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EXPERIMENTAL STUDY OF THE CHARACTERISTICS OF FANS
FOR SMALL UAVs

The subject of this study is the determination of the performance characteristics of small UAV fans across a
wide range of rotor speeds. The objective of this work is to improve the accuracy of flow-parameter measure-
ments in the inter-blade passage of a tandem fan with a combined toroidal-spiral blade tip by digital modeling
and verification of the results on a specially designed experimental test bench. The task: to propose an exper-
imental test bench for studying the power characteristics of UAV thrust fans of both enclosed and open types.
The problem of selecting a fan for a power plant is quite complex, given the wide range of aircraft for various
purposes, especially small-sized ones. Sometimes it is necessary to choose from a wide range of model fans
that can be produced quite quickly using a 3D printer. Therefore, the development of an experimental setup
that, while featuring simple design solutions, would meet the necessary operational requirements and specified
metrological characteristics is undoubtedly a pressing task. The following results were obtained. The experi-
mental test bench proposed (and tested) by the authors is technologically simple and enables rapid determina-
tion of comparative and operational characteristics of fans in the relevant model range, with the aim of select-
ing the optimal option from the customer’s perspective. A method for determining the main energy-efficiency
characteristics of fans for small UAVs is presented (the experiments were conducted primarily on tandem fans,
in which both rows of blades are connected by a toroidal-spiral tip). A distinctive feature of the method and the
developed experimental setup is that it allows for the separation of the thrust and torque measurement chan-
nels, which ensured their independent measurement. This made it possible to obtain scientifically sound simu-
lation results through practical verification. During the design of the setup, particular attention was paid to
the channels for recording efficiency and power factor, as these parameters were measured indirectly—their
values were calculated from other measured parameters rather than determined directly. It should be noted
that the experimental test bench was designed to allow for the study of both open and enclosed fans. Another
distinctive feature of the setup is that it allows one to obtain fan performance characteristics, such as the thrust
dependence T=f(n), power — P=f(n), and efficiency n=f(n) over a wide range of rotor rotational speeds
(n=0...50,000 rpm), which is very important for small UAVs. The results obtained were used to derive com-
parative characteristics of a model series of fans for a UAV engine with a thrust of 50 kH, which are currently
the most prevalent, especially in combat conditions. Further expansion of the system’s functional capabilities
is planned. Therefore, during its design, reserve channels for measuring parametric information were incorpo-
rated.

Keywords: unmanned aerial vehicle, fan; aerodynamic characteristics; thrust; power, experimental setup; pa-
rameter.

UAVs, a reliable test bench is required. Therefore, spe-
cial attention is paid to the design and construction of

Introduction

Experience shows that bench testing has a signifi-
cant impact on the design process and the selection of
the optimal power plant for UAVs. Bench tests provide
a wealth of information about the test object and help
validate design assumptions. Furthermore, the results of
field tests can be used to improve prediction methods,
such as computational fluid dynamics (CFD), control
algorithms, and empirical or semi-empirical methods
[1].

Data from real-world tests allow for improving the
accuracy of numerical calculations when modeling in
the ANSYS simulation environment.

To verify numerical calculations when modeling in
the ANSYS simulation environment and to accurately
assess the characteristics of the fan and motor used in

test benches for measuring fan thrust and evaluating its
characteristics [2, 3, 4].

Fan testing typically involves evaluating their per-
formance under various operating conditions [5, 6, 7].
Fan performance (its energy efficiency) is most easily
assessed by changes in aerodynamic parameters using
normalized coefficients, such as efficiency (1), power
coefficient (C,), thrust coefficient (C,), and efficiency

M) [8]
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where P is power (W); T is thrust (H); D is fan diameter
(m); n is rotational speed (rpm); p is air density (kg/m?);

V is air velocity (m/s). One must add a parameter that is
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very important for UAVs to this list: acoustic power
level. The approximate acoustic power level (APL) can
be calculated using the formula

kA (Vo,7)6

APL=1 010g —16 )
10~

where Ay, - blade area; V) ;- speed at 0.7 times the

blade radius; k - proportionality coefficient.

It follows that the greatest noise is generated by
the tip of the fan blade (noise intensity depends on the
blade tip speed to the sixth power). That is, noise can be
reduced by decreasing the lift force near the blade tips
(thereby reducing its efficiency), or by using a com-
bined toroidal-spiral blade tip in a tandem configuration
[9, 10].

Based on the list of tasks to be solved during the
experimental determination of fan characteristics and
the list of parameters required for this, the main design
features and characteristics of the test stand itself were
determined, particularly its electronic components, with
regard to the need to account for the requirements of
prospective research tasks. Therefore, two-channel and
four-channel electronic devices (with the necessary re-
dundancy) were used in virtually all measurement chan-
nels.

Experimental setup

The experimental setup (Fig. 1) consists of: a sys-
tem of levers and structural elements for the fan drive, a
system of sensors for measuring the main parameters of
the setup, and an automated system for collecting and
processing information.

ki |

Fig. 1. Experimental setup for studying fan
characteristics

Measurements of the main parameters (torque and
thrust, fan rotor rotational speed, and relative wind ve-

locity) were performed with an accuracy of +1% across
all operating modes. That is, measurement errors should
have been smaller than the errors introduced by modify-
ing the fan (based on the 3D printer’s specifications).

The thrust and torque measurement channels were
also separated. This would limit the influence of one
channel on another during the measurement process and
minimize recording errors. The technical requirements
for the experimental setup are given in Table 1.

Table 1
Technical specifications of the experimental setup
Ne  [Parameter Name Value
1 |Rotor speed, rpm 0 to 50000
2 Maximum Fan Thrust, H 200
3 [Torque, H-m 0+6
4  |[Fan diameter, mm 70 =150
5 |Motor power, W 5000

The kinematic diagram of the setup is shown in
Fig. 2. The experimental setup includes: a support plat-
form 1; a vertical stand 2; a ball-and-socket joint 3; an
enclosed fan 4; a brushless electric motor 5; as well as
strain gauge sensors for measuring the fan’s thrust and
torque. A battery was used to power the electric motor.

L,

F>
-« o

Fig. 2. Kinematic diagram of the experimental setup

Fan 4 (Fig. 2), which is the subject of this study, is
mounted on a vertical stand using mounting screws. The
fan is driven by an electric motor shaft connected to the
flange of a strain gauge torque sensor. The sensor itself
is mounted on the flange of the vertical stand. When
voltage is applied, the electric motor begins to rotate,
driving the fan rotor.

During operation, propeller thrust and reactive
torque are generated, the magnitude of which equals the
torque required to rotate the fan rotor.
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The thrust is measured by a strain gauge sensor,
and the torque, in turn, is also determined by a strain
gauge sensor, to which flange the electric motor is at-
tached.

The fan thrust is measured using a lever system
(Fig. 2). This ensures that the torques F, and F, are

balanced about the point of rotation. The thrust F is

determined from equations (1) and (2):

Flll :F212 (1)

1
Fl:lle :k1F2 (2)
1

Equation (2) shows that the pulling force is direct-
ly proportional to the force F,acting on the sensor and

the proportionality coefficient k, (gain coefficient). The

proportionality coefficient depends on the ratio of the
lengths of the levers 1, and 1, . The greater the length of

lever 1, relative to 1, the greater the value of the gain

coefficient k, .

Automated Control and Information
Processing System

The Automated Control and Information Pro-
cessing System (ACIPS) is designed to collect and pro-
cess information according to specified algorithms.

The processing, analysis, systematization, and vis-
ualization of information received from the sensors of
the experimental setup are performed by an open-
architecture industrial PC controller (Personal Comput-
er) (Fig. 3).

According to the block diagram shown, analog in-
formation from the sensors is transmitted to an SDI-
ATC-type object communication device (manufactured
by Saturn Data Int) [11, 12].

Next, the analog signal from the device is fed to
the input of a digital-to-analog converter, and from there
directly, in the form of a digital signal, to the PC con-
troller for further processing, visualization, and report
generation. The following devices were used as primary
information converters (Table 2):

Table 2
Primary transducers of physical quantities
No Parameter Type
p [Currentand - ewag peo-420v
voltage
> It ¢ Resistance thermometer
emperature RT 1000
Strain  gauge  sensor
3 |Force TAL 220
4 |Torque CALT DYJN-104-10NM
Hall effect sensor
5 |Rotor speed KY-024
6 Relative wind Differential pressure
velocity sensor MPXV5004GVP

The rotational speed of the fan rotor was moni-
tored by a Hall effect sensor located inside the housing.

To generate a signal, a magnet was attached to the
motor rotor; as it passed by the Hall effect sensor, it
produced a pulse. As a result, one pulse was generated
for every full rotation of the rotor.

Communication with the sensors was provided by
“SDI-ATC” galvanic isolation modules.

The SDI interface devices perform conversion and
normalization of analog signals. The output signal was
normalized in terms of current.

Four-channel modules were used, which provided
conversion of the input signal, generation of a normal-
ized output voltage signal, and galvanic isolation of the
channels.

Atmospheric ey Current sensor
pressure sensor sé’:‘sor Thiiist sexsor Rot;:tr'lssg:ed Torque sensor
Total Static i Voltage sensor
pressure | pressure
| |
| ‘ 1 | :
¥ # ¥ ‘ ¥ Y
SDI-ATC SDI-ATC SDI-ATC SDI-ATC SDI-ATC SDI-ATC
|
i v Y v L4
v
ADC-DAC
i
)
Display  [«—|PC controller —* Data logger

Fig. 3. System block diagram



Koncmpykyia ma miynicmo 06u2yHie i eHepecemuyHUX yCmaHo680K

Four-channel modules were used, which provided
conversion of the input signal, generation of a normal-
ized output voltage signal, and galvanic isolation of the
channels. The SDI module also provides multiplex
switching of output channels (Fig. 4). Eight such chan-
nels are used in the experimental setup.

Inputs

Galvanic
isolation

Outputs

Switch control

Fig. 4. Connection diagram for a four-channel module

The SDI ADC-32FVL ADC/DAC is used as the
digital-to-analog converter to which the SDI modules
are connected.

Methodology of Experimental
Research

During the experimental studies, the following
characteristics were determined: the dependence of
thrust — T=f(n), power — P=f(n), and efficiency — n=f(n)
of open and ducted fans featuring interconnected toroi-
dal-spiral tips of the double-row rotor blades.

Calibration of the primary transducers (sensors)
was performed as follows.

Thrust sensor. A ring was welded to lever 1; (Fig.
2) precisely in the vicinity of the fan drive rotor axis, to
which the rod of the reference dynamometer was at-
tached. The dynamometer itself was mounted to the
massive support plate of the installation via a manual
loading screw mechanism.

Reference load values were set by turning the
screw mechanism and recorded by an automated control
system. A calibration curve was constructed based on
the readings from the reference dynamometer and the
electronic channel.

Torque was calibrated using the following proce-
dure.

First, the fan rotor was secured. A reference force
(in the form of reference weights) was applied to the fan
mounting flange via a corresponding lever arm. The
readings of the electric motor flange torque sensor were
recorded. A calibration curve was constructed using a
proportionality coefficient.

The rotor speed sensor was factory-calibrated as
part of the delivery set.

Therefore, subsequently, on the operating unit, in-
terval speeds were set in the range from 0 to 50,000
revolutions per minute, and the results were recorded in
the corresponding table for further calibration.

When evaluating fan performance, the question
arises as to the reliability of the obtained parameters
[13]. First and foremost, this is due to the fact that fan
parameters such as the thrust coefficient, the power co-
efficient, and the propeller efficiency are not measured
directly but are indirect values obtained by calculation
using specific formulas. The calculation formulas in-
clude parameters that are measured directly, each of
which has its own error [14].

The calculation method is based on dividing the
error into two components — systematic and random.
The random component can be neglected if data ob-
tained from measurement channels, in which the ran-
dom component is already included in the error, are
used to estimate the total measurement error.

The results of the error calculations (Fig. 5, Fig. 6,
Fig. 7) show that their values vary over a fairly wide
range depending on the rotor speed. For example, for
the fan efficiency, the maximum error is 4%, and the
minimum is 0.1%. Moreover, the minimum error is ob-
served at high rotational speeds, and the maximum at
low ones. As the rotational speed approaches 0, the er-
ror increases rapidly (Fig. 5). To validate the calculation
method, tests of a tandem fan were conducted on the
ground under zero incoming flow velocity conditions.
As a result of the tests, the fan’s thrust and torque were
measured at various rotational speeds, and based on the
obtained results, the fan’s coefficients and its efficiency
were recalculated.
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Fig. 5. Dependence of the efficiency error
on the rotational speed

73



74 . ISSN 1727-7337 (print)
ABIAIHIMHO-KOCMIYHA TEXHIKA I TEXHOJIOT'I4, 2026, Ne 4 cneusunyck 1 (213) ISSN 2663-2217 (online
3, % Conflict of Interest
4 The authors declare that they have no conflict of
3,5 interest regarding this study — financial, personal, autho-
3 rial, or otherwise — that could influence the study and its
2,5 results presented in this article.

1,5 \
1 \

0,5 <
0 10000 20000

30000 n, RPM

Fig. 6. Distribution of the power factor error

9, %

0,5
ol

0 10000

20000 30000 n, RPM

Fig. 7. Distribution of the thrust coefficient error

The error distribution of the fan characteristics ob-
tained from the measurement results, shown in Figs. 5,
6, and 7, indicates that they fall within the limits speci-
fied during the experimental design.

Conclusions

An experimental setup was designed and tested for
experimental studies of small-sized UAV fans, which
allows for testing fans (including tandem fans with a
connecting toroidal-spiral blade tip) of both open and
enclosed types. The proposed design allows for the sep-
aration of the thrust and torque measurement channels,
ensuring their independent measurement.

A metrological evaluation of the independent
measurement channels was conducted.

Such an experimental setup can be used not only
for the direct measurement of the parameters necessary
to construct the performance characteristics of UAV
fans, but also for the verification of numerical modeling
methods and the determination of their operational
characteristics.

The experimental setup is simple to operate and
has satisfactory metrological characteristics of the
measurement channels.
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EKCHEPUMEHTAJIBHE JOCJJIIKEHHA XAPAKTEPUCTUK BEHTHJIATOPIB
MAJIOPO3MIPHHUX BILJIA

M. C. Kynuk, @. I. Kipuy, JI. I. Bonancvka, 1. I'. bBabiues, O. I1. Auyk

IpeameToM noCIiKEHHS B poOOTi 3 OTpUMaHHSA XapaKTePUCTHK BEHTHJIATOPiB Manopo3mipaux BITJIA B
IIMPOKOMY Jliala30oHi 9acToT o0epTanHsA poTopa. MeTor0 pobOTH € MiABUIIEHHS TOYHOCTI BUMIpIOBaHHS HapamMe-
TpIiB MOTOKY po0OOYOro Tifia B MIXJIONIATKOBOMY KaHaJl TaHJEMHOTO BEHTWISITOpPa 3 00’ €JHYBAIBbHOI TOPOiaib-
HO-CHIpaJIbHOIO 3aKIHI[IBKOIO JIOTIATEeH NIUIIXOM IM(POBOTO MOJCIIOBAHHS 1 Bepu(iKallis OTPHMaHUX Pe3yJbTaTiB
Ha CIeLiaJlbHO CTBOPEHOMY EKCIEPUMEHTAJILHOMY CTEHJl. 3aBJaHHA: 3alpOINOHYBaTH EKCIEpUMEHTAJIbHUI
CTEH/]| IOCII/KEHb €HEPTeTHYHNX XapaKTEPUCTHK TATOBUX BeHTWIATOpiB BITJIA 3akamoToBaHOr0 Ta BIAKPUTOTO
tunis. [IpoGiiema BHOOpY BEHTHIISITOPA CHIOBOI YCTAHOBKH € JOBOJII CKJIaIHOIO, BUXOASYH 3 IUPOKOI HOMEHKJIa-
TYypH JITATPHUX amapariB pisHOMaHITHOTO MpPHU3HAYCHHS, OCOOIMBO MAIOPO3MIpHUX. [HOMI MPUXOAUTHCS BUOU-
paTH 3 IUJIOTO PsIly MOAEIbHUX BEHTHIIATOPIB, BATOTOBJIEHUX JOCUTH onepaTuBHO Ha 3D mpunTepi. ToMmy po3po-
OKa eKCIepHMEHTANbHOI YCTAaHOBKH, SIKA, IPH MPOCTOTI KOHCTPYKTHBHHUX pillleHb, BiAMOBigama 0 HEOOXiTHIM
eKCIUTyaTaliiHUM BHMOTAaM i 33/IaHUM METPOJIOTIYHAM XapaKTePHCTHKAM, € 3a/1adeio O0e3MepedHO aKTyalbHOIO.
OTpuMaHo Taki pe3yabTaTH. 3anpONOHOBaHUH (i BUIPOOYBaHW) aBTOpaMU eKCIIEPUMEHTAIbHUI CTEHIT € TeX-
HOJIOTIYHO TPOCTHM, 03BOJIIE€ ONEPATHBHO OTPUMYBATH MOPIBHSUIBHI H poO0OYl XapaKTePUCTHKH BEHTHIIATOPIB
BiJIIIOBIJTHOI'O MOJIEJIFHOTO PSIly 3 METOI0 BUOOPY ONTHMAIBHOTO, 3 TOUYKH 30pY 3aMOBHHMKa, BapianTy. [Ipencras-
JICHO METOJ BU3HAUEHHS OCHOBHHUX XapaKTEPUCTHK €HEepProe(eKTHBHOCTI BEHTHIATOPIB Manopo3mipuHux BIIJIA
(eKCIepMMEHTH IPOBOAWINCS, B OCHOBHOMY, Ha TaHJIEMHUX BEHTWIATOpAX, OOWABA pSAM JIONMATEH SKHUX
00’€THAHO TOPOINATIBLHO-CIIPAIBFHOIO 3aKiHIIBKOIO). OCOOIMBICTIO METOAY Ta po3po0JIeHO] eKCIIepUMEHTaIbHOT
YCTaHOBKH € T€, III0 BOHA J03BOJISIE PO3AIIMTH KaHAJIM BUMIPIOBAHHS TSTH Ta KPYyTHOTO MOMEHTY, L0 3a0e3neyu-
70 X He3aJie)XHE BUMIipIoBaHHS. lle O3BONMIIO OTpUMAaTH HAYKOBO OOGIPYHTOBaHi pe3yJbTaTH MOJEIIOBAHHS
OUITXOM X mpakTudHOi Bepudikamii. OcoOnuBy yBary mpu MpOEKTyBaHHI YCTaHOBKU OYJIO MPHAIICHO KaHajlaM
peectpanii KK]I ta xoedimieHTa MOTYKHOCTI, 1[0 OB’ S[3aHO 3 OTOCEPEIKOBAHNM IX BUMIpPIOBAaHHSIM — 3HAUCHHS
UX TTapaMeTpiB He BU3HAYAINCS HANPSIMY, a IUIIXOM PO3paxyHKY 3a iHIIUMHU BUMipsSHAME napaMmerpamu. Heo0-
X1HO 3a3HAYUTH, IO EKCTIEPUMEHTAIBHUIN CTEH]] IPOEKTYBABCS 3 MOXKIMBICTIO MTPOBOJUTH JOCIIIKECHHS K Bif-
KpUTHUX, TaK 1 3aKallOTOBAHWX BEHTHIATOPIB. XapaKTEPHOIO OCOOIHMBICTIO YCTAHOBKH € TAaKOX T€, IO BOHA JO-
3BOJISIE OTPUMYBATH XapaKTEPUCTUKN BEHTUIIATOPA, HANPHUKIA, 3aiexHicTh Taru T=f(n), motyxHocti — P= f(n),
n= f(n) y mmpokomy miama3oHi yactot obepranus poropa (n=0...50000 06/XB), 110 Ay>Ke BAKIUBO AJIS MaJOpO-
3mipHuX BITJIA. OTpuMaHi pe3ynbTaTH BUKOPHUCTaHO NPU OTPUMaHHI MOPIBHSUIBHUX XapaKTEPUCTHK MOAEIHLHOTO
psny Bentuistopis ans asuryHa BITJIA 3 tsroro 50 kH, sxi B jaHHUMiT yac € npeBamo04nMu, oco0iImMBo B Ooio-
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BUX YMOBaX. Y MOJaJbIIOMY IUTaHYETHCS PO3MIMPEHHS QYHKIIOHATBHUX MOXKIMBOCTEH yCTaHOBKU. ToMy mix yac
il MpOeKTyBaHHS 3aKJIaJeHO Pe3ePBHI KaHAIN BUMIPIOBaHHS MMapaMeTpuyHol iHdopmarii.

Karouosi ciioBa: Oe3nioTHHH JIiTaNbHUI anapaT; BEHTWIATODP; aepOJUHAMIUHI XapaKTEPUCTHKHU; Tsra; II0-
TY)KHICTh; EKCIIEPIMEHTAJIbHA yCTAaHOBKA; ITapaMeTp.

Kyauk Mukosa CepriiioBu4 — JOKTOp TEXHIYHUX HaykK, npodecop, mpodecop kadeapyu aBianifHOro Tpanc-
nopty, KuiBcekuit yHiBepcuTeT aBialiiHux Ta iHpopMaLiiHnx Texnonorii, Kuis, Ykpaina.

Kipuy ®enip IBaHOBUY — KaHIUJAT TEXHIYHUX HAYK, JOIEHT, nupekTop ToB. STI Dynamics, Ecnenpkam,
Himeyunna.

Boasincbka Jlapuca I'eopriiBHa — KaHIUIAT TEXHIYHUX HAYK, JOIEHT, KaQeaApH €IeKTPUIHOI iHKeHepii Ta
eHepromammHoOyayBaHHs. HarionansHuit yHiBepcuteT « KHiBChKHI aBiamiiHmiA iHCTUTYT», KuiB, YkpaiHa.

baoiuen IBan I'ennaaifioBuu — acmipanrt, HarioHansHUH aepOKOCMIYHUIA YHIBEPCUTET «XapKiBCHKHA aBia-
HiHHAN THCTHTYT», XapKiB, YKpaina.

Amyxk Odgecs IlerpiBHa — crapmmii BukiIanay kadenpu iHO3eMHUX MOB IpodeciiHoro cupsimyBanHs, Harrio-
HalbHUH yHiBepcuTeT « KMiBChkMi aBianiiHuii iHcTUTYT», KNiB, YKpaina.

Mykola Kulyk — Doctor of Technical Sciences, Professor, Department of Aviation Transport, University of
Aviation and Information Technologies, Kyiv, Ukraine, e-mail: kulykms@gmail.com, ORCID: 0000-0003-2149-
4006,

Fedir Kirchu — PhD (Engineering), Associate Professor, Managing Director, STI Dynamics UG (limited lia-
bility company), Espelkamp, Germany, e-mail: fkirchu@gmail.com, ORCID: 0000-0001-8437-4402.

Larysa Volianska — PhD (Engineering), Associate Professor at the Department of Electrical Engineering and
Power Engineering, National University “Kyiv Aviation Institute”, Kyiv, Ukraine, e-mail: lara.vlv@gmail.com,
ORCID: 0000-0001-9651-8776.

Babichev Ivan — Postgraduate Student, National Aerospace University “Kharkiv Aviation Institute”, Kharkiv,
Ukraine, e-mail: i.babichev@gmail.com, ORCID: 60000-0002-2626-322.

Olesia Yashchuk — Senior Lecturer at the Department of Professional Foreign Languages, National university
“Kyiv Aviation Institute”, Kyiv, Ukraine, e-mail: olesya.yashchuk@gmail.com, ORCID: 0009-0000-6712-3804.



