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This paper presents the development and experimental validation of a rotary volumetric pump with profiled rotors designed for 
domestic water supply systems. The proposed solution integrates an electric drive system coupled with frequency control to 
improve hydraulic and energy performance. A constructive concept, mathematical modeling, and an experimental prototype were 
developed at the National University of Science and Technology POLITEHNICA of Bucharest. Comparative studies with 
conventional centrifugal pumps highlight significant improvements in energy efficiency, lower power demand, and the ability to 
convey viscous fluids or suspensions without performance degradation. Experimental installations equipped with sensors and 
monitoring instruments confirmed theoretical predictions, demonstrating that integrating electrically driven rotary volumetric 
pumps can reduce operational energy consumption and increase reliability in civil building services. These results underline the 
potential contribution of the proposed pump to sustainable energy management in water distribution systems.

1. INTRODUCTION 
Rotary volumetric pumps with profiled rotors are key 

components in water supply installations, offering high 
efficiency, compact design, and reliable performance in various 
operational conditions. The internal flow within these pumps is 
inherently complex, influenced by rotor geometry, blade 
profiles, and interactions with the casing, which affect both flow 
uniformity and pressure characteristics. The lifting method, a 
refinement of the lift line theory originally applied to axial flow 
pump blades, is widely used in pump rotor design [1–3]. Rotor 
design based on this method considers airfoil type, maximum 
airfoil thickness, stagger angle, angle of attack, chord length, 
camber angle, and airfoil stacking line [4]. Applications of the 
lifting method to underwater propulsion systems have been 
reported by Cox et al. [5,6] and domestically by Wang 
Guoqiang et al. [7,8]. Further advancements address boundary 
problems under full three-dimensional conditions [9] and 
develop wake-adapted propeller design suitable for pump jets 
[10]. Research on pump jet optimization has mostly focused on 
single-factor effects, but orthogonal optimization methods 
allow efficient multi-parameter studies [11–19]. These 
approaches, combined with computational and experimental 
methods, support the design of rotary volumetric pumps with 
lower flow irregularity, enhanced mixing capability, and 
minimized wear, providing both theoretical insights and 
practical improvements for water supply systems. 

From an electro-energetic perspective, modern pumping 
installations rely on electrically driven systems, where the 
coupling between pump performance and the electrical drive 
significantly impacts the overall efficiency of building services. 

Recent research on rotary volumetric pumps and related 
propulsion devices has explored both experimental and 
computational optimization techniques. In [20], a tetragonal 
rotor pump based on the Wankel engine was developed, with 
prototypes showing reduced flow irregularity, enhanced 
mixing, lower rotor–chamber wear, and compact design. 
Surrogate-assisted design optimization for centrifugal pumps 
was reviewed in [21], highlighting low-fidelity models 
(response surface, kriging, neural networks) for rapid 
exploration of design spaces, improving efficiency, and 
reducing development costs. Gerotor pumps were studied in 
[22] using 3D scanning and analytical algorithms to improve 
tightness and fluid accumulation by 16%, enhancing 

volumetric efficiency. Computational topology optimization 
combined with finite-element and CFD simulations was 
applied to centrifugal pump rotors in [23,24], achieving up 
to 38% improvement in hydraulic efficiency and 35% 
reduction in vorticity while reducing design time and cost. 
Sliding vane rotary pumps for micro-ORC units were 
optimized in [25] with a validated 0D–1D thermo-fluid 
model, increasing pump efficiency by 25% and ORC unit 
power by 37%. Positive displacement compressors were 
optimized using a two-stage Bayesian approach in [26], 
improving isentropic and volumetric efficiency across 
varying speeds and pressures. Roots pumps handling gas-
liquid mixtures were experimentally investigated in [27], 
showing increased efficiency with higher gas fractions, 
while numerical models matched experiments within 7.53%. 
Finally, high-thrust-efficiency pump jets were optimized via 
center-of-gravity stacking line design and orthogonal multi-
parameter optimization in [28], achieving a 7.23% increase 
in thrust efficiency and improved flow patterns. Recent 
papers have also addressed the optimization of electrically 
driven pumping systems and motor control techniques for 
energy efficiency [29–33]. These works confirm the growing 
interest in coupling electromechanical design with intelligent 
energy management for pumping applications. 

Collectively, these studies demonstrate the effectiveness 
of combining advanced computational methods, 
experimental validation, and multi-parameter optimization 
to enhance pump performance, reliability, and efficiency 
across a range of industrial and propulsion applications. At 
the same time, the results highlight the importance of 
connecting hydraulic optimization with electrical energy 
performance, ensuring that pumping solutions contribute not 
only to improved fluid transport but also to reduced 
electricity demand and improved sustainability indicators. 

2. PROPOSED TECHNICAL SOLUTION 
The rotary volumetric pump with profiled rotors 

represents an original constructive approach intended for 
domestic water supply systems in buildings. The pump 
consists of two specially profiled rotors rotating 
synchronously inside an oval casing (Figure 1). Their motion 
is transmitted via a cylindrical gear, while sealing between 
low- and high-pressure zones is achieved by the geometry of 
the rotating pistons. 
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Fig. 1 – Principle of operation of the rotary volumetric machine. 

At each complete shaft rotation, a useful volume is 
displaced, ensuring a constant flow rate and high efficiency.  

 
Fig. 2 – Execution drawing of the oval casing. 

Compared with centrifugal pumps, the proposed solution 
eliminates translational motions of moving parts, increases 
reliability, and enables the pumping of viscous fluids or 
suspensions. 

 
Fig. 3 – Section through the rotary working machine; 1- lower rotor; 2- 

upper rotor; 3- triangular piston; 4, 7 - shafts; 5 - wedge; 6 - upper casing. 

The rotor profile was determined mathematically, with the 
coordinates of the contour established for accurate 
manufacturing (Fig. 3). An experimental transparent 
plexiglass model was built (Fig. 4), which was confirmed by 
tests that good sealing and stable operation can be achieved. 

 
Fig. 4 – Axonometric view of a positive displacement pump model with 

two profiled rotors 

A useful volume is defined as the product of the cross-
sectional area (A) and the rotor length (l), measured 
perpendicular to the plane of the figure; the cross-sectional area 
is bounded by two consecutive vanes and the lower casing (1). 
 𝑉!= 2∙A∙l	[𝑚"]. (1) 

During a full 360° rotation of the shaft, two working volumes 
are conveyed from the suction side to the discharge side (9). 
 𝑉̇! = 2∙ )#$!

"

%
&#	$#"

%
* [m"/rot]. (2) 

 𝑅(	=	𝑅)	+	z. (3) 

This type of pump has the advantage that it can transport 
to the discharge chamber (2) any viscous fluid or with 
suspensions that enter the suction chamber (1) or other fluid 
substances that do not attack the material from which the 
rotors and casings are constructed [31, 32]. 

3. COMPARATIVE ANALYSIS 
Two constructive variants were investigated: 
- Variant I: a domestic cold-water installation equipped with 

centrifugal pumps. 

 
Fig. 5 – Scheme of the cold-water installation (drinking + domestic) and 
hot water - variant I; 1- polyethylene water tank V = 500 l, 2 – pumping 

group (1F+1R) H = 60 mH2O, P = 2.2 kW, 3 – water distributor,  
4 – booster tank, V = 100 l, 5 – water meter. 

The building at Muzeul Zambaccian Street, number 15, 
sector 1, Bucharest, the building studied in this paper, includes 
living spaces and a basement. The basement consists of a 
parking space (16 spaces), a room with household pumps - 
water and central heating; a living space (with a total capacity 
to accommodate 45 people). The living space includes 8 
apartments located as follows: one two-room apartment, 6 
three-room apartments, and one four-room apartment. 

Their distribution is: 2 three-room apartments on the ground 
floor; 2 three-room apartments on the first floor; 1 two-room 
apartment and two three-room apartments on the third floor; 1 
four-room apartment on the third floor + fourth floor. 

 
Fig. 6 – Overview of the building. 

- Variant II: the same installation using the proposed rotary 
volumetric pump with profiled rotors. The solution proposed 
by the authors consists of a rotary volumetric pump with 
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profiled rotors (Fig. 1 to 4), developed and tested within the 
Faculty of Mechanical and Mechatronics Engineering. The 
pump was coupled to a three-phase motor and instrumented 
with pressure and flow sensors. 

The measurements carried out on the prototype indicated the 
following operating range:	𝑉̇=5÷100 dm3/h, rotational speed: 
n = 100 ÷ 500 rpm, discharge pressure: 1 ÷ 2 bar (≈ 10 ÷ 20 
mH₂O). 

 
Fig. 7 – Sketch of the pumping installation, in open circuit; 1 – pipe; 2 – 
tap; 3 – water tank; 4 – thermometer; 5 – pressure gauge; 6 – differential 

pressure gauge; 7 – rotary displacement pump; 8 – electric motor;  
9 – frequency converter; 10 – amperemeter; 11 – multi-meter; 12 - 380 V 

alternating current source; 13 – pressure gauge at the pump discharge;  
14 – electromagnetic flowmeter; 15 – flow regulation valve; 1 

6 – assembly drain valve. 

Although the prototype operates at reduced capacity 
compared to the centrifugal pumps in the studied building, the 
comparative analysis is relevant for energy efficiency 
evaluation. Results showed that for the same conveyed flow 
within its range, the rotary volumetric pump required 
significantly lower driving power, with reductions exceeding 
20% compared to centrifugal pumps of similar size. Figures 6 
and 7 present the schematic diagrams of the two variants, while  

4. EXPERIMENTAL INSTALLATIONS 
To validate the proposed solution, two experimental 

installations were conceived and built within the Faculty of 
Mechanical and Mechatronics Engineering, Department of 
Thermotechnics, Engines, Thermal and Refrigeration 
Equipment. 

The installation with the rotary volumetric pump was 
instrumented with pressure and flow sensors, enabling 
monitoring of performance under different regimes. Flow 
rates measured through the collector were correlated with 
theoretical predictions. 

For the first variant, Fig. 8 and 9 present photographs of 
the cold-water supply system of the facility at Muzeul 
Zambaccian Street, number 15, sector 1, Bucharest. 

Figure 8 shows the 6 water tanks, each with a volume of 
500 l. 

 
Fig. 8 – Domestic water tanks. 

Figure 9 shows the pumping station: one pump in 
operation, two in reserve; the pumps are centrifugal and can 

provide: 𝑉̇=1.38 dm3/s, H = 60 mH2O, P = 2.2 kW. These 
values ensure the water demand of the building, but at the 
cost of relatively high electrical consumption. 

 
Fig. 9 – Pumping station. 

For the domestic water supply of the building on Muzeul 
Zambaccian Street, the solution proposed by the authors is a 
pump with two profiled rotors consisting of 2 separate 
processed rotors that rotate at the same angular speed 
because, on the outside of the machine, two gear wheels with 
the same pitch diameter are engaged. 

The experimental research aimed to determine the 
operating characteristics of the rotary volumetric pump and 
to compare them with the classical centrifugal pump 
solution. 

The rotary pump with profiled rotors is coupled to a 
three-phase motor. Figures 8 and 9 show photographs of the 
real installation of Variant I (storage tanks and centrifugal 
pumping station).  

The comparative analysis demonstrated that: 
- Centrifugal pumps of the building installation 

operate at higher flow rates and heads, but with 
absorbed power of 2.2 kW per pump. 

- The rotary volumetric pump prototype confirmed 
superior efficiency and lower energy consumption 
within its tested operating range. 

- The constructive design allows pumping of viscous 
fluids or suspensions without affecting efficiency. 

Thus, scaling up the rotary volumetric pump design would 
enable its application in building water supply systems, with 
measurable reductions in electricity consumption and 
increased reliability compared to conventional centrifugal 
solutions. 

5. CONCLUSIONS 
The study demonstrated the feasibility of using a rotary 

volumetric pump with profiled rotors in domestic water 
supply systems, emphasizing both hydraulic and energy 
performance. The proposed pump achieved higher efficiency 
compared to conventional centrifugal pumps, ensuring 
reliable operation and the ability to handle fluids with 
suspensions. By integrating the pump with an electrical drive 
system and frequency converter, significant reductions in 
energy consumption were observed, confirming its 
advantages for sustainable building installations. The 
constructive solution eliminates translational motions of 
moving parts, reduces wear, and increases reliability, which 
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are essential aspects for long-term operation. 
Experimental installations validated the theoretical 

assumptions, showing good agreement between predicted 
and measured performance. The comparative analysis with 
centrifugal pumps highlighted the potential energy savings 
and lower operating costs, contributing to improved energy 
efficiency indicators in civil building services. 

Overall, the research underlines the potential of rotary 
volumetric pumps with profiled rotors to support sustainable 
energy management, aligning with modern requirements for 
electrically driven, energy-efficient, and reliable water 
distribution systems. Future developments may include 
advanced control strategies and smart monitoring to further 
enhance integration with energy management systems in 
buildings and industrial facilities. 

Future developments could extend toward the integration 
of control and optimization strategies like those proposed in 
recent literature, further improving the energetic 
performance of electrically driven rotary volumetric pumps. 
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