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STUDY OF IMPELLER DESIGN PARAMETERS EFFECT ON THE AXIAL THRUST
OF A CENTRIFUGAL ELECTRIC PUMP ASSEMBLY
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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.

Keywords: centrifugal pump, pump impeller, axial thrust, spacecraft thermal control subsystem.

NCCJEJOBAHUE BJIIMSIHAA KOHCTPYKTUBHBIX TAPAMETPOB
PABOYET' O KOJIECA HA BEJIMYUHY OCEBOU HAI'PY3KH
HOEHTPOBEKHOI'O SJIEKTPOHACOCHOTI'O AI'PEI'ATA
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B 0annoti cmamve paccmampusaemcs u OYeHUBAEMC sl GIUSHUE HEKOMOPBIX KOHCIMPYKMUGHBIX NAPAMEmMPO8 HA Ge-
JIUYUHY 0CeBOU HAZPY3KU, BOZHUKAIOWEN NPpU pabome 21a6HO20 INEMEHMA AKMUGHOU HCUOKOCHHOU CUCIEMbL MePpMOope-
yauposanus kocmuyeckoeo annapama (KA) — anexmponacocnozo acpecama (OHA). Onucanvl u npoanaiusuposanvl
OCHOBHbIE NPUUUHBL BOZHUKHOBEHUSL OCEBOU HAZPY3KU 8 YEHMPOOEHCHOM HACOCE C «OCEBbLMY NPUHYUNOM KOMHOHOBKU.
Hccnedosanucs KOoHCmpyKmugHbie napamempyl, GIUsIOWUEe HA 6EIUYUHY 0CEBOU HAZPY3KU: NOIONICEHUE paboye2o Koie-
ca omuocumenvho ouggyzopa SHA (nonoscenue 6pib6upanocs u3 pacuema pasmephvix yenelii), Haauyue u pasmep pas-
2PY30UHbIX OMBEPCMUll 6 paboyem Kojece, KOIUYecmeo u Gopma ionacmeil paboyezo Koneca (PaccmMompero Koauye-
cmeo nonacmeti 14 u 16). bviiu cnpoexmuposansvl u uzeomognensvi paboyue xoneca IHA ¢ paznuunvim Koauvecmeom u
Gopmamu nonacmeii. Ilposeden pso KCnNEPUMEHMO8 NO UCCTEO08AHUIO BUAHUA 8CEX NEPEUUCTIEHHBIX NAPAMEMPOB:
usMepenue pacxooHo-HanoOPHuIX XapaKmepucmux U 8eIUUHbl 0CeBOU HAZPY3KU NPU OOCMUNCEHUU ONPEOeNeHHO20 PaC-
xo0a. [ana oyenka 6xknada Kaxncoo2o u3 NepeducieHHviX Napamempos Ha GeIUHUHY 0CEe8Ol HASPY3KU, BO3HUKAIOujell
npu QyHKYUOHUposanuu paboue2o Koieca. bviia nonyuena u npoanaruzuposana ubpouIMepumenbHas uHpopmayus
Ha snexkmpoosueamene (/) PO 63-25-6.3 ¢ ycmarnosnenHviMu noouepeoHo paboyumu Koiecamu. B oannom uccieoo-
6AHUU UCNONB308ANIACH A0OUMUEHAsL mexHoao2ust nedamu DLP 0nis uzeomosiienust paboyux Koiec, Yymo 3HA4umenbHo
yekopuno npoyecc ucnvimanuil. Ilonyuennvie pezyibmamosl cHOCOOCMEYIOM pACUUPEHUIO 3HAHULL O BPOYeccax, npouc-
X00auux 6 pabouem Kouece, NO360ISLIOM OCYUWECMBUNDb bIOOD GLIUENEPEUUCTIEHHBIX NAPAMEMPO8 HA IMANe npoeKmu-
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POBAHUSL, CHOCOOHBIX CHU3UMb GETUYUNY 0CEB0Ul HAZPY3KU, 803HUKaIowell npu pabome yenmpobescnozo IHA ¢ cucme-
me mepmopeynupoganus KA. Pesynomamol dannotl pabomvl cnocobHbl NOGbICUMb HAOENCHOCTND QYHKYUOHUPOBAHUS
KA 60 6ecv cpox akmusnozo cywecmeoganus, NOCKOIbKY NO8bluleHHas ocegas Hazpyska 6 DHA aensemca npuuunou

e20 npedicoedpemMeHHol nomepu padomocnocoOHOCmL.

Krniouesvie crnosa: 146Hmp06€3/CHbllz7 Hacoc, pa60uee KoJleco Hacoca, ocesas HacpysKd, cucmema mepmopecyiuposa-

HUsA KOCMU4YecKoeo annapama.

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 F, and Fy 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 F, and F.

The geometric parameters of the impeller of the stud-
ied EPU are shown in fig. 3.
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Fig. 1. Single-stage centrifugal electric pump unit:
I — electric pump unit housing; 2 — motor; 3 — journal bearing; 4 — impeller

Puc. 1. OnHoctynenyaTsIif neHTpoOekHbIH DHA:
I — xopryc OHA; 2 — anexrpojsurares; 3 — paauaibHble MOMIUIHUKY; 4 — pabouee Ko1eco
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Table 1
Technical parameters of EPU with standard impeller
Parameter name Parameter value
Head (AP), kgf/cm? 0.61
Flow rate (Q), m*/s 110-150
Rotational speed of the electric motor (n), rpm 5800
Power fluid LZ-TK-2
Axial thrust, N >98
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Fig. 2. The direction of the forces in the pump rotor:
A, B — pressured cavities; Pa — rotor top disk area;

Pg— disk with blades area; F's — axial force acting from the top disk;

Fp — axial force acting from the disk with blades

Puc. 2. HanpaBnenue neiicTBus cuil Ha pabouee koseco DHA:
A, B —1oa0CcTH, TIe NeHCTBYET JaBlieHue; P — IUIOMAAb MOKPHIBHOTO

JicKa pabodero koseca; Pp— IUIOIIAAb JUCKA C JIONATKAMU;

F5 — oceBast cuiia, ISHCTBYIOIIAs CO CTOPOHBI IIOKPBIBHOTO JINCKA;
Fy — oceBas cuia, IeWCTBYIOIAst CO CTOPOHBI OCHOBHOTO JHCKA
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Fig. 3. Pump impeller:
B — discharging holes

Puc. 3. PaGouee kosieco Hacoca:
B — pa3rpy304HbIe OTBEpCTHS
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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 (Pg - Sg) = (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 A4, fig. 1), it affects the leakage
through the front seal (q;) and the rear seal (g,), 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 Ne 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 Ne 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 Ne 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/cm’

Parameter name Atmospheric pressure Pressure of 1.2 kgf/cm?
Holes No holes Holes No holes
X=0 | X=04 | X=0 |X=04| X=0 |X=04| X=0 | X=04

Pressurze from the back of the electric motor, 015 01 0.24 0.24 0.05 0.06 0.43 0.423
kgf/em

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, cm’/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, “C 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/cm®

Parameter name Atmospheric pressure Pressure of 1.2 kgf/cm®
Holes No holes Holes No holes
X=0| X=04 | X=0 |[X=04| X=0 |[X=04| X=0 | X=04

Pressurze from the back of the electric motor, 012 007 027 0.28 0.08 0.1 047 0.465
kgf/cm

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/cm® 0.44 0.47 0.47 0.473 0.65 0.65 0.66 0.65
Heat transfer fluid consumption, cm’/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, "C 27.9 29.0 26.3 254 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/cm®

Atmospheric pressure Pressure of 1.2 kgf/cm’
Parameter name Holes No holes Holes No holes
X=0 | X=04 | X=0 |X=04| X=0 |X=04| X=0 | X=04

Pressurze from the back of the electric motor, 0.08 20.03 033 0.346 012 014 052 0.527
kgf/cm

EPU inlet pressure, kgf/cm2 —0.03 —0.005 | 0.002 0.19 0.18 0.19 0.18
EPU outlet pressure, kgf/cm? 0.57 0.6 0.595 | 0.602 0.79 0.78 0.79 0.78
Heat transfer fluid consumption, cm®/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, "C 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 67 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
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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 Ne 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 SA (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 Nel, 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 (AP), Flow rate (Q), m’/s Rotational speed of the Power fluid
kgf/em? electric motor (n), rpm
AMg6M 0.61 110-150 5800 LZ-TK-2
Photopolymer 0.57 112 5800 LZ-TK-2
] |
% ]
7
S 1 — 1
! % N 1
| H
. " .
0 %
— L %/////////////////////////////%
1/ 3 6 5 4
Fig. 4. Measurement circuitry:
1 —sensor; 2 — the rod; 3 — rubber gasket; 4 — motor; 5 — impeller;
6 — inner cavity with power fluid
Puc. 4. Cxema n3mepeHus:
1 — natuuk; 2 — WToK; 3 — pe3uHoBoe yIuloTHeHue; 4 — DJ1; 5 — pabouee korneco;
6 — BHyTpeHHss nonoctb DHA, 3anonnennas LZ-TK-2
Table 6

Test results, discharge holes @ 2.2 mm

Pressure drop, kgf/cm?

Consumption, cm®/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

Puc. 5. Cxema ycraHoBku BubOponpeoOpaszoBareneii Ha 3] DHA

D 25,9

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

Puc. 6. Pabouee koneco ¢ 16 nonmaTkaMy, yKOPOUCHHBIMH
10 CPaBHEHUIO CO ITATHBIM

Table 7
RMS vibration acceleration of the impeller with 16 shortened blades
EPU type Rotation speed, RMS by range RMS by range RMS by range Average RMS vibra-
pm 10-10240 Hz, m/s*> | 10-3200 Hz, m/s> 10-1000 Hz, m/s? tion acceleration,
m/s’ (g)
X Y V4 X Y V4 X Y V4 0.27 (0.026)
Type 2 5900 1.79 | 1.73 | 3.16 | 1.30 | 0.77 | 1.32 | 0.26 | 0.34 | 0.14
Type 1 1.36 | 1.75 | 2.80 | 0.81 | 1.02 | 0.84 | 0.22 | 0.32 | 0.32
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1416

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

Puc. 7. Pabouee xoneco ¢ 14 nonarkamu, yKOpOUCHHBIMU
10 CPaBHEHUIO CO MTATHBIM

|_.. A-A
T b 2,2
— I|
s <
| AU
3
| "
LI fg
' ¥ A
Fig. 8. Impeller with fourteen straight blades
Puc. 8. PabGouee koneco ¢ 14 nmpsMpIMU JIOIIATKAaMU
Table 8
Test results, discharge holes @ 2.2 mm
Pressure drop, kgf/cm? Consumption, cm®/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
EPU type Rotation speed, RMS by range RMS by range RMS by range Average RMS vibra-
pm 1010240 Hz, m/s*> | 10-3200 Hz, m/s*> | 10-1000 Hz, m/s> tion acceleration,
m/s* (g)
X Y Z X Y 4 X Y 4 0.27 (0.026)
Type 2 5900 1.47 | 1.96 | 3.12 | 0.87 | 1.31 | 0.95 | 0.36 | 0.44 | 0.20
Type 1 1.85 | 243 | 293 | 1.01 | 1.51 | 0.74 | 0.23 | 0.31 | 0.27
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Table 10
Test results, discharge holes @ 3.2 mm
Pressure drop, kgf/cm? Consumption, cm®/s Axial force, N (g) Electric motor speed, n, rpm
0.4 162 1.02 (105) 5900

Test results, discharge holes O 2.2 mm

Table 11

Pressure drop, kgf/cm? Consumption, cm®/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
EPU type Rotation speed, RMS by range RMS by range RMS by range Average RMS vibra-
rpm 10-10240 Hz, m/s*> | 10-3200 Hz, m/s> 10-1000 Hz, m/s* tion acceleration,
m/s (g)
X Y Z X Y Z X Y Z 0.41 (0.042)
Type 2 5900 2.79 | 273 | 346 | 223 | 1.73 | 1.19 | 0.40 | 0.56 | 0.28
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Fig. 9. Impeller with 14 long blades
Puc. 9. Pabouee koneco ¢ 14 UIMHHBIMY JIOTIATKAMUA
Table 13

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

discharge holes O 2.2 mm

Pressure drop, kgf/cm? Consumption, cm®/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
EPU type Rotation RMS by range RMS by range RMS by range Average RMS vibra-
speed, 10-10240 Hz, m/s’ 10-3200 Hz, m/s* 10-1000 Hz, m/s> tion acceleration,
rpm m/s® (g)
X Y Z X Y Z X Y Z 0.41 (0.042)
Type 2 5900 373 | 443 | 3.16 | 297 | 3.14 | 1.63 | 0.42 | 0.51 | 0.30
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Table 15
Results of measuring the axial thrust in impellers with different blades
Ne Impeller type Axial thrust, N Ae:;ecrjl%ialjixl? XZﬁa(ﬁg‘;“
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/em®. 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 cm’/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 kgffem’. In the absence of a pressure
of 1.2 kgf/cm?, 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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