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Abstract - The paper presents the operating principle and the constructive solution of a rotating 
machine with two profiled rotors. 
The calculation relations between the rotor radius and the height of the rotating piston are 
established, a fundamental relation for the design of the rotating machine. At the end of the paper, 
the formula for calculating the flow rate transported by the machine and its driving power is 
analysed. 
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1. Introduction 
 
The machines are aggregates used to transform the 
energies from one form to another with the help of a 
movable member (piston, profiled rotor or blade) 
[1], [2]. 

The machines, according to their purpose, are 
divided into two categories [1], [2], [3], [4]: 

1. Power machines (motor machines), which 
convert a certain form of energy into mechanical 
energy (internal combustion engines, steam or gas 
turbines, etc.). 

2. Working machines, which convert mechanical 
energy into potential pressure energy (fans, pumps, 
compressors). 

Power and working machines that are traversed 
by fluids; according to the variation of the flow 
parameters are classified as follows (table 1): 
 

Table 1. Classification of rotating machines. 
Working machines Power machines 

Machines with 
profiled  
rotors 

Pallet 
machines 

Machines with 
profiled rotors 

Pallet 
machines 

a) Fans, 
blowers,  
pumps 

b)Fans, 
blowers 

c) Internal 
combustion 

engines, steam  
or gas engines, 

pneumatic 
engines 

d) Steam 
turbines,  

gas  
turbines 

 
a. Hydraulic machines, which drive or are driven 

by liquids, neglecting thermal phenomena; 
b. Thermal machines, which carry gases or 

vapours (or are driven by it), which does not neglect 
the thermal phenomena that occur. 

Table 2 presents the classification of rotating 
machines with profiled rotors according to the 
purpose pursued and the adopted constructive 
solution. 

 
Table 2. Classification of rotating machines with 

profiled rotors. 

Working 
machines 

Pumps for driving fluids or with 
suspensions 

Fans for transporting gases or 
vapors 

Blowers for gas and vapor 
compression 

Power 
machines 

Hydraulic motor 
Pneumatic motor 

Steam engine or combustion gases 
 
The term rotating machine in the title of the 

paper refers to the fact that this machine can be used 
as: 

- force machine if the suction pressure (p1) is 
higher than the discharge pressure (p2); 

- working machine when p1 <p2 and it can be 
used as a pump, fan, compressor. 

 

2. The Operating Principle and the 
Constructive Solution of the Machine 
with Profiled Rotors 

 
The machine consists of two profiled rotors that are 
identical (2.7); they rotate in two cylindrical carcases 
(1, 5), figure 1. The synchronous rotation of the 
rotors is ensured by two gear wheels mounted on 
the shafts (8, 10), wheels forming a cylindrical gear 
located outside the machine. 
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The rotors have rotational motion in opposite 
direction so that the rotor pistons enter the cavities 
of the adjacent rotor. In figure 1.a the rotating piston 
(3), after a rotation with 180o reaches the position in 
figure 1.b. 

In this rotation movement, the fluid volume 
between the pistons 3', 3, carcase 1 and the lateral 
surface of the rotor (2), denoted by Vu (figure 1.), 
after a 180° rotation of the rotor (2) will be 
evacuated to the discharge chamber, then outside 
the machine. In the following it is considered that the 
machine functions as a rotating volumetric pump, 
the fluid pressure increasing from p1 to p2. 

 

Figure 1: Position of the rotors after a 180 ° rotation. 
1 - lower carcase; 2 - lower rotor; 3,3 '- rotating 

pistons; 4 - fluid suction chamber; 5 - upper carcase; 
6 - rotating piston of the upper rotor; 7 - upper rotor; 

8 - driven shaft; 9 - fluid discharge chamber;             
10 - driving shaft; 11 - cavity in which the piston of 

the upper rotor enters. 
 

It is specified that the shape of the rotors results 
from relatively complicated calculations and their 
construction is carried out with the help of a C.N.C. 
machine [1], [2], [3]. 

Figure 2 shows a cross section (figure 2 a) and a 
longitudinal section (figure 2b), through the rotating 
volumetric pump. 

 

 
Figure 2: Rotating volumetric pump with profiled 

rotors. 
1 - suction chamber; 2 - oval carcase; 3 - upper rotor;  

4 - rotating piston; 5 - driving shaft; 6 - discharge 
chamber; 7 - lower rotor; 8 - driven shaft. 

 

Figure 3 shows an axonometric sketch of the 
rotating pump model made of transparent plexiglass; 
if the rotors rotate in the direction indicated by the 
arrows drawn on the rotors, then the fluid is driven 
from suction to discharge. 

 
Figure 3: Axonometric view of a volumetric pump 

model with two profiled rotors. 
1 - suction chamber; 2 - discharge chamber; 3 - lower 

rotor; 4 - upper rotor; 5 - cylindrical gears. 
 

This type of pump has the advantage that it can 
transport any viscous fluid or suspensions that enter 
the suction chamber (1) to the discharge chamber 
(2).  

 

3. Establishing the Connection Relations 
Between the Rotor Radius and the 
Height of the Rotating Piston of the 
Machine 

 
To mathematically establish this connection is 

considered the two rotors of the machine, tangent to 
point K. 

Consider a single piston (5) fixed to the lower 
rotor (figure 4). 

 
Figure 4: Calculation notations. 

1 - lower rotor; 2 - upper rotor; 3 - driving shaft;        
4 - driven shaft; 5 - rotating piston of triangular 

shape. 
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The rotor radius (1) is extended by a length (z) 
and thus the line 01B reaches the rotor (2) at point A.  

Theoretically, when point K reaches point D, 
point A reaches K, respectively point N reaches K, 
because the length of the circle arcs AK, KD and KN is 
the same. 

 When the piston (5) exits the gap created in the 
rotor (2), points A and N reach point K; the sealing 
between the two rotors being ensured by the direct 
contact between the lateral surfaces of the rotors. 

From the rectangular triangle O1O2A results:  

2 2 2

1 2 2 1O O AO AO                                                     (1) 

2 2 2

r r r(2R  ) =R + (R +z)                                              (2) 

relations that becomes: 

2 2

r rz +2R z - 2R =0                                                      (3) 

2 2

r

1,2

-2R 4R 8R
z  =  

2

r r 
                                   (4) 

The negative solution is not suitable and one can 
obtain: 

r r rz=-R R 3 0.732R                                         (5) 

The relation (5) specifies the relation between z 
and Rr in the sense that z cannot be greater than 
0.732 Rr. 

Regarding the carcase radius, the following are 
observed: 

 

       0,732  1.732        c r r r rR R z R R R         (6) 

 
From relation (6) one can observe that there is a 

delimitation of the carcase radius according to the 
rotor radius. 

A connection between the height of the piston (z) 
and the carcase radius can also be established. 

c r

 z
R  = R  + z =  + z = 2.366 z

0.732
                     (7) 

Thus, by the relations (5), (6) and (7) a 
calculation relation between Rr, z, Rc regarding the 
architecture of the rotating machine is established. 

 
 

4. The Analysis of the Formula For 
Calculating the Transported Flow Rate 
and the Driving Power of the Machine 

 
In previous papers, the expression of calculation of 
the volumetric flow rate carried by this machine was 
established [5], [6]: 

  32 / s  rV l z R z m                                      (8) 

 

From relation (8) one can observe that the only 
geometrical parameter that can be free is the length 
of the rotor "l". 

Therefore, for a certain required flow rate, a 
value for 'l' is proposed and then z and Rr are chosen 
provided that z ≤ 0.732Rr; this choice depends on the 
execution technology of the respective company 
performing the rotating machine. 

The driving power of the machine will be [7], [8]: 

[ ] P V p W                                                           (9) 

where: 

* V – volumetric flow rate driven by the machine 

[m3/s]; 
* ∆p - increasing pressure between suction and 

discharge [N/m2]. 
The value of ∆p can also be expressed according 

to the geodetic pumping height (Hg) of the water [9] 
[10]. 

2

2  /H O gp g N mH                                        (10) 

as a result: 

 
2H O gP V g H W                                           (11) 

From relation (11) one can observe that only 

V influences the machine architecture, and 
2H O  (or 

other fluid) and Hg influence the theoretical power 
required by the rotating machine. 

 

5. Conclusions 
 

a) For a certain required volumetric flow rate, a 
certain length of the rotor is chosen according to the 
execution technology; then the rotor radius is chosen 
and the height of the rotating piston results. 

b) The change of the volumetric flow rate of the 
rotating machine is made by changing the speed of 
the engine driving the machine. 

c)This rotating machine can transport multiphase 
fluids, viscous fluids; as a result, it can be used in the 
fields: energy industry, petrochemical industry, food 
industry, agriculture. 
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