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Abstract: The term rotating volumetric machine with profiled rotors refers to the following: 
- The constructive solution of the rotating machine can be used as a force machine (steam engine, 
pneumatic engine); 
- Or it can be used as a working machine (pump, fan, and compressor). 
The constructive solution and the operation mode of the volumetric pump with profiled rotors are presented, 
and based on the functional parameters (speed and flow rate) the correlation between the driving power and 
the conveyed fluid nature is established. 
The data obtained theoretically are verified by means of an experimental installation built for this purpose. 

Keywords: Volumetric pump, profiled rotors.  

1. The constructive solution and the operation of a volumetric pump with profiled rotors 

The rotating machine can convey clean or suspended liquids, multiphase fluids, wastewater, 
rheological fluids, gases, vapours, etc. 
In this paper it was considered that the machine functions as a rotating volumetric pump with 
profiled rotors that convey water, engine oil. 
The rotating volumetric pump with profiled rotors is composed (figure 1) of two profiled rotors (2), 
which rotate at the same speed inside a case (1); the profiled rotors are engaged by two gear 
wheels (7), thus ensuring their synchronization. The gear wheels are mounted on the outside of the 
pump on the shafts of the two rotors [1] [2]. 

SUCTION DISCHARGE

 

Fig. 1. Constructive solution of the rotating volumetric pump with profiled rotors 

1 - oval case; 2 - profiled rotor; 3 - driving shaft; 4 - driven shaft; 5 - oil box; 6 - side wall; 7 - gear wheel;       

8 - bearing; 9 - bearing cover 
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Figure 2 shows the operating mode of the rotating volumetric pump with profiled rotors. One can 
observe that after a rotation of 180 ° the useful volume of the transported fluid (Vu), is discharged 
into the chamber (8). 

 

D
IS

C
H

A
R

G
E

S
U

C
T

IO
N

 

Fig. 2. Position of the rotors after a rotation of 90 ° 

1 - lower case; 2 - lower rotor; 3 - the suction chamber; 4 - upper case; 5 - upper rotor; 6 - rotating piston; 

7 - driven shaft; 8 - discharge chamber; 9 - driving shaft; 10 - cavity in which the piston of the upper rotor 

enters 

 

The useful volume is the volume between two pistons and the case (figure 2.a). 

2. Calculation relations for the determination of the volumetric flow rate and the driving 
power of the pump 

When operating as a rotating volumetric pump with profiled rotors, at a complete rotation of the 
shaft (9) two volumes will be transported from suction to discharge [3] [4] [5]: 

    ( )2 2 3 /  u c rV R R r tl m o   = −                                         (1) 

where l - the length of the rotor [m]. 

Case radius (Rc) is the sum of rotor radius (Rr) and piston height (z): 

      c rR R mz= +                                             (2) 

The flow rate conveyed by a rotor is obtained: 

( ) 32
0

/
3

r

n
V lz z R m s  = +                                       (3) 

One can observe that the volumetric flow rate increases linearly with the length (l), with the rotor 

radius (Rr) and with the speed (n). 

For the volumetric pump with profiled rotors the theoretical driving power is obtained with the 
relation [6] [7]: 

 P p WV=                                                (4) 

2/lp g H N m   =                                              (5) 

 

* V – volumetric flow rate [m3 / s]; 

* ∆p - pressure increase [N / m2]; 
* ΔH - pumping height [m]; 
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* ρl - the density of the conveyed fluid [kg / m3]. 
Replacing the flow rate in relation (3) one can obtain: 

( )  2
30

m r l

n
P lz z R g H W = +                                         (6) 

It is observed that Pm = f (l, z, Rr, n, ρl, ∆H).                                                                                 (7) 

3. Determination of the fluid nature influence on the driving power of a rotating volumetric 
pump with profiled rotors 

For the experimental installation the following are specified: 

- l = 0.05 m; z = 0.03 m; Rr = 0.05 m; 

- machine speed n: 200, 300, 400, 500 [rot / min]; 

- the working fluid is water and engine oil [5] [8]: 

- ρH2O = 103 [kg ⁄m3]; 

- ρu = 0.9 ∙ 103 [kg ⁄m3]. 

3.1 Calculation of the driving power of the volumetric pump for the two fluids 

I. The working fluid is water 

( )  
2 2

2
30

H O r H O

n
P lz z R g WH = +                                         (8) 

For the speed of 200 rpm: 

( )  
2

33.14 0.05 0.03 0.03 2 0.05 200 / 30 10 9.81 4 160.18  H OP W   +      ==  

Performing the calculations, the data from table 1 are similarly obtained. 

                                                              Table 1: The values of the theoretical driving power of the pump 

n [rot/min] 
200 300 400 500 

2H OP [W] 
160.18 240.27 320.36 400.44 

 

Based on the data in the table, the function 
2H OP = f (n) was graphically constructed for the 

conveyed liquid, the water (figure 3).  

 

Fig. 3. The theoretical driving power of the pump function the speed of the rotating machine 
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From figure 3 one can observe that the dependence 
2H OP = f (n) is a linear function. 

II. The working fluid is engine oil 

The relationship (6) becomes: 

( )  2
30

u r u

n
P lz z R g H W = +                                         (9) 

For the speed of 200 rpm: 

( )  33.14 0.05 0.03 0.03 2 0.05 200 / 30 0.9 10 9.81 4 144.16  uP W   +       ==  

Performing the calculations, the data in table 2 are similarly obtained. 

Table 2: The values of the theoretical driving power of the pump 

n [rot/min] 
200 300 400 500 

Pu[W] 
144.16 216.24 288.32 360.40 

 

Based on the data in the table 2, the function Pu= f (n) was graphically constructed for the 

conveyed liquid, the engine oil (figure 4).  

 

Fig. 4. The theoretical driving power of the pump function the speed of the rotating machine 

 
The data for the theoretical driving power of the pump for the two fluids are presented in table 3. 

Table 3: The values of the theoretical driving power of the pump depending on the conveyed fluid 

 

 

 
 

Based on the data in table 3, the graph in figure 5 was plotted. 

n [rot/min] 200 300 400 500 

2H OP [W] 160.18 240.27 320.36 400.44 

Pu         [W] 144.16 216.24 288.32 360.40 
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Water

Engine oil

 
Fig. 5. Theoretical driving power depending on the speed of the rotating machine and the conveyed liquid 

nature  
 
From figure 5 one can observe that the theoretical driving power of the pump has lower values in 
the case when the fluid conveyed is engine oil, this because the ρoil <ρwater. 

4. Experimental researches 

4.1 Sketch of the experimental installation 

Figure 6 shows the sketch of the experimental installation. This installation was developed, 
designed and built to validate the theoretical results previously presented [9] [10] [11]. 

Direction of fluid 

flow

 
Fig. 6. The sketch of the experimental installation 

1-tap; 2-pipe; 3- water tank; 4- the water tank support; 5- air vent; 6- valve Dn 60 Pn 2 bar; 7- thermometer; 
8- pump suction manometer; 9- differential pressure manometer; 10-volumetric pump; 11 - electric motor;  

12- frequency converter; 13-ampermeter; 14-multimeter; 15 - AC 380 V; 16- manometer at pump discharge, 
17- electromagnetic flow meter, 18- adjusting valve, 19- drain valve; 20 - water tank;     21- air vent;                  

22 - drain tap. 
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The experimental installation consists of a tank (3) from which the working fluid (water, engine oil) 
is aspired in by a rotating volumetric pump with profiled rotors (10), driven by an electric motor (11) 
whose speed is controlled by a frequency converter (20). 

4.2 Experimental obtained results 

For the two types of fluids the voltage (U) and the intensity of the electric current (I) were measured 
at the rotational speed variation from 200 to 500 rot / min [12] [13]. 
The active power absorbed by the electric motor (Pme) is calculated with the relation [14]: 

 3 . cosP U I W=                                     (10) 

Where: 
U- electrical voltage [V] 
I - current intensity [A] 
cosφ - power factor of the electric motor 
From supplier data (UMEB) cosφ = 0.71. 
The power at the electric motor torque is calculated by the relation [15]: 

 ,   mem ee mc PP W=                                      (11) 

where: 
Pc, me - the power at the torque of the electric motor [W]; 
Pme - the active power absorbed by the electric motor [W]; 
ƞme - efficiency of the electric motor. 
ƞme = 74.7%. 

I. The values of the measured quantities and the calculation obtained results when the fluid 
conveyed is water 

For the speed of 200 rpm: 

 ,

3 . cos 0.75 384.7 0.71 354.40[W]

 =345.4 0.747=264

1

.73 

.73 

c me me me

P U I

P P W



=  

= =    =

 

 
Performing the calculations, the data presented in tables 4 and 5 are similarly obtained. 

Table 4: Values of Pme, Pc,me experimentally established 

 

 

  

 
II. The values of the measured quantities and the calculation obtained results when the 
conveyed fluid is engine oil 

Table 5 : Values of Pme, Pc,me experimentally established 

  

 
 
 

 
 

n   [rot/min] 200 300 400 500 

        [V] 384.70 384.00 381.00 381.00 

I           [A] 0.75 1.1 1.45 1.8 

 Pme         [W] 354.40 518.83 678.57 842.37 

 Pc,me      [W] 264.73 387.57 506.90 629.25 

n   [rot/min] 200 300 400 500 

        [V] 383.90 384.40 384.00 381.00 

            [A] 0.70 1.00 1.30 1.60 

 Pme         [W] 330.08 472.16 613.17 748.77 

 Pc,me      [W] 246.57 352.70 458.04 559.33 



ISSN 1453 – 7303                                                                   “HIDRAULICA” (No. 4/2019) 
Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics 

 

  
19 

 
  

The power from the electric motor coupler is used to drive the fluid conveyed by the pump. 
Taking into account the actual efficiency of the pump (ƞp) [16] [17], the actual power used to drive 
the fluid (Pr) results. 

 ,   c mer pPP W=                                             (12) 

ƞp = 77%. 
For the two fluids, at a speed of 200 rpm is obtained: 

 
2, 0.7264.73 7 203.84   r H OP W=  =

 
 , 0.77 189.86  246.57  r uP W=  =  

Performing the calculations in a similar manner to the data in tables 4 and 5, the data in table 6 are 
obtained. 

Table 6: The values of the power required to circulate the fluid 

 

 
 

 

Based on the data in table 3 and table 6, the graph P = f (n) in figure 7 was plotted.  
 

 

Fig. 7. Theoretical power and actual power required for fluid transport 
1-2 calculation results for water, oil 

3-4 experimental results for water, oil 

The actual power consumed by the pump in the case of transporting engine oil is lower than in the 
case of transporting water, because the losses due to mechanical friction between the rotors and 
the case are lower in the case of transporting engine oil. 

5. Conclusions  

1. The constructive presented solution can transport clean or suspended liquids, as well as 
rheological fluids or gases. 

 
200 300 400 500 n   [rot/min] 

[W] 203.84 298.43 390.31 484.52 

          [W] 189.86 271.58 352.69 430.69 
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2. The driving power of the machine is influenced by the nature of the conveyed fluid and by the 
density of the fluid. 
3. Volumetric pumps with profiled rotors can be used in the field of land improvements, in 
wastewater treatment plants, in the: mining industry, energy industry, petrochemical industry. 
4. From figure 7 one can observe that there is a satisfactory accordance between the theoretical 
and the experimental data. 
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