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ряду, для кожного типорозміру свердловини. Практична реалізація 
перерахунку характеристик базових моделей на підвищені частоти 
обертання повинна базуватися на забезпеченні умов подібності за 
двома визначальними критеріями. 

Геометрична подібність передбачає існування сталого коефіцієнта 
лінійної пропорційності між усіма відповідними геометричними 
розмірами проточної частини модельного та натурного зразка. Це 
висуває умову суворої відповідності профілів лопатей робочого 
колеса та каналів напрямного апарату, що дозволяє використовувати 
уніфіковану гідравлічну геометрію для всієї лінійки насосів в межах 
необхідних діаметрів обсадних труб. 

Кінематична подібність вимагає подібності полів швидкостей у 
відповідних точках потоку. Це означає, що трикутники швидкостей на 
вході та виході з робочого колеса залишаються подібними (зберігаються 
кути атаки та виходу потоку), а відношення модулів швидкостей 
(колової, відносної та меридіональної) залишається незмінним.

Таким чином, саме забезпечення кінематичної подібності дозволяє 
аналітично визначити необхідну частоту обертання для кожного 
дискретного типорозміру обладнання, гарантуючи роботу насоса в 
зоні оптимального ККД при зміні режимних параметрів. Застосування 
критеріальних рівнянь подібності дозволяє синтезувати параметричний 
ряд, який максимально ефективно використовує доступний простір 
свердловини.
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STAND FOR TESTING AND CONTROLLING 
THE OPERATING CHARACTERISTICS OF PROPELLERS

OF MINI UNMANNED AERIAL VEHICLES

In recent years, there has been a rapid advancement in the design and 
production of unmanned aerial vehicles (UAVs), particularly in the segment 
of mini- and micro-platforms intended for use across various domains, 
including research tasks, aerial imaging, cargo delivery, environmental 
monitoring, as well as military operations [1].

One of the primary objectives in the development of propellers for mini-
UAVs is obtaining reliable experimental data that enable the assessment of 
thrust performance and propeller efficiency under real operating conditions, 
since the aerodynamic characteristics of propellers significantly influence 
flight efficiency, control stability, and autonomous endurance.

The development of a compact, modular, and cost-effective test bench 
for single-propeller evaluation of mini- and micro-UAVs is therefore an 
essential task. The device must allow rapid experimentation with differ-
ent propeller types while capturing key parameters – thrust, voltage, and 
current consumption – with high accuracy and stable repeatability. Having 
reviewed existing test benches for UAV propeller evaluation [2,3,4], a three-
dimensional model of the housing was designed, the bench was assembled, 
and experimental tests were conducted for 7-, 8-, and 10-inch propellers [5].

The development of the proposed test bench was based on methodolo-
gies presented in a number of scientific publications, which also addressed 
issues of measurement accuracy, structural adaptability, and optimization 
of assembly. A significant advantage of the proposed bench – while maintaining 
the fundamental principles such as thrust, current, and voltage measurement – is 
its implementation in a compact and mobile form factor (Figure 1). A real-time 
visualization module was also integrated.

The test results demonstrated high repeatability (up to ±5%) and 
confirmed that the experimental data align with theoretical dependencies 
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between thrust, rotational speed, and power consumption. The thrust-RPM 
characteristics exhibited the typical linear trend with saturation at higher 
rotational speeds [1], whereas the current-load relationship corresponded 
to internal resistance models.

 

Figure 1 – Measurement system of the test bench

The data obtained during the testing process make it possible to perform 
a comprehensive evaluation of the aerodynamic and energy efficiency of 
the tested propellers, as well as to analyze the performance characteristics 
of different size categories under specified operating conditions.

When comparing the characteristics of the tested propellers, several 
patterns consistent with established blade aerodynamic models of air propel-
lers can be observed. In particular, an increase in propeller diameter leads 
to higher generated thrust at the same rotational speed, which is explained 
by the increased effective blade surface area. However, this also results in 
higher load on the motor.

In this context, the 8-inch propeller demonstrated the optimal thrust-to-
power-consumption ratio, especially within the 60–80% range of maximum 
RPM (Figure 2). This provides an advantage when selecting components 
for lightweight mini-UAVs, where energy efficiency is a critical parameter. 
Similar conclusions were reported in [1], where the importance of balanc-
ing thrust performance and energy consumption during propeller selection 
was emphasized.

 

Figure 2 –  Optimal dependence of propeller thrust
on revolutions per minute

Repeated tests showed that the measurement deviation did not exceed 
3–5% for thrust and 2% for electrical parameters [6]. The use of prelimi-
nary calibration and the elimination of external influencing factors (such 
as airflow disturbances from nearby objects and unstable power supply) 
ensured the required measurement accuracy. These results are comparable 
to those presented in [4], where measurement deviations also remained 
within a 5% margin.

The research outcomes and comparative analysis of existing solutions 
allow us to identify several significant advantages of the proposed test bench 
over analogous systems described in scientific literature and engineering 
practice.

One of the key advantages of the bench design is its compactness and 
portability. All components are mounted on a small base, and the housing 
is made of lightweight plastic. This makes the setup convenient for trans-
portation and rapid deployment in various environments – from laboratory 
settings to outdoor field conditions – unlike bulky stationary stands such as 
the one presented in [1].

The test bench is designed for rapid deployment without the need for 
complex tools. The components used can be easily configured through 
open-source software, and calibration does not require specialized profes-
sional equipment.
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Despite its structural simplicity, the setup provides stable and accurate 
measurements. Experimental trials confirmed the correct operation of the 
bench – the obtained dependencies correspond to theoretical models, and 
deviations between repeated measurements do not exceed 5%. The capability 
to perform repeated experiments with a high degree of reproducibility makes 
the bench suitable for scientific applications and engineering design tasks.

The use of readily available components and the possibility of local 
manufacturing (for example, 3D-printing of the housing) make the proposed 
test bench a cost-effective solution. 
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THE EFFECTIVENESS OF HIGH-ALTITUDE
UAV PROPELLERS

Recently, high-altitude unmanned aerial vehicles have been attracting 
increasing interest due to their undeniable functional capabilities, which 
in many ways complement or even replace expensive satellite systems, in 
particular atmospheric research, telecommunications, the Earth surface sens-
ing, and, especially given today’s realities, reconnaissance and monitoring 
of battlefields and borders.

High-altitude UAVs also have undeniable advantages in terms of ef-
ficiency and ease of operation, as well as the ability to interact with global 
satellite systems and, to a certain extent, replace them in crisis situations.

Electric propellers are mainly used as propulsion systems in high-altitude 
UAVs. Both the altitude and duration of flight depend on the design and 
aerodynamic quality of the propellers.

At high altitudes, the efficiency of propellers decreases due to low Reyn-
olds number flow conditions. In addition, the propeller design is optimized 
for maximum cruise efficiency, which makes its operation at low altitudes 
and during climb problematic.

The biggest problem in designing stratospheric propellers is their exces-
sive diameter, weight, and blade shape.

The problem can be solved by using double-row tandem blades 
(Figure 1).

This significantly reduces the diameter of the propeller and increases its 
aerodynamic stability. If a toroidal-spiral tip is used, the rigidity and strength 
of the structure are increased while reducing tip losses.

Given the thinness of both the blade and the tip, the profiling of the 
connecting tip is simplified and basically comes down to cutouts in the 
trailing edge of the connecting tip of a constant thickness (as a rule). In this 


