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This paper discusses and estimates the effect of some design parameters on the value of axial thrust appearing dur-

ing functioning of the core component of a spacecraft’s (SC) thermal control subsystem – electric pump unit (EPU). The 
major causes of axial forces in centrifugal pumps of in-line arrangement are described and analysed. Design parame-
ters having an effect of axial thrust value are: impeller position relatively to EPU diffuser (position was chosen based 
on dimension chain calculation), presence and size of discharging holes in the impeller, number and shape of impeller 
vanes (numbers of 14 & 16 were considered). EPU impellers with different number and shape of vanes were designed 
and manufactured. A series of experiments was carried out in order to research the effects of all aforementioned pa-
rameters: measurements of head vs flow curves and axial thrust values at given flow values. Each parameter’s contri-
bution in the value of axial thrust appearing during EPU functioning is evaluated. Vibration measurements were ob-
tained and analysed for electric motor DBE 63-25-6.3 fitted with different impellers. In this study, a DLP additive proc-
ess was used for impellers manufacturing, which significantly sped up the tests. Obtained results will extend knowledge 
of processes taking place in EPU impellers, enable choice of the aforementioned parameters at design phase so to 
minimise axial thrust appearing during functioning of a centrifugal EPU of a spacecraft’s thermal control subsystem. 
Outcomes of this study are capable of improving SC reliability at all phases of its life because EPU axial thrust causes 
its premature loss of operability. 
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В данной статье рассматривается и оценивается влияние некоторых конструктивных параметров на ве-

личину осевой нагрузки, возникающей при работе главного элемента активной жидкостной системы терморе-
гулирования космического аппарата (КА) – электронасосного агрегата (ЭНА). Описаны и проанализированы 
основные причины возникновения осевой нагрузки в центробежном насосе с «осевым» принципом компоновки. 
Исследовались конструктивные параметры, влияющие на величину осевой нагрузки: положение рабочего коле-
са относительно диффузора ЭНА (положение выбиралось из расчета размерных цепей), наличие и размер раз-
грузочных отверстий в рабочем колесе, количество и форма лопастей рабочего колеса (рассмотрено количе-
ство лопастей 14 и 16). Были спроектированы и изготовлены рабочие колеса ЭНА с различным количеством и 
формами лопастей. Проведен ряд экспериментов по исследованию влияния всех перечисленных параметров: 
измерение расходно-напорных характеристик и величины осевой нагрузки при достижении определенного рас-
хода. Дана оценка вклада каждого из перечисленных параметров на величину осевой нагрузки, возникающей 
при функционировании рабочего колеса. Была получена и проанализирована виброизмерительная информация 
на электродвигателе (ЭД) ДБЭ 63-25-6.3 с установленными поочередно рабочими колесами. В данном исследо-
вании использовалась аддитивная технология печати DLP для изготовления рабочих колес, что значительно 
ускорило процесс испытаний. Полученные результаты способствуют расширению знаний о процессах, проис-
ходящих в рабочем колесе, позволяют осуществить выбор вышеперечисленных параметров на этапе проекти-
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рования, способных снизить величину осевой нагрузки, возникающей при работе центробежного ЭНА в систе-
ме терморегулирования КА. Результаты данной работы способны повысить надежность функционирования 
КА во весь срок активного существования, поскольку повышенная осевая нагрузка в ЭНА является причиной 
его преждевременной потери работоспособности. 

 
Ключевые слова: центробежный насос, рабочее колесо насоса, осевая нагрузка, система терморегулирова-

ния космического аппарата. 
 
Introduction. Currently, there is a tendency for the 

appearance of Platforms with a thermal power of 8 to 10 
kW on the world market of telecommunication spacecraft 
(SC) [1]. One of the possible options for structural design 
of the thermal control system (TCS) of such Platforms is a 
monophase active TCS with a liquid coolant [2]. 

The most important element of this system is the elec-
tric pumping unit (EPU) [3], which provides continuous 
circulation of the coolant in the heat circuit, providing the 
thermal regime of the target and service equipment. Fail-
safe operation of EPU during the entire active life of the 
spacecraft is a key indicator of the reliability of the entire 
spacecraft. 

For the EPU of centrifugal type, reducing the axial 
thrust acting on the bearing arrangements of the pumps is 
one of the most important tasks of ensuring the long ser-
vice life of the EPU. 

This article presents the results of a study of the effect 
of the design parameters of the impeller of a single-stage 
centrifugal EPU on the axial thrust. 

EPU design. The studied EPU refers to the “axial” 
principle of the layout: the main and standby centrifugal 
pumps are installed on the same axis, while the EPU 
housing is a single monoblock structure for both pumps, 
in which spiral diffusers for each pump are made in one 
piece [4]. In order to meet the high requirements for 
tightness, the pump motors are welded into the EPU hous-
ing through a bimetallic adapter. Fig. 1 shows a single-
stage centrifugal EPU used in experiments in this study. 

The technical parameters of such an EPU are pre-
sented in tab. 1. 

Axial force in EPU. When the pump is started, an ax-
ial force of hydrodynamic origin, shown in fig. 1, begins 
to act on the bearing supports 3 (fig. 1) of the rotor 2. 

The presence of this force affects the durability  
of the bearing supports 3 of the rotor of the electric  
motor 2 (fig. 1). This was confirmed in the course of stud-
ies of bearings that worked out during life tests in the 
electric motor of EPU. Inspection of the rotor bearings 
showed that they have numerous traces of wear in the 
form of dents, traces of friction, traces of metal transfer. 
In the course of metallographic research, it was found that 
these tracks are of a fatigue nature. According to the re-
sults of the study, it was found that the position of the 
wear marks on the rings indicates the presence of an axial 
thrust during the operation of the bearings. According to 
[5], the nature of the formation of axial force is the differ-
ence in pressure values in cavities “A” and “B” between 
the impeller and the casing. The area of the outer surface 
of the main disc under the discharge pressure is larger 
than that of the cover disc, which results in a static pres-
sure force directed towards the inlet funnel. Fig. 2 shows 
the direction of action of forces in the EPU impeller.  
In this case, the difference between FA and FB is always 
directed towards the flow entering the impeller, and  
it is applied to the impeller, and through it to the bearing 
supports of the pump rotor. Thus, based on the nature  
of the formation of the axial force, it follows that  
to reduce it, it is necessary to eliminate the difference 
between FA and FB. 

The geometric parameters of the impeller of the stud-
ied EPU are shown in fig. 3.  

 

 
 

Fig. 1. Single-stage centrifugal electric pump unit: 
1 – electric pump unit housing; 2 – motor; 3 – journal bearing; 4 – impeller 

 
Рис. 1. Одноступенчатый центробежный ЭНА: 

1 – корпус ЭНА; 2 – электродвигатель; 3 – радиальные подшипники; 4 – рабочее колесо 



 
 
 

Авиационная и ракетно-космическая техника 
 

 391

Table 1 
Technical parameters of EPU with standard impeller 

 

Parameter name Parameter value 

Head (ΔP), kgf/cm2 0.61 

Flow rate (Q), m3/s 110–150 

Rotational speed of the electric motor (n), rpm 5800 

Power fluid LZ-TK-2 

Axial thrust, N > 9.8 

 

 
Fig. 2. The direction of the forces in the pump rotor: 

A, B – pressured cavities; РА – rotor top disk area;  
РB – disk with blades area; FA – axial force acting from the top disk;  

FB – axial force acting from the disk with blades 
 

Рис. 2. Направление действия сил на рабочее колесо ЭНА: 
А, B – полости, где действует давление; РА – площадь покрывного  

диска рабочего колеса; РB – площадь диска c лопатками;  
FA – осевая сила, действующая со стороны покрывного диска;  

FB – осевая сила, действующая со стороны основного диска 
 
 

 
 

Fig. 3. Pump impeller:  
B – discharging holes 

 
Рис. 3. Рабочее колесо насоса:  
В – разгрузочные отверстия 
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According to the calculations, the value of the acting 
axial thrust in an EPU of a similar design with an impeller 
without discharge holes is in the range from 1 to 8 N,  
depending on the pressure drop. According to the techni-
cal specifications for the electric motor, in order to ensure 
the required service life, the axial thrust should not  
exceed 8.7 N. In order to increase the service life of the 
bearing supports, we will consider ways to reduce the 
axial force without changing the design of the pump flow 
path and minimal changes in the impeller. 

The influence of the position of the end of the  
impeller relative to the diffuser and the influence of 
the presence of discharging holes. One of the simplest 
ways to reduce the effect of axial force is to drill holes in 
the main impeller disc. Full unloading of the rotor will be 
achieved in the case (PB · SB) = (PA · SA) [5; 6]. 

Taking into account the current design of the pump 
impeller shown in fig. 3, the total area of the discharging 
holes is 9 % of the area of the holes required to com-
pletely unload the rotor from the axial thrust. The position 
of the impeller relative to the spiral bend can affect the 
flow conditions of the working fluid in its vicinity. Each 
position of the impeller corresponds to a radial clearance 
X (remote element A, fig. 1), it affects the leakage 
through the front seal (q1) and the rear seal (q2), shown in 
fig. 2. In accordance with [6], any change in the gap in the 
seals or the nature of the movement in the sinuses causes 
an additional axial force due to the unbalanced part of the 
pressure diagram arising from the impeller geometry. Let 

us check experimentally the pressure values from the rear 
side of the electric motor at different positions of the im-
peller relative to the spiral bend. 

Experiment № 1. Study of the position of the end 
of the impeller relative to the diffuser; discharge 
holes are present. Setting up the experiment: the pres-
sure on the pump impeller is investigated at various 
pressure heads. Pump configuration: the impeller has 
relief holes shown in fig. 3, tests were carried out with 
an electric motor DBE63-25-6.3 by measuring the pres-
sure in the bearing area (on the back of the electric  
motor). The impeller is installed with different clear-
ances X (0 mm and 0.4 mm, see fig. 1) relatively to the 
spiral bend. These clearances are obtained from the cal-
culation of dimensional chains. Fig. 1 shows a fragment 
of the EPU used in the experiment with different clear-
ance X. The assumption is tested that at different clear-
ances different conditions of the flow of the power fluid 
in the EPU impeller are presented, and at X = 0.4 mm 
the pressure on the back side of the impeller will be 
greater will lead to increased axial thrust. During the 
experiment, the flow-pressure characteristics of the EPU 
were measured [7]. 

Experiment № 2. Investigation of the position of 
the end of the impeller relatively to the diffuser, the 
discharge holes are closed. Setting up the experiment: 
similar to experiment № 1, except for the configuration  
of the impeller, since there are discharging holes in it. The 
experimental results are presented in tab. 2–4.  

 
 

Table 2 
Flow-pressure characteristics of EPU, pressure drop is 0.4 kgf/cm2 

 

Atmospheric pressure Pressure of 1.2 kgf/cm2 
Holes No holes Holes No holes 

Parameter name 

Х = 0 Х = 0.4 Х = 0 Х = 0.4 Х = 0 Х = 0.4 Х = 0 Х = 0.4 
Pressure from the back of the electric motor, 
kgf/cm2 

–0.15 –0.1 0.24 0.24 0.05 0.06 0.43 0.423 

EPU inlet pressure, kgf/cm2 –0.08 –0.05 –0.05 –0.05 0.13 0.13 0.14 0.129 

EPU outlet pressure, kgf/cm2 0.32 0.35 0.35 0.35 0.53 0.53 0.54 0.529 

Heat transfer fluid consumption, cm3/s 0.32 0.35 0.35 0.35 0.53 0.53 0.54 0.529 

Consumption current, A >225 >225 228 >220 >225 >225 >228 >220 

Heat transfer fluid temperature, ˚С 1.39 1.36 1.33 1.28 1.4 1.37 1.34 1.28 

 
 
 

Table 3 
Flow-pressure characteristics of EPU, pressure drop is 0.5 kgf/cm2 

 

Atmospheric pressure Pressure of 1.2 kgf/cm2 
Holes No holes Holes No holes 

Parameter name 
 

Х = 0 Х = 0.4 Х = 0 Х = 0.4 Х = 0 Х = 0.4 Х = 0 Х = 0.4 
Pressure from the back of the electric motor, 
kgf/cm2 

–0.12 –0.07 0.27 0.28 0.08 0.1 0.47 0.465 

EPU inlet pressure, kgf/cm2 –0.06 –0.03 –0.03 0.027 0.15 0.15 0.16 0.15 
EPU outlet pressure, kgf/cm2 0.44 0.47 0.47 0.473 0.65 0.65 0.66 0.65 
Heat transfer fluid consumption, cm3/s 199 196 189 182 202 194 194 180 

Consumption current, A 1.25 1,21 1.14 1.09 1.26 1.21 1.16 1.08 

Heat transfer fluid temperature, ˚С 27.9 29.0 26.3 25.4 28.4 29.8 27.0 26.2 
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Table 4 
Flow-pressure characteristics of EPU, pressure drop is 0.6 kgf/cm2 

 

Atmospheric pressure Pressure of 1.2 kgf/cm2 
Holes No holes Holes No holes Parameter name 

 
Х = 0 Х = 0.4 Х = 0 Х = 0.4 Х = 0 Х = 0.4 Х = 0 Х = 0.4 

Pressure from the back of the electric motor, 
kgf/cm2 

–0.08 –0.03 0.33 0.346 0.12 0.14 0.52 0.527 

EPU inlet pressure, kgf/cm2 –0.03 0 –0.005 0.002 0.19 0.18 0.19 0.18 

EPU outlet pressure, kgf/cm2 0.57 0.6 0.595 0.602 0.79 0.78 0.79 0.78 

Heat transfer fluid consumption, cm3/s 121 122 116 95 121 119 114 94 

Consumption current, A 1.01 0.99 0.93 0.83 1.02 0.99 0.92 0.83 

Heat transfer fluid temperature, ˚С 28.0 29.2 26.4 25.6 28.2 29.9 27.1 26.3 

 
 
Let us compare the results obtained for different val-

ues of the clearance X and the presence or absence of 
relief holes. Comparison will be applied to the value of 
pressure from the rear side of the electric motor, since the 
axial force arises from the pressure difference on both 
sides of the impeller, and the value of the axial force itself 
is characterized by the integral of pressure. 

Study of the influence of the number and shape of 
the impeller blades. According to [8], the number of 
impeller blades should be 6–7 in order to obtain a stable 
flow-pressure characteristic. In accordance with [9], the 
rational number of blades for a low-flow pump is 4–6. 
The pressure pulsations excited during the operation of 
the EPU cause pressure fluctuations in adjacent cavities, 
thereby affecting the direction, magnitude and nature of 
the axial force. It was found that the geometrical and op-
erating parameters have a significant effect on the fre-
quency spectrum and amplitude of pressure pulsations [9]. 
It is assumed that an increase in the number of  
blades leads to a more uniform distribution of speeds in 
the impeller, which will entail a decrease in pressure pul-
sations, which will cause a change in the nature of the 
movement of the liquid in the impeller. The task was to 
determine the effect of the number of blades on the axial 
thrust. 

In this part of the experiment, additive technologies 
were used. They allowed to reduce test time due to the 
rapid production of various solutions. A printer with DLP 
printing technology was used. The principle of operation 
of which consists in gradual hardening along the sections 
of the part by illuminating the photopolymer with ultra-
violet light. This technology made it possible to manufac-
ture EPU impellers without using additional soldering 
operations, which positively affected the time spent on the 
production of experimental parts [10]. Of all the available 
printing technologies, this one is the most suitable be-
cause it allows the complex geometry of the impeller. The 
printing error is equal to the error of a milling machine, 
on which such impellers are usually manufactured. In 
addition, this technology does not require auxiliary ele-
ments for printing (support), which are necessary when 
using, for example, FDM technology, which decisively 
affects the quality of the resulting part. For further confi-
dence in the results obtained using this technology, an 

experiment was carried out. Measurements of flow-
pressure characteristics and axial thrust were carried out 
for an impeller made of standard material (AMg6M) and 
an impeller of a similar design made of photopolymer, the 
results are presented in tab. 5. 

It can be concluded that the impeller made of photo-
polymer shows flow-pressure characteristics lower than 
the impeller made of standard material, presumably due to 
the absence of sharp edges. However, we assume that this 
convergence is considered acceptable for a quick check of 
design solutions. 

Experiment № 4. Investigation of the influence of 
the number of blades on the value of the axial force 
arising during the operation of the impeller in the 
EPU. With the help of the CAD - system, 3D models of 
EPU impellers were designed, presented below [11–15]. 
The shape of the blades was chosen on the basis of ex-
perimental experience, it provides the necessary blade 
frequency and allows you to obtain the flow-pressure 
characteristics presented in tab. 1. This result is the most 
suitable for the work of EPU. The subject of research in 
this work is the axial thrust arising from the functioning 
of the investigated impellers. The measurements were 
carried out using the setup shown in fig. 4, alternately in 
two types of enclosures shown in fig. 5. Vibration meas-
uring information was obtained and analyzed on the elec-
tric motor DBE 63-25-6.3 with alternately installed impel-
lers. Nominal parameters of EPU: the rotor speed of the 
electric motor during all tests was 5900 rpm. When regis-
tering vibration accelerations, the transducers were in-
stalled in accordance with fig. 5. 

Registration of vibration acceleration signals was car-
ried out using a set of means for multichannel recording 
of vibration parameters based on an LMS SCADAS Mo-
bile measuring amplifier with the following recording 
parameters: 

1) signal recording bandwidth – from 7 to 10240 Hz; 
2) registration mode – continuous; 
3) recording duration – 30 minutes; 
4) sampling rate – 20480 Hz; 
5) the sensor provides a three-axis measurement; 
6) start mode – manual. 
Signal processing was carried out using software 

LMS.Test.Xpress 5A (during signal recording) in order to 
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obtain the root mean square value (RMS) of vibration 
acceleration. 

The cavity in which the impeller is located is filled 
with the power fluid LZ-TK-2. An axial force is created 
from the side of sensor 1. The electric motor is switched 
on. As the readings of the axial force on the sensor in-
crease, it is gradually increased until it stops increasing or 
decreasing. When the force stops increasing, it means that 
the axial thrust from the sensor side is equal to the force 
from the impeller. The resulting value is the axial force 
acting from the impeller. 

The axial thrust was measured under the following 
conditions: 

1) the same flow path of the pump; 
2) electric motor DBE 63-25-6.3; 
3) the same position of the impellers relative to the 

spiral bend, discharging holes are present (in accordance 
with the calculation of dimensional chains X = 0). The 
choice is due to the result of experiment №1, according to 
which, at X = 0 and the presence of discharging holes, the 
pressure on the rear side of the electric motor decreased 
from 4 to 8 times; 

4) power fluid LZ-TK-2. 

Consider the options for the tested impellers. 
16 blades, shortened in comparison with the ones 

of a standard impeller in fig. 2, axial thrust balancing 
discharging holes are present. Tab. 6, 7 show the test 
results of the impeller shown in fig. 6. 

Impeller with 14 blades, which are shortened com-
pared to the standard one, discharge holes for axial 
thrust compensation are present. Tab. 8–10 show the 
test results of the impeller shown in fig. 7. 

Two tests were carried out: 
1) discharge holes with a diameter of 2.2 mm; 
2) discharge holes with a diameter of 3.2 mm. 
After obtaining the results given in table 8, it was de-

cided to widen the discharging holes in order to verify the 
calculations, according to which, with an increase of the 
discharging holes to a diameter of 3.2, the value of the 
axial thrust will decrease by 38 %. 

Impeller with 14 straight blades. Tab. 11, 12 show 
the test results of the impeller shown in fig. 8. 

Impeller with 14 long blades. Tab. 13, 14 show the 
test results of the impeller shown in fig. 9. 

Tab. 15 shows the results of measuring the axial thrust 
in the impellers above. 

 
 

Table 5 
Flow-pressure characteristics of an AMg6M impeller and a photopolymer impeller of a similar design 

 

Impeller material Head (ΔP), 
kgf/cm2 

Flow rate (Q), m3/s Rotational speed of the 
electric motor (n), rpm 

Power fluid 

AMg6M 0.61 110–150 5800 LZ-TK-2 
Photopolymer 0.57 112 5800 LZ-TK-2 

 
 

 
 

Fig. 4. Measurement circuitry: 
1 – sensor; 2 – the rod; 3 – rubber gasket; 4 – motor; 5 – impeller;  

6 – inner cavity with power fluid 
 

Рис. 4. Схема измерения: 
1 – датчик; 2 – шток; 3 – резиновое уплотнение; 4 – ЭД; 5 – рабочее колесо;  

6 – внутренняя полость ЭНА, заполненная LZ-TK-2 
 
 

Table 6 
Test results, discharge holes Ø 2.2 mm 

 

Pressure drop, kgf/cm2 Consumption, cm3/s  Axial force, N (g) Electric motor speed, n, rpm 

0,4 189 2.8 (290) 5900 
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Fig. 5. Installation diagram of vibration transducers on the EPU electric motor 
 

Рис. 5. Схема установки вибропреобразователей на ЭД ЭНА 
 
 
 

 
 

Fig. 6. Impeller with sixteen blades. The blades are shortened  
in comparison to the ones of a standard impeller 

 
Рис. 6. Рабочее колесо с 16 лопатками, укороченными  

по сравнению со штатным 
 

 
Table 7 

RMS vibration acceleration of the impeller with 16 shortened blades 
 

RMS by range 
10–10240 Hz, m/s2 

RMS by range 
10–3200 Hz, m/s2 

RMS by range 
10-1000 Hz, m/s2 

Average RMS vibra-
tion acceleration, 

m/s2 (g)  

EPU type Rotation speed, 
rpm 

 

X Y Z X Y Z X Y Z 

Type 2 1.79 1.73 3.16 1.30 0.77 1.32 0.26 0.34 0.14 

Type 1 

5900 

1.36 1.75 2.80 0.81 1.02 0.84 0.22 0.32 0.32 

0.27 (0.026) 
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Fig. 7. An impeller with fourteen blades. The blades are shortened  
in comparison to the ones of a standard impeller 

 
Рис. 7. Рабочее колесо с 14 лопатками, укороченными  

по сравнению со штатным 
 
 

 

 
Fig. 8. Impeller with fourteen straight blades 

 
Рис. 8. Рабочее колесо с 14 прямыми лопатками 

 
 

Table 8 
Test results, discharge holes Ø 2.2 mm 

 

Pressure drop, kgf/cm2 Consumption, cm3/s Axial force, N (g) Electric motor speed, n, rpm 

0.4 189 1.66 (170) 5900 

 
 
 

Table 9 
RMS vibration acceleration of the impeller with 14 shortened blades 

 

RMS by range 
10–10240 Hz, m/s2 

RMS by range 
10–3200 Hz, m/s2 

RMS by range 
10–1000 Hz, m/s2 

Average RMS vibra-
tion acceleration, 

m/s2 (g) 

EPU type Rotation speed, 
rpm 

 

X Y Z X Y Z X Y Z 

Type 2 1.47 1.96 3.12 0.87 1.31 0.95 0.36 0.44 0.20 

Type 1 

5900 

1.85 2.43 2.93 1.01 1.51 0.74 0.23 0.31 0.27 

0.27 (0.026) 
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Table 10 
Test results, discharge holes Ø 3.2 mm  

 

Pressure drop, kgf/cm2 Consumption, cm3/s Axial force, N (g) Electric motor speed, n, rpm 

0.4 162 1.02 (105) 5900 

 
 

Table 11 
Test results, discharge holes Ø 2.2 mm 

 

Pressure drop, kgf/cm2 Consumption, cm3/s Axial force, N (g) Electric motor speed, n, rpm 

0.4 227 2.69 (275) 5900 

 
 

Table 12 
RMS vibration acceleration of the impeller with 14 straight blades 

 

RMS by range 
10–10240 Hz, m/s2 

RMS by range 
10–3200 Hz, m/s2 

RMS by range 
10–1000 Hz, m/s2 

Average RMS vibra-
tion acceleration, 

m/s2 (g) 

EPU type Rotation speed, 
rpm 

 
X Y Z X Y Z X Y Z 

Type 2 5900 2.79 2.73 3.46 2.23 1.73 1.19 0.40 0.56 0.28 

0.41 (0.042) 

 
 

 
Fig. 9. Impeller with 14 long blades 

 
Рис. 9. Рабочее колесо с 14 длинными лопатками 

 
 

Table 13 
Flow and pressure characteristics, axial thrust of impeller with 14 long blades,  

discharge holes Ø 2.2 mm 
 

Pressure drop, kgf/cm2 Consumption, cm3/s Axial force, N (g) Electric motor speed, n, rpm 

0.42 210 > 2.69 (> 275) 5900 

 
 

Table 14 
RMS vibration acceleration of the impeller with 14 long blades 

 

RMS by range 
10–10240 Hz, m/s2 

RMS by range 
10–3200 Hz, m/s2 

RMS by range 
10–1000 Hz, m/s2 

Average RMS vibra-
tion acceleration, 

m/s2 (g) 

EPU type Rotation 
speed, 
rpm 

 
X Y Z X Y Z X Y Z 

Type 2 5900 3.73 4.43 3.16 2.97 3.14 1.63 0.42 0.51 0.30 

0.41 (0.042) 
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Table 15 
Results of measuring the axial thrust in impellers with different blades 

 

№ Impeller type Axial thrust, N 
Average RMS vibration  

acceleration, m/s2 (g)  

1 16 short blades 2.84 0.27 (0.026) 

2 14 short blades 1.66/1.02 0.30 (0.029) 

3 14 straight blades 2.69 0.41 (0.042) 

4 14 long blades > 2.69 0.41 (0.042) 

 
 
Conclusion. With the same clearance and only from 

the presence of discharge holes, the value of the pressure 
acting from the rear side of the electric motor decreased 
approximately 2–3 times in the absence of pressure  
and up to four times in the presence of pressure  
of 1.2 kgf/cm2. The introduction of discharging holes  
for reducing the magnitude of the axial force acting  
in the electric pump unit is a widespread measure due  
to its simplicity and efficiency, which is confirmed by this 
experiment. 

There was no change in the magnitude of the pressure 
on the rear side of the electric motor when the clearance 
X was changed from 0 to 0.4. However, there is a small 
change in flow rate (from 7 to 21 cm3/s) when the clear-
ance X changes from 0 to 0.4 in the case of holes present. 
A similar phenomenon was not detected in the case of the 
absence of discharge holes. 

When comparing the case with the presence of dis-
charge holes and a clearance of X = 0 (case 1) with the 
case of the absence of discharge holes and a clearance  
of X = 0.4 (case 2), it was revealed that the pressure on 
the back of the electric motor decreased from 4 to 8 times 
in case 1 compared with case 2 in the presence of pressure 
of 1.2 kgf/cm2. In the absence of a pressure  
of 1.2 kgf/cm2, the pressure from the rear side of the elec-
tric motor decreased from 1.5 to 4 times. 

The size of the discharge holes affects the amount of 
axial force that occurs when the impeller operates. With 
an increase in the diameter of the discharge holes by  
45 %, the magnitude of the axial force decreased by 62 %. 
A further increase in the diameter of the discharge open-
ings is considered impractical due to the increase in head 
losses. 

According to the results of the analysis of vibration 
measurement information, for impellers with a different 
number of blades of the selected shape, the amplitudes  
of peaks above 1000 Hz prevail in the vibration accelera-
tion spectra. This value is the most suitable for EPU  
operation. 

With an increase in the number of blades from 14  
to 16, the axial thrust increased by 4 %. 

When changing the shape of the blade to a straight 
line (variant 3 of tab. 15), the value of the axial force  
increased by 62 %. 

According to the results of the analysis of vibration 
measurement information for impellers with a different 
number of blades of the selected shape, the amplitudes of 
peaks above 1000 Hz prevail in the vibration acceleration 
spectra. This result is most suitable for the work of EPU. 

The vibration acceleration spectra also show a significant 
predominance of the peak amplitudes in the range above 
1000 Hz. The minimum parameters of the RMS vibration 
acceleration module are observed for the impeller with  
16 short blades. 

The use of additive DLP printing technology in this 
study significantly accelerated the testing process.  
Impellers made of photopolymer have flow-pressure 
characteristics close to those of impellers made of stan-
dard material. 
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