
𝜎𝜎𝜕𝜕�𝑚𝑚𝑚𝑚𝑚𝑚 as a function of available pressure drop 𝜋𝜋 

It should be mentioned that at fixed 𝜋𝜋  the reduced heat drop 

 𝐺𝐺�𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 =  1 −  � 𝜋𝜋
𝜎𝜎𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚

�
𝑘𝑘−1
𝑘𝑘

= idem. Therefore, all maximum values 

of reduced power 𝑁𝑁�𝑚𝑚𝑎𝑎𝑚𝑚 determined at various χ will be located on 

straight line 𝑁𝑁�𝑚𝑚𝑎𝑎𝑚𝑚 = �𝑘𝑘+1
2
�

1
𝑘𝑘−1 𝜆𝜆0  �1 −  � 𝜋𝜋

𝜎𝜎𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚
�
𝑘𝑘−1
𝑘𝑘
� which is illus-

trated by the plots in Figs. 6 and 7. 

 

Fig. 6: Reduced power 𝑁𝑁� as a function of dimensionless flow rate at input 
to nonautonomous drive 𝜆𝜆1 for π = 0.166 

 
Fig. 7: Reduced power 𝑁𝑁� as a function of dimensionless flow rate at input 
to supply sleeve of nonautonomous drive 𝜆𝜆0 for π = 0.166 
 

4. Conclusions 

Let us summarize the main conclusions obtained during the per-
formed analysis: 
• the coefficient of total pressure conservation  𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚 correspond-

ing to maximum drive power is precisely determined by availa-
ble pressure drop 𝜋𝜋 and does not depend on the system hydrau-
lic properties; 

• in order to achieve maximum drive power, strictly determined 
portion of available flow energy should be consumed for over-
coming of the system hydraulic resistance not depending of re-
duced pipeline length χ; 

• while designing drive for maximum achievable power with 
increase in the available pressure drop 𝜋𝜋−1  the variable 𝜂𝜂𝑠𝑠𝑠𝑠 in-
creases despite decrease in 𝜎𝜎𝜕𝜕𝑚𝑚𝑚𝑚𝑚𝑚. 
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