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THE INFLUENCE OF THE IMPELLER DESIGN FEATURES
ON THE COMBINED OPERATING PROCESS OF THE TORQUE-FLOW PUMP

Purpose. Evaluation of the effect of changing the width of the impeller blades on the characteristics of a torque-flow pump.
Searching for the optimal blade extension into the free chamber of the pump. A torque-flow pump of the “Turo” type SVN 500/32

was chosen as the subject of the research work.

Methodology. A number of numerical experiments were conducted to determine the flow structure in the flowing part of a torque-
flow pump. The width of the impeller blade was chosen as a variable. Numerical experiments were carried out using the ANSYS CFX
software package. The integral parameters of the researched pump were determined in order to build the integral characteristics.

Findings. The structure of the general flow and toroidal vortex was studied and analyzed in the torque-flow pump. A flow model was
built in a torque-flow pumps with basic and modernized design. A relationship between the parameters of the pump and the change in
the impeller blade width was found. The width of the impeller blade was changed in the range from A_;, = =20 to A, = +100 mm.

Originality. The paper researched the effect of additional hydraulic losses caused by the mismatch between the center of the
toroidal vortex and the edges of the impeller blades on the integral characteristics of the torque-flow pump.

Practical value. A significant increase in the operating parameters of the “Turo” type torque-flow pump was achieved with the
help of modernization of the impeller design. This allows expanding the range of the pump’s operation. At the same time, it is not

required to replace such expensive elements as the pump casing.

Keywords: torque- flow pump, Ansys CFX, toroidal vortex, vortex operating process, bladed operating process

Introduction. Currently, transportation of mineral raw ma-
terials and products of their processing is one of the most en-
ergy-consuming industries [1, 2]. Thus, modernization and
improvement of the efficiency of operated equipment of hy-
draulic pipeline transport is one of the priority tasks of indus-
try [3].

Centrifugal pumps have become widely used for pumping
water or other pure liquids. Nevertheless, there is often a need
to pump liquid containing solid or gaseous inclusions, suspen-
sions of high viscosity, mixtures with sand, fibrous inclusions
and other contaminated liquids.

One of the ways to resolve this problem is using torque-flow
pumps, which are characterized by a semi-open impeller in-
stalled in the rear part of the pump casing. According to it, an
enlarged free camera appears in front of the impeller. This de-
sign feature allows torque-flow pumps to transport liquids con-
taining significant concentrations of solid or gaseous inclusions,
with a reduced probability of clogging of their flowing parts.
Thus, the fields of application of torque-flow pumps cover a
wide range of industry from wastewater transportation to the
food industry. However, the hydraulic efficiency of torque-flow
pumps is lower, compared to conventional centrifugal pumps
(pump efficiency does not exceed n = 0.63) [4, 5].

The effect of changing the width of the impeller blade on
the characteristics and structure of the flow in the torque-flow
pump flowing part was researched in papers [6, 7] in order to
increase its efficiency and head. The solution to this issue is
urgent, since the efficiency of torque-flow pumps of the
“Turo” type decreases sharply in the areas of low (n,< 60) and
high specific speed (n, > 140) [8, 9].

Literary review. The issue of modernizing and increasing
the efficiency of hydraulic pipeline transport equipment is one
of the priority tasks of the modern industrial sphere. Thus,
there is a need of modernizing and improving the design of
torque-flow pumps.

Cutting the impeller of a torque-flow pump is one of the
effective methods for changing the parameters of the pump,
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because it affects not only on the impeller characteristics itself,
but also leads to a change in the free chamber size (the gap
between the rotor blades and the casing wall). In relation to
torque-flow pumps of the “Seka” type the method can be used
for decreasing impeller blade width by means of its cutting.
The maximum cutting of the blade should not exceed 10 %
[10, 11], because it can be accompanied by a constant decrease
in the pump head and efficiency.

Cutting every other blade of the impeller, i.e. the transition
to an analogue of a two-tiered impeller in a centrifugal pumps,
leads to increasing pump head and efficiency and reaches a
maximum when the length of the short blades is approximate-
ly half of the length of long blades. In this case, the pump ef-
ficiency can increase up to 2—3 % [12].

Another method for reaching the demanded parameters of
torque-flow pumps is extending of the impeller into the free
chamber. This method can be used for torque-flow pumps of
the “Turo” type. At the same time, the maximum increase in

the head (H = 1.15) and efficiency (n = 0.535) is observed
when the impeller is fully extended to the free chamber. Ac-
cording to this way, the pump becomes “Seka” design scheme
analog. When the impeller is extended to the free chamber, the
efficiency increases, which can be justified by increasing of the
intensity of the flow and decreasing of hydraulic losses during
the rotation of the liquid in the pump free chamber. At the
same time, the best-efficiency point (BEP) mode of the pump
operation shifts towards higher flow rates [12].

Modernization of torque-flow pumps by replacing the im-
pellers with straight blades for similar ones with profiled blades
is described in research studies [4, 5]. This method allows in-
creasing the energy efficiency of the pump up to 4—5 % and at
the same time does not require replacement of such expensive
elements as the pump casing. Also, the impeller with profiled
blades has significantly better integral characteristics while
pumping liquids with inclusions [8].

Designing the impeller with winglets allows increasing the
head and efficiency of torque-flow pumps [13, 14]. However, it
should be noted that in these papers, experiments were carried
out during pumping pure water, while these modifications may
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lead to deterioration of the pump’s ability of contaminated lig-
uids transporting [ 15, 16].

Theoretical research. The entire operating process of a torque-
flow pump can be conditionally divided into several components
|8]. After the liquid enters through the suction nozzle, the flow is
divided into two main parts. One of its components forms a flow-
ing stream and is directed into the pressure nozzle. The second
component, having passed through the impeller interblade chan-
nels, continues to circulate in the flowing part and forms a toroi-
dal vortex (Fig. 1). This vortex, so-called “liquid blade”, is re-
sponsible for transferring the energy to the flowing stream, which
does not directly interact with the blades of the impeller.

It should be noted that the maximum theoretically achiev-
able efficiency of the vortex operating process is equal to 0.5,
and the maximum theoretically achievable efficiency of the
blade operating process is 1.0, which explains the relatively low
overall efficiency of torque-flow pumps.

Torque-flow pumps of “Turo” type with a high specific speed
n, are characterized by a design with an impeller blade width
smaller than the width of the free chamber (orange line in Fig. 1).

At the same time, the center of the toroidal vortex is lo-
cated in the free chamber. The asymmetry of the mutual loca-
tion of the blades and the vortex leads to the deformation of'it,
since in the area between the edge of the blade and the center
of the toroidal vortex, there is an interaction of the liquid and
the flow. It leads to changing of a toroidal vortex shape. This is
the reason for the appearance of additional hydraulic losses in
the pump flowing part [17, 18].

Impeller overall diameter cutting (red line in Fig. 1) leads
to additional increasing of the vortex operating process role and
decreasing of the blade operating process role. The location of
the blades edges far from the center of the toroidal vortex is the
cause of its significant deformation and, as a result, decrease in
the overall efficiency of the torque-flow pump |7, 8].

The location of the center of the toroidal vortex directly on
the edge of the blades (the blue line in Fig. 1, which corresponds
to Ab, ~ +30 mm — the design parameters of the pump under
research will be described in more details in section 3) allows
avoiding deformation of the vortex at the impeller outlet. At the
same time, the circular velocity of the transverse vortex increas-
es, and the cyclicity of the vortex also increases. In this way, the
energy transfer of the liquid flow is optimized, which leads to
increasing of the modernized pump head and efficiency.

With a slight further expansion of the blade to a value b,
greater than the width of the pump free chamber (green line in
Fig. 1), which corresponds to Ab, ~ +50 mm, the center of the
toroidal vortex is located in the area of the impeller interblade
channels, which is typical for torque-flow pumps with a low spe-
cific speed n,. Thus, two simultaneous processes are observed:

- firstly, the share of the blade operating process increases
and the part of the liquid can directly pass from the impeller to
the discharge nozzle under the action of centrifugal forces. At

Energy is not
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of the work process

Fig. 1. Diagram of a toroidal vortex in a torque- flow pump

the same time, the head, that is the specific energy of the lig-
uid, and the efficiency of the torque-flow pump increase;

- secondly, the deformation of the toroidal vortex, the reverse
of the one described above, appears. This is due to the fact, that
in the area between the center of the toroidal vortex and the
blades edges (the area between the blue and green lines in Fig. 1)
the liquid tries to move from the periphery to the axis of the
pump. However, the action of centrifugal forces is directed liquid
in the opposite direction, from the center to the periphery. This
is the reason for the additional hydraulic losses’ appearance.

In the area near the toroidal vortex center, where there is
an extremely complex movement with intensive mixing of lig-
uid layers, energy is practically not supplied. Therefore, when
the blades edges slightly protrude beyond the center of the to-
roidal vortex, negative phenomena plays only a minor role.

With an additional increase in the blade width (b,), the afore-
mentioned phenomena increase. The part of the blade operating
process becomes predominant. Thus, the torque-flow pump ac-
tually turns into a centrifugal pump with a semi-open impeller.
This type pumps have significantly higher efficiency and head
compared to torque-flow pumps [19]. Nevertheless, the area
from the center of the toroidal vortex to the edges of the impeller
blades (shaded area in Fig. 1) is the area of significant hydraulic
losses since the direction of fluid movement in the toroidal vortex
and the direction of action of centrifugal forces are opposite.

Used Calculated Methods. Model of the researched pump.
Parameters of the pump model. The torque-flow pump SVN
500/32 was chosen as the subject of the research (Fig. 2). The
flow rate at the BEP mode is 500 m3/h, the estimated head is
32 m of water column, shaft rotation frequency is 1500 rpm.
The geometric parameters of the basic model of this pump, ob-
tained using engineering calculations, are listed in the Table.

Modernization of the flowing part of the pump. Moderniza-
tion of the pump flowing part took place due to changing the
impeller blades width b, (Fig. 3). The research was conducted
in the range from A,,;, = =20 to A, = +100 mm.

At the same time, the other geometric parameters remain
absolutely unchanged. This makes it possible to obtain the de-
pendence of the integral characteristics changing of the
torque-flow pump exclusively on the impeller blade width b,.

Preparation for conducting numerical research. In order to
conduct numerical research, a model of the flowing part of the
researched pump was built using SolidWorks software. It, in
turn, was divided into two parts: stator (pump casing) and ro-
tor (impeller).

The construction of the calculation grid was carried out
using the ICEM CFD package. That allowed obtaining an un-
structured calculation grid. The entire area was firstly divided
into cells in the form of a tetrahedron, followed by quality con-
trol and smoothing. Then the wall layers of prismatic cells
were built (Fig. 4).

The calculation grid parameters are the next: the number of
elements of stator is 1 million cells and the number of elements
of rotor is 2.2 million cells. As a result of conducting a test to
avoid the influence of grid density on calculation results, it was

0,395

Fig. 2. Design of the flowing part of the researched pump
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Table
Geometrical parameters of the flowing part of the researched
pump
The relative ‘The relative The relative The
outer diameter of the .
. . width of the number of
diameter of inlet of the .
. . impeller blade blades
the impeller impeller
A ~_D - _b
D = ) N
, mm D, Az b D,
1 0.2 0.16 6
The relative The relative The relative Specific
width of the diameter of the | diameter of the speed
free chamber | suction nozzle | discharge nozzle
7:B D :Dxuc 7_:Ddis
B /D2 l)xuc D2 D dis [)2 n
0.28 0.38 0.32 155

a b c

Fig. 3. Scheme of the flowing part of the pump:
a — with a reduced width of the impeller blade; b — with a standard

width of the impeller blade width; ¢ — with an increased width of
the impeller blade

determined that further thickening of the calculation grid has
almost no effect on the obtained experimental results.

The calculation model was created in the CFX-Pre pack-
age. The standard k-¢ model of turbulence was used to com-
plete the Reynolds equations, as it has proven itself well in the
calculation of internal flows, has a relatively low resource in-
tensity, and is characterized by high accuracy of results in the
research on torque-flow pumps [20].

The mass flow rate was set as a boundary condition at the
inlet of the calculation area. The inlet boundary is placed at a
sufficient distance from the edge of the blade.

Static pressure was set as a boundary condition at the out-
let of the calculation area, since in the future, all studies and
comparisons were carried out using relative values.

Research plan. The aim of the research is to identify the influ-
ence of the blade width of the impeller on the characteristics of
the torque-flow pump. Thus, it was decided to conduct a series
of researches with a gradual change of the impeller blade width
in the range from cutting the blade by 20 mm to the correspond-
ing extension by 100 mm. In order to build integral characteris-
tics, research on the torque-flow pump operation was carried
out in the flow rate range from Q,i, = 0.70,0,n t0 Opax = 1.20,10m-

a b

Fig. 4. Topology of the calculation grid of the rotor (a) and the
stator (b) elements

The numerical research was carried out using the ANSYS
CFX software package.

Analysis of the obtained results was carried out in graphic
and numerical forms. The graphic form consists in the study of
the flow inside the flowing part, in particular, the analysis of
the fluid flow line, and the process of their evolution depend-
ing on the shape of the impeller. The numerical form allows
finding the main necessary numerical parameters (for exam-
ple, head, efficiency, etc.).

For the graphical analysis of the results, 4 planes perpen-
dicular to the pump axis (Fig. 5), where there were liquid flow
lines, were chosen:

Plane I — at a distance of 5 mm from the front wall of the case.

Plane I — in the center of the free chamber.

Plane 111 — at a distance of 5 mm from the cylindrical bore
of the pump casing.

Plane IV — at a distance of 5 mm from the impeller disk.

Analysis of the results of the numerical research. Based on the
obtained results of the numerical research, the dependencies of
the efficiency and head of the torque-flow pump were construct-
ed at different values of the blade width of the impeller (Fig. 6).

Let us analyze the most characteristic areas.

Impeller of the basic construction. The process of transfer-
ring energy from the impeller to the liquid inside the torque-
flow pump can be conditionally divided into two stages. First-
ly, the fluid flows from the suction nozzle to the impeller,
where energy is transferred from the blades to the toroidal vor-
tex. A certain part of the liquid directly flows from the inter-
blade channels of the impeller to the pressure nozzle of the
pump. At the second stage, the energy is transferred from the
toroidal vortex to the flowing stream. In this case, the toroidal
vortex acts as a so-called “liquid blade”, which, as a result of
the force interaction with the flowing stream, transfers to it
some moment of the motion amount (Fig. 7).

In the researched pump of the basic construction, the im-
peller blade width b, is smaller than the width of the free cham-
ber B. This feature is typical for torque-flow pumps of the
“Turo” type with a high specific speed #,. At the same time, the
share of the vortex operating process prevails over the blade op-
erating process, which is one of the reasons for the relatively
low efficiency of the torque-flow pump (the maximum theo-
retically achievable efficiency of the vortex operating process is
approximately equal to 0.5, and that of the bladed is 1).

Thus, at the OPT mode, we get:

Head: Hj, =32.3m;

Efficiency: nj,, =0.34.
Another reason for decreasing the efficiency is the defor-
mation of the toroidal vortex caused by the asymmetry of its

/
|
| | |
|
|
|
|
|
|
|

a

Fig. 5. Control plane selection plan
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Fig. 6. Dependence of pressure and efficiency on the impeller
blade width

Fig. 7. Distribution of flow lines in the pump of the basic design
Ab,=0mm

location relative to the blade of the impeller. Due to the fact,
that the center of the vortex is in the free chamber, there is an
uneven force interaction with the blades, which leads to the
appearance of additional hydraulic energy losses.

Modified impeller Ab, = —20 mm. While cutting the impel-
ler along the front end of the blades, decreasing efficiency and
head is observed.

At the OPT mode, we get:

Head: H,,’ =22.2m;

Efficiency: n,,, =0.27.

This is due to the fact that when the blade width is re-
duced, the force interaction with the fluid flow and, accord-
ingly, the amount of energy that can be transferred from the
impeller to the flow is weakened.

Since the entire impeller is located in the depth of the cy-
lindrical bore of the pump casing, the blade operating process
becomes less pronounced. As a result, a vortex operating pro-
cess becomes dominant. According to this, the “liquid vane”
serves as the only source of energy for the flow. Also, the num-
ber of cycles of rotation of the liquid with a toroidal vortex be-
fore it reaches the pressure nozzle increases.

Nevertheless, the direction of the vortex movement of the lig-
uid almost completely coincides with the direction of centrifugal
forces action, which positively affects the development of the vor-
tex operating process in the pump flowing part. The toroidal vor-
tex itself moves to the cylindrical bore of the pump casing (Fig. 8).

An increase in the intensity of the vortex motion in the
flowing part leads to a weakening of the flow and, as a result,
the BEP mode shifts towards smaller flow rates.

Modified impeller Ab, = +30 mm. With increasing the im-
peller blade width in the range Ab, = 0—+30 mm, a smooth
increasing of the head and efficiency of the torque-flow pump
is observed.

Thus, with Ab, =+30 mm, we get:

Head: H*®=36.6m;

opt

Efficiency: n;, =0.38.

The main reasons for this growth are more efficient energy
transfer to the “liquid blade”. The center of the toroidal vortex
is located directly on the edge of the impeller blade, which en-
sures the minimization of hydraulic energy losses due to the
asymmetric location of this vortex relative to the blade and
eliminates its deformation (Fig. 9).

The partial location of the impeller in the free chamber of
the pump increases the role of the blade operating process.
Since the centrifugal forces are now strong enough to move the
flowing stream directly to the discharge nozzle, it leads to flow
rate increasing and decreasing of the number of liquid rotation
cycles in the pump free chamber.

Modified impeller Ab, = +50 mm. While the width of the im-
peller blade is further increased (Fig. 10) in the range Ab, =
=+430—+50 mm, a rapid increasing of the head value is observed:

Head: H?' =44.6m;

opt

Efficiency: 0y = 0.40.

The main reason is increasing of the share of the blade op-
erating process and, accordingly, decreasing of the share of the
vortex operating process in the overall operating process of the
torque-flow pump.

This process is accompanied by the displacement of the
center of the toroidal vortex in the interblade channels of the
impeller, as shown in Fig. 1. As a result, some additional hy-
draulic losses appear. This construction is similar to the case of
a torque-flow pump with a low specific speed n,

Modified impeller Ab, = +70 mm. In the range Ab, = +50—
+70 mm, the head and efficiency values remain practically un-
changed:

Head: H,;'~7" =45m;
Efficiency: n;/ >0~ =0.41.

opt

Fig. 8 Distribution of flow lines in a pump of a modified con-
struction Ab, = =20 mm
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Fig. 9. Distribution of flow lines in a pump of a modified con-
struction Ab, = +30 mm

Fig. 10. Distribution of flow lines in a pump of a modified con-
struction Ab, = +50 mm

This is explained by the balance between two main phe-
nomena.

On the one hand, the direct location of the impeller blades
in the free chamber enhances the role of the blade operating
process, which has a high efficiency and allows centrifugal forc-
es to move the flowing stream directly to the discharge nozzle.

On the other hand, the displacement of the toroidal vortex
occurs in the interblade channels of the impeller. In this way,
the reverse flow of liquid from the periphery to the axis of the
pump actually opposes the flowing stream.

Modified impeller Ab, = +90 mm. Further, in the range of
blade expansion Ab, = +70—+90 mm, a rapid increase in the
head and efficiency is observed (Fig. 11):

Head: H>*** =51m;

opf

Efficiency: 1, =0.506.

Both of the processes mentioned above are still taking
place in this mode. Nevertheless, due to the small size of the
gap between the edges of the impeller blades and the pump
case, the toroidal vortex gradually weakens. This reduces the
resistance it exerts on the flowing stream, which is the reason
for increasing parameters of the torque-flow pump.

Modified impeller Ab, = +100 mm. With the increasing
blade extension Ab, = +100 mm, the pump head continues to
increase, but a drop in efficiency is observed (Fig. 12):

Fig. 11. Distribution of flow lines in a pump of a modified con-
struction Ab, = +90 mm

I

Fig. 12. Distribution of flow lines in a pump of a modified con-
struction Ab, = +100 mm

Head: H>'% =55m;

opt

Efficiency: n,'" =0.48.

This is explained by the fact that due to the reduction in
the front gap between the stator and the rotor, the toroidal vor-
tex finally collapses. In this way, a torque-flow pump is trans-
formed into a centrifugal pump with a semi-open impeller.

Due to the significant, as for a centrifugal pump, size of the
end gap, a reverse flow is formed, caused by the pressure dif-
ference on the outer and inner radius of the impeller. This is
the reason for the appearance of volumetric losses, which play
a major role in reducing the overall efficiency of the pump.
Also, due to the difference of velocities in the middle of the
interblade channels of the impeller and near its edges, hydrau-
lic energy losses increase.

Conclusions. In this paper, with the use of the ANSYS
CFX software complex, the influence of the blade width of the
impeller on the integral characteristics of the torque-flow
pump was researched in order to reduce hydraulic losses.

The results of the numerical research showed:

1. With increasing the width of the impeller blades, there is
increasing of the head and efficiency of the torque-flow pump.

2. One of the reasons for this growth is increasing of the
share of the blade operating process and decreasing of the
share of the vortex operating process (the maximum theoreti-

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N2 2 75



cally achievable efficiency of the vortex operating process is
0.5, while that of the bladed is 1.0).

3. While the impeller blades are extended to the free cham-
ber, the liquid under the action of centrifugal forces can be
moved directly to the pump discharge nozzle, which increases
the role of the blade operating process and reduces the number
of fluid rotation cycles in the free pump chamber.

4. With a significant amount of extension, the impeller can
interfere with the return of the liquid into the toroidal vortex,
which is the reason for the appearance of additional hydraulic
losses.

5. While designing torque-flow pumps, it is necessary to
choose the amount of the impeller extension to the free chamber
in such a way that the total increase in the head and efficiency
due to the phenomena described above becomes maximal.

6. The edges of the impeller blades can protrude into the
free chamber beyond the position of the center of the toroidal
vortex by an insignificant amount, since in this case negative
phenomena caused by the deformation of the toroidal vortex
and the opposition of centrifugal forces to the return of the
liquid are practically not observed.
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BB KOHCTPYKTMBHMX OCOOJIMBOCTEN
po00YOoro Kojieca Ha KOMOiHOBaHMII poOoUMii
npolec BiJIbHOBUXPOBOrO Hacoca

P. B. Ilysix, B. IO. Kondycv”, 1. B. I[lagaenko,
C. C. Aumonenko

CyMcbKkUit nepxxaBHUi yHiBepeuteT, M. Cymu, YkpaiHa
* ABTOp-KopecItoHieHT e-mail: v.kondus@pgm.sumdu.edu.ua

Merta. OuiHKa BIUIMBY 3MiHU HIMPUHMU JloNIaTel poOovo-
ro KoJjieca Ha XapaKTepUCTHUKU BiIbHOBUXPOBOIO Hacoca i
TTONIYK ONTUMAJIBHOI BEJTMUUHU BUCYBY JIOTATI Y BITbHY Ka-
Mepy Hacoca. B sgkocTi nmpenmeTa qociimkeHHs 0yJio o00paHo
BiTbHOBUXpOBUIA Hacoc Tuty «Turo» CBH 500/32.

Meroauka. Y naHiii poOoTi 3a JOIOMOIOI0 ITPOrPaMHOIO
komriekcy ANSYS CFX Oyno mpoBeneHO psili YUCIOBUX
€KCITepUMEHTIB IS BU3HAYEHHST CTPYKTYPHU TOTOKY y TPO-
TOYHilf YACTHHI BiIbHOBUXPOBOIO Hacoca Mpu 3MiHHil 1Iu-
PpMHI Jomnarti podo4yoro Kosieca. 3 METOIO IMOOYIOBU eHepre-
TUYHOI 1 HaMipHOI XapaKTEePUCTUK JOCIiIXKYBAaHOTO Hacoca
Oy BU3HAYEHI Oro iHTerpajbHi mapaMeTpu.

Pe3ymsratn. Byna BuBUeHa Ta mpoaHajti3oBaHa CTPYKTypa
Teyii, 30KpeMa TOPOIOAiOHOr0 BUXOPY, Y BIbHOBUXPOBOMY Ha-
coci. byna nodynosaHa MoziesTb Teuil y BUIbHOBUXPOBOMY HAacOCi
0a30B0i i1 MOIEPHi30BaHOI KOHCTPYKIIii. 3HalieHa 3aJIeXKHICTh
3MiHM MapaMeTpiB poOOTH Hacoca TPU 3MiHi IIMPUHMU JIOMaTi
poboyoro KoJjieca B Tiama3oHi Bill Ay, = —20 10 A, = +100 MM.

HaykoBa HoBU3HA. Y po0OTi OYJI0 TOCITIIKEHO BITJIMB 10/1aT-
KOBUIX TIpaBJIiYHMX BTPaT, BUKJIMKAHWX HEBIATIOBITHICTIO LIEH-
TPY TOPOMOAIOHOTO BUXOPY Ta KPOMOK JIoTaTell poGoYoro Ko-
Jieca, Ha 3araJibHi XapaKTepUCTUKU BiJIbHOBMXPOBOI'O HacoCa.

IIpakTyHa 3HAYMMICTb. 3a TOMOMOIOK MOJEpHi3allii
KOHCTPYKIIii podo4yoro kosieca OyJIO JOCSATHYTO 3HAYHOTO
MiJBUILIEHHS MapaMeTpiB poOOTU BiIBHOBUXPOBOTO Hacoca
Ty «Turo», 110 J03BOJISIE PO3IIMPUTH Aianla30H i1oro podbo-
tn. [1pn IbOMY He BUMAra€eThCs 3aMiHa TaKUX JOPOTOBAPTiC-
HMX €JIEMEHTIB SIK KOPITYyC.

KimouoBi cioBa: sinbrosuxposuil nacoc, Ansys CFX, mopo-
Nno0ibHULL 8UXOp, BUXPOBULL pobOUULl npouec, Jonamesuil pobo-
Yuil npoyec

The manuscript was submitted 14.07.22.

76 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N° 2



