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Numerical comparative analysis
of the energy conversion process in a semi-open
and closed impeller of a centrifugal pump

KONRAD BABUL, ANDRZEJ KOCHMANSKI, PALACKSONE VONGXAYALATH, TOMASZ DEBSKI

DOI: 10.17512/INSTAL.2026.09.01

The article presents a numerical comparative analysis of the energy conversion process in semi-open and closed
impellers of a centrifugal pump, whose blade systems were designed for identical operating conditions. Based on CFD
simulations, the flow structure, pressure distribution, and velocity fields were analyzed for both design configurations.
The results indicate that vortical regions develop in the semi-open impeller, leading to significant energy losses, prima-
rily due to axial clearance. The design of the closed impeller enables higher outlet velocities, greater head, and improved
efficiency by reducing hydraulic losses and stabilizing flow conditions. At the nominal flow rate (Q, = 500 dm3/min),
the introduction of an axial clearance of 0,5 mm resulted in an approximately 11% reduction in head and
a decrease in hydraulic efficiency of more than 6%. Furthermore, these differences become increasingly pronounced
as the flow rate decreases for the analyzed impeller configurations. The study confirms the usefulness of numerical
methods for analyzing detailed flow phenomena and demonstrates the significant impact of impeller design on energy
conversion efficiency in centrifugal pumps.
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Artykut przedstawia numerycznq analize poréwnawczqg procesu konwersji energii w wirniku pétotwartym i zamknietym
pompy odérodkowej, ktérych uktady topatkowe zostaly zaprojektowane dla identycznych warunkéw pracy.
Na podstawie symulacji CFD przeanalizowano strukture przeptywu, rozktad ciénienia oraz pola predkosci dla obu
rozwigzan konstrukcyjnych. Uzyskane wyniki wskazujq, ze w wirniku pétotwartym powstajg obszary wirowe, ktérych
skutkiem sq znaczne straty energii, wynikajgce gtéwnie z obecnosci szczeliny osiowej. Konstrukcja wirnika zamknigtego
pozwala osiggngé wyzsze predkosci na wylocie, wiekszq wysoko$é podnoszenia oraz wyzszq sprawnos$é dzieki
ograniczeniu strat hydraulicznych i bardziej stabilnym warunkom przep’fywu. W efekcie wprowadzenia szczeliny osio-
wej o wartoéci 0,5 mm, przy nominalnym natezeniu przep’fywu (Q, = 500 dm3/min), doszto do ok. 11% spodku
wysokosa podnoszenla oraz ponad 6% spadku sprawnosci. Jednoczesnie zauwazono, ze im przeptyw jest mniejszy,
tym te réznice sq znacznie wigksze dla obu typdw wirnikéw. Przeprowadzone badania potwierdzajg przydatnosé
metod numerycznych w analizie szczegéfowych zjawisk przeptywowych oraz wykazujq istotny wptyw konstrukcji
wirnika na efektywno$¢ konwersiji energii w pompach odsrodkowych.

Stowa kluczowe: pompa odsrodkowa, wirnik pétotwarty, wirnik zamkniety, analiza numeryczna, CFD

Introduction

Advances in materials engineering and
computational software enable design and
operational improvements in newly develo-
ped machines and equipment. Additionally,
numerical flow simulations significantly
reduce the time and costs associated with
the design and implementation phases of
a product. Input data for equipment design
result directly from the equipment's opera-
ting conditions and expected performance
characteristics.

In pump engineering, alongside univer-
sal solutions, highly application-specific
designs are also quite common. Pumping
water containing solid particles such as
grass, algae, or sand requires appropriate-
ly designed hydraulic channels in the pump
section to ensure maximum operational
reliability of the entire unit. For contaminated
liquids, various semi-open impeller designs
are most commonly used, with their structure
directly determined by the properties of the
pumped medium. The methodology for sha-
ping the flow channel in the meridional

cross-section is described in considerable
detail in the literature. Although most studies
date back to the 1960s and 1970s [1-4],
the computational algorithm has not been
updated and continues to be successfully
used in impeller design. Thanks to the wide-
spread availability of computational softwa-
re — either unavailable or limited at the time
when most textbooks on centrifugal pump
design were written — it has become possi-
ble to automate these algorithms to increase
efficiency in the development of engineering
designs.
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The available literature lacks detailed
algorithms for calculating semi-open impel-
lers that account for all their design features,
such as the axial clearance between
the impeller and the casing front wall.
Nevertheless, current scientific research,
based in part on numerical flow simulations,
aims to explain the design relationships
between the impeller and the pump perfor-
mance parameters achieved [5-8].

In the available literature on centrifugal
pump design, studies focusing on semi-
-open and closed impellers are typically
conducted separately, with emphasis pla-
ced on their individual hydraulic performan-
ce, flow structures, or application-specific
advantages. Direct comparative analyses of
these two impeller configurations under
identical operating and geometric condi-
tions remain relatively scarce. Most publi-
shed works address selected aspects, such
as the influence of clearance, blade geome-
try, or multiphase flow behavior, rather than
providing a comprehensive evaluation of
the energy conversion process in both desi-
gns. As a result, there is a noficeable gap in
the literature on systematic investigations
that would enable a clear and consistent
assessment of differences in energy-transfer
mechanisms and associated hydraulic
losses between semi-open and closed
impellers.

Although limited in number, several stu-
dies have attempted to address selected
aspects of the comparison between semi-
-open and closed impellers. For instance,
Ayad et al. [9] demonstrated that increasing
axial clearance in semi-open impellers
intensifies leakage flows, resulting in a noti-
ceable reduction in head and overall effi-
ciency, thereby highlighting the direct rela-
tionship between geometric features and
hydraulic losses. Several studies referenced
in [9] provided a comparative CFD-based
evaluation of different impeller types, indi-
cating that closed impellers generally
achieve higher efficiency. At the same time,
semi-open configurations exhibit greater
robustness under challenging operating
conditions, particularly in multiphase flows.
Additionally, studies such as those reported
in [10] emphasize differences in internal
flow structures, including turbulence intensi-
ty and secondary flow development, which
further influence performance characteri-
stics.

Recent studies confirm that research on
centrifugal pump impellers remains an acti-
ve and evolving field, particularly regarding
semi-open impeller configurations. Current
investigations increasingly combine advan-
ced CFD techniques with experimental vali-
dation to analyze the effects of blade geo-
metry, tip clearance, erosion mechanisms,
and complex flow structures. Mansour and
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Thévenin [11] experimentally and numeri-
cally investigated the influence of blade twi-
sting and fip clearance on the performance
of a centrifugal pump operating under
air-water two-phase flow conditions, pro-
viding valuable validation data for numeri-
cal models. Wang et al. [12] conduct CFD
simulations to investigate the influence of
particle size on vortex formation and ero-
sion behavior in a semi-open centrifugal
pump. In a subsequent study [13], the
authors extended this work by analyzing the
effect of the parficle on vortex—wall interac-
tions and erosion mechanisms. These studies
demonstrate that numerical modeling, sup-
ported by experimental investigations, has
become an indispensable tool for analyzing
complex flow phenomena in centrifugal
pumps. At the same time, they confirm that
studies directly comparing the hydraulic
performance and energy conversion
mechanisms of closed and semi-open
impellers under identical operating condi-
tions remain relatively limited.

Despite these contributions, the literature
still lacks a detailed, systematic analysis that
explicitly focuses on the mechanisms of
energy conversion in both impeller types. In
particular, there is a shortage of studies that
simultaneously evaluate pressure rise, ener-
gy fransfer processes, and hydraulic losses
under fully comparable conditions.
Therefore, the present work aims to address
this gap by conducting a numerical compa-
rative analysis using an identical baseline
geometry, with only the impeller type (semi-
-open versus closed) varied, enabling
a consistent and physically meaningful
assessment of differences in energy conver-
sion mechanisms. A key aspect of the pro-
posed approach is ensuring comparability
and stability of operating parameters across
both impellers in numerical simulations,
which is often difficult to achieve in experi-
mental investigations due to measurement
limitations and sensitivity fo operating con-
ditions. Furthermore, CFD-based analyses
enable detailed examination of local flow
phenomena, including vortex structures,
secondary flows, and other localized distur-
bances that may occur within flow channels.

Methodology of numerical CFD
analysis

Design and operating parameters

Design calculations based on the algo-
rithm presented in [2], for the assumed ope-
rating parameters corresponding fo a pump
capacity of Q, =500 dm?/min and a head
of H =26 m, were performed using PTC
Mathcad and MS Excel. The main impeller
dimensions were defermined, including the
hub diameter, number of blades and their
thickness, the widths of the flow channels at
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the inlet and outlet, and the impeller inlet
and outlet diameters.

In the next stage, the geometry of the
flow channel in the meridional plane was
defined, followed by defermining the impel-
ler blade profile with single curvature using
the point-by-point method. Based on the
design characteristics obtained, a parame-
tric CAD model of the impeller geometry
was developed. Fig. 1 presents an overview
of a well-prepared model of a five-bladed
semi-open impeller below.

Fig. 1. Model of a semi-open centrifugal impeller with
five blades

Rys. 1. Model pétotwartego wirnika odsrodkowego
z pigcioma fopatkami

Numerical CFD model

Because a centrifugal impeller can be
divided into 1/z geometrically similar sec-
tions with periodic flow patterns, the Ansys
BladeGen 2020R2 program was selected
to generate the impeller surface model.
Reducing the analyzed impeller domain to
1/z of its full geometry yields a denser fini-
te-volume mesh and reduces computational
time compared to simulations on the full
impeller. Fig. 2a presents the surface model
of a five-bladed semi-open impeller, while
Fig. 2b shows the corresponding sector of
the impeller that is used for the numerical
calculations.

To perform simulations using the finite
volume method, the next step is fo discretize
the fluid domain within the impeller, as
shown in Fig. 3.
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Fig. 2. Surface model of the front
geometry of a five-bladed semi-open
impeller prepared for: a) the full impeller,
b) a 1/z sector of the impeller

Rys. 2. Model powierzchniowy
przedniego zarysu pigciofopatkowego
wirnika péfotwartego wykonany dla:

a) petnego wirnika, b) 1/z czesci wirnika

Fig. 3. Surface model of the impeller
blades with the finite volume mesh layer
applied in the central part of the flow
channel: a) front view, b) meridional view
Rys. 3. Model powierzchniowy topatek
wirnika z powlokq natozenia objetosci
skoriczonych w srodkowej czesci kanatu
przepftywowego: a) widok z przodu,

b) widok w rzucie potudnikowym

Fig. 4. Surface model of a 1/z sector of the impeller with the finite volume mesh layer applied in the central
part of the flow channel: a) front view, b) enlarged view of the mesh in the blade leading-edge region
Rys. 4. Model powierzchniowy 1/z czeici wirnika z powlokq natozenia objetosci skoriczonych

w srodkowej czesci kanatu przeptywowego: a) widok z przodu, b) powigkszony widok siatki

w obszarze krawedzi natarcia fopatki

Shadow

Zone
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The computational mesh was created
using ANSYS TurboGrid 2020R2, a dedi-
cated meshing tool for turbomachinery
applications, including centrifugal pumps.
Mesh generation parameters were selec-
ted to obtain a high-quality structured
computational mesh. For greater clarity,
only the surface of the mesh that passes
through the center of the impeller flow
channel along the midstream line is shown.
The finite volumes used for discretization
are hexahedral. They are refined in regions
of high velocity and pressure gradients
within the impeller, namely on the blade
surface and in the vicinity of the blade tra-
iling edge (Fig. 4).

The considered discrete fluid model
was divided into subdomains: the inlet
region, the region of flow driven by the
impeller blades, and the outlet region. Due
to the distinctly different flow characteristics
in these areas, they were constructed as
separate fluid domains with identical phy-
sical properties and then coupled using
an interface-type boundary, as shown in
Fig. 5. The inlet region was defined as
a stationary fluid domain. In contrast, the
impeller region was defined as a rotating
fluid domain using the Multiple Reference
Frame model. Due to the cyclic periodicity
of the flow within the pump impeller, perio-
dic boundary conditions were applied to
the analyzed 1/z sector of the impeller.

Since the primary objective of the ana-
lysis was to compare the operating charac-
teristics of the closed and semi-open impel-
lers, the following simplifying assumptions
were adopted:

— constant water density of 998,2 kg/m?,

— constant dynamic viscosity of
0,001003 kg/(ms),

- the energy equation was not solved;
therefore, the effects of water temperatu-
re variations were neglected.

Based on the simplifying assumptions
presented above, viscous dissipation was
neglected because the objective of the study
was to compare the hydraulic performance
of the closed and semi-open impellers in
terms of momentum transfer and turbulence
effects.

Fig. 5. Schematic representation of the boundary conditions applied

to the individual surfaces of the impeller geometric model: a) boundary
condition types defined for the 1/z sector model of the impeller;

b) isometric view of the 3D model of the 1/z sector of the impeller

with the defined boundary condition types. 1 - inlet region, 2 - rotating
region associated with the impeller blades, 3 - outlet region, 4 - impeller
blade, 5 - cylindrical measurement surface

Rys. 5. Schemat natozenia danego typu warunkéw brzegowych

na poszczegélne powierzchnie geometrycznego modelu wirnika:

a) zdefiniowane typy warunkéw brzegowych dla modelu 1/z czesci
wirnika, b) widok izometryczny na model 3D 1/z czesci wirnika ze
zdefiniowanymi typami warunkéw brzegowych; 1 - obszar wlotowy,
2 - obszar ruchu wymuszonego fopatkami wirnika, 3 - obszar wylotowy,
4 - fopatka wirnika, 5 - cylindryczna powierzchnia pomiarowa
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The numerical simulation of the fluid flow
was performed using Ansys Fluent 2020R2.
Defining a given process in CFD software
involves selecfing appropriate mathematical
models that describe the phenomena under
consideration, followed analogously to
solving differential equations, by specifying
boundary conditions. In the calculations of
the semi-open and closed centrifugal impel-
ler, the k- turbulence model (Realizable,
Enhanced Wall Treatment) was applied
with default settings (Model constants:
C2-Epsilon = 1,9; TKE Prandtl Number = 1;
TDR Prandil Number = 1,2). According to
the ANSYS documentation [14, 15], the
Enhanced Wall Treatment is recommended
for the k-¢ turbulence model and is particu-
larly suitable for flows with strong pressure
gradients, flow separation, flows involving
rotating walls, and highly three -dimensional
near-wall flow, which are characteristic
features of centrifugal pump impellers.
A similar approach employing the k-¢ turbu-
lence model was adopted in [16], where
the model was shown to provide good
agreement with experimental results and
accurately predict the flow field in a centri-
fugal pump.

The solution process for a fully defined
steady-state problem is carried out by pre-
scribing a certain number of iterations. There
is no universal criterion for assessing solution
convergence. For some classes of problems,
monitoring residuals (imbalances) after
each computational iteration is helpful;
however, for other types of problems, this
approach may lead to misleading conclu-
sions. Therefore, good practice is to assess
convergence not only based on residuals
from successive iterations but also on appro-
priately integrated quantities and by verify-
ing mass and energy balance.

Numerical flow simulations, with boun-
dary conditions corresponding to nominal
operating parameters (Q_ =500 dm?3/min,
n, = 3060 rpm), were performed for a five-
-bladed semi-open impeller with an axial
clearance of 0,5 mm as well as for a closed
impeller. As a result of 500 computational
iterations, convergence of all variables
(continuity, momentum) was achieved at a
level significantly lower than the default
threshold value of 1073,

Additionally, convergence was verified
using the volumetric flow rate and the ave-
rage pressure and velocity at the impeller
inlet and outlet, which are key variables
characterizing the flow. Analysis of the
variation of these parameters over successi-
ve iterations shows (Fig. 6) that after appro-
ximately 220 iterations, their values stabili-
ze, indicating convergence of the solution.
A grid independence study was also con-
ducted, confirming the reliability and accu-
racy of the obtained results. The average
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Fig. 6. Characteristics of the variation of control quantities over successive computational iterations performed
for a five-bladed semi-open impeller with an axial clearance of 0,5 mm. The individual plots show

the variation of the following parameters: a) volumetric flow rate at the impeller outlet, b) mean velocity

at the impeller outlet, c) mean static pressure at the inlet to the blade-driven flow region, and d) mean

static pressure at the impeller outlet

Rys. 6. Charakterystyki zmian wielkosci kontrolnych na drodze kolejnych iteracji obliczeniowych wykonanych
dla pétotwartego wirnika pigciofopatkowego o wielkosci szczeliny 0,5 mm. Poszczegdine wykresy
przedstawiajg zmiane nastepujgcych parametréw: a) strumienia objetosci na wylocie z wirnika,

b) predkosci sredniej na wylocie z wirnika, c) sredniego cisnienia statycznego na wlocie do obszaru

ruchu wymuszonego fopatkami wirnika, d) sredniego cisnienia statycznego na wylocie z wirnika

pump head at the outlet was selected as the
verification parameter, and the mesh inde-
pendence study was performed using ada-
ptive mesh refinement based on the pressure
gradient. The mesh was iteratively refined in
regions with the highest pressure gradients
until the variation in the predicted pump
head between two consecutive refinements
was below 2%. For the analyzed 1/z
sector of the closed impeller, the final com-
putational mesh consisted of 167380 cells
and 185589 nodes. For the semi-open
impeller, the adopted mesh-independence
criterion was satisfied using a computational
mesh with 358895 cells and 387500

nodes.

Analysis and discussion of results

Flow simulation results
for a semi-open impeller

Based on the numerical calculations
performed for a five-bladed semi-open
impeller with an axial clearance of
0,5 mm, the streamline pattern shown in
Fig. 7 was obtained. Analysis of the stre-
amline trajectories along the impeller flow
channel indicates that they are arranged
within the interblade passages in accor-
dance with the impeller's imposed rotatio-
nal motion. Additionally, as a result of the
flow occurring in the clearance between
the impeller and the front wall of the
casing, the circumferential motion of
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the fluid is disturbed. This is reflected in the
streamline patterns and ultimately leads to
fluctuating flow behavior within the inter-
blade region.

The distribution of static pressure (Fig. 8)
was defermined at a distance of 5 mm from
the impeller shroud. In the inlet region,
a zone of reduced pressure can be obse-
rved. As the fluid flows through the interbla-
de channels, stafic pressure increases in sta-
ges as the impeller blades transfer momen-
tum to successive fluid layers.

Velocity
Streamline 1

27.76
25.23
22.71
20.19
17.66
15.14
12.62
10.09
7.57

5.05

252

0.00
[msh-1]

Fig. 7. Streamline pattern obtained from numerical
simulations for a five-bladed semi-open impeller
with an axial clearance of 0,5 mm

Rys. 7. Przebieg linii prqdu wyznaczony

na podstawie przeprowadzonych symulacji
numerycznych dla péfotwartego wirnika
pieciofopatkowego o wielkosci szczeliny 0,5 mm
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Contours of Static Pressure (pascal)

Fig. 8. Static pressure distribution profile

in a five-bladed semi-open impeller

Rys. 8. Profil rozktadu cisnienia statycznego
w pdtotwartym wirniku pieciofopatkowym

The maximum static pressure values
obtained directly at the blade outlet corre-
spond to the head generated by the real
impeller. Note that the static pressure values
shown in the legend on the left are predo-
minantly negative across most of the range.
This is because, during the solution of the
governing equations, static pressure is refe-
renced to barometric pressure, which is spe-
cified at the impeller outlet rather than at the
inlet.

The profiles of absolute velocity deter-
mined directly at the blade outlet (Fig. 9a)
fall within a range that approximately cor-
responds to the results obtained from the
design calculations, for which the absolute
velocity at the impeller outlet was 13,9 m/s.
Fig. 9b presents the profiles of absolute
velocity on the blade surfaces, whose distri-
bution along the impeller radius reflects the
increase in linear velocity due to rotational
motion at constant angular velocity.

Comparative analysis of the energy
conversion in semi-open
and closed impellers

Based on the streamline patterns shown
in Fig. 10 for both impellers, significant fluc-
tuations occur in the interblade region of
the semi-open impeller. These are caused
by turbulent disturbances in the boundary
layer located near the stafionary front wall
of the casing. As the impeller blades move
in proximity to the casing wall, the fluid
boundary layer is periodically disrupted,
leading fo large velocity gradients between
adjacent fluid layers. This, in turn, results in
fluctuating disturbances in the streamline
patterns.

The profiles of turbulent kinetic energy
(Fig. 11) were obtained using the k—¢ turbu-
lence model applied in the calculations.
Analysis of the contour distribution of turbu-
lent kinetic energy in the central part of the
flow channel of the semi-open impeller cle-
arly reveals regions of very intense turbulent
disturbances. These occur immediately

b)
e

N
g/\
/

=

Contours of Velocity Magnitude (m/s)

Fig. 9. Velocity profiles in a five-bladed semi-open impeller determined: a) in the fluid domain,

and b) along the blade edges

Rys. 9. Profile predkosci w pdtotwartym wirniku pigciofopatkowym wyznaczone: a) w obszarze plynu,
oraz b) na krawedziach fopatek

a)

Velocity
Streamiine 1
27.76

2523
227
20.19
17.66
15.14
12.62
10.09
757

505

252

0.00
[m ™1

Fig. 10. Streamline patterns obtained from numerical simulations for the impeller: a) a five-bladed semi-open
impeller with an axial clearance of 0,5 mm, and b) a closed impeller

Rys. 10. Przebieg linii prqdu wyznaczony na podstawie przeprowadzonych symulacji numerycznych

dla wirnika: a) péfotwartego pieciotopatkowego o wielkosci szczeliny 0,5 mm, oraz b) zamknigtego

Fig. 11. Profiles of turbulent kinetic energy determined for the impeller: a) a five-bladed semi-open impeller
with an axial clearance of 0,5 mm, and b) a closed impeller

Rys. 11. Profile energii kinetycznej turbulenciji wyznaczone dla wirnika: a) péfotwartego pieciotopatkowego
o wielkosci szczeliny 0,5 mm oraz b) zamknigtego

downstream of the blade outlet, a pheno-
menon not observed with the closed impel-
ler. In the pump's hydraulic part, such fluctu-
ations may confribute to energy conversion
losses within the volute casing. Additionally,
Fig. 11 provides insight into turbulent distur-
bances that arise within the interblade chan-
nel of the semi-open impeller.
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Profiles of turbulent kinetic energy (Fig. 12)
were obtained on a cylindrical surface that
intersects both impellers. In the case of the
semi-open impeller, the formation of vortical
structures can be observed in the central
region of the interblade channel, which
does not occur in the case of the closed
impeller.
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Axial velocity profile in a five-bladed
semi-open impeller (Fig. 13), based on
which the nature of the occurring vortical
structures can be assessed. In turbulent flow
developing in the central region of the inter-
blade channel, an axial flow component is
observed, which may indicate the formation
of vortices across the flow passages, as
reported by Papierski et al. [5].

In the region located at the impeller bla-
de outlet (Fig. 13), the axial velocity profiles
do not exhibit any vortical structures orien-
ted perpendicular to the impeller shroud.
This indicates the presence of very intense
turbulent flow at the blade outlet of semi-
-open impellers, which is almost entirely
parallel to the impeller shroud. Thus, the
velocity vectors of the fluid layers forming
vortices in the outlet region have predomi-
nantly radial and circumferential compo-
nents. In contrast, the axial component is
relatively small and assumes averaged
values comparable to those in other parts of
the impeller flow channels. The reason for
this behavior may be the formation of a vor-
tex between the front wall of the casing and
the tip of the blade side surface. Based on
the numerical analyses, these vortical struc-
tures reach their maximum intensity at the
center of the impeller outlet.

At the outlet of the closed impeller, the
velocity is significantly higher than in the
case of the semi-open impeller, which is due
to losses caused by turbulent flow in the
hydraulic passages of the semi-open impel-
ler. Fig. 14 presents the head H =f(Q) and
efficiency n =(Q) curves for both impellers,
showing that the closed impeller achieves
considerably higher head and efficiency. In
the presented results, the pump head (H)
was determined based on the flow parame-
ters obtained from the CFD simulations,
whereas the hydraulic efficiency () was
calculated according to the following equ-
ation:

_ R hydraulic

P

motor

. (1)

where: Prydravlic = hydraulic power determi-
ned from the CFD simulation results, W;
P otor — €lectric motor power determined
from the adopted motor performance cha-
racteristic, W.

The results of the numerical simulations
for the selected design configurations of the
closed and semi-open impellers are quali-
tatively consistent with the experimental
investigations and numerical simulations
reported in [?] and [5], respectively.

Additionally, the design calculation
results were compared with the numerical
simulation results obtained for the closed
impeller. The application of the design pro-
cedure described in [2], implemented in
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Fig. 13. Axial velocity profiles obtained

on a cylindrical surface with a radius

of 45 mm and on a plane located 5 mm
from the shroud of a five-bladed semi-open
impeller with an axial clearance of 0,5 mm
Rys. 13. Profile predkosci osiowej
ofrzymane na powierzchni cylindrycznej

o promieniu 45 mm oraz na plaszczyznie
oddalonej 5 mm od tarczy wirnika
pdlotwartego pieciofopatkowego

o wielkosci szczeliny 0,5 mm

PTC Mathcad and Microsoft Excel, enabled
the development of the impeller flow passa-
ge geometry, which was subsequently
reconstructed in ANSYS BladeGen
2020R2. The calculated pump head
(H.gic) was 27,5 m, resulting in a design
head surplus of AH = 1,5 m relative to the
assumed nominal head (H, = 26 m). It sho-
uld be noted, however, that the calculated
values correspond to the performance
parameters of the complete pump, inclu-
ding, among others, the hydraulic losses
occurring in the volute casing. These losses
are not accounted for in the numerical
model, which is limited to the impeller
domain. Consequently, a significantly
higher head is expected at the control sec-
tion directly downstream of the impeller
outlet in the numerical model. This observa-
tion is consistent with the results presented
in Fig. 14.

A quantitative comparison of the
numerical simulation results (Fig. 14)
indicates that, at the nominal flow rate
(Q, = 500 dm?3/min), the head and
hydraulic efficiency of the closed impeller
reached 31,6 m and 58,7%, respectively. In
contrast, the corresponding values for the
semi-open impeller were 28,1 m and
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Fig. 12. Profiles of turbulent kinefic
energy on a cylindrical surface

with a radius of 45 mm, determined
for the impeller: a) a five-bladed
semi-open impeller with an axial
clearance of 0,5 mm, and b) a closed
impeller

Rys. 12. Profile energii kinetycznej
turbulenciji na powierzchni
cylindrycznej o promieniu 45 mm
wyznaczone dla wirnika:

a) péfotwartego pieciotopatkowego
o wielkosci szczeliny 0,5 mm

oraz b) zamknigtego

SH={(Q)P0.5 ®H={(Q)Z 4n=(Q) P05 ~n=f(Q) Z
100 200 300 400 500 600 700
Q, dm*/min

Fig. 14. Performance characteristics H = f(Q) and n = f(Q)

of a with a five-bladed closed impeller (Z) and a semi-open
impeller with an axial clearance of 0,5 mm (PO,5), determined
based on numerical simulations performed in Ansys Fluent

Rys. 14. Charakterystyki H = f(Q) in = Q) wirnika
pieciofopatkowego zamknietego (Z) oraz pétotwartego

ze szczeling osiowq 0,5 mm (P 0,5), wyznaczone w oparciu
o przeprowadzone symulacje numeryczne w programie
Ansys Fluent

52,1%. The infroduction of an axial clearan-
ce of 0,5 mm resulted in an approximately
11% reduction in head and a decrease in
hydraulic efficiency of more than 6%.
Furthermore, as shown in Fig. 14, these dif-
ferences become increasingly pronounced
as the flow rate decreases for both impeller
configurations.

Summary

The influence of impeller design on the
energy conversion process was investigated
by comparing semi-open and closed impel-
lers under identical operating conditions.
Numerical CFD simulations were performed
to examine internal flow behavior, including
velocity and pressure distributions in the flow
channels of both impellers. The analysis
revealed that the semi-open impeller is more
prone to flow disturbances, particularly due
to axial clearance, which promotes leakage
and the development of turbulence structu-
res. These effects result in increased energy
dissipation and less efficient momentum
transfer within the flow passages.

In contrast, the closed impeller ensures
a more controlled flow environment, limiting
turbulence and reducing hydraulic losses.
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Consequently, it achieves better hydraulic
performance, reflected in higher head and
efficiency values. The numerical simulation
results obtained in this study are qualitative-
ly consistent with findings reported in previo-
us studies on this topic. The study also
emphasizes the importance of analyzing
local flow phenomena, as they significantly
influence the machine's global performan-
ce. Overall, the results demonstrate that
even subfle geometric differences in impeller
design can lead to considerable variations
in energy conversion efficiency. At the nomi-
nal flow rate (@, = 500 dm®/min), the intro-
duction of an axial clearance of 0,5 mm
resulted in an approximately 11% reduction
in head and a decrease in hydraulic effi-
ciency of more than 6%. Furthermore, these
differences become increasingly pronoun-
ced as the flow rate decreases for the ana-
lyzed impeller configurations.

For example, assuming a pump power
of 4,4 kW, operation for 16 h per day thro-
ughout the year, and a 6% reduction in
power demand due to the higher efficiency
of the closed impeller, the annual electricity
savings would amount to approximately
1,540 kWh. At an electricity price of
1 PLN/kWh, this corresponds to annual
savings of approximately 1540 PLN for
a single pump. In industrial installations equ-
ipped with multiple pumps operating under
similar conditions, the cumulative energy
and cost savings may therefore become
significant.

Future research may investigate the
influence of different axial clearances on

performance parameters, particularly in
semi-open impellers. Additionally, it would
be valuable to analyze the impact of impel-
ler design variations, such as the number of
blades, on flow structure, energy losses,
and overall pump efficiency. It can also be
valuable to analyze the difficulties and costs
of fabricating closed impellers compared to
open-design impellers in the context of the
pump's higher head and overall efficiency.
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