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Abstract. This paper investigates the applicability of the current European minimum energy
efficiency criterion, the Minimum Efficiency Index (MEI), to torque-flow pumps, taking into account
the physical limitations of their operating process. The research methodology is based on a regulatory
and analytical assessment of ecodesign requirements for water pumps combined with analytical
prediction of the achievable efficiency of torque-flow pumps. Using a formalized relationship for
determining the minimum required hydraulic efficiency at the best efficiency point (BEP), the
normative efficiency values were calculated for characteristic ranges of specific speed and flow rate. It
is shown that even the minimum level of MEI = 0.4 imposes efficiency requirements in the range of
54-75%, while the predicted efficiency of torque-flow pumps is approximately 47-52%. A regulatory
energy efficiency deficit of 3-28 percentage points is quantitatively established. The obtained results
are consistent with analytical estimates of the physically achievable efficiency limit of the vortex
working process, which does not exceed 66.6%. The study concludes that the existing energy
efficiency assessment criteria require adaptation for pumps with vortex-dominated operating
processes.

Keywords: torque-flow pump, energy efficiency, Minimum Efficiency Index (MEI), ecodesign,
efficiency.

Problem Statement.

Improving the energy efficiency of pumping equipment is one of the key priorities of the
current industrial policy of the European Union and is implemented through a system of
ecodesign requirements and technical regulation. For dynamic water pumps, the primary
quantitative energy efficiency criterion used in EU regulatory practice is the Minimum
Efficiency Index (MEI) [1], which serves to establish the limiting values of permissible
hydraulic efficiency of products.

At the same time, the existing regulatory framework, in particular Commission
Regulation (EU) No 547/2012 [2] and the associated harmonized standards, has been
developed with regard to the design and hydrodynamic characteristics of conventional
dynamic pumps operating within a relatively narrow range of specific speed and characterized
by high maximum efficiency. Torque-flow pumps (Fig. 1), which are widely used for
pumping contaminated, abrasive, and gas-laden fluids [3], are characterized by a
fundamentally different operating process, a significant contribution of recirculation zones
[4], and increased hydraulic losses. These features substantially complicate the direct
application of MEI-based criteria to this pump type.
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Fig. 1. Structural design: (a) torque-flow pump; (b) semi-open impeller of a torque-flow pump

In engineering practice, this leads to a regulatory inconsistency in which the energy
efficiency of torque-flow pumps is assessed using criteria that are not adapted to their
physical operating principles and real operating conditions. Such an approach complicates the
justification of the energy feasibility of torque-flow pump applications [5] and creates barriers
to their integration into the modern ecodesign regulatory framework.

In this context, the analysis of the applicability of current European regulatory energy
efficiency criteria to torque-flow pumps and the identification of possible directions for their
improvement, taking into account the specific features of the hydrodynamic process,
constitute a relevant and timely research problem.

Analysis of Recent Research.

The issue of improving the energy efficiency of pumping equipment has been actively
addressed over the past decade in scientific and regulatory—methodological studies [6,7],
focusing on the development of unified assessment criteria and the harmonization of technical
requirements. A key development in this field has been the implementation of the ecodesign
framework in the European Union, within which the Minimum Efficiency Index (MEI) for
dynamic water pumps was introduced and formalized in Commission Regulation (EU) No
547/2012 and the associated harmonized standards.

Scientific publications and reports of industry associations indicate that the application of
the MEI criterion has significantly increased the average hydraulic efficiency of serial pumps
of conventional designs and has stimulated manufacturers to optimize the geometry of the
flow passages and impellers [8]. At the same time, it is noted that the methodology for
determining MEI is based on assumptions typical of pumps with relatively high efficiency and
a clearly defined best efficiency point (BEP) [9].

A number of studies devoted to a system-based approach to energy efficiency assessment
emphasize the limitations of using nameplate efficiency values for pumps operating over a
wide range of conditions or under non-standard hydraulic regimes [10-11]. In this context, the
Extended Product Approach has been proposed, which involves evaluating the efficiency of a
pump unit as part of a system including the electric drive and control devices.

At the same time, an analysis of available publications shows that the majority of studies
are focused on pumps of traditional dynamic designs, while specialized pump types, in
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particular torque-flow pumps, remain largely outside the scope of regulatory and
methodological developments [12]. The specific features of their operating process,
associated with the formation of recirculation zones and a free vortex, lead to a significant
reduction in hydraulic efficiency when assessed using classical criteria [13], which
complicates the correct application of the MEI index.

Thus, the analysis of recent research demonstrates that, despite significant progress in the
regulatory framework for the energy efficiency of pumping equipment, the issue of adapting
existing European assessment criteria to torque-flow pumps remains insufficiently addressed
and requires further scientific investigation.

Research Methodology.

The purpose of this study is to analyze the applicability of the existing European
regulatory energy efficiency criteria to torque-flow pumps and to identify the limitations of
their use taking into account the specific features of the operating process. To achieve this
purpose, the following research tasks were addressed:

1. To analyze the current European regulatory approaches to the energy efficiency
assessment of dynamic pumps, in particular the Minimum Efficiency Index (MEI), and to
identify the hydrodynamic assumptions underlying these approaches.

2. To perform a regulatory and calculation-based assessment of the minimum required
efficiency of torque-flow pumps at the best efficiency point (BEP) according to the MEI
criterion for characteristic values of specific speed and flow rate.

3. To evaluate the physically achievable level of energy efficiency of torque-flow pumps
based on analytical efficiency relationships and to determine the limits of maximum
development of the vortex working process.

4. To compare the minimum required and predicted efficiency values of torque-flow
pumps within a representative parameter range and to quantitatively determine the energy
efficiency deficit.

5. To analyze the influence of specific speed and flow rate on the magnitude of the
regulatory efficiency deficit and to identify parameter regions in which compliance with the
MEI requirements is fundamentally limited.

6. To substantiate the need for adapting regulatory energy efficiency assessment criteria
for pumps with vortex-dominated operating processes, taking into account their physical and
operational characteristics.

7. To define directions for further research related to the development of adapted
approaches to the energy efficiency assessment of torque-flow pumps and their verification
using experimental and numerical methods.

To achieve the stated objectives, a regulatory and analytical approach was applied,
combining the analysis of European Union regulatory documents with an engineering
interpretation of the hydrodynamic characteristics of pumping equipment.

The research methodology is aimed at a quantitative verification of the applicability of
the current European minimum energy efficiency criterion, the Minimum Efficiency Index
(MEI), to torque-flow pumps, taking into account the physical limitations of their operating
process. Unlike conventional centrifugal pumps, for which the hydrodynamic energy transfer
mechanism theoretically allows achieving efficiency values close to 100%, torque-flow
pumps are characterized by a fundamentally different energy conversion mechanism, which
results in the existence of a limiting theoretically achievable efficiency level. Accordingly, the
methodology is based on a combination of regulatory and calculation-based analysis of
ecodesign requirements for water pumps and analytical prediction of the achievable efficiency
of torque-flow pumps.

In the first stage, the provisions of Commission Regulation (EU) No 547/2012 and the
corresponding Technical Regulation of Ukraine were applied, according to which the
minimum permissible hydraulic efficiency of pumps is determined using the MEI. For
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dynamic pumps, the minimum required efficiency at the best efficiency point (BEP) is
defined by the analytical relationship:

(M50 )i rege = 88-59X +13.46y —11.48x* —0.85y” —0.38x- y —C

PumpType.rpm (l)

where x=In(ns) is the natural logarithm of the specific speed, y=In(Q) is the natural logarithm
of the pump flow rate, m*h, CpumpTyperpm 1S @ regulatory constant depending on the pump
type, rotational speed, and MEI level.

The minimum permissible hydraulic efficiency values at characteristic part-load and
overload operating points are determined by the following relationships:

(77P|— )min.regu =0.947- (UBEP )min.regu ; (2)

(770|- )min.regu =0.947- (UBEP )min.regu . (3)

Since the current regulatory documents do not define a separate category for torque-flow
pumps, the tabulated value C=130.27, corresponding to ESOB-type pumps operating at a
rotational speed of 2900 rpm with MEI = 0.4, was used as a reference regulatory constraint
for comparative analysis.

In the second stage of the methodology, the results of analytical prediction of the
efficiency of torque-flow pumps were employed. According to analytical models, the
maximum theoretically achievable efficiency of the vortex working process is nop,max = 0,666
at ns = 100.

For real torque-flow pumps, the overall predicted efficiency nrre(ns) [14] is defined as a
function of specific speed and exhibits a maximum within the range 70 < ns < 140, which
corresponds to the optimal development of the vortex mechanism [15].

A comparison of the minimum required efficiency values calculated using the MEI-based
formulation with the predicted values of nrre(ns) enables a quantitative assessment of the
regulatory efficiency deficit and allows the applicability limits of the MEI criterion for
torque-flow pumps to be established.

Research Results.

The conducted analysis showed that the methodology for determining the Minimum
Efficiency Index (MEI), established in the current regulatory documents of the European
Union, has been developed with regard to the hydrodynamic characteristics of pumps of
traditional dynamic designs. It is based on the assumption of a clearly defined best efficiency
point (BEP) and a relatively uniform distribution of losses over the operating range. For
torque-flow pumps, these assumptions are only partially satisfied.

It was established that a characteristic feature of torque-flow pumps is a significant share
of energy expended on the formation and maintenance of the free vortex zone and
recirculation flows. This leads to a shift of the maximum hydraulic efficiency and to flatter
head—flow characteristics compared to classical centrifugal pumps. As a result, the efficiency
value at the BEP does not adequately reflect the actual energy efficiency of a torque-flow
pump over a wide range of operating conditions.

Table 1 presents the results of calculating the minimum required efficiency at the BEP
according to the MEI criterion for characteristic values of specific speed and flow rate.

The obtained values demonstrate that even the minimum regulatory level MEI = 0.4
imposes energy efficiency requirements on torque-flow pumps in the range (ngep)min,requ = 54—
75 %, depending on the flow rate and specific speed.

Based on the analytical prediction of the efficiency of torque-flow pumps, characteristic
efficiency values nrre(ns) in the optimal operating region were obtained (see Table 2).

Taking into account the data presented in Tables 1 and 2, it is demonstrated that even
within the range of maximum achievable efficiency of the torque-flow pump operating
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process, the predicted efficiency values are significantly lower than the minimum required
values obtained according to the MEI criterion.

Table 1. Minimum required efficiency (msep)min.requ OFf pumps at the BEP for MEI = 0.4

Pump specific speed, ns Pump Flow rate, Q, m3/h M|n|mlélr]nBEr:)qml:r|]’rsi,e(;f)lmency
70 20 66.75
70 50 72.23
70 100 75.42
100 20 61.69
100 50 67.04
100 100 70.14
140 20 54.24
140 50 59.47
140 100 62.48

Table 2. Predicted efficiency of torque-flow pumps nrre(ns) in the specific speed range ns
from 70 to 140

Pump specific speed, ns Predicted efficiency nrre(ns)
70 47.37
100 52.40
140 50.84

A comparison of the minimum required efficiency of pumps at the BEP, (mgep)min,requ fOr
MEI = 0.4 with the predicted efficiency values of torque-flow pumps nrre(ns) in the specific
speed range ns from 70 to 140 made it possible to determine the energy efficiency deficit An
(see Table 3).

The performed calculation-based analysis using the formulation for the minimum
required efficiency at the best efficiency point, established within the MEI criterion, showed
that even the minimum regulatory level MEI = 0.4 imposes requirements that are stringent for
torque-flow pump designs. Within the specific speed range ns = 70...140, corresponding to
the optimal operating zone of torque-flow pumps, the calculated values of (nsep)min,requ fOr
characteristic flow rates Q = 20...100 m3/h fall within the range of 54-75%, whereas the
predicted efficiency values of torque-flow pumps in the same parameter range amount to
approximately 47-52%. Thus, a regulatory energy efficiency deficit of 3-28 percentage
points is quantitatively established; moreover, even at ns ~ 100 this deficit exceeds 10-15
percentage points for most operating flow rates.

Table 3. Energy efficiency deficit of torque-flow pumps for MEI = 0.4

Pump specific speed, ns Pump Flow rate, Q, m*/h Energy efficiency deficit, An, %
70 20 19.38
70 50 24.86
70 100 28.05
100 20 9.29
100 50 14.64
100 100 17.74
140 20 3.40
140 50 8.63
140 100 11.64
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The obtained results are consistent with analytical estimates of the physically achievable
energy efficiency limit of torque-flow pumps. According to predictive relationships, the
maximum theoretically possible efficiency of the vortex working process is limited to nop max
~ 66.6 % and can only be realized within a narrow range of specific speed. In contrast to
centrifugal pumps, for which the efficiency can theoretically approach 100% in a limiting
case, torque-flow pumps are subject to a fundamental physical limitation caused by the
dominance of the vortex-based energy transfer mechanism. This limitation makes compliance
with the MEI requirements impossible without accounting for this specific feature of the
operating process.

In this context, the application of the MEI criterion to torque-flow pumps without
considering the above-mentioned physical constraints leads to a systematic overestimation of
regulatory energy efficiency requirements. Even the minimum level MEI = 0.4 can be
achieved only for certain parameter combinations and typically requires a compromise with
the functional properties of the pumps, in particular their ability to operate stably when
handling contaminated and abrasive fluids.

Accordingly, the obtained results indicate the necessity of adapting the regulatory
approach to the energy efficiency assessment of torque-flow pumps. Promising directions
include the introduction of correction factors into the existing MEI methodology, the
establishment of a separate category of pumps with vortex-dominated operating processes, or
the application of a system-based assessment approach oriented toward real operating
conditions rather than solely toward the best efficiency point.

It is further shown that the application of the MEI criterion to torque-flow pumps without
accounting for the specifics of their operating process may lead to an underestimated
assessment of their energy feasibility, especially in cases where such pumps are used for
pumping fluids with a high content of solid particles or gas inclusions. Under these
conditions, the operational efficiency of the pumping unit is determined not by the maximum
efficiency value but by the stability of performance characteristics and the ability to operate
without clogging or emergency regimes.

The analysis also demonstrated that the current regulatory approaches do not account for
the influence of design parameters specific to torque-flow pumps, such as the geometry of the
free vortex chamber, the toroidal vortex structure, and the relative clearance between the
impeller and the casing, on the overall energy balance. This limits the applicability of the MEI
index as an optimization tool for such pumps at the design stage.

The obtained results confirm the expediency of extending the existing energy efficiency
assessment methodology through the introduction of correction factors or parametric
relationships adapted to torque-flow pumps. Another promising direction is the application of
a system-based approach, in which energy efficiency is evaluated for the pumping unit as part
of a real hydraulic system, taking into account load regimes and operating conditions.

Conclusions.

The conducted analysis showed that the existing European regulatory approaches to the
assessment of pump energy efficiency, based on the use of the Minimum Efficiency Index
(MEI), have been developed with regard to the hydrodynamic characteristics of centrifugal
pumps and do not account for the physical limitations of the operating process of torque-flow
pumps.

Based on the regulatory and calculation-based analysis, it was established that even the
minimum level MEI = 0.4 imposes requirements on the hydraulic efficiency at the best
efficiency point (BEP) in the range of 54-75% for specific speed values ns = 70...140 and
flow rates Q = 20...100 m3/h, which correspond to the optimal operating range of torque-flow
pumps.

According to the results of analytical prediction, the efficiency of torque-flow pumps
within the specified specific speed range amounts to approximately 47-52%, while the
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maximum theoretically achievable efficiency of the vortex working process is limited to
Nopmax = 66.6 %. This fundamentally distinguishes torque-flow pumps from centrifugal
pumps.

It was quantitatively demonstrated that the deficit between the regulatory minimum
required and the physically achievable energy efficiency levels of torque-flow pumps ranges
from 3 to 28 percentage points, depending on the combination of ns and Q. This excludes the
possibility of eliminating the deficit solely through design optimization without
compromising the functional properties of the pumps.

The obtained results indicate the necessity of adapting regulatory energy efficiency
assessment criteria for pumps with vortex-dominated operating processes. In particular, this
may involve the introduction of correction factors into the MEI methodology, the
establishment of a separate pump category, or the application of a system-based approach
oriented toward real operating conditions of pumping units.

Further research should be directed toward the development of adapted energy efficiency
assessment criteria for torque-flow pumps, taking into account their operation as part of
pumping systems, as well as toward experimental and CFD-based verification of the obtained
analytical results.
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Anomauis.

Y po6oTi JOCHiMHKEHO 3aCTOCOBHICTh YHHHOTO €BPOIEHCHKOTO KPUTEPII0 MIHIMAIILHOTO 1HIEKCY
eneproedektuBHocTi (Minimum Efficiency Index, MEI) mo HacociB BiIBHOBHXPOBOTO THITY 3
ypaxyBaHHAM (Di3UUHUX OOMEKEeHb IX PoOOoUYOoro mporecy. MeToaoIoris AOCTIKeHHS 0a3yeThCs Ha
HOPMaTHBHO-PO3PAXyHKOBOMY aHali3i BHUMOT €KOAM3aiiHy BOJISHHX HACOCIB Ta aHAJTITHYHOMY
MPOTHO3YBaHHI JOCSHKHOTO KoedillieHTa KOpPHCHOI il BiTbHOBHXPOBMX HacociB. Ha ocHoBi
(dopmanizoBaHOi 3aJ€KHOCTI Ui BU3HAYEHHSI MiHIMaIbHO HEOOX1MHOI T1/IpaBIiuyHOi e(peKTUBHOCTI Yy
TOUIll HAWHOUTBIIOT e(QEKTUBHOCTI BHKOHAHO pPO3paxyHOK HopMaTuBHUX 3HaueHb KK mns
XapaKTepHUX Jiala30HiB MUTOMOI HIBUAKOXIMHOCTI Ta mojadi. Iloka3aHo, 1m0 HaBiTh MiHIMaNbHUN
piBerp MEI = 0,4 popmye BuMoOTrH 110 edekTuBHOCTI B Mexax 54—75 %, Toxni sik mporno3oBanmii KK/
BIJIbHOBUXPOBUX HACOCIB CTaHOBHTH NMpHOIM3HO 47-52 %. KinbKicHO BCTaHOBJICHO HOPMAaTHBHHI
neinuT eHeproeeKTUBHOCTI Ha piBHI 3—28 BiACOTKOBUX MyHKTiB. OTpuMaHi pe3ynbTaTu
Y3rO/DKYIOTBCSl 3 aQHATITHYHUMH OLIHKaMH (i3UYHO JOCSIKHOI MeXi e(EeKTHBHOCTI BHXPOBOTO
pobouoro mpoiiecy, Mo He mnepeuinye 66,6 %. 3po0JieHO BUCHOBOK IMPO HEOOXIIHICTh amamnTariil
KpPUTEPIiB OIIHIOBAHHA E€HEPTrOePEKTUBHOCTI JUIsi HACOCIB 3 BHUXPOBHUM JIOMIHYBaHHSIM pPOOOYOTO
nporecy.

Knrouoei cnosa: BIIBLHOBUXPOBHHM HAcoC, eHEproe()eKTUBHICTh, MIHIMAJIBHUNA  1HICKC
eexruBHocTi (MEI), exonuzaiiz, koedillieHT KOPUCHOT Aii.
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