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JOCHIIZKEHHA POBOYUX XAPAKTEPUCTHUK BIYIBHOBUXPOBUX HACOCIB IIPH
POBOTI Y POBOYOMY JAIAITA30HI Q = 0,7-1,2 Quon

Y pooomi euxonano uucenvne 0ocnioycenna pooouux xapaxkmepucmuk einvbHoeuxpoeozo nacoca CBH 80-32 y
dianazoni nooau Q = 0,7-1,2-Qnom, ujo 6ionosioac munosum ymosam mpueanol eKcnayamayii Hacocnozo oonaonannsa. Ha
OCHOGI 2eoMempuyHUX napamempie Hacoca nooyoosano mpusumipui mooeni ma nposeoeno CFD-ananizy cepedosuwyi ANSYS
CFX i3 3acmocysanuam k—& mooeni mypoynemmnocmi. Posenamymo o0ea eapianmu pooouux kKonic: 3 wicmoma
KpUGONIHITIHUMU JIONAMAMU MA 08OAPYCHE KOeCO 3 06AHAOUAMbMA IONAMAMU.

Ompumani xapakmepucmuKyu noKa3anu, w0 y pooouomy dianazoni o6uoea 6UKOHAHHA 3aDe3neuyioms cmaodiibHull
nonozocnadnuiil xapakmep nanipnoi Kpueoi ma o6nu3vki 3nauenns ziopaeniunozo KK/[ (0o 48,3% onsa wecmunonamegozo ma
47,5% ona oeosapycnozo koneca). Boonouac osoapycna cucmema 3abesneuye npupicm nanopy na 1,3-1,8 m (3-5%) 6e3
CYMMEBO20 3HUNCCHHA eHepzoedekmuenocmi. Ananiz wieuOKICHUX | MUCKOBUX RO NOKA3A8, W0 080APYCHe KoJ1eco hopmye
Oinvui pienomipne HAMIKAHHA HA 10nami, 3MeHWLYE OUPY30pHICIb KAHANI6 MA 3HUMCYE GUXPOGI 6mpamu y L1bHIl Kamepi.

Pezynomamu 00cniddceHHA 003601A10Mb 0OIPYHMYSaAmu 6UGip KOHCMPYKYIL podou020 Koneca 3anexcHo 6i0 ymos
eKxcnyamauyii: wiecmunonameee UKOHAHHA € Oibut OOUITbHUM Y PEHCUMAX, OIUZLKUX 00 HOMIHAIBHO20, MOOI AK 080APYCHE
3a6e3neuye 000amKo8uUIl 3anac HaAnNopPy ma Kpauyy cmaodinbHicms podomu y 30Hax niOGUULEHUX HOOAY.

Knruoei cnosa: sinvrosuxposuii Hacoc, 2iopasaiuni xapakmepucmuxu, CFD-ananiz; pobouuii dianazon nooad, pooode
KoJleco; 080sipycha ionamesa cucmema, 2iopasiiynuil KK/, cmamuynuti muck; weuOKicHi nojst; eHepeemuyna eqreKxmusHicmo.

V. Kondus

INVESTIGATION OF THE OPERATIONAL CHARACTERISTICS OF TORQUE-FLOW
PUMPS WITHIN THE OPERATING RANGE Q =0.7-1.2 Quom

This study presents a numerical investigation of the operational characteristics of the torque-flow pump TFP 80-32
within the flow rate range Q = 0.7-1.2Quom, which corresponds to typical conditions of long-term pump operation. Based on
the geometric parameters of the pump, three-dimensional models were developed and a CFD analysis was carried out in ANSYS
CFX using the k—¢ turbulence model. Two types of impellers were considered: one with six curvilinear blades and a dual-tier
impeller with twelve blades.

The obtained characteristics demonstrated that, within the operating range, both designs provide a stable, gently
declining head curve and comparable hydraulic efficiency values (up to 48.3% for the six-blade impeller and 47.5% for the
dual-tier impeller). At the same time, the dual-tier configuration ensures an increase in head by 1.3—-1.8 m (3-5%) without a
significant decrease in energy efficiency. Analysis of velocity and pressure fields showed that the dual-tier impeller provides
more uniform flow distribution onto the blades, reduces channel diffusivity, and decreases vortex losses in the firee chamber.

The results of the study justify the choice of impeller design depending on the operating conditions: the six-blade
impeller is more suitable for regimes close to the nominal point, while the dual-tier impeller ensures an additional head margin
and greater operational stability at higher flow rates.

Keywords: torque-flow pump, hydraulic characteristics;, CFD analysis; operating flow range, impeller; dual-tier blade
system,; hydraulic efficiency; static pressure; velocity fields, energy efficiency.

1. Introduction

Torque-flow pumps have found wide application in industry and municipal utilities due to their
ability to transport liquids containing solid and fibrous inclusions, as well as gas—liquid mixtures [1]. Their
design features — simplified flow passage, presence of a free chamber, and minimal contact between the
operating medium and the impeller — provide high reliability and resistance to clogging [2]. This makes
torque-flow pumps competitive in cases where the operation of centrifugal counterparts is complicated.

At the same time, a key drawback of this pump type remains its relatively low efficiency (mainly
0.35-0.55) and limited head values. Therefore, selecting the optimal operating mode becomes crucial to
ensure maximum efficiency under permissible operating conditions [3].

The nominal operating mode of a pump is generally determined by factory-specified values of flow
rate and head. However, in real operating conditions, pumps most often operate in the range of 70 to 120%
of the nominal flow rate [4]. This zone of operation is decisive for both the reliability of the equipment and
the overall economy of the pumping process [5]. The insufficient amount of experimental data regarding
the behavior of torque-flow pumps within the operating range Q = 0.7-1.2-Quom highlights the need for
targeted investigations [6].

For ensuring stable and high-quality operation of pumping equipment, it is not enough to know the
characteristics only at the optimal or nominal point. In practice, it is important to analyze pump behavior
over a wider operating interval, where actual conditions often deviate from the rated parameters. It is within

© B. IO. Konodycw

24



Misicayziecwvruti 30ipnux « HAYKOBI HOTATKH». Jlyyvxk, 2025, Ne83

Q = 0.7-1.2-Quom that most pumping regimes occur, determining their influence on the system’s energy
efficiency, reliability, and durability [7].

Fig. 1. Structural design of a typical torque-flow pump of the TFP type

The study of characteristics within this range makes it possible to identify not only the location of
the maximum efficiency point but also the width of the operating zone where the pump maintains
satisfactory hydraulic and energy performance. Such data are crucial for the selection of the drive motor,
adjustment of control modes, and minimization of risks of overload or instability during operation [8].

Thus, the relevance of this work lies in modeling the head and energy characteristics of torque-flow
pumps specifically within the operating flow range, which will refine recommendations for their application
and provide a foundation for further optimization of their designs.

2. Literature review and formulation of the research problem.

Torque-flow pumps are considered in modern studies as an effective solution for pumping liquids
with a high content of solid particles, fibrous inclusions, and gas admixtures [9, 10]. Due to their structural
simplicity and reduced probability of clogging, they are widely used in municipal utilities, as well as in the
food, chemical, and energy industries [11].

In recent years, researchers have focused on improving the flow passage and operating elements,
which makes it possible to enhance the energy efficiency of such pumps [12]. In works [13, 14], new
methods for designing impellers with a curvilinear blade profile and combined channels have been
proposed, providing a reduction of hydraulic losses [15]. Both numerical simulations and experimental
investigations of pump characteristics have been carried out, including the influence of design parameters
on efficiency and head curves [16].

At the same time, most scientific works have focused on the optimization of operating elements or
the analysis of hydrodynamic processes across a wide range of flow rates, including extreme regimes (0.2—
0.4-Qnom and above 1.3-Qnom) [17]. Much less attention has been paid to the systematic study of
characteristics specifically within the operating interval Q = 0.7—1.2-Qnom, Which is the most typical for
long-term operation of pumping equipment [18].

Thus, the available literature confirms the importance of investigating torque-flow pumps but reveals
a scientific gap associated with the insufficient amount of experimental data in the zone of real operating
flow rates. Filling this gap will make it possible to more accurately determine the position of the maximum
efficiency point, the width of the operating range, and the conditions for stable pump operation.

3. The aim and objectives of the research.

The aim of this work is to conduct a numerical investigation of the hydraulic and energy
characteristics of torque-flow pumps within the operating flow range Q = 0.7—1.2-Quom in order to refine
the optimal conditions for their operation.

To achieve this goal, the following tasks were set:

1. To construct a three-dimensional model of the flow passage of the torque-flow pump.
2. To perform CFD simulations of pump operation at different flow rates within the range
Q=0.7-1.2-Quom.
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3. To determine the “head—flow rate” and “efficiency—flow rate” dependencies based on numerical
results.
4. To identify the position of the maximum efficiency point and evaluate its deviation relative to the
nominal flow rate.
5. To assess the width of the operating zone where the pump maintains satisfactory performance and
to define its behavior outside the optimal regime.
6. To formulate practical recommendations for applying the results of numerical modeling in the
further optimization of pump designs and their operation.
4. Research Methodology.
The initial data for modeling were the geometric parameters of the TFP 80-32 pump. Based on these,
three-dimensional solid models of the impeller and the flow passage of the casing were created in
SolidWorks (Fig. 2). Separate models were developed for the single-tier and double-tier impellers.

a b c
Fig. 2. Models of the TFP 80-32 pump components (in SolidWorks):
a — stator element of the casing; b — rotor element with a single-tier impeller;
¢ — rotor element with a double-tier impeller

The preparation of the computational domains was carried out in ANSYS ICEM CFD [19], where
the stator (casing) and rotor (impeller) zones were generated independently. For each zone, an unstructured
mesh with local refinement near the walls in the form of prismatic layers was created (Fig. 3). The total
number of elements was about 1.45 million for the single-tier impeller model and up to 1.75 million for the
double-tier model (Fig. 3b,c), ensuring a balance between accuracy and computational cost. The minimum
mesh quality did not drop below 0.35-0.37.

g
o

Fig.3. Structure of the generated computational meshes:
a — stator element of the casing; b — rotor element with a single-tier impeller; ¢ — rotor element with
a double-tier impeller
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The meshes were then exported into ANSYS CFX-Pre, where the boundary conditions were
specified (Fig. 4). At the inlet, a constant mass flow rate was defined, while at the outlet, a static pressure
of 0.4 MPa was imposed. The simulations were carried out in a steady-state formulation using the k—¢
turbulence model, which is a widely accepted approach for describing flows in torque-flow pumps. The
interaction between rotor and stator domains was modeled using Frozen Rotor and Stage interfaces.
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Fig. 4. Boundary conditions applied in ANSYS CFX-Pre

The study was conducted within the operating flow range Q = 0.7—1.2-Qunom, Which corresponds to
practical long-term operating conditions of pumps [20, 21]. For the nominal flow rate (Q = Qnom = 80
m?*/h, approximately 22.2 kg/s), baseline calculations were performed, while for other flow rates the mass
flow was adjusted according to proportional relations. The surface roughness of the flow passage was set
to 100 pm, corresponding to cast surfaces of the components.

The convergence criteria were defined as achieving a root-mean-square deviation of mass balance
and torque not exceeding 10~*. Additionally, head, hydraulic power, input power, and efficiency were
monitored throughout the simulations.

5. Research Results.

The developed computational models and the adopted simulation parameters made it possible to
perform a series of numerical studies in the operating flow range Q = 0.7—-1.2-Qnom. As a result, the main
hydraulic and energy performance indicators of the pump were determined [22, 23], including the “head—
flow” and “efficiency—flow” dependencies, as well as the position of the maximum efficiency point for two
designs of the TFP 80-32 pump (Fig. 5): with a six-curved-blade impeller (blue line) and with a double-tier
impeller of twelve blades (red line).

The modeling results and their analysis are presented below.

Numerical simulations (Fig. 5) showed that for both impeller configurations, the pump maintains
stable head—flow curves and similar efficiency profiles. According to API 610, pumps are allowed to
operate short-term within 70-120% Qrom and long-term within 90—110% Qnom. For the studied pump, this
corresponds to flow ranges of 56-96 m’*/h (short-term) and 72—88 m*/h (long-term).

The results indicate that the use of the double-tier impeller increases the head by 1.3 m (=3.4%) at
the best efficiency point (BEP), while the hydraulic and overall efficiency remain nearly identical between
both configurations. This confirms the feasibility of using the improved impeller to boost head without
reducing efficiency.
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In the operating flow range Q = 0.7—1.2-Quom, the head curve maintains a stable, gradually decreasing
trend. At low flow rates (<0.5-Qnom), @ head “dip” is observed, which may cause flow instability; however,
operation in this zone is not permitted by the standard.
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Fig. 5. Characteristics of the TFP 80-32 pump with a six-curved-blade impeller (blue line)
and a double-tier impeller with twelve blades (red line) in the operating range Q = 0.7-1.2-Quom.

At the nominal flow (Q = Quom = 80 m*/h), the hydraulic efficiency reached 48.3% for the six-blade
impeller and 47.5% for the double-tier impeller. The corresponding overall efficiency values were 45.5%
and 44.6%. The difference between variants did not exceed the numerical error margin.

Tables 1 and 2 summarize the working parameters of the SVH 80-32 pump with both impeller
configurations in the operating range.

Table 1.
Operating parameters of TFP 80-32 pump with six-blade impeller

Flow rate, % Qunom 60 70 80 90 100 110 120
Flow rate, m*/h 48 56 64 72 80 88 96
Head, m 39,63 39.33 39.02 38.62 38.21 36.91 35.61
Hydraulic power, W 5184 6001 6805 7576 8330 8851 9316
Input power, W 12521 14005 15361 16363 17246 18440 19530
Hydraulic efficiency 0.414 0.429 0.443 0.463 0.483 0.480 0.477
Overall efficiency 0.39 0.404 0.417 0.436 0.455 0.452 0.449

Table 2.

Operating parameters of TFP 80-32 pump with double-tier impeller

Flow rate, % Qunom 60 70 80 90 100 110 120
Flow rate, m*/h 48 56 64 72 80 88 96
Head, m 40.59 40.48 40.37 39.86 39.34 38.40 37.45
Hydraulic power, W 5309 6177 7041 7820 8576 9207 9797
Input power, W 12522 14055 15474 16816 18055 19404 20669
Hydraulic efficiency 0.424 0.440 0.455 0.465 0.475 0.475 0.474
Overall efficiency 0.399 0.414 0.428 0.438 0.447 0.447 0.446

A comparison of results showed that the double-tier impeller consistently increases head (by 3—5%
within Q = 0.7-1.2-Qyom) While maintaining nearly the same hydraulic and overall efficiencies. Meanwhile,
the six-blade impeller has a slight advantage in peak efficiency (by up to 1%) at the nominal flow.

For operation in reduced flow zones (0.8—0.9:Qnom), or where an additional head margin is required,
the double-tier impeller is more advantageous. It provides a wider efficiency “plateau” and smoother head

© B. IO. Konodycw

28



Misicayziecwvruti 30ipnux « HAYKOBI HOTATKH». Jlyyvxk, 2025, Ne83

reduction at high flow rates, positively affecting system stability. If maximum energy efficiency at nominal
flow is the priority, the six-blade design is preferable.

The maximum efficiency values reached about nhyd = 0.48-0.49 and ntot = 0.45-0.46. The
difference between the two designs did not exceed 0.5—1%, within the bounds of numerical accuracy. In
the range of 90-110% Qnom, the efficiency remained at least 95% of the peak, which defines the optimal
long-term operating zone.

Thus, the double-tier impeller increases pump head without noticeable efficiency losses, making it
preferable when additional head margin and stable energy performance are required. The choice of impeller
type should therefore be based on operating conditions: the double-tier design suits variable flow regimes
and high-head applications, while the six-blade impeller is better for stable operation near the nominal
point.

Flow fields analysis.

Figure 6 presents the results of numerical simulation of the absolute velocity distribution in the flow
passage and the central cross-section of the TFP 80-32 pump for two impeller configurations: with six
blades and with a double-tier system of twelve blades. In both cases, the velocity fields exhibit a similar
pattern, indicating the absence of significant differences in the overall flow structure.
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Fig. 6. Absolute velocity distribution in the central cross-section of the TFP 80-32 pump:
a — with a six-blade impeller; b — with a double-tier impeller system.

A similar picture is observed for the static pressure distribution (Fig. 7): in the central cross-section
of the pump, the flow trajectories are practically identical. This suggests that, for qualitative analysis, it is
sufficient to examine selected cross-sections, focusing on key differences in the inter-blade channel zone.
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Fig. 7. Static pressure distribution in the central cross-section of the SVH 80-32 pump: a —
with a six-blade impeller; b — with a double-tier impeller system
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Operating Mode Q = Quom (80 m*/h).

Figures 8—10 show the distribution of relative velocity in the impeller flow channels (at the leading
edge, in the central part, and near the disk) under the nominal operating mode (Q = Qnom). For the six-blade
impeller, excessive channel diffusivity is observed, leading to non-uniform flow incidence (areas of reduced
velocity are highlighted in blue). In the case of the double-tier system, the flow formation is smoother and
more uniform, which reduces losses and improves blade incidence.
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Fig. 8. Distribution of relative velocity in the impeller flow channels at the leading edge
(Q = Quom): a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system
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Fig. 9. Distribution of relative velocity in the impeller flow channels at the midspan (Q =
Quom): a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system
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Fig. 10. Distribution of relative velocity in the impeller flow channels near the disk (Q =

Qnom):

a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system

It should be noted that the use of an impeller with a large number of primary blades (without tier
division) would lead to grid thickening near the hub, an increase in hydraulic resistance at the inlet, and
intensification of vortex losses, which would negatively affect efficiency. The double-tier design helps to
avoid this effect, while ensuring a more uniform distribution of velocities in the inter-blade channels.
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Operating Mode Q = 0.7-Qnom (56 m*/h)

Figures 11-13 present the results of numerical simulations of the relative velocity distribution in the
impeller flow channels of the SVHN 80-32 pump at Q = 0.7-Qnom. The analysis was performed for three
characteristic zones: at the blade leading edge, in the midspan of the channel, and near the impeller disk.
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Fig. 11. Distribution of relative velocity in the impeller flow channels at the leading edge
(Q =0.7-Qnom): a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system
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Fig. 12. Dlstrlbutlon of relative velocity in the impeller flow channels at the midspan
(Q =0.7-Quom): a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system
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Fig. 13. Distribution of relative velocity in the impeller flow channels near the disk
(Q =0.7-Qnom): a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system
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For the baseline six-blade design, noticeable channel diffusivity is observed, which results in zones
of reduced velocity near the walls. This indicates less uniform flow incidence and can cause local hydraulic
losses. In the case of the double-tier system, the velocity distribution is more uniform: the inlet flow passes
over the blades more smoothly, while the velocity fields at the midspan and near the disk exhibit a more
symmetrical pattern.
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A comparison with the nominal flow rate mode (Q = Quom) shows that the overall flow structure in
the inter-blade channels remains similar. However, in the low-flow zone, the advantage of the double-tier
impeller becomes more evident: due to lower diffusivity and a higher number of channels, the area of
stagnant zones is reduced, which positively influences pump operating stability.

Thus, at Q = 0.7-Qnom, the double-tier impeller provides a more rational distribution of relative
velocities in the inter-blade channels. This confirms the earlier conclusion about the effectiveness of such
a design specifically in the low-flow zone, where high efficiency is maintained along with an increase in
head.

Operating Mode Q = 1.2:Quom (96 m*/h).

Figures 14—16 present the relative velocity fields in the impeller flow channels of the SVHN 80-32
pump at Q = 1.2-:Qnom. The analysis was carried out for three characteristic cross-sections: at the blade
leading edge, in the midspan region, and near the impeller disk.
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Fig. 14. Distribution of relative velocity in the impeller flow channels at the leading edge
(Q = 1.2:Quom): a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system

The comparison between the six-blade and the double-tier impellers shows that the overall flow
structure remains similar to that of the optimal operating condition. However, at higher flow rates, the non-
uniformity of velocity fields increases due to the higher discharge through the channels and the emergence
of additional acceleration zones. For the six-blade impeller, this effect is more pronounced, manifesting as
local regions of elevated velocity, which may lead to increased hydraulic losses.

In the case of the double-tier impeller, the relative velocity distribution is more balanced: even at
high flow rates, the incidence on the blades remains relatively uniform, and no stagnant zones are formed.
This is consistent with the head calculation results, where the double-tier configuration provides an
additional head rise (up to 1.8 m, or more than 5% at Q = 1.2-Qnom).
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Fig. 15. Distribution of relative velocity in the impeller flow channels at the midspan
(Q =1.2:Quom): a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system

Thus, at the upper boundary of the operating range (Q = 1.2:Qnom), the double-tier blade system
demonstrates better flow stability and more efficient utilization of the flow passage. This makes such a
configuration more suitable for operation under high-flow conditions, where an additional head margin is
required while maintaining efficiency values close to the maximum.
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Fig. 16. Distribution of relative velocity in the impeller flow channels near the disk
(Q = 1.2:Quom): a — cross-section location; b — six-blade impeller; ¢ — double-tier impeller system

Flow Analysis in the Free Vortex Chamber

Further investigations concerned the distribution of static pressure and the components of absolute
velocity (tangential Vu, axial Vz, and radial Vr) within the free vortex chamber of the TFP 80-32 pump.
The calculations were performed in three characteristic zones: 5 mm from the casing wall, at the center of
the free chamber, and near the blade edges.

Figure 17 presents the pressure fields, which correspond to the theoretically expected parabolic
dependence on the reference radius. The obtained distribution is in full agreement with the fundamental
equations of hydraulic machines, confirming the correctness of the CFD modeling.

The distribution of the tangential velocity component Vu (Fig. 18) also demonstrates the
characteristic radial profile. At small radius (R = 0.2R:), this component approaches zero, which
corresponds to axial fluid inflow. The maximum values of Vu are observed near the outer diameter (R =
0.8—1.0R2). The difference between the six-blade and the double-tier impellers is negligible, indicating a
similar flow swirl structure.

Figure 19 shows the axial velocity component Vz, which clearly reflects the flow inlet and outlet
regions. The inflow into the impeller occurs within the range R = 0—0.4R.. In the double-tier configuration,
the amount of fluid entering the impeller is approximately 10% higher than in the standard variant. The
outflow occurs within R = 0.6—1.0Rz; for the double-tier impeller, the discharge is slightly higher, explained
by the reduced share of the vortex component and the increased role of the blade-driven process.
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The distribution of the radial velocity component V7 (Fig. 19) provides insight into the structure of
the toroidal vortex [24] within the free chamber. The V7 values are somewhat higher for the double-tier
impeller, which indicates a reduction in the intensity of the vortex-driven process and a greater involvement
of the flow in the blade-driven mechanism.

Overall, the obtained results demonstrate that the double-tier blade system ensures more efficient
utilization of the free vortex chamber, increases the share of blade-driven operation, and reduces vortex
losses. This confirms its advantages compared to the standard six-blade impeller.

6. Conclusions

1. Based on the geometric parameters of the TFP 80-32 pump, solid models were developed and
numerical simulations of the operating process were performed in ANSYS CFX. The applied methodology
demonstrated good convergence of results and made it possible to obtain the complete characteristics of the
pump across the entire operating flow range.

2. It was established that within the range Q = 0.7—1.2-Qnom, the head characteristic has a stable,
gradually decreasing trend, without signs of unstable operation. The hydraulic efficiency reaches 48.3% for
the six-blade impeller and 47.5% for the double-tier impeller, which corresponds to the catalog values of
pumps of this type.

3. The study showed that the use of the double-tier impeller provides a head increase of
approximately 1.3 m (=3.4% at Q = Qunom and up to 1.8 m at Q = 1.2-Quom) Without significant efficiency
losses. This confirms the feasibility of such a design in cases where an additional head margin is required.

4. The analysis of velocity fields in the inter-blade channels revealed that the six-blade configuration
exhibits excessive channel diffusivity and uneven inflow, whereas the double-tier design ensures a
smoother velocity distribution and reduces stagnant zones.

5. The investigation of the static pressure and velocity components (Vu, Vz, Vr) in the free vortex
chamber confirmed that the double-tier blade system reduces vortex losses and increases the share of the
blade-driven process. This improves flow stability and enhances pump efficiency across the entire operating
flow range.

6. The obtained results provide the basis for practical recommendations regarding the application of
torque-flow pumps with advanced impeller designs. They can also be used for further optimization of their
construction in order to improve energy efficiency.
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