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European foreword

This document (EN 16480:2016) has been prepared by Technical Committee CEN/TC 197 “Pumps -
Minimum required efficiency of rotodynamic water pumps”, the secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by November 2016, and conflicting national standards
shall be withdrawn at the latest by November 2016.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent
rights.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports essential requirements of EU Directive 2009/125/EC.

For relationship with EU Directive 2009/125/EC, see informative Annex ZA, which is an integral part of
this document.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.
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Introduction

Purpose and content of the standard

The water pumps within the scope of this European Standard are typically produced and sold by pump
manufacturers as series of large to very large numbers. The performance characteristics of pumps of
one size produced by a manufacturer show some scatter caused by manufacturing tolerances, but are
described by mean values and curves which represent that size.

The total consumption of electric energy by water pumps installed in applications within the scope of
this European Standard depends on the total number of installed pumps of each size and on its mean
efficiency. The quality of a size in respect to its mean efficiency is quantitatively described by the
Minimum Efficiency Index (MEI) which is defined and used in this standard. To achieve a certain value
of the Minimum Efficiency Index (MEI), a corresponding minimum value of the mean efficiency of a size
is required.

This European Standard defines - for each pump type and size within the scope of the standard - the
minimum required value of efficiency depending on the value of the Minimum Efficiency Index (MEI).
Also, this standard prescribes how the value of the Minimum Efficiency Index (MEI) of a pump size
indicated by the manufacturer can be verified by an independent institution (e.g. in the frame of market
surveillance). For the manufacturer of the pump size it is generally left free how to prove the indicated
value of the Minimum Efficiency Index (MEI) of a size. Nevertheless, this standard describes also a
method to prove by the manufacturer that the mean values of efficiency meet the requirements for
indicating a certain value of the Minimum Efficiency Index (MEI).

Normally, the qualification of a pump size for a certain MEI value done by the manufacturer will be
based on tests and evaluations made on a sample of pumps of this size. It is essential that tests and
evaluations carried out for the purpose of qualifying the corresponding size fulfil certain requirements:

— From the tests on the sample pumps, it becomes possible to predict for the corresponding size the
confidence intervals within which the true mean values of efficiencies which are relevant for the
qualification are enclosed with a sufficiently high probability. Only in that way, the qualification of
the size in respect to a required and/or indicated value of Minimum Efficiency Index (MEI) will
make sure that the aspired effect of energy saving will be reached.

— If a pump size has been qualified according to the criteria described in this European Standard,
every test on one or more test pump(s) of the same size (with a full impeller diameter) which is
carried out in the frame of a verification procedure shall result with a very high probability in a
confirmation of the qualification.

Caused by technical alignment procedures of the single pump components, e.g. bearings or shaft seals,
the performance of the pump is gained after a certain running-in time.

Ways to prove and to verify the Minimum Efficiency Index (MEI) of a pump size

This European Standard describes different ways how manufacturers can achieve the qualification of a
pump size for a certain value of the Minimum Efficiency Index (MEI) and how this qualification can be
verified by an independent institution.

For the manufacturer, it is generally left free to choose and apply appropriate methods to prove that the
mean efficiency values of a size are at least equal to or higher than particular threshold values of
efficiency. These particular threshold values of efficiency are related to the value of the Minimum
Efficiency Index (MEI) to be indicated for the size. The way to determine these values of efficiency is
described in this standard. If the way chosen by the manufacturer to prove the MEI value of a size
deviates from the way mentioned in the next paragraph, the manufacturer has to document all tests,
evaluations and/or calculations which are carried out and the methods which are applied to prove the
justification of the indicated MEI value.
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If the manufacturer decides to determine the mean performance values of the size by one of the
methods described in Annex D of this standard, he has to carry out tests according to the requirements
given in Annex C of this standard and evaluations as described in Annex C of this standard and to prove
- as described in Clause 7 of this standard - that the criteria for the achievement of a certain value of
the Minimum Efficiency Index (MEI) of the size are fulfilled. The test conditions, the results of test
evaluation and the fulfilment of the criteria are documented and stored. The time period to keep
documentation available for the authorities to prove conformity is fixed by the legal text.

The independent institution carries out tests on pumps of the size in question according to the
requirements given in 5.2 to 5.4 of this standard as well as evaluations as described in 5.5 of this
standard and applies the methodology and procedure described in Clause 4 of this standard.

For an independent institution, two ways are possible and specified by this standard to verify the value
of Minimum Efficiency Index (MEI) indicated by the manufacturer:

a) If the documentation of the qualification is presented by the manufacturer to the independent
institution on request, the procedure of verification executed by the independent institution is
based on the documentation of tests and evaluations done and documented by the manufacturer. In
this case, the documentation will be checked by the independent institution in respect to being in
accordance with requirements and criteria given in this standard.

b) If no documentation is presented by the manufacturer on request or if the documentation
presented by the manufacturer on request is not accepted as proof of the indicated value of ME],
the independent institution carries out tests on pumps of the size in question according to the
requirements given in Annex C of this standard as well as evaluations as described in 5.5 of this
standard and applies the methodology and procedure described in Clause 4 of this standard.

Relevance of Sections of this standard for manufacturers or independent institutions

Clause 4 describes nominal values of minimum required efficiency for a certain value of the Minimum
Efficiency Index (MEI) and is generally relevant when applying this standard.

Clause 5 specifies test procedures, test conditions and evaluations and has to be applied

— by a manufacturer in the case that he decides to determine mean values of a size by tests on sample
pumps of this size (e.g. by methods described in Annex D),

— by an independent institution in the case that the Minimum Efficiency Index (MEI) of a pump size
shall be verified by the procedure described in Clause 7.

Clause 6 describes the procedure to be applied by a manufacturer in order to determine particular
threshold values of efficiency for a certain value of the Minimum Efficiency Index (MEI) of a size and to
prove the justification of this MEI value by the fulfilment of criteria for the mean efficiency values.

Clause 7 describes the methodology and procedure to be applied by an independent institution in the
case that the Minimum Efficiency Index (MEI) of a size indicated by the manufacturer shall be verified
by third party tests on pumps of this size.

Annex C is concerned with mean values of a pump size which are relevant for manufacturers to prove
that a pump size achieves a certain value of the Minimum Efficiency Index (MEI).
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1 Scope

This European Standard specifies performance requirements (methods and procedures for testing and
calculating) for determining the Minimum Efficiency Index (MEI) of rotodynamic glanded water pumps
for pumping clean water, including where integrated in other products.

The pump types and sizes covered by this standard are described in the Annex A. These pumps are
designed and produced as duty pumps for pressures up to 16 bar for end suction pumps and up to
25 bar for multistage pumps, temperatures between -10°C and +120°C and 4” or 6” size for
submersible multistage pumps at operating temperatures within a range of 0 °C and 90 °C.

In addition, this standard specifies how the value of the Minimum Efficiency Index (MEI) of a pump size
indicated by the manufacturer can be checked by market surveillance.

Even if it is left free to the manufacturer of a pump size how to prove the rated value of the Minimum
Efficiency Index (MEI), nevertheless this standard specifies a method to prove that this rated value
meets the requirements within the confidence intervals with a sufficiently high probability.

Minimum required efficiency of rotodynamic water pumps and
methods of qualification and verification

/‘F\

Definition of the minimum required value
of efficiency

see Section 4, equations (4.4}, (4.6}, (4.7}
and table 7

Procedure of verification
by independent institution
see Section 6, figures 6.1 and 6.2

Method of qualification isleft
to the manufacturer

v

Method to prove MEl and to pass Other
verification with a high probability Method
see Section 8, Annex 5

v v L

check of documentation [« documentation
documentation documentation
not accepted accepted

L 4 ¥

verification tests

, MEl confirmed
see Section 7

T no documentation

Figure 1 — Scheme of application of this standard
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2 Normative references
The following documents, in whole or in part, are normatively referenced in this document and are

indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

EN IS0 9906:2012, Rotodynamic pumps — Hydraulic performance acceptance tests — Grades 1, 2 and 3
S0 9906:2012

3 Terms and definitions

3.1 General

For the purposes of this European Standard, the quantities, definitions, symbols and units given in
EN IS0 9906 and in 3.2 apply. 3.2 gives specific definitions of terms - in deviation of - used
in this European Standard, together with any associated symbols which have been allocated and is
based on .

Table 1 gives an alphabetical list of symbols used and Table 2 gives a list of subscripts. As far as
possible, the quantities, definitions and symbols used in this standard comply with those used in
. Quantities, definitions and symbols used in , but not needed in this standard
are not contained in 3.2 and Tables 1 and 2, while these tables contain some quantities, definitions and

symbols which are not used in EN ISO 9906,

In this European Standard, all formulae are given in coherent SI-units.

3.2 List of quantities with definitions

For the purposes of this document, the following terms and definitions apply. Most of the terms and
definitions come from EN ISO 99086, except for the definition of MEI.

3.21
Reynolds number
dimension less number that gives a measure of the ratio of inertial forces to viscous forces and
consequently quantifies the relative importance of these two types of forces for given flow conditions.
In this standard, it is defined by the relation:

D -u

imp

Re=

1%
where u is the peripheral velocity at the outer impeller diameter Dimp

3.2.2

(volume) rate of flow

external rate of flow of the pump, i.e. the rate of flow discharged into the pipe from the outlet branch of
the pump

Note 1 to entry:  Losses or abstractions inherent to the pump, i.e.:
— discharge necessary for hydraulic balancing of axial thrust;
— cooling of bearings of the pump itself;

— water seal to the packing.


http://dx.doi.org/10.3403/30165048
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Note 2 to entry:  Leakage from the fittings, internal leakage, etc. is not to be reckoned in the rate of flow. On the
contrary, all derived flows for other purposes, such as cooling of the motor bearings; cooling of a gear box
(bearings, oil cooler), etc. are to be reckoned in the rate of flow.

Note 3 to entry:  Whether and how these flows shall be taken into account depends on the location of their
derivation and of the section of flow-measurement respectively.

3.2.3
driver power input
power absorbed by the pump driver

3.2.4
pump efficiency
_ Phyd _ Hydraulic output

Py B Pump powerinput

3.2.5
driver efficiency

:P—2: Pump power input

Tar P, Driver power input

3.2.6
overall efficiency

_ Phyd _ Pump power output

tot  p 1 Driver power input

3.2.7
specific speed
dimensional number characterizing the impeller type (radial, semi-axial, axial) of rotodynamic pumps

v QBEP

N.e =Ny -
s TN 0.75
Hpggp

Note 1 to entry:  For multistage pumps, Hgep is the head per stage which results from dividing the total pump
head at the point of best efficiency by the number of stages.

Note 2 to entry:  The specific speed of an individual pump or the mean specific speed of a pump size is a
(dimensional) value which characterizes the impeller shape (radial, semi-axial, axial) of the pump or the size. The
numerical value of the specific speed is defined by an equation given in 3.2.7 by using special units for the
quantities contained in this equation. As described in Clause 4, the specific speed is one of the parameters which
the nominal values of minimum required efficiency depend on.

3.2.8

minimum efficiency index

MEI

value which determines the minimum required efficiency for the qualification criteria and, thereby, is a
measure of the quality of a pump size in respect to efficiency

Note 1 to entry:  Dimensionless scale unit for hydraulic pump efficiency at BEP, PL and OL.
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Note 2 to entry:

The MEI is the result of a statistical analysis of the performances of a large number of

commercial pump sizes, and corresponds to the various “quartiles” of the statistical distribution.

For example, MEI = 0,40 corresponds to the efficiency performance level that 40 % of the pumps on the market do

not meet.

3.3 Lists of basic letters and subscripts

10

Table 1 — Alphabetical list of basic letters used as symbols

Symbol | Quantity Unit
A Area m?
C Constant pure number
D Diameter m
e Measurement uncertainty, relative value pure number
f Frequency s, Hz
g Acceleration due to gravity m/s?
H Pump total head m
k Number of instrument readings or sample pumps | pure number
m Mass kg
M Number of pumps of a sample pure number
n Speed of rotation s'1, min-!
N Number of instrument readings pure number
n Specific speed min-1
p Pressure Pa
p Probability pure number
P Power w
Q (Volume) rate of flow m3/s
s Standard deviation of a sample according to special quantity
t Tolerance factor, relative value pure number
t Time S
t Student’s factor pure number
T Torque Nm
u Peripheral velocity m/s
U Mean velocity m/s
U Voltage \'
1% Local velocity m/s
%4 Volume m3
X General quantity according to special quantity
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Symbol | Quantity Unit
y General quantity according to special quantity
z Height above reference plane m
z Number of produced pumps pure number
n Efficiency pure number
0 Temperature °C
v Kinematic viscosity m?/s
Density kg/m3
W Angular velocity rad/s
o Standard deviation of normal distribution according to special quantity

For a list of concise designations (short term description) of pump types in scope, see Annex B.

Table 2 — List of letters and figures used as subscripts

Subscript Meaning

1 electrical

2 mechanical

abs absolute

amb ambient

annual per year

curve on fitting curve

BEP at best efficiency point

dr driver

D datum

exp experimentally determined
guaranteed

H pump total head

I numbering index

] numbering index

imp impeller

man manufacturing

max maximum permissible

mean mean value of pump series

min,requ minimum required

N nominal

OL overload

Pd pre-defined

11
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Subscript Meaning

p power

PL partload

Q (volume) flow rate
R random

specific, systematic

sync synchronous

tot total, overall

true true value

T torque

T translated

\ vapour

X of quantity x

y % for probability of y %
1 efficiency

hyd hydraulic

3.4 General definitions

3.4.1

qualification

procedure where the manufacturer of the pump size proves, by appropriate methods, the fulfilment of
the efficiency criteria defined in this standard

Note 1 to entry:  Generally, the qualification criteria refer to the mean values of the size which are valid for the
full impeller diameter and which will be determined by tests and evaluations on pumps of the respective size.
These mean efficiency values and their confidence intervals are compared to nominal values of minimum required
efficiency. Also, these values depend on parameters (see Clause 4) the values of which partly result from the tests
and are determined with some uncertainty or tolerance. Therefore, so-called particular threshold values of
efficiency are determined and used in the frame of the qualification procedure for comparison with the mean
values.

3.4.2

verification

procedure where an independent institution checks the result of the qualification procedure, in the
frame of market surveillance

Note 1 to entry: In this case, the tests and the evaluation of the test data are carried out according to Clause 5 of
this European Standard. The approval decision is taken according to the procedure described in Clause 7 of this
European Standard.

3.4.3

independent institution/market surveillance

organization mandated by the market surveillance for verification of MEI values indicated by
manufacturers

12
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Note 1 to entry:  These organizations are generally called independent institutions whatever the special type of
the institution (non-governmental organization (NGO), neutral institute, market surveillance authorities or
similar) may be.

Note 2 to entry:  Neutral institutions or similar organizations can also be mandated by a manufacturer for the
qualification procedure, in this case they are not considered as independent institution when applying this
standard.

344

minimum required efficiency

TMNmin,requ

value of efficiency that have to be reached in order to fulfil a particular MEI value

Note 1 to entry:  The value of minimum required efficiency depends on certain properties of the pump size
(pump type, nominal speed of rotation, flow rate at best efficiency point and specific speed) and on the Minimum
Efficiency Index (MEI). For one size, different minimum required efficiencies are relevant at best efficiency point,
at specified part load and overload operating points, respectively.

3.4.5
particular threshold values of efficiency

Tthreshhold
values calculated from the minimum required efficiency by subtracting a total tolerance

3.4.6

pump size

range of pumps characterized by certain dimensions (e.g. nominal diameter of discharge flange and
nominal impeller diameter for end-suction and multistage pumps, nominal outer casing diameter in the
case of submersible multistage pumps) and given in his catalogues by the manufacturer

Note 1 to entry:  In a Q-H-chart each pump size covers a certain range of Q- and H-values. Within this range, each
duty point can be served by a pump of the corresponding pump size by adapting its Q-H-curve by impeller
trimming, i.e. by cutting down the outer impeller diameter to an appropriate value. The upper limit of the Q-H-
range covered by one pump size is determined by the full diameter of the impeller corresponding to this size.

3.4.7

full impeller diameter of a pump size

impeller with the maximum diameter for which performance characteristics are given for a pump size
in the catalogues of a water pump manufacturer

3.4.8

best efficiency point

BEP

operating point where the greatest value of pumps efficiency is obtained, at nominal speed of rotation

3.4.9

part load

PL

particular operating point in the range of operating points with lower flow than best efficiency point, at
nominal speed of rotation

3.4.10

overload

OL

particular operating point in the range of operating points with higher flow than best efficiency point, at
nominal speed of rotation

13
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4 Minimum Required Efficiencies and Minimum Efficiency Index
4.1 The concept of “house of efficiency”

To achieve the goal of energy saving by replacing less energy efficient pumps by pumps which are
qualified in respect to fulfilling criteria of minimum required efficiency, two important aspects have to
be taken into account:

a) The required minimum values of nggp shall be fulfilled by the mean values of the qualified pump
sizes which are produced and sold in large numbers. Therefore, these mean values shall be
determined by appropriate methods and then be compared to minimum required values which are
based on general physical interrelations (see Annex B) as well as on a statistical evaluation of
existing pumps of "state of the art” design and manufacturing quality (see 4.2 and 4.3).

b) Not only the value of nzgp is relevant for energy consumption and saving by pumps, but also the
efficiency in the part load and overload ranges of operation. This is caused by two reasons:

The product program of pump manufacturers for a certain pump type is - from economic reasons -
subdivided into a limited number of different pump sizes which each cover a certain range of flow rate
Q and pump head H. This leads to the effect that not for any @Q-H duty point (i.e. the operating point
specified by the pump user which normally is the most probable point of operation) for a pump
application, a pump size will exist for which its best efficiency point is identical to the required duty
point. The selection of the “best choice” size for a given application will most often cause the duty point
to be a slight “off-design”, i.e. part load or overload, point of the selected size. (For more information to
aspects of pump selection, see Annex B.)

Even if the best efficiency point of a pump size fits exactly to a required duty point, the pump will
normally be operated in a range of operation and not only at its duty point. This can result from changes
or variations of the hydraulic resistance of the circuit (caused either by varying demand of system flow
rate or by long time effects as, e.g. internal incrustation of pipes) or, in the case of parallel operation of
pumps, from variable operation conditions when different numbers of pumps are running.

Therefore, the qualification of a pump size in respect to minimum required efficiency is based on the so-
called concept “house of efficiency” which includes two criteria A and B.

Criterion A is the minimum efficiency requirement at the best efficiency point (BEP) of the pump size:

A.

(UBEP)mean 2(7715'1513)min, requ M

Criterion B is the minimum efficiency requirement at specified part load (PL) and overload (OL)
operating points of the pump size:

B.

(UPL )mean 2 (UPL )min,requ (2)

(770L )mean 2 (UOL )min,requ ?

In this standard, the operating points which shall be representative for the efficiency in the part load
and overload range are fixed at Qp. = 0,75 Qger and Qo = 1,1 Qgep.

All efficiency values in the criteria given above are mean values of the pump size and are to be taken for
pumps of this size with full impeller diameter.
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As a result, the mean efficiency curve of the size has to show a high maximum and a broad width to fulfil
the criteria for qualification.

In Figure 2 the representation of the two criteria is shown in a Q-n diagram. To be qualified, the mean
efficiency curve of the size with its maximum at the best efficiency point shall not penetrate into the
“roof” of the “house of efficiency”.

n

QPL QBEP QOL Q

Key

n  pump efficiency

Figure 2 — 'House of Efficiency' - explanatory representation

4.2 Mathematical representation of minimum required efficiency

The minimum required efficiency values for pump sizes fulfilling the qualification criteria A and B are
based on scientific analyses of the attainable efficiency of rotodynamic pumps as well on a statistical
evaluation of data collected from several questionnaires sent to European pump manufacturers in 2007.

The collected data comprises all pump types within the scope of this European Standard. The specific
speed n; of the pumps forming the data base ranges from 6 to 110,5 min-! and the range of flow rate at
best efficiency Qggr is from 1,8 to 1200 m3/h. The performance data supplied by the European
manufacturers were assumed to be valid for the full diameter of the respective pump sizes.

In respect of the general physical dependency of attainable mean values of efficiency on main
parameters (see Annex B), the collected data have been ordered according to a representation in the
form ngepr = f (ns, Qper) for each pump type and nominal speed within the scope. This correlation is
described by a mathematical formula (see below). The form of the formula is based on previous
investigations. The various steps to come from the collected data to the quantitative description of the
relation nggp=f(n, Qper) in the form of a 3-dimensional quadratic polynomial approximation are
presented in more detail in the final report of the evaluation study.
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The mathematical formula describing the relation nggp = f (ns, Qgep) is:

1 BEP =—11,48(ln(n5))2 —0,85-(ln(QBEP))2 ~0,38-In(n )-In(Qpgp ) +88,59In(n, ) +13,46-In(Qpgp ) —C
(4)
with

neepin [%];

ngin [min-1];

Qsep in [m*/h];

C: constant in [%], depending on Minimum Efficiency Index (MEI), see 4.4.

The result calculated from Formula (4) has to be rounded to the 1st digit after the decimal point.
The mathematical range of validity of the formula is:

6 min! < ns <120 min-?!
2 m3/h < QBEPS 1000 m3/h

The physical range of validity of the formula is
NBEp < 88 %

NOTE1  The limitation of the physical range of validity to a maximum value of nggp results from the fact that the
hydraulic and mechanical losses in commercially designed and manufactured rotodynamic pumps cannot fall
below a lower limit.

NOTE 2  Further reduction of losses would need special measures in design and manufacturing which would
lead to unacceptable efforts and costs and/or would be incompatible with other pump operating requirements as,
for example, good cavitation performance, low noise and vibration levels.

Assuming that there are no other constraints, Formula (4) is valid for all pump types within the scope of
this European Standard pumping clean cold water. In the case of multistage pumps (MS), it is valid for a
minimum stage number of 3, in the case of submersible multistage pumps (MSS) for a minimum stage
number of 9. Generally, the equation is valid for the full impeller diameter of a pump size.

The efficiency values concern only pump efficiency, not the overall efficiency even in the case of close
coupled pump-motor units.

4.3 Minimum efficiency at part load and overload
The pump data given by the manufacturers was also evaluated at selected part load (0,75 Qser) and
overload (1,10 Qszpr) operating points.

Part load and overload coefficients defined by:

— 77PL . x _ 770L (5)

Xpr s> Xor =
M gep M gep

were calculated for each pump type. The mean value of these coefficients were found to be xp;, = 0,947
and xor, = 0,985 for all pump types in good approximation.
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Using the relation described in 4.2 for ngsr, the minimum efficiency requirements for the selected
operating points at part load and overload are

(UPL )min, requ - 0’94‘7'(77351J )min, requ (6)

(UOL )min, requ = 0’985 ’ (UBEP )min,requ (7)

4.4 Minimum Efficiency Index

By varying the constant C in the equation for nggp, the curves resulting from Formula (4) and plotted in a
Ns-Nminrequ - diagram for constant values of Qpgp are shifted in the vertical direction (see Figure 3 as an
example). With a chosen value of C for a pump type and rotational speed within the scope, the existing
pumps of this type produced by the European manufacturers are split into a percentage of the total
number of pump sizes which already fulfil the corresponding minimum efficiency requirement (in
respect to criteria A and B) and the (complementary) percentage of those which do not fulfil this
requirement yet and, therefore, will be replaced on the market by pumps which are qualified in respect
to the criteria A and B. The quantitative effect of the qualification criteria (finally determined by the
value C) on the market and energy saving effect is characterized by the Minimum Efficiency Index
(MEI). In the statistical evaluation, the Minimum Efficiency Index (MEI) was determined such that its
value, multiplied by 100, indicates the percentage of existing pump sizes which do not fulfil the
qualification criteria A and B for the corresponding value of C. To come to these results, the data for
each pump given by the pump manufacturer were taken as being representative for the total number of
pumps of the corresponding size with full impeller diameter.

The Minimum Efficiency Index (defined as described above) is a measure for the quality of a pump size
in respect to efficiency. At the lower limit MEI = 0, the corresponding efficiencies of pump sizes can be
achieved on a low level of design and manufacturing. For values of MEI > 0,7 the corresponding
efficiencies of pump sizes can only be achieved by a very special hydraulic design which only aims at
high efficiency and does not respect other hydraulic aspects as, e.g., good cavitation performance, and
additionally by exceptional measures in mechanical design and manufacturing. Therefore, values of MEI
higher than 0, 7 are not practically attainable for mass produced pumps.

NOTE1 The maximum effect of reducing energy consumption by using pumps with high MEI will only be
achieved if the pumps are carefully selected for required duties (see Annex B).
Table 3 shows the values of C for the pump types within the scope and for different values of the

Minimum Efficiency Index (MEI).

Table 3 — Values of the constant C for different values of the Minimum Efficiency Index (MEI)

Minimum Efficiency Index
0,10 0,20 0,30 0,40 0,50 0,60 0,70
C (ESOB 1450) 132,58 130,68 129,35 128,07 126,97 126,10 124,85
C (ESOB 2900) 135,60 133,43 131,61 130,27 129,18 128,12 127,06
C (ESCC 1450) 132,74 131,20 129,77 128,46 127,38 126,57 125,46
C (ESCC 2900) 135,93 133,82 132,23 130,77 129,86 128,80 127,75
C (ESCCi 1450) 136,67 134,60 133,44 132,30 131,00 130,32 128,98
C (ESCCi 2900) 139,45 136,53 134,91 133,69 132,65 131,34 129,83
C (MS-V 2900) 138,19 135,41 134,89 133,95 133,43 131,87 130,37
C (MSS 2900) 134,31 132,43 130,94 128,79 127,27 125,22 123,84
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Examples of efficiency values resulting from Formula (4) for certain values of MEI are shown in
Figures 3 and 4.

100 . : ; . :
Q=1000 m¥/h Q=200m?/h
) Q=100m*/h
7 — Q=50m’/h
80+ -
_ 60} \ \ N
°\.'_.? ‘-\_\\. Q=16 m’/h \d=32 wi/h
= 40 Q= 6\m3/h |
20+ .
0 l l l l 1
0 20 40 60 80 100 120
n_ [min'1]

Figure 3 — Two-dimensional representation of nBEP = f (ns,QBEP) for ESOB, n= 2 900 min-! and
MEI = 0,70 (see Table 3)
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Figure 4 — nBEP = f (ns) for ESOB with QBEP = 32 m3/h, 2 900 min-1 and for different values of
MEI (see Table 3)

For the choice of the value of MEI within the qualification procedure, the following applies:

a) The value of the Minimum Efficiency Index (MEI) can be chosen (and proven by a qualification
procedure) by the pump manufacturer to indicate the quality of a pump size in respect to efficiency.

b) Minimum values of MEI might be fixed by law, governmental or EU regulations for market
acceptance in order to reduce overall energy consumption

Examples of graphical representations for one pump type and rotational speed are given in Figures 3
and 4. Figure 3 shows the principal dependence of Nminrequ On the specific speed ns; and on the flow rate
at best efficiency Qgzp. In Figure 4, the effect of varying the value of MEI on 1min requ is demonstrated.

In the frame of qualification or verification of a pump size, the values of Qzzr and ns - which Nminrequ
depends on - shall themselves be determined by tests on sample pumps and are not known a priori nor
do they result from the tests as exact or true values. The determination of Qgsr and ns from tests on
sample pumps is subjected to effects of manufacturing tolerances within the size (see Annex C) and of
measurement uncertainties (see Clause 5). Therefore, the values of Qgzr and ns can only be determined
to be confined to corresponding tolerance or confidence intervals. When calculating nminrequ by the
means of Formula (4), the uncertainties of Qgzzr and ns propagate into the result. In this standard, the
value of Nminrequ Which is calculated by the means of Formula (4) using as input the measured (and - in
the case of a sample of M > 1 pumps - arithmetically averaged) values of Qszr and n;s is called nominal
value of minimum required efficiency. The combined effects of manufacturing tolerances within the size
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and of measurement uncertainties are taken into account by applying a total negative tolerance on the
nominal value of minimum required efficiency 9minrequ- The values resulting from the application of the
total negative tolerance on the values 1minqu are called particular threshold values of efficiency and are
used in the qualification and verification procedures specified in this standard for comparison with the
actual efficiencies of pumps of the size in question.

NOTE 2  The application of a total negative tolerance on the nominal values of minimum required efficiency is
in close correspondence to the application of a total tolerance on guaranteed values of hydraulic quantities as in
the method described in . The difference is the fact that in this European Standard the values on
which the total tolerance is applied result from tests while they are fixed in a contract in the case of.

5 Determination of the Efficiency of a Test Pump

5.1 General

This clause specifies performance tests and evaluations on test pumps drawn at random out of a size
which are carried out

— by an independent institution (for example in the frame of market surveillance) in order to verify

the value of the Minimum Efficiency Index (MEI) indicated by the manufacturer,

— by a manufacturer in the case he has decided to qualify this size in respect to a certain value of
Minimum Efficiency Index (MEI) by applying these tests and evaluations.

Such tests and evaluations shall provide the necessary information on the actual performance values of
test pumps needed for the verification procedure described in Clause 6 or for the qualification
procedure described in Clause 7. These values comprise:

a) the flow rate at best efficiency point Qzzr from which also the values of flow rate Qp, and Qo at
specified part load and overload operating points (defined in 4.1), respectively, can be derived,

b) the maximum efficiency nggpr at Qzer and the values of efficiency np; and no. at the corresponding
values of flow rate Qp, and Qoy,

c) the specific speed ns; which is needed to determine the minimum required efficiencies (see 4.2 to
4.4).

Regarding the requirements on test installations and measuring equipment, EN ISO 9906 is to be
applied.

5.2 Test Procedures

Test shall be provided in accordance with EN 1S0 9904 grade 2B. The exception for input power of
10 kW and below (see EN IS0 9906:2012, 4.4.2) shall not be considered.

For pumps (P2) < 1KW it is recommended to test a sample number higher than 3 in order to ensure a
higher reliability to determine mean values.

a) Tests shall be carried out on test stands of the manufacturer or of laboratories in accordance to the

methods and in the test arrangements specified in [EN I1SO 9906,

b) the pump performance shall be determined between the pump’s inlet flange and discharge flange.

The conditions necessary to ensure satisfactory measurement of the performance characteristics are
defined in 5.3.

NOTE1 Recommendations and general guidance about suitable pipe arrangements to ensure satisfactory
measurements for flow and head are given in EN ISO 9906:2012, Annex A and, if necessary, they can be used in
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conjunction with the ISO Standards on measurement of flow rates in closed conduits concerning the different
methods (see EN ISO 9906:2012, Annex A).

As explained in EN ISO 9906:2012, A.1.4, the pump power input which is needed to determine the pump
efficiency can be experimentally determined

— either by measurements of rotational speed and torque,
— or by electric power measurements.

In the case of determining by electric power measurements the pump power input of test pumps taken
out of a size, an electric motor shall be used which is calibrated according to the IEC- or IEEE-Standards
cited in EN IS0 9906:2012, A.1.4.3 and which is operated only under conditions where the motor
efficiency is known with sufficient accuracy.

In the case of testing a pump with an integrated electric motor (as for pump types ESCC or MSS) in the
frame of the verification procedure, the motor efficiency dependent on the motor load shall be found
out in a suitable way, e.g. by information given by the motor manufacturer or by disassembling the test
pump and calibrating the motor according to the IEC- or IEEE-Standards cited in of EN ISO 9906:2012,
A1.4.3.

For sizes of multistage pumps which are offered and sold by the manufacturer with different numbers
of stages, the tests on test pumps which should be representative (in respect to the efficiency) for the
size shall be carried out on pump versions with at least 3 stages for (not submersible) multistage pumps
(MS-V) and with at least 9 stages for submersible multistage pumps (MSS).

The test pumps taken out of a pump size shall have an impeller with the full diameter of the
corresponding pump size.

NOTE2  Trimming a pump of a given size by cutting down the impeller diameter will reduce the pump

efficiency compared to the efficiency of the same pump size with full diameter.

The test results shall be summarized in a report. Further guidance regarding the contents of a test
report and a suitable pump test sheet is given in [EN ISO 9906:2012, Annex F.

5.3 Test conditions

Tests shall be carried out with clean cold water. The duration of the test shall be sufficient to obtain
repeatable results; especially run-in effects shall be considered.

NOTE1 Run-in effects may take up to one day operating time.

All measurements shall be made under steady state conditions (see 5.4).

The tests should be conducted under conditions where cavitation does not affect the performance of the
pump.

NOTE 2  If cavitation exists to a remarkable extent in the test pump during the test, not only the pump head but
also the pump efficiency can deteriorate which leads to an underestimation of the pump efficiency.

A minimum of seven test points shall be taken for all performance tests within the range of 60 % to
120 % around the expected value of flow at the BEP. Four of these points shall be spaced between 60 %
and 95 %, two between 105 % and 120 %, and one point chosen within 95 % to 105 % of the expected
flow at the BEP. Preferably, tests should be carried at speeds of rotation n close to the nominal speed of
rotation ny which is given in the technical documentation of the manufacturer. Under some
circumstances, e.g. if the electric motor is running at a constant frequency and its speed of rotation
varies with the loading by the test pump which depends on the pump operating point, tests may be
carried out at values of speed of rotation different from the nominal value. In this case, the speed of
rotation at test should be within the range 80 % to 110 % of the nominal speed of rotation to establish
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rate of flow, pump total head and power input. If testing at different speeds the efficiency may be
affected. However, in the case the variation of speed is within 20 % of the nominal speed the efficiency
change is considered negligible.

In certain cases, the pump shaft is not accessible for the measurement of the rotational speed, e.g. in the
case of submersible multistage pumps, and/or a nominal electric frequency fy is given in the technical
documentation of the manufacturer for the pump size instead of a nominal speed of rotation. In these
cases, the tests shall be carried out at a frequency f of the electric supply which does not deviate from
the nominal frequency fy by more than 1 %. The voltage U of the electric supply used in the test shall be
no more than 5% above or below the voltage on which the characteristics given in the technical
documentation of the manufacturer of the manufacturers are based.

5.4 Measuring uncertainties

5.4.1 Relevance

In Tables 5 and respectively Tables 6 and 7, maximum permissible values of measurement device
uncertainty and overall uncertainty are given. The values given in these tables are set in analogy to the
values given in , grade 2, for pump acceptance tests. They have to be met when performing
tests according to Clause 7 of this European Standard.

For tests done by a pump manufacturer which aim at the qualification of a size, it is obvious from the
criteria and procedures described in Clause 6, that it is advantageous - in respect to the fulfilment of the
qualification criteria - to have a width of the confidence interval of the mean efficiencies of the size as
small as possible. Whichever method is used by the manufacturer to determine the mean values and
their confidence intervals needed to prove the fulfilment of qualification criteria, it is advisable to the
manufacturer to achieve random and systematic measurement uncertainties (see Annex G) as small as
possible.

For tests done by an independent institution in the frame of the verification procedure which is
described in Clause 6, the situation is different. Each test pump selected for the verification test(s) has
to be evaluated and assessed individually in respect to its efficiency. The efficiencies resulting from the
test(s) have to be compared to corresponding particular minimum (threshold) values partly resulting
from the same test(s). In this case, the “pass-or-fail” result is strongly dependent on the total
measurement uncertainties. Therefore, to neutralize the influence of measurement uncertainties on the
verification result, the maximum permissible measurement uncertainties specified in this European
Standard have to be met and proven in tests aiming at the verification of the value of Minimum
Efficiency Index (MEI) indicated by the manufacturer.

5.4.2 Fluctuations

The fluctuations stated in Table 4 shall not be exceeded. If a damping device is used it shall provide
integration over at least one complete cycle of fluctuations.

22


http://dx.doi.org/10.3403/02663223U

BS EN 16480:2016
EN 16480:2016 (E)

Table 4 — Permissible amplitude of fluctuation as a percentage of mean value of quantity being

measured

Permissible

) amplitude of

Measured quantity fluctuations
%
Rate of flow +3
Differential pressure +4
Discharge pressure +3
Suction pressure *3
Driver power input *3
Speed of rotation +1
Torque +3

Temperature 0,3 °C

5.4.3 Statistical evaluation of overall measurement uncertainty

The random component due either to the characteristics of the measuring system or to variations of the
measured quantity or both appears directly as a scatter of the measurements. Unlike the systematic
uncertainty, the random component can be reduced by increasing the number of measurements of the
same quantity under the same conditions.

The random uncertainty shall permit the overall uncertainty e not exceeding the limits given in Table 6.

5.4.4 Maximum permissible measurement device (systematic) uncertainty

5.4.4.1 General

For tests according to Clause 5 of this standard, Table 5 below gives values of maximum permissible
(relative) measurement device uncertainty egmax.

The values in Table 5 have to be applied for all operating points of the tests.

NOTE The values in Table 5 correspond to the values given for the relative measurement device uncertainties
in EN ISO 9906:2013, Table 5 for acceptance tests according to class 2.

EN IS0 9906:2012, A.1 describes different methods of measurement as well as devices that typically are
used to determine rate of flow, pump total head, speed of rotation and pump power input in the range
of required accuracy.

Table 5 — Maximum permissible measurement device uncertainty es,max as a percentage of the
arithmetically averaged value of the measured quantity

Measured Quantity Maximum permissible measurement
device uncertainty
€5s,max
Rate of flow +25%
Differential pressure +25%
Discharge pressure +2,5%
Suction pressure +2,5%
Driver power input +2,0%
Speed of rotation +1,4%
Torque +2,0%
Temperature +1,0°C
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5.4.4.2 The overall uncertainty

The value for overall uncertainty, ¢, is given by:

e=+lek +ed

Permissible values of overall measurement uncertainties, e, are given in Table 6.

Table 6 — Permissible values of overall uncertainties

Quantity Symbol %
Flow rate eo +3,5
Speed of rotation en +2,0
Torque er +3,0
Pump total head ey +3,5
Driver power input eri +3,5
Pump power input (computed
from driver power and motor ep +4,0
efficiency)

5.4.4.3 Determination of overall uncertainty of efficiency

If efficiency is computed from torque and speed of rotation:

e= \Jed +ef +ed +el

If efficiency is computed from pump power input:

e = ,/e% +e12L, +e%

Using the values given in Table 6, the calculations lead to the results given in Table 7.

Table 7 — Resulting largest values of the overall uncertainties of efficiency

Quantity Symbol %
Pump efficiency (computed from Q, H, M, n) e +6,1
Pump efficiency (computed from Q, H, P1, [dr) e +6,4

5.5 Evaluation of test data

5.5.1 Conversion of the test results to the nominal speed of rotation or to the nominal electric

frequency

(8)

Conversion of the test results to the nominal speed of rotation or to the nominal electric frequency shall

be in accordance with EN ISO 9906.

Case 1: A nominal speed of rotation ny is given in the catalogues of the manufacturer:

All test data obtained at an actual speed of rotation n in deviation from the nominal speed of rotation ny

shall be converted to the nominal speed of rotation ny.

If the deviation of the test speed of rotation n from the nominal speed of rotation ny does not exceed the
permissible variations stated in 5.3, the measured data on the rate of flow Q, the pump total head H, the

24


http://dx.doi.org/10.3403/02663223U

BS EN 16480:2016
EN 16480:2016 (E)

pump power input P and the pump efficiency n can be converted (according to the hydrodynamic
similarity laws) by means of the following formulae:

0,=0-"" ©)
2

H, =H-("TNJ (10)

P - P.(%"j (11)

Me =1 (12)

Case 2: A nominal frequency fy and voltage Uy of electric supply is given in the catalogues of the
manufacturer:

All test data obtained at an actual electric frequency f at the pump test in deviation from the nominal
electric frequency fv shall be converted to the nominal frequency fu.

If the deviations of the electric frequency f at the pump test from the nominal frequency fy and of the
electric voltage U at the pump test to the value given in the catalogues do not exceed the permissible
variations stated in 5.3, the measured data on the rate of flow Q, the pump total head H, the pump
power input P and the pump efficiency 1 can be converted (according to the hydrodynamic similarity
laws) by means of the following formulae:

H, = H[fTN] (14)
£\

p-po (%) (15)

ne=n (16)

5.5.2 Performance curves

In order to determine the data which are needed for the qualification or verification procedure (Qzzp,
Qrt, Qor, the corresponding values of efficiency nszp, nr. and no. and the specific speed ng), performance
curves for head H versus flow rate @ and efficiency n versus flow rate Q have first to be established.
These shall be best-fit curves in relation to the measured points.

These curves shall fulfil the condition of “least squares”, i.e. the condition that the sum of the squared
deviations of the measured values of H and 1, respectively, from the corresponding values on the fitting
curve at the same flow rates is at minimum:

Zk:[Hj (Qj)—Hw,ve(Qj )JZ =min (17)

j=1
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k 2

> [7;(Q))~ncure ()] =min (18)

j=1

For the determination of the flow corresponding to BEP, PL, and OL, the flow- efficiency fitting curve
shall be represented by an appropriate mathematical expression. In the range of flow rates from PL to
OL, the curve represented by the mathematical expression shall have only one maximum, and the
second derivative of the mathematical expression shall be negative. Appropriate methods for drawing
the flow-efficiency fitting curve are, e.g. polynomials of third order or spline functions. Alternatively, the
nominal best flow value from the manufacturer's test reports can be chosen if provided. The
mathematical expression has to fulfil the following conditions:

— in the range of flow rates from Q = Qp. to Q = Qoi, the curve represented by the mathematical
expression shall have only one maximum,

— in the range of flow rates from Q = Qp. to Q = Qo the 2nd derivative of the mathematical expression
shall be negative.

After having determined the fitting curves, these shall be plotted together with the measured test points
in a Q-H- and in a Q-n-diagram, see Figure 5.
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Figure 5 — Performance curves with values relevant for the qualification or verification
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5.5.3 Determination of the values relevant for the qualification or verification

The next step consists in the determination of Qg and nger. Qpep is found as the value of the flow rate
which corresponds to the maximum of the fitting curve in the Q-n-diagram. This maximum fulfils the
mathematical condition:

dn _
0 =0 (19)

From the fitting curve (most easily from its mathematical expression), the value ngepr corresponding to
Qszp is determined.

The values of Qp, and Qo are found by multiplying Qgzr by the factors 0,75 and 1,1, respectively. The
corresponding values of np, and no. are determined from the fitting curve (most easily from its
mathematical expression). These values are also plotted in Figure 5.

For the determination of the specific speed ns; and for the determination of the actual overall
measurement uncertainties of the efficiencies ngzp, np. and no (see Annex G), also the values of pump
head Hpggp at Qpep , Hpr at Qpr, and Hor at Qo. are needed. These are found on the Q-H fitting curve at the
respective values of flow rate (see Figure 5).

NOTE It is important to note that the values of ngep, np. and no, determined in the manner described above
are not the true values of these efficiencies but are the mid-points of the corresponding confidence intervals to
which the true values are confined with a probability of 95 %. Within these confidence areas, each value is equally
valid. For details of the determination of the actual overall measurement uncertainties and the confidence
intervals of efficiencies, see Annex D.

Also, the specific speed n; is needed to determine the minimum required values of efficiency (see
Clauses 4, 6 and 7). The specific speed n; is defined by the formula

The units are [min-!] for ns; and ny, [m3/s] for Qper and [m] for Hpgp.
Hpgp is the value on the Q-H fitting curve at the point where Q = Qgzp (see Figure 5).

For multistage pumps, Hggp is the head per stage, i.e. the pump total head divided by the number of
stages 1.

If the measurement of the rotational speed is inappropriately difficult, e.g. shaft inaccessible in case of a
submersible multistage pump, a slip of 3 % is assumed for the rotational speed at the point of best
efficiency of the pump.

5.5.4 Procedures for testing and/or evaluation of special pump types

5.5.4.1 General

For special pump types covered by the scope of this standard, procedure and testing according to
5.5.4.2 to 5.5.4.4 shall be applied, respectively.

5.5.4.2 Other nominal speeds than 1 450 min-1 or 2 900 min-!

For those pumps, one of the following two options for testing shall be applied:

a) Pumps are tested at their nominal speed. The calculation of the minimum required efficiency or
Minimum Efficiency Index shall be done on the basis of Formula 4.4. The C-value (from Table 3)
shall be taken for 1 450 min-! or 2 900 min-! whichever is closer to the nominal speed of the tested
pump size.
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b) Pumps are tested at 1 450 min! or 2 900 min! The corresponding C values (from Table 3) shall be
taken.

NOTE1 For b) only: Testing and evaluation is done under the assumption that this pump size is designed for
the respective test speed.

NOTE 2  Typical examples are pumps driven by six-pole motors or over synchronous permanent magnet
motors.

5.5.4.3 Twin head pumps (ESCCi with two impellers)

Twin head pumps shall be tested by incorporating one of the driver/impeller sets into an adequate
pump casing of ESCCi type. The C-value (from Table 3) shall be taken for the corresponding ESCCi pump
type and speed.

5.5.4.4 Pumps according to more than one type definition

For pump types where more than one type definition is applicable the type of pump casing shall
determine which C value (from Table 3) has to be taken.

6 Proving the Minimum Efficiency Index of a pump size
6.1 General remarks
There are two possible cases of information on the Minimum Efficiency Index (MEI) of a pump size

which is indicated by the manufacturer on the nameplates and/or in the technical documentation:

a) The conformity to requirements by law in respect to the MEI-value is indicated by the information
that MEI is at least equal to or higher than MEIni» where MElni, is defined by law (for example “MEI
> 0,40” if MEImin = 0,4).

b) The numerical value determined according to this European Standard is indicated (for example
“MEI = 0,47").

Both cases of indicated values are valid for the mean efficiency values of the size at BEP, PL and OL and
the manufacturer has to prove that the values 1pepmean, 1pLmean and Normean fulfil — with a sufficiently
high probability - the criteria defined in Clause 4.

¢) To prove the conformity to requirements by law in respect to the MEI-value, tests and evaluations
have to be carried out according to Clause 5 on sample pumps taken randomly out of the size and
mean values of efficiency at PL, BEP and OL have to be determined (for example as described in
Clause 5). Subsequently, the MEI-value has to be calculated as described in 6.2.

The conformity to law is than proven if the MEI-value determined in that way fulfils the condition
MEI = MElin (20)
where
MEImin is prescribed by law.
d) To prove the validity of an indicated numerical value of MEI which is higher than the minimum

value required by law, the determination of the indicated value of MEI has to be carried out by tests
and evaluations according to Clause 5 and calculations according to 6.2.

29



BS EN 16480:2016
EN 16480:2016 (E)

NOTE In the verification procedure according to Clause 7, a tolerance t; = - 5 % is applied to the values of
Nminrequ Which are calculated by Formula (4) for the MEI-value required by law or indicated by the manufacturer.
This tolerance is not included in the method to determine and to prove the MEI-value of a pump size by the
manufacturer.

6.2 Determination of the Minimum Efficiency Index of a pump size

The values which are needed to determine the MEI value of a pump size are:

— the nominal rotational speed ny,

— the mean values of the flow rate Qszpmean and the pump head Hpgpmean at best efficiency point BEP,
resulting from tests and evaluations carried out according to Clause 5 and - if applied - Annex D,

— the mean values of efficiency nsepmean, NpLmean aNd Nor,mean, resulting from tests and evaluations
carried out according to Clause 5 and - if applied - Annex D,

— the specific speed ngmean calculated from ny, Qpep,mean and Hpgpmean according to 5.5.3.

The MEI-value is than determined in the following way:

Step 1: The auxiliary function F; is calculated from

F, =—11,48(1n(ns,,,,em,))2 —0,85(1n(Qm,,m,,))2 ~0,38(In (1 mean))

(21)
lrl(QBEP,mean ) + 88'59(1n(ns,mean )) + 13'4'6ln(QBEP,mean )

with

Ngmean iN [Min-1]
QBEP,mean in [m3/h]

The value of F; calculated from Formula (21) has to be rounded to the 2nd digit after the decimal point.

Step 2: For each of the values of mean efficiency at BEP, PL and OL, a corresponding value of C is
calculated from

CBEP = Fr] — 17 BEP mean (22)
B 11 PL,mean

Cpp=F, TT0.947 (23)
770L,mean

Cor =Fy =70 085 (24)

Step 3: The values calculated from Formulae (22) to (24) have to be rounded to the 2nd digit after the
decimal point. The greatest of the 3 values Cpzp, Cpr and Coy, is taken as the value Cyz which serves to
calculate the MEI value

Cmgr =max(Cpgp, Cpy,, CoL) (25)

Step 4: The value of MEI corresponding to Cumg is calculated by linear interpolation between the
neighbouring values in Table 3. For this purpose, in the line for the pump type and nominal rotational
speed of the pump size the neighbouring values Cerz and Crgn: to the left and to the right of Cug,
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respectively, are taken from Table 3 as well as the values MEl, and MEl,gn: corresponding to Cis: and
Crighe- Finally, the MEI value of the pump size is calculated from

Coer = Cu
— MEIL,, ) -2, MET,, (26)

right ~ “~left

MEI = (MEI

right

Because in Table 3 the difference MEl;gn: - MEles is generally equal to 0,1, Formula (26) can be
simplified to

Cymer —Clepe

MEI=0,1- +MEI (27)

right — Cleft

The value of MEI of a pump size calculated from Formulae (26) or (27) shall be rounded to the 2nd digit
after the decimal point.

7 Verification of the Minimum Efficiency Index for a pump size
7.1 General remarks

If a manufacturer has qualified a size of a pump as described in Clause 5 a check and a confirmation of
the result of the qualification by an independent institution, for example in the frame of market
surveillance, may be required. This is called verification of the MEI-value in this European Standard.

Normally, the MEI-value required as a minimum will be prescribed by law as for example MEI = 0,40.

The numerical MEI value indicated by a manufacturer which is higher than the value required by law
shall be indicated as a number with two digits after the decimal point as for example MEI = 0,47.

7.2 describes the procedure to be applied in the case that the conformity to the requirements by law in
respect to MEI or the validity of the numerical value of MEI indicated by the manufacturer shall be
verified by tests on pumps of this size. This verification procedure uses a limited number of test pumps
and tests.”. The procedure is based on simple pass-or-fail tests and a “decision tree”. In Annex H, some
explanations are given concerning the methodology and the probability of the results.

An alternative to the verification procedure described in 7.2 exists if the manufacturer either has
proven that the mean efficiencies of the pump size fulfil the requirements by law in respect to MEI
according to Clause 6 or has determined the indicated numerical value of MEI which is higher than the
minimum value required by law by applying the method described in Clause 5 and has completely
documented the whole procedure which was applied. The applied procedure can consist of tests and
evaluations according to Clause 5 and application of one of the methods described in Clause 7 or of
other methods chosen by the manufacturer. The documentation should be presented by the
manufacturer to the independent institution on request for the purpose of verification. If the
documentation is approved by the independent institution, the conformity to law in respect to MEI or
the validity of the indicated numerical value of MEI shall be confirmed and the qualification of the pump
size is regarded as verified.

7.2 Procedure and decision

The whole verification methodology and procedure applies to pumps with full diameter impeller and
consists of several steps:

a) Anindividual pump is drawn at random out of the size, tested, evaluated and assessed in respect to

the corresponding Minimum Efficiency Index (MEI) as described below.

b) If the individual pump has passed according to the criterion described below, the value of the
Minimum Efficiency Index (MEI) of the investigated size is confirmed.
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c) If the efficiency of the first individual pump does not achieve the corresponding threshold values,
three other individual pumps are drawn at random out of the size, tested and evaluated as
described.

d) The values of Qszp, naep, NrL, Nor and n, has to be determined for each of the three tested pumps. Out
of these values the MEI is determined according to (see Formulae (29) and 30)). The three derived
MEI values have to be arithmetically averaged according to Formula (28).

gzlix. 28)
3 1

i=1

e) If the “average-of-three MEIs” has also failed according to the criterion described below, the
verification of the investigated size for the Minimum Efficiency Index (MEI) required by law or
indicated by the manufacturer is definitely rejected.

f) If the “average-of-three MEIs” has passed according to the criterion described below, the pump size
has passed in spite of the fact that the first pump test has failed.

The tests and evaluations on each of the pumps drawn at random and independently from each other
out of the size for which the conformity to law in respect to the Minimum Efficiency Index (MEI) or the
validity of the numerical value of MEI indicated by a manufacturer shall be verified according to
Clause 6 of this standard.

For each of the tested pumps, the Q-n and Q-H fitting curves and from these the values of Qgzpr and ns
have to be determined as described in 5.5.2.

The following calculations have to be done for the first test pump and - in the case it fails - also for the
“average-of-three” pump (i.e. the “virtual” pump having the averaged hydraulic performance of the
three real pumps which were additionally tested).

Using the values Qspr and n; or Qggp and 7,, respectively, determined from the test, the minimum

required efficiencies (1gep)minrequs, (PL)minrequ @A0A (Nor)minrequ for the pump have to be calculated. These
calculations are done by the means of Formulae (4), (6) and (7) given in Clause 4 with the C-value taken
from Table 3 in 4.4 for the type and nominal speed of the tested pump(s) and for the Minimum
Efficiency Index (MEI) as required by law or as indicated by the manufacturer.

If the value of MEI indicated by the manufacturer is a numerical number between the values given in
Table 3, the corresponding value of C in Formula (2) shall be determined by linear interpolation in the
interval between the neighbouring values given in Table 3.

For this purpose, in the line for the pump type and nominal rotational speed of the pump size the
neighbouring values MEl: and MEI;gn: to the left and to the right of the indicated numerical value MEI,
respectively, are taken from Table 3 as well as the values Cis and Crign: corresponding to MEI.s: and
MET,ign. Finally, the value of C corresponding to the indicated numerical value of MEI of the pump size is
calculated from

MEI — MEI o,
MEI i — MEI

C=Clep + '(Cright —C Ieft)) (29)

right
Because in Table 3 the difference MEI.gn: - MEl.s is generally equal to 0,1, Formula (22) can be
simplified to

MEI — MEI

C = Cleﬁ + 0 1 L ’ (Cright - Clgft)) (30)
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EXAMPLE For a pump size of the type ESOB and a nominal speed ny = 2 900 min!, a manufacturer indicates
the numerical value MEI = 0,47. The neighbouring values of MEI given in Table 3 are MEl s = 0,4 and MEl,gn: = 0,5.
The corresponding C-values are Cis: = 130,27 and Crighe = 129,18. The C-value for MEI = 0,47 is calculated as:

MEI - MEI,,;,
MEIigpe ~MEl op, (Crigne=Cre)

C= Cleft +
right

=130,27+w-(129,18—130,27)=129,51
0,5-0,4

» )Y,

(31)

As described in Clause 4, the minimum required values of efficiency depends themselves on the
quantities Qper and ns which result from tests and evaluations on the test pumps taken as sample.
Thereby, they are also subjected to effects of manufacturing tolerances within the size and inevitable
measurement uncertainties. To take account of these effects together with the inherent measurement
uncertainties of the efficiency values determined by the verification test(s), a tolerance has to be
applied also on the minimum required values of efficiency used in the verification procedure. This leads
to the particular threshold values which the measured efficiencies of the tested pumps shall exceed. For
this purpose, the negative tolerance of t, = - 0,05 (or - 5 %) is applied to each of the values (sep)min,requ,
(NP1 ) min,requ and (Nor)minrequ Which are calculated by the means of Formulae (4), (6) and (7). By application
of the total tolerance on the calculated values (i.e. by multiplying them with the factor (1 - rtﬂ r) =0,95),
the particular threshold values result. If plotted in a Q-n-diagram at the flow rates:

— Qszror Qpgp,
— Qn=0,75 Qs or Qp, = 0,75 Drr,

— Qor=1,1Qsepor (_ZOL =11 (_?BEP-

The calculated values, the tolerance bars and the particular threshold values can be visualized (see
Figure 6). The points of the particular threshold values form the “house of efficiency” (see Figure 2)
being relevant for the first test pump or for the “average-of-three” pump, respectively.

Decision criteria:

The first tested pump or the “average-of-three” pumps has passed in respect to confirming the required
or indicated value of the Minimum Efficiency Index (MEI), if all 3 values ngep, np. and no., resulting from
the measurements are equal to or higher than the corresponding particular threshold value at BEP, PL
and OL.

The first tested pump or the “average-of-three” pumps has failed in respect to confirming the required
or indicated value of the Minimum Efficiency Index (MEI), if at least one of the 3 values ngep, nr. and nor
resulting from the measurements is lower than the corresponding particular threshold value at BEP, PL
and OL.

Examples of “passed” or “failed” results are shown schematically in Figure 6.
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—
Qp.  Oper CQov Q Q. COeer Qov Q
Key
A calculated minimum required efficiencies at PL, OL and BEP for required or indicated MEI value
B Q-n fitting curve from test(s)
C particular threshold values for PL, OL and BEP resulting from A
t(Mminrequ) total tolerance applied to Nmin,requ

Figure 6 — Schematic presentation of “pass” (left figure) and “fail” (right figure) results of a test
pump for a certain value of the Minimum Efficiency Index (MEI)
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Annex A
(normative)

Pump types in scope

Table A.1 — Pump types within the scope

ESOB

Iml
End Suction Own Bearings pump L=y
s
ESCC

End Suction Close Coupled pump

ESCCi
Inline End Suction Close Coupled pump

MS-V
Vertical Multistage pump 1 1

MSS
Submersible multistage borehole pump ,I_I_
m——
F—If

End suction pumps (ESOB, ESCC and ESSCi).

Glanded single stage end suction rotodynamic water pump in axial-top or in-line arrangement of the
pipe connections and with volute casing designed for pressures up to 16 bar.

All pumps made with flanged or threaded nozzles in metric or inch dimensions.
Pump sizes with performance data according to Table A.2.

Vertical Multistage Pumps (MS-V).
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Glanded multi stage (i > 1) rotodynamic water pump in which the impellers are assembled on a vertical
rotating shaft, which are designed for pressures up to 25 bar.

Pump sizes with performance data according to Table A.2.

The efficiency to be evaluated for being an energy efficient pump is the efficiency of the pump version
with 3 stages (pumps with more stages have better efficiency by physical reasons).

Submersible multistage borehole pump (MSS).

Multi stage (i > 1) rotodynamic water pump with a nominal outer diameter of 4” (10, 16 cm) or 6"
(15,24 cm) designed to be operated in a borehole at operating temperatures within a range of 0 °C and
90 °C;.

The efficiency to be evaluated for being an energy efficient pump is the efficiency of the pump version
with 9 stages.

Table A.2 — Pumps within the scope

Pump type Defined scope

ESOB n=1450 min? | Qeep26m3/h Hpep <90 m 6 min't <ng<80 | P,<150 kW
ESCC min-1

ESCCi

ESOB n=2900 min' Qger 2 6 m3/h Hpep < 140 m 6 min'! <ng <80 | P, <150 kW
ESCC min-1

ESCCi

MS-V n=2900 min! Qpep < 100 m3/h

MSS n=2900 min 4" and 6~
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Annex B
(informative)

General remarks on the efficiency of rotodynamic pumps

The efficiency n of each rotodynamic pump, running at constant rotational speed n or driven by an
electric motor at constant electric frequency f, depends on the pump flow rate Q. From n = 0 at Q =0, the
efficiency increases with increasing flow rate, reaches a maximum value 7nzzr and then decreases with
further increasing flow rate. The point of best efficiency “BEP” with the corresponding values of flow
rate Qper and pump head Hgep is defined by the condition 1 = nggp. Usually and also in this standard, the
operating range Q < Qgzp is called “part load” (PL), while the range Q > Qpzp is called “overload” (OL).

Rotodynamic pumps cannot be expected to have generally comparable values of nzgp, even if they were
designed and manufactured with comparable quality. In contrary, for comparable quality of design and
manufacturing the values of nggp depend on two main hydraulic parameters:

a) The flow rate Qpsr which characterizes the size of the pump (and indirectly the Reynolds number
Re, a hydrodynamic parameter on which most of the internal hydraulic losses in pumps are
dependent).

b) The specific speed ns (with the unit [min-1]) which characterizes the impeller shape (from radial at
the lowest ns-values to axial at the highest ones) and is calculated by the means of the formula

n,=n- Qocr (B.1)

S 0.75
HBEP

wherein the units [min-1] for n; and for the rotational speed n, [m3/s] for Qpzr and [m] for Hggp have to be
used. In the case of multistage pumps, Hgzp is the head per stage which results from dividing the total
pump head by the number of stages i.

Many theoretical considerations and experimental investigations have shown that for rotodynamic
pumps of comparable quality of design and manufacturing,

— 1nsep increases monotonically with increasing Qzzp where the slope 01nszr/0Qser is steepest at the
lowest values of Qgepr and flattens down asymptotically to zero for very high values of Qze»,

— ngep has a maximum at ns—values in the range between 40 and 50 min! and decreases for higher
and lower ns-values, especially leading to very low values of zgp at ns < 10 min-1.

This typical dependency of nser on Qzer and ns can physically be explained by the influence of these two
parameters on the various internal hydraulic losses (relative to the power input of a pump) as are flow-
through losses, disc friction losses and internal leakage losses. Additionally, the increasingly low values
of efficiency at low values of Qpzr and/or ns - which are typical for small pumps of correspondingly low
power input - result from a considerable contribution of mechanical friction losses (arising in shaft
sealing and bearings) to the total pump losses.

Compared to single stage pumps (types ESOB, ESCC and ESCCi), the efficiencies of multistage pumps
(types MS-V and MSS) with the same values of Qzer and ns are generally lower because of additional
flow-through losses in the guide vanes and return channels. But multistage pumps have an advantage in
respect to efficiency, when the required data of Q, H and n would lead to a very low ns-value of a single
stage pump for this duty point. In this case, the more favourable ns-value of a multistage pump
(calculated and relevant per stage) leads to a considerably higher efficiency compared to a single stage
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pump. The general dependency of ngezr on Qpep and n, for multistage pumps is similar to that one of
single stage pumps.

\\\ Pump B, max. diameter

—

~
~.
. \.
——————————— Duty point N

Head

N

BEPA:69%  BEPB:74% - 80

> T T T TS ~ . T 70
/.///'{ {60
// ° Efficiency atduty po?nt A: 69% < — 50
7 m Efficiency at duty point B: 63% | &=
/ > 1 40
/ 8)
/ S
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/'/ E ]
[/ 420
ly 1
/ 410
0
Flow —
Figure B.1

In Figure B.1, two pumps A and B are compared. Pump B is the better one in respect to the efficiency at
BEP. But the required duty point specified by the system designer (customer) differs from the point of
best efficiency of pump B. So, pump A with a lower efficiency at BEP but better matching to the required
duty point results in a better choice (higher efficiency) for the given application.

In summary it is necessary to underline that a correct and precise dimensioning of parameters such as
H, Q and NPSH (et al.) needs to be carried out by the customer quoting the duty point and the
manufacturer selecting the right pump for the quoted duty point.
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Annex C
(informative)

Mean Values of a Size Relevant for its Minimum Efficiency Index

As explained in Clause 6, in order to achieve a certain value of the Minimum Efficiency Index (MEI) the
mean values of efficiency of a pump size shall be at least equal or higher than corresponding minimum
required values.

Within one size of mass produced pumps of one manufacturer (with the same full impeller diameter),
there is an inevitable scatter of hydraulic performance characteristics including the efficiency and other
values (Qper and ng) which are of relevance for the Minimum Efficiency Index (MEI). This scatter of
hydraulic performance characteristics results from small differences of hydraulically relevant
geometrical dimensions (as e.g. internal flow cross sections, impeller blade angles, gap clearances)
among the individual pumps of the same size. These differences are within the range of geometrical or
dimensional tolerances which are inherent in every manufacturing process and which cannot be
reduced below some economically acceptable limits.

The bandwidth of the hydraulically relevant geometrical tolerances leads to a corresponding bandwidth
of hydraulic performance characteristics of individual pumps of the same size.

The size as a whole is characterized by the mean performance data and curves. The mean values of
hydraulic quantities relevant for the Minimum Efficiency Index are defined as:

1 z
xmean = z xi (Cl)
ANE

where x is the respective quantity (for example @, H, n, ns) and z is the total number of pumps of the
same size ever produced by the same manufacturer. For sizes produced in very large numbers, the total
number z can be replaced by the number Zgnnuar of pumps of the same size produced per year.

NOTE If the number z (or Zannua ) is large, it can generally be assumed that the geometrical dimensions and,
thereby, the hydraulic quantities x depending on these dimensions show normal (Gaussian) distributions (see
Figure C.1). For the same impeller diameter - and especially for the full impeller diameter - these distributions are
characterized by their true mean value Xmean (Which is identical to the value defined by the equation above) and
the associated bandwidth of scatter. The latter can also be called the actual manufacturing tolerance of a hydraulic
quantity or actual hydraulic manufacturing tolerance of a pump size.

For normal distributions, the probability is 95 % that any individual true value x; of the respective
hydraulic quantity x is confined to a confidence interval of + 1,96-s, around the mean value Xmean

where

1 &
Sx = Z_I'Z(Xi_xmean)z (C.2)
i=1

is the standard deviation of the quantity x within the same size - see Annex E.
Therefore, the manufacturing tolerance of a quantity x can be defined as * 1,96 s,, see Figure C.1.

Furthermore, the true value x; of any pump of the same size and impeller diameter, produced by the
same manufacturer, has a probability of

— 50 % to be equal to or larger than Xmean,
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— 97,5 % to be equal to or larger than xmean — 1,96 sy

Because, in most cases, the total numbers z or Zunua of pumps of one size within the scope of this
European Standard produced by a manufacturer are very large, the mean values of the size can only be
determined by performing and evaluating tests on a sample of a number M (typically being very small
compared to z or Zanmua) Of test pumps drawn at random out of the production. Thereby, the mean
values can only be determined with some remaining uncertainty even if no measurement uncertainties
would exist. While the individual true values of efficiency and other relevant quantities evaluated from
tests on a sample of test pumps can be expected to be confined to the bandwidth of scatter around the
(unknown) true mean values, it is unknown where the individual values are located within the
corresponding bandwidth.

fx)

-
-

Key

f(x) relative frequency of x

X hydraulic quantity Q, H, 1, ...
Xmean mean value of x

Sx standard deviation of x

1 low

h high

Poso probability interval of Xmean

Figure C.1 — Normal distribution of a quantity x within a pump size resulting from
manufacturing tolerances
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For example, a test pump drawn at random out of a size can have any true value of efficiency n; within
the scatter bandwidth, and also, as one of the two possible extreme cases, either the minimum or the
maximum value of efficiency on the boundaries “1” (low) and “h” (high) of the bandwidth, see Figure C.1.

To prove for a pump size a certain value of the Minimum Efficiency Index (MEI) by the procedure
described in Clause 6, besides the mean efficiency values (1sep)mean, (fPL)mean and (or)mean Of the size, also
the mean values (Qgep)mean and (Ng)mean Of the size are needed for the determination of the corresponding
nominal values of minimum required efficiency (see Clause 4).

When determining the mean hydraulic values of a size by tests and evaluations on sample pumps,
additionally to the bandwidth of the true values caused by hydraulic manufacturing tolerances within
the size, the effect of measurement uncertainties shall be taken into account. The bandwidth of true
values within a size is only dependent on the quality of manufacturing. The width of the confidence
intervals of hydraulic quantities which are experimentally determined are additionally dependent on
the accuracy of the measuring methods and devices, i.e. on the actual overall measurement
uncertainties (see Annex D).

Therefore, the true mean values of hydraulic quantities of a size, especially of those which are relevant
for the Minimum Efficiency Index (MEI), can be determined by tests and evaluations only as being
limited to corresponding confidence intervals which can be quantified by total tolerance factors or
values. These total tolerance factors can either be based on general experience of the individual
manufacturer or can be determined directly from measurements on a sample of several tests pumps of
the same size (when applying, for example, the method described in D.3.

To assure a sufficiently high probability that

— the true mean efficiency values of a pump size are at least equal to the threshold values
corresponding to the Minimum Efficiency Index (MEI) of this size,

— tests on one or more pump(s) of this size (with a full impeller diameter) which is carried out in the
frame of a verification procedure will result in a confirmation of the Minimum Efficiency Index
(MEI) indicated by the manufacturer,

it is necessary that the mean efficiency values of (nsgp)mean, (L) mean aNd (or)mean determined by tests on
sample pumps shall have some positive margins (expressed by total tolerances or confidence intervals)
relative to the threshold values for the value of the Minimum Efficiency Index (MEI) required by law
and/or indicated by the manufacturer.

These necessary margins between the mean efficiency values - determined by tests on sample pumps of
a size - and the corresponding threshold values of efficiency for a certain value of the Minimum
Efficiency Index are the smaller

— the smaller the hydraulic scatter within the size is (= good manufacturing quality, small
manufacturing tolerances),

— the smaller the measurement uncertainties of the measurements on the sample pumps are (- high
accuracy of measuring equipment, small random errors, see Annex H),

— thelarger the number M of tested sample pumps is (see Annex G and Annex H).

In Figures C.2 and C.3, the effect of the magnitude of the total tolerances (i.e. the width of the confidence
intervals) of the mean efficiencies of a size on the comparison with the corresponding threshold values
according to Clause 5 is demonstrated. In both cases, the average efficiency resulting from
measurements on sample pumps as well as the nominal values of minimum required efficiency and the
corresponding threshold values of efficiency are assumed to be the same ones. In the case of larger total
tolerances of the measured efficiencies (shown in Figure C.2) the same pump size may miss the criteria
(defined in Clause 5) for qualification in respect to a certain value of Minimum Efficiency Index (MEI)
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while it fulfils the criteria in the case of smaller total tolerances of the measured efficiencies (shown in

Figure C.3).

g 7
mean nmin,requ ““““
( nmin,requ)
7] treshhold-———---—- /
%/
I
|
| C
|
| »
Qpr Upep OF QoL Q
mean
Key
Nmin,requ nominal value of minimum required efficiency (calculated by Formulae (4),(6),(7))
Nthreshold particular threshold value
t(Mmin,requ) total tolerance according to EN ISO 9904, grade 2B, applied to 1 min,requ
A nor 77 from test(s)
B 95 % confidence interval of §mean from test(s)
C min. value of true nmean (with 97,5 % probability)

Figure C.2 — Effect of total tolerances of measured efficiencies, case 1
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Key
1min,requ nominal value of minimum required efficiency (calculated by Formulae (4),(6),(7))
Nthreshold particular threshold value
t(Mmin,requ) total tolerance according to EN ISO 9906, grade 2B, applied to 1 minrequ
A n or ..from test(s)
B 95 % confidence interval of Nmean from test(s)
C min. value of true nmean (with 97,5 % probability)

Figure C.3 — Effect of total tolerances of measured efficiencies, case 2

When the procedure described in Clause 6 is applied by a manufacturer in order to prove for a pump
size a certain value of the Minimum Efficiency Index (MEI), the determination of the relevant
(confidence intervals of the) mean values of this size is generally in the responsibility of the
manufacturer.

Two possibilities to determine with sufficient probability for a pump size - on the basis of tests on
sample pumps of this size - the mean values of efficiency and the other relevant quantities are described
in detail in Annex D.
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Annex D
(informative)

Methods recommended for manufacturers to determine the mean values of
hydraulic quantities of a size relevant for MEI

D.1 General remarks

To determine mean quantities of a size, two possibilities exist and are recommended to be applied by
manufacturers for proving that the size achieves a certain value of the Minimum Efficiency Index (MEI):

1) Only one test on a single test pump drawn at random out of the size is carried out and its efficiency
values at BEP, PL and OL are determined by measurements and evaluations as described in
Clause 5. The mean efficiency values of the size are calculated by making use of a hydraulic
manufacturing tolerance factor tmany Which is based on experience of the manufacturer concerning
maximum manufacturing tolerances to be expected for the respective pump size. But it is generally
not known where the experimentally determined values 1exy 0of the sample pump are located within
the bandwidth of scatter caused by manufacturing tolerances. Also the actual magnitude of the
bandwidth of scatter is unknown. But the true mean values nmean can be expected to be confined to
the interval of * tmany ‘Nexp around the experimentally determined values nex. To be sure that the
requirements mentioned in Annex C are met for the qualification, the extreme case shall be
considered that the efficiency of the sample pump is at the high end (point “h” in Figure C.1) of the
scatter bandwidth of 1. Then, one can be sure that the mean value of efficiency 1mean is equal to or
higher than (1- tmany)Nexp in any case.

2) Tests are carried out on a sample consisting of M test pumps drawn at random out of the size. On
the results of these tests, small (or exact) sampling theory is applied. On the basis of the results for
the M tested pumps, the arithmetically averaged values, the standard deviations of the relevant
hydraulic quantities and the actual confidence intervals of the mean efficiencies of the size are
calculated.

While the second method needs more experimental effort, it normally will lead to smaller confidence
intervals if good manufacturing quality is attained by quality management measures applied by the
manufacturer. This is because the magnitude of fixed manufacturing tolerance factors used for the first
method is set to cover even cases of poorer manufacturing quality. Therefore, the higher effort when
applying the second method is - in most cases - justified by smaller margins (in comparison to the fixed
tolerance in the first method) by which the experimentally determined mean values of efficiency shall
exceed the corresponding threshold values which are relevant for the verification procedure described
in Clause 7. This effect is also demonstrated in Figures C.2 and C.3 in Annex C.

D.2 Determination of the mean efficiency of a pump size from a test on one single
test pump
The test on a single pump has to be performed and evaluated as described in Clause 5.

Thereby, the measured values of flow rates Qsgpr, Qr. and Qo; and the corresponding values of efficiency
nser, e and nop as well as the value of specific speed n; (see 5.5.3) are available for the test pump.

Based on these values, the total tolerance intervals have to be determined to which the values of the
mean efficiencies fmean (at BEP, PL and OL) of the size are confined with a high probability. For the
determination of the width of these intervals, the total tolerance factor t::, has to be applied.
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Because the scatter of efficiencies within the size and the measurement uncertainties of the test on the
selected pump can be assumed to be normally (Gaussian) distributed and statistically independent of
each other, the total tolerance factor for the mean efficiencies of the size are calculated by the means of
the formula

2 2
ttot,n =q/Ctot,y T tman,n (D.1)

In Formula (D.1), tmany is the (relative) hydraulic tolerance resulting from geometrical manufacturing
tolerances within the size. The value of txqn, has to set on the basis of the manufacturers experience, for
example on the basis of data available from quality management. The tolerance interval of * tyan, shall
be sufficiently large to enclose about 95 % of the true efficiency values of individual pumps of the size.
Only as a default value tmany = 0,04 (or 4 %) is recommended for sizes produced with usual quality of
manufacturing. Sizes consisting of small pumps with low power input tend to have larger scatter of
individual efficiency (and, thereby, larger values of tnan,) because

— geometrical tolerances have stronger effects on the efficiency,

— mechanical losses in shaft sealings and bearings which can show relative large scatter within the
same size contribute more to pump efficiency.

In a Q-n-diagram, the total tolerance intervals of the values of efficiency relevant for the Minimum

Efficiency Index (MEI) can be plotted at the values of flow rate determined from the test result (see
Figure D.1). The semi-axes of these total tolerance intervals are

at Q=0Qpgp: ot NBEP
at Q=Qpy: *tyor - 1pL
at Q=Qor: *tyyr oL

The true mean values of n of the pump size (which are relevant for the qualification in respect to the
Minimum Efficiency Index (MEI)) are confined to the total tolerance intervals. Within these total
tolerance intervals, each value of ) is equally valid.

45



BS EN 16480:2016
EN 16480:2016 (E)

Y

(UBEP) mean |7
------------- (770 L) mean

(HPL) mean |77 77T T

(QPL) mean (QBEP ) mean (QOL ) mean X

:|: 95 % confidence interval of §mean from test(s)

Figure D.1 — Graphical presentation of mean efficiencies relevant for the Minimum Efficiency
Index (MEI) of a pump size

The mean values of flow rate at best efficiency Qzzr and specific speed ns of the size which are needed to
calculate values of minimum required efficiencies are set to be equal to the values determined for the
test pump:

QBEP mean = U BEP (D.2)

n n (D.3)

s,mean ~'ls
D.3 Determination of the mean efficiency of a pump size from a sample of M test
pumps

A sample of M > 1 test pumps is drawn at random out of a pump size. Preferably, the number of test
pumps forming the sample should be M = 5. For each of the sample pumps a test has to be carried out
and evaluated as described in Clause 5.

For each test pump of the sample, the values of flow rates Qzzp, Qr. and Qor and the corresponding values
of efficiency 7nger, np. and no, as well as the value of the specific speed ny have to be determined
according to 5.5.3.

Then, for each of these hydraulic quantities x the arithmetically averaged value x of the sample and the
standard deviation s, of the sample have to be calculated by the means of the following formulae:
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1 ¥
X=M-le- (D.4)

M
Sy =\/L1.Z(x,.—§)2 (D.5)

If a value of a quantity x, especially the value of nzzp, of one of the test pumps, seems to be not plausible
or erroneous compared to the values of the other M-1 pumps of the sample, an outlier test can be
conducted according to Annex F. If by this test the value is proven to be an outlier, the results of this test
pump should be rejected and

— either the values x and s, have to be recalculated from the test results of the remaining M-1 test
pumps, if M-1 is still sufficiently large to be statistically significant (see Annex F),
— or the test on the test pump which produced the outlier value may be repeated,

— or another test pump may be tested additionally.

If no measurement uncertainties of the efficiency would exist, the true mean values of efficiency at BEP,
PL and OL, respectively, would be confined - with a probability of 95 % - to the confidence interval

7 t(95%,M)-S,7
N
using the value of t(95%,M) for the number M of test pumps from Table F.1 in Annex F.

However, because of the inevitable measurement uncertainties, the combined effects of hydraulic
manufacturing tolerances and measuring uncertainties have to be taken into account. The measurement
errors arising at the tests on each of the M test pumps can be assumed to be statistically independent
from each other. Therefore, the uncertainty of the arithmetically averaged values 77 of the sample can

be calculated from the total measurement uncertainties e, at each of the tests on the M test pumps
according to the law of error propagation (see Annex F):

1 u n; 2
etot,ﬁzﬁ' Z(%l'etot,ni) (D.6)

i=1

In the (probable) case that for each of the tests on one of the M pumps, the values 1; do not differ much
from each other (i.e. 7; 77, ~.....~77 ) and the measurement uncertainties e,,, i have nearly the same

magnitudes (i.e ey ) ~€qop yy, X ¥ €por 5 ), it TESULLS

1 (D.7)

e 7= e
tot,n \/7 tot,n
M

Then, the width of the 95 % confidence interval of the true mean values of efficiency at BEP, PL and OL,
respectively, can be calculated by the means of the formula

77'(1_t1:ot,77) < T mean = 77'(1+tt0t,77) (D'S)

with
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2
2 1 Sy
Leot,ip =4|€tot, 7 +M'£t95% ?J (D.9)

The semi-axes of the total tolerance intervals of the true mean values of efficiency relevant for the
Minimum Efficiency Index (MEI) are

— at Q=Qpgp: Ttiot . "TBEP
— atQ=Qpy: Tty TpL

— atQ=Qo.: Ftyory,, oL

Figure D.1 shows the graphical presentation of the results in a Q-n diagram. The true mean values of 1 of
the pump size (which are relevant for the Minimum Efficiency Index (MEI)) are confined to the total
tolerance intervals. Within these total tolerance intervals, each value of 1 is equally valid.

The mean values of flow rate at best efficiency Qzzr and specific speed ns of the size which are needed to
calculate values of minimum required efficiencies are set to be equal to the respective arithmetically
averaged values:

QBEP,mean = GBEP (D.10)

n =7, (D.11)

S,mean
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Annex E
(informative)

Numerical example

The numerical example described illustrates the application of the two different methods described in
A5.2 and A5.3, to compare the two methods in respect to tolerances and to results in respect to
qualification and to demonstrate the advantages of testing a sample of M > 1 pumps in the frame of the
qualification procedure.

To simplify the comparison, the numerical example focuses on the mean efficiency values of a size at
BEP.

The exemplarily chosen size is a “virtual” one and may be characterized by the following properties and
mean values:

— pump type: ESOB, nominal speed of rotation: n = 2 900 min-t,

— design flow rate: Qgep = 19,82 m3/h, design pump head: Hgep = 24,04 m,
— design specific speed: ns = 19,82 min‘l,

— true mean efficiency of the pump size: Ngep,mean = 0,607 p.u. = 60,7 %,
— mechanical power input: P2 = 2,2 kW.

It is assumed that the true efficiency values ngepwue Of the individual pumps within the size show a
normal (Gaussian) distribution with the true mean value having the highest probability and with a
scatter bandwidth caused by manufacturing tolerances, i.e. 95 % confidence interval, of + 4 % of
TNBep,mean- (IN this example, the actual bandwidth of manufacturing tolerances is the same as the value of
tmany = 0,04 which is recommended as a default value when applying the method described in Annex E).

The absolute hydraulic manufacturing tolerance is
* tmann ® NBEP,mean = * 0,04 ¢ 0,607 = 0,0243=2,43 %

For the purpose of demonstration, five “virtual” pumps are drawn at random out of the “virtual” size as
sample pumps so that their true efficiency values respect their probability resulting from the
underlying normal (Gaussian) distribution within the size. This leads to the true values of Ngep e Of the
exemplarily taken pumps shown in Table E.1:

Table E.1 — "True efficiency values” of sample pumps

n° of test pump manufacturing 1BEP,true
scatter

i (%) (%)

1 -2,00 58,70
2 0,43 61,13
3 1,22 61,92
4 -0,80 59,90
5 1,35 62,05
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Next, “virtual” test results are generated taking into account assumed actual random and systematic
measurement uncertainties which are smaller than the maximum permitted values given in Tables 5
and 6 in 5.4.4. The effect of the “virtual” actual measurement uncertainties on the “virtual” measured

efficiency values is treated in the following way:

probabilities resulting from underlying normal (Gaussian) distributions.

sample.

test pumps of the sample:

This leads to the “measurement results” for the exemplarily taken pumps shown in Tables E.2 and E.3:

esq: 0,01 pu.=1%
esu: 0,01 pu.=1%
esn: 0,01 pu.=1%

est: 0,01 pu. =1 %.

Efficiency is assumed to be determined by measurement of speed and torque.

Table E.2 — “Measured values” of sample pumps

The values of measurement uncertainties of the individual measured quantities (Q, H, T, n) respect

Individual (and different) values of random uncertainties are assumed for each test pump of the

Same values of systematic uncertainties (i.e. same accuracy of test equipment) are assumed for all

Uncertainties of directly measured quantities are correctly combined when calculating efficiency.

n;(:;:l;“ Flow rate Total head Torque Speed of rotation
i QBEP, test €tot,Q HBgEPp,test €tot,H TBEP, test €tot, T INBEP, test €tot,n
(min”-
(mc/h) | (%) (m) (%) (Nm) (%) 1) (%)
1 20,60 1,12 24,7 2,12 7,76 1,41 2900 1,02
2 19,52 2,69 23,4 3,81 6,69 2,97 2900 1,22
3 19,16 1,41 23,8 2,58 6,59 1,02 2900 1,17
4 20,01 2,06 24,6 1,58 7,36 1,28 2900 1,12
5 19,80 1,56 23,7 3,18 6,77 2,15 2900 1,35
Table E.3 — “Calculation of measured values” of sample pumps
n;?:;;:t Specific speed Measured efficiency 95 oﬁlzg:&izng}ﬁig:::;l of
i I BEP, test €tot,ns TBEP,test €tot, 1 T)BEP,test
(min”-1) (%) (%) (%) (%)
1 19,80 1,97 58,70 2,96 56,96 - 60,44
2 20,07 3,39 61,13 5,66 57,67 - 64,59
3 19,63 2,37 61,92 3,32 59,86 - 63,98
4 19,57 1,93 59,90 3,10 58,04 - 61,76
5 20,02 2,85 62,05 4,36 59,34 - 64,76
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If the five pumps are taken together to form a sample of M = 5, averaging of the individual measured
values by applying the calculations according to Formulae (A5.4) to (A5.11), the method described in
Annex E leads to the following results:

Arithmetically averaged values of the sample:

QBEP,mean = 19,82 m3/h
Nsmean = 19,82 min-!
TNBEP,mean = 60,74 %

95 % confidence interval of mean efficiency of the size:

58,66 % < 1BEP,mean < 62,82 %

On the other hand, if only one of the five pumps would be taken as a sample with M = 1, if the method
described in Annex E with Formulae A5.1 to A5.3 is applied and if the manufacturing tolerance factor is
set to the default value of tmany = + 0,04 = 4 %, the 95 % confidence intervals of the mean efficiency of
the size shown in Table E.4 would result from the test results of each individual pump.

Table E.4 — 95 % confidence intervals of mean efficiency resulting from tests on a single pump

n° of test Flow rate Measured Total tolerance 95 % confidence intervals of
pump efficiency factor mean efficiency of the size
i Qgep TBEP tiot NBEP
mc/h) (%) (%) (%)
(mc/
1 20,60 58,70 4,98 55,78 - 61,62
2 19,52 61,13 6,93 56,89 - 65,37
3 19,16 61,92 5,20 58,70 - 65,14
4 20,01 59,90 5,06 56,87 - 62,93
5 19,80 62,05 5,92 58,38 - 65,72
all test pumps
bined 19,82 60,74 3,43 58,66 - 62,82
combine
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Figure E.1 — Comparison of confidence intervals of mean efficiency

It can clearly be seen from the example that the width of the 95 % confidence intervals of the mean
efficiency of the same size and determined with the same measurement accuracy are much larger when
testing only one sample pump than when testing a sample of five pumps. (It has to be noted that in the
example the default value of tmann = * 0,04 describes exactly the actual scatter of efficiencies of
individual pumps within the size.)

Finally, the results shall serve to prove that for the size a Minimum Efficiency Index of MEI = 0,4 can be
indicated. According to Clause 4, the value of Nmean has to be compared to the corresponding minimum
required value. To fulfill the qualification criterion for MEI = 0,4, the value of Nmean shall be equal to or
higher than the corresponding minimum required value. To determine the minimum required values of
Nmean, first the nominal values of minimum required efficiency are calculated by the means of
Formula (4) for MEI = 0,4 with the values of

—  QBEptest and Nggest in the case of M =1,
—  QBEP,mean aNd Ngmean in the case of M =5

as input quantities.

According to Clause 6, the value of Nmean Within its 95 % confidence interval has to be compared to the
corresponding threshold value. To fulfill the verification criterion for MEI = 0,4, the value of Nmean shall
be equal to or higher than the corresponding particular threshold value. To determine the particular
threshold values of Nmean, the previous values resulting from Formula (4), is multiplied by the factor 0,95
(which corresponds to the total tolerance t, =- 5 % in , class 2). The mentioned values are
shown in Table E.5. In the last column of Table E.5, also the result of the comparison in respect to the
fulfillment of the qualification and verification criterion for MEI = 0,4.
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Table E.5 — Relevant values and results in respect to qualification of the size

Lowest value . . .
1° of test Measured of 95 % Minimum Particular Ful?f{lle(.l Fu-ll-fllle-d
pump efficiency confidence | required value threshold qllal-lflCE-ltIO verfflcal.tlon
. value n criterion | criterion
interval
i TBEP NBEP- trot MBEP,requ TBEP, threshold
(%) (%) (%) (%)
1 58,70 55,78 60,90 57,86 no yes
2 61,13 56,89 60,77 57,73 yes yes
3 61,92 58,70 60,22 57,20 yes yes
4 59,90 56,87 60,47 57,45 no yes
5 62,05 58,38 60,83 57,78 yes yes
all test pumps
combined 60,74 58,66 60,64 57,61 yes yes

Although in this example, the true mean value Ngepmean = 60,74 % is actually higher than the nominal
minimum required values (qualification criterion), the results for two of the five pumps - when taken as
a single test sample - would not prove that an value of MEI = 0,4 is justified. On the other hand, when all
five pumps are taken as a sample of M = 5, the result (qualification criterion) would not only prove
clearly that a value of MEI = 0,4 is justified.

NOTE  The indication of the value MEI = 0,4 for the size, proven by the manufacturer on the basis of the sample
of M = 5 pumps, would be confirmed by an independent institution (applying the procedure described in Clause 6)
already with the first test if anyone of the five pumps serving for the example above would be drawn at random
out of the size.

Only in cases of very low probability if only one pump is tested for the qualification, a pump chosen for

the verification would fail. But also in this cases, the indicated value of MEI = 0,4 would be confirmed
with very high probability by tests on three additional sample pumps (see also Annex F).
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Annex F
(informative)

Application of mathematical statistics on tests

F.1Purposes of applying statistics in the frame of qualification and verification

The application of this standard needs to perform and evaluate tests on pumps. In the frame of this
work, use is made of mathematical statistics for different purposes:

a) To determine the random error of measured hydraulic quantities when tests are carried out

according to Clause 5 and to prove that they do not exceed maximum permissible values given in
EN ISO 9904.

b) To determine confidence intervals of relevant measured quantities, see Clauses 6 and 7.

c) To determine the total measurement uncertainty of efficiency values, where the law of error
propagation has to be applied because the efficiency cannot be directly measured but is calculated
from several directly measurable quantities, see Annex G.

d) To qualify a pump size in respect to a certain value of the Minimum Efficiency Index (MEI). For this
purpose, mean efficiency values of the size (defined in Annex C) have to be determined. If
corresponding tests and evaluations are done on a sample of 1<M<z pumps drawn at random out of
the z total numbers of pumps of the size, the confidence interval of the mean values can be
determined mathematically as described in Annex C.

Normal or Gaussian distribution

The effects of random error of measurements as well as of scatter of hydraulic quantities within a pump
size resulting from manufacturing processes can be assumed to be of random nature. For sufficiently
large numbers of individual instrument readings for a measured quantity or of individual pumps within
a size, the individual values of instrument readings of the same measured quantity or of a hydraulic
quantity of the individual pumps within a size will obey in good approximation the so-called normal or
Gaussian distribution. This distribution describes the frequency (or probability) with which the
individual values will occur within their whole range (see Figure C.1 in Annex C). Mathematically, the
normal or Gaussian distribution is described by the formula

1 . 2
p(x)= N .exp[_ %J (F.1)

In Formula (F.1), p(x) is the probability density, Xmesn is the true mean value and oy is the standard
deviation of the quantity x which obeys exactly a normal or Gaussian distribution.

Setting

7="%mean (F.2)
o
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Formula F.1 can be written as

2
p(Z)zJ;?-exp{—Z?]. (F.3)

The integration of the probability density p(Z) from Z=-w to Z* gives the function P(Z*) which

describes the (normalized) probability that any individual value of Z is lower than Z* while, 1-P(Z")
describes the probability that any individual value of Z is higher than Z~.
For quantities which obey this distribution, some statements are generally valid:

a) The probability distribution is symmetrical in respect to the mean value Xmean. The value x = Xmean
has the highest frequency or probability. The probability of x < Xmean and of x = Xmean is equal and is
0,5 (or 50 %).

b) The probability is 0,9 (or 90 %) that any value of x is within the interval Xmean # 1,65 ox . The
probability is 0,95 (or 95 %) that any value of x is within the interval Xmean # 1,96 0. The probability
is 0,99 (or 99 %) that any value of x is within the interval Xmean # 2,58 0.

c) The probability is 0,841 5 (or 84,15 %) that any value of x is = Xmean - 1,65 0 . The probability is
0,975 (or 97,5 %) that any value of x iS 2 Xmean - 1,96 0. The probability is 0,995 1 (or 99,51 %) that
any value of X is = Xmean - 2,58 0.

F.2Confidence interval

If
— only a limited number N of readings of the same measured quantity x is made,

— or only a limited number M of sample pumps of a size is tested and the individual values of a
hydraulic quantity x are determined,

neither the true (mean) value Xmean nor the true standard deviation oy can be determined exactly. In
these cases, only a confidence interval of x can be determined to which the true (mean) value xmean is
confined with a certain probability. For this aim, the arithmetically averaged value X of the N or M x-

values is taken as an estimate of the true (mean) value. Depending on the desired probability p, the
confidence interval is then defined by x + f(p)-O'X. Most commonly, the desired probability p is chosen
as 0,95 (or 95 %) so that f{p) = 1,96. As mentioned, in this case the probability is 0,975 (or 97,5 %) that
the true (mean) value is 2 (x-1,96 0, /x/ﬁ ) (for high numbers of readings) where o is the true but

unknown standard deviation of the normal distribution of x. To calculate a confidence interval on the
basis of the limited numbers N of readings or M of sample pumps, respectively, the following formula
can be used

7 tp.K)sy <z LPK) sy

\/E —Xmean \/E

In this equation, k is the degree of freedom and is equal to either the number N-1 of instrument
readings or the number M-1 of sample pumps. s, is the standard deviation of the readings of the
quantity x or of the values of the quantity x of the individual sample pumps from the arithmetically
averaged value X and is calculated by the means of the formula

(F.4)
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1 &, o
Sy = H-Z(xi—x) (F.5)

i=1

t(p,k) is the so-called Student’s factor which depends on the desired probability of the confidence
interval p and on the number k. For a two sided probability of 0,95 (or 95 % or a single sided
probability of 97,5%) the values of t(p,k) are given in Table F.1.

For increasing k, the Student’s factor approaches the value 1,96, the width of the confidence interval
goes asymptotically to zero and the arithmetically averaged value X approaches the true mean value
xmean. In most practical applications, the Student’s factor can be set approximately to 1,96 for k = 30.

Table F.1 — Values of Student's factor for two sided probability 95 % (single sided with 97,5%)

K= (N-1) t(95%,k) K= (N-1) t(95%k)
2 4,303 17 2,110
3 3,182 18 2,101
4 2,776 19 2,093
5 2,571 20 2,086
6 2,447 21 2,080
7 2,365 22 2,074
8 2,306 23 2,069
9 2,262 24 2,064
10 2,228 25 2,060
11 2,201 26 2,056
12 2,179 27 2,052
13 2,160 28 2,048
14 2,145 29 2,045
15 2,131 30 2,042
16 2,120

Outlier test

When sampling N instrument readings of a quantity x during its measurement or when determining a
quantity x of M sample pumps by tests and evaluations, the possibility exists that one reading of x or the
x-value of one of the sample pumps may deviate much more widely from the arithmetical average x
than the remainder in the set. This value is called xr. The so-called outlier test can serve to decide
whether or not the value x; is an outlier and may be rejected.

For this purpose, first the arithmetical mean X and the standard deviation sx are calculated from the
whole set including the suspect value x.. Then, the ratio

xr—x|

R= | (F.6)

SX

is calculated and compared to the maximum permissible value of Rna given in Table F.2. If the actual
value of x; is larger than the maximum permissible value, taken from Table F.2 for the original number
N of readings or M sample pumps, the value x- is rejected. In this case, k is reduced by 1, and .. and sy are
recalculated. If the new number N or M respectively becomes too small (for example < 5 in the case of a
sample of pumps), additional readings should be taken or in case of different sample pumps an
additional sample pump should be tested.
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Table F.2 — Maximum permissible values of ratio R (two sided 95%)

NorM Rmax NorM Rmax%
3 1,15 17 2,62
4 1,48 18 2,65
5 1,71 19 2,68

67 1,89 20 2,71
8 2,02 21 2,73
9 2,13 22 2,76

10 2,21 23 2,78

11 2,29 24 2,80

12 2,36 25 2,82

13 2,41 26 2,84

14 2,46 27 2,86

15 2,51 28 2,88

16 2,55 29 2,90

2,59 30 2,91

F.3Law of error propagation

The evaluation of test results often requires the calculation of relevant quantities y as, e.g. the efficiency
from other quantities x; which can be directly measured. The functional dependency is known and is
given by the equation

y:f(xl,xz,x3, ..... xn) (F.7)

Each of the quantities xi shows a standard deviations, . If the effects causing the deviations from the

true mean value (or from the arithmetically averaged value) are of random nature, the measured
quantities x; will obey a normal (Gaussian) distribution. If, additionally, the quantities are statistically
independent of each other, the standard deviation sy of the quantity y is given by

(F.8)

(F.9)

The same relations can be used for the calculation of multiples of the standard deviations, for example
for the calculation of the width of the 95 % confidence interval of the quantity y from the 95 %
confidence intervals of the quantities x;.

F.4Numerical example

The numerical example described illustrates the application of the two different methods described in
Annexes A5.2 and A5.3, to compare the two methods in respect to tolerances and to results in respect to
qualification and to demonstrate the advantages of testing a sample of M > 1 pumps in the frame of the
qualification procedure.

To simplify the comparison, the numerical example focuses on the mean efficiency values of a size at
BEP.
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The exemplarily chosen size is a “virtual” one and may be characterized by the following properties and
mean values:

— pump type: ESCC, nominal speed of rotation: n = 2 900 min-;

— design flow rate: Qger = 19,82 m3/h, design pump head: Hggp = 24,04 m;
— design specific speed: ns = 19,82 min-1;

— true mean efficiency of the pump size: Ngep,mean = 0,607 p.u. = 60,7 %;
— mechanical power input: P2 = 2,2 kW.

It is assumed that the true efficiency values ngepwue Of the individual pumps within the size show a
normal (Gaussian) distribution with the true mean value having the highest probability and with a
scatter bandwidth caused by manufacturing tolerances, i.e. 95 % confidence interval, of + 4 % of
NBep,mean- (IN this example, the actual bandwidth of manufacturing tolerances is the same as the value of
tmany = 0,04 which is recommended as a default value when applying the method described in Annex E).

The absolute hydraulic manufacturing tolerance is
* tmann ® NBEP,mean = * 0,04 ¢ 0,607 = 0,024 3 =2,43 %

For the purpose of demonstration, five “virtual” pumps are drawn at random out of the “virtual” size as
sample pumps so that their true efficiency values respect their probability resulting from the
underlying normal (Gaussian) distribution within the size. This leads to the true values of ngep,rue Of the
exemplarily taken pumps shown in Table F.3:

Table F.3 — “True efficiency values” of sample pumps

n° of test pump manufacturing TBEP,true
scatter

i (%) (%)

1 -2,00 58,70
2 0,43 61,13
3 1,22 61,92
4 -0,80 59,90
5 1,35 62,05

Next, “virtual” test results are generated taking into account assumed actual random and systematic
measurement uncertainties which are smaller than the maximum permitted values given in Tables 5
and 6 in 5.4.4. The effect of the “virtual” actual measurement uncertainties on the “virtual” measured
efficiency values is treated in the following way:

— Efficiency is assumed to be determined by measurement of speed and torque.

— The values of measurement uncertainties of the individual measured quantities (Q, H, T, n) respect
probabilities resulting from underlying normal (Gaussian) distributions.

— Individual (and different) values of random uncertainties are assumed for each test pump of the
sample.

— Same values of systematic uncertainties (i.e. same accuracy of test equipment) are assumed for all
test pumps of the sample:

58



BS EN 16480:2016
EN 16480:2016 (E)

— e 0,01 p.u. =1 %j;
— esn: 0,01 p.u. =1 %;
— esn: 0,01 p.u. =1 %;
— eg1: 0,01 p.u.=1%.
— Uncertainties of directly measured quantities are correctly combined when calculating efficiency.

This leads to the “measurement results” for the exemplarily taken pumps shown in Table F.4 and F.5:

Table F.4 — “Measured values” of sample pumps —

n of test Flow rate Total head Torque Speed of rotation
pump
i QBEP, test €tot,Q HBgEp,test €totH TBEP, test €tot,T NBEP,test €tot,n
(min”-
(mc/h) | (%) (m) (%) (Nm) (%) 1) (%)
1 20,60 1,12 24,7 2,12 7,76 1,41 2900 1,02
2 19,52 2,69 23,4 3,81 6,69 2,97 2900 1,22
3 19,16 1,41 23,8 2,58 6,59 1,02 2900 1,17
4 20,01 2,06 24,6 1,58 7,36 1,28 2900 1,12
5 19,80 1,56 23,7 3,18 6,77 2,15 2900 1,35
Table F.5 — “Calculation of measured values” of sample pumps
n;?l:(;st Specific speed Measured efficiency 95 ﬁzg:iirt:inzfﬂigz:‘gl of
i s, BEP, test €tot,ns T)BEP, test €tot, 1 TBEP,test
(min”-1) (%) (%) (%) (%)
1 19,80 1,97 58,70 2,96 56,96 - 60,44
2 20,07 3,39 61,13 5,66 57,67 - 64,59
3 19,63 2,37 61,92 3,32 59,86 - 63,98
4 19,57 1,93 59,90 3,10 58,04 - 61,76
5 20,02 2,85 62,05 4,36 59,34 - 64,76

If the five pumps are taken together to form a sample of M = 5, averaging of the individual measured
values by applying the calculations according to Formulae (A5.4) to (A5.11), the method described in
Annex E leads to the following results:

Arithmetically averaged values of the sample:

QBEP,mean = 19,82 m3/h
Nsmean = 19,82 min-!
T)BEP,mean = 60,74 %
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95 % confidence interval of mean efficiency of the size:

e 5866% ¢ < TBEP,mean < 62,82 %

On the other hand, if only one of the five pumps would be taken as a sample with M = 1, if the method
described in Annex E with Formulae A5.1 to A5.3 is applied and if the manufacturing tolerance factor is
set to the default value of tmany = = 0,04 = 4 %, the 95 % confidence intervals of the mean efficiency of
the size shown in Table F.1 would result from the test results of each individual pump.

Table F.6 — 95 % confidence intervals of mean efficiency resulting from tests on a single pump

n° of test Measured Total tolerance 95 % confidence intervals of
Flow rate . . . .
pump efficiency factor mean efficiency of the size
i Qger TBEP tiot TBEP
(mc/h) (%) (%) (%)
1 20,60 58,70 4,98 55,78 - 61,62
2 19,52 61,13 6,93 56,89 - 65,37
3 19,16 61,92 5,20 58,70 - 65,14
4 20,01 59,90 5,06 56,87 - 62,93
5 19,80 62,05 5,92 58,38 - 65,72
all test pumps
] 19,82 60,74 3,43 58,66 - 62,82
combined
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Figure F.1 — Comparison of confidence intervals of mean efficiency resulting from application of
different methods

It can clearly be seen from the example that the width of the 95 % confidence intervals of the mean
efficiency of the same size and determined with the same measurement accuracy are much larger when
testing only one sample pump than when testing a sample of five pumps. (It has to be noted that in the
example the default value of tmanny = * 0,04 describes exactly the actual scatter of efficiencies of
individual pumps within the size.)

Finally, the results shall serve to prove that for the size a Minimum Efficiency Index of MEI = 0,4 can be
indicated. According to Clause 4, the value of Nmean has to be compared to the corresponding minimum
required value. To fulfill the qualification criterion for MEI = 0,4, the value of Nmean shall be equal to or
higher than the corresponding minimum required value. To determine the minimum required values of
Nmean, first the nominal values of minimum required efficiency are calculated by the means of
Formula (4) for MEI = 0,4 with the values of

—  QBEptest and Ngest in the case of M =1,
—  QBEP,mean aNd Nsmean in the case of M =5

as input quantities.

According to Clause 6, the value of Nmean Within its 95 % confidence interval has to be compared to the
corresponding threshold value. To fulfill the verification criterion for MEI = 0,4, the value of Nmean shall
be equal to or higher than the corresponding particular threshold value. To determine the particular
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threshold values of Nmean, the previous values resulting from Formula (4), is multiplied by the factor 0,95
(which corresponds to the total tolerance t, =- 5 % in , class 2). The mentioned values are
shown in Tables F.7 and F.8. In the last column of Tables F.7 and F.8, also the result of the comparison in
respect to the fulfillment of the qualification and verification criterion for MEI = 0,4.

Table F.7 — Relevant values and results in respect to qualification of the size

Lowest Minimum
n°of test | Measured Val“ﬁ/:f 95 Minin.lum Auxiliary (i:satleude eiflfi;iin;g' Ful.lfille.d
pump efficiency | .onfidence re‘?;::': 4 | function pump the tested qu::-liltfelf-?(::lon
interval pump
i TBEP NBEeP- Lot TBEP,requ Fn CMEI MEI
(%) (%) (%) (%) (%)
1 58,70 55,78 60,90 191,67 132,97 0,25 no
2 61,13 56,89 60,77 191,54 130,41 0,44 yes
3 61,92 58,70 60,22 190,99 129,07 0,57 yes
4 59,90 56,87 60,47 191,24 131,34 0,36 no
5 62,05 58,38 60,83 191,60 129,55 0,53 yes
all test
pumps 60,74 58,66 60,64 0,43 yes
combined

Table F.8 — Relevant values and results in respect to verification of the size

o . Particular Fullfilled
n° of test Measured Minimum o
pump efficiency required value threshold verfflcal.tlon
value criterion
i TBEP M BEP,requ T)BEP, threshold
(%) (%) (%)
1 58,70 60,90 57,86 yes
2 61,13 60,77 57,73 yes
3 61,92 60,22 57,20 yes
4 59,90 60,47 57,45 yes
5 62,05 60,83 57,78 yes
all test pumps 60,74 60,64 57,61 yes
combined

Although in this example, the true mean value Ngepmean = 60,74 % is actually higher than the nominal
minimum required values (qualification criterion), the results for two of the five pumps - when taken as
a single test sample - would not prove that an value of MEI = 0,4 is justified. On the other hand, when all
five pumps are taken as a sample of M = 5, the result (qualification criterion) would not only prove
clearly that a value of MEI = 0,4 is justified.

NOTE The indication of the value MEI = 0,4 for the size, proven by the manufacturer on the basis of the
sample of M = 5 pumps, would be confirmed by an independent institution (applying the procedure described in
Clause 6) already with the first test if anyone of the five pumps serving for the example above would be drawn at
random out of the size.
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Only in cases of very low probability if only one pump is tested for the qualification, a pump chosen for
the verification would fail. But also in this cases, the indicated value of MEI = 0,4 would be confirmed
with very high probability by tests on three additional sample pumps (see also Annex F).
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Annex G
(informative)

Measurement uncertainties

G.1 General remarks

Every measurement is inevitably subject to some uncertainty, even if the measuring procedures and the
instruments used, as well as the methods of analysis, fully comply with good practice and with the
requirements of EN ISO 9904 and this European Standard. This uncertainty results from two sources.

a) Even at constant conditions which determine an operating point of a test pump (speed of rotation
or frequency of electric supply, hydraulic resistance of test circuit, inlet pressure, liquid properties),
inevitable fluctuations of the measured quantities due to the characteristics of the measuring
system or to random variations of the measured quantity will occur. These fluctuations cause
slightly different values of the instrument readings of the same quantity at the same operating
point. Therefore, an averaging of repeated readings is necessary to determine an average value of
the measured quantities. The arithmetically averaged value X of a set of N instrument readings of
the quantity x is calculated as

?—l-ix (G.1)
N i=1 I .

b) If N increases, the values of X tend to approach the true mean value Xmesn Of the instrument
readings within its fundamental limits of precision. The bandwidth of variations of the individual
readings of the quantity x at the same operating point around the average value x is also called
random uncertainty. Assumed that the results of repeated measurements of the quantity x show a
normal (Gaussian) distribution (see Annex C), the true mean value Xmean can be expected with a

probability of about 95 % to be confined to a confidence interval of x£1,96-s, /x/ﬁ where sy is the

standard deviation of the N readings and can be calculated by the means of the following
Formula (G.2). (The value 1,96 is to be taken for high numbers of measurements only !)

1 _
SXZ\/E'Z(XI-—X)Z (GZ)

Within this confidence interval, every value of x is equally valid.

For values of N less than 30, small (or exact) sampling theory may be applied. Then, the confidence
interval is given by )?it(p,N)-sx/\/ﬁ where t (p,N) is the so-called Student’s factor for the

corresponding probability p. For a probability of 95 %, the values of t (95 %,N) are given in
Table F.1 in Annex F. In this European Standard, maximum permissible values of random
uncertainty are specified as given in [ENISO 9906, grade 2B. The actual values of random

uncertainty have to be determined as +1,96-s,, /\/ﬁ for N = 30 or as it(95 %,N))-sx /\/ﬁ for N <
30, respectively.
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Usually, the random uncertainty is given as a relative value e, referred to the arithmetically
averaged value X :

1,96
—+ 725X f5r N > 30 (G.3)

e
RN

£(95%,N)-
_ HOS%N)sye N <30 (G.4)
' XN

In respect to successfully proving the achievement of a certain value of the Minimum Efficiency
Index (MEI) of a size by the procedure and criteria described in Clause 6, it is strongly
recommended to the manufacturer to make great effort in order to have random uncertainties as
small as possible. This can be reached

I+

[
Il
-+

1) by providing a damping device in the measuring instruments or in their connecting lines
(where use shall be made of symmetrical and linear damping devices, as for example a capillary
tube, to not negatively affect the accuracy of instrument readings),

2) by the use of electronic data acquisition systems with appropriate hardware and/or software
tools for low pass filtering or by appropriate data sampling and averaging.

Even after careful measurement of dimensions, proper installation etc., and if all known corrections
(found by calibration) are applied to the value of an instrument reading taken at perfectly steady
conditions, the reading may differ from the true value of the measured quantity. This residual
uncertainty is called instrument uncertainty, and arises from limitations of the calibration, change
of installation compared to calibration conditions, unknown environmental influences, unknown
reactions of the measuring installation on the quantity to be measured and inherent and
constructional limitations of the measuring chain itself. The instrument uncertainty cannot be
avoided or reduced by repeated readings if the same instrument and the same method of
measurement are used. It can only be estimated on the basis of information given by the
manufacturer of the instruments (instrument accuracy, non-linearity, hysteresis,...), of information
given by standards concerning maximum errors of standardized measuring methods, and of
experience available at the staff carrying out the measurements. Usually, the instrument
uncertainty is given as a relative value e, referred to the true value of the measured quantity X ue.

In respect to successfully proving the achievement of a certain value of the Minimum Efficiency
Index (MEI) of a size by the procedure and criteria described in Clause 6, it is strongly
recommended to the manufacturer to make great effort to have instrument uncertainties as small
as possible. This can be reached by

1) selection and application of highly accurate instrumentation, data acquisition hardware and
software,

2) careful design and construction of test rig details to avoid negative effects on measurement
accuracy as for example disturbed flow distribution at pump inlet or at location of flow meter,
not standard conform and/or badly manufactured geometry of static pressure taps,

3) careful installation of measuring devices as for example flow meters and torque meters,

4) careful calibration of instruments and/or whole measuring chains at proper intervals (see

N IS0 9904),

5) regular zero adjustment of instruments and/or measuring chains.

65


http://dx.doi.org/10.3403/02663223U

BS EN 16480:2016
EN 16480:2016 (E)

In accordance with EN IS0 9904, the relative overall measurement uncertainty e of a quantity x is
calculated by the square root of the sum of the squares of the (relative) random uncertainty ey
(fluctuations) and the (relative) instrument uncertainty es, of the quantity x:

2 2
€tot,x =\ €rx T€sx (G.5)

The absolute overall measurement uncertainty E.x of a quantity x results by multiplying the value of x
determined from the measurements and evaluations by the relative overall measurement uncertainty

€tot,x-

Etot x =€tot,x X (G.6)
The 95 % confidence interval of a quantity x is determined by

(1=eppr )X <x<(1tepy )X (G.7)

or

X —Eporx SXST+E g (G.8)

G.2 Determination of the overall measurement uncertainty of efficiency

In the equations below, the relative overall measurement uncertainties e:x of all quantities x have to be
determined at the respective flow rates Qgzr, Qr. and Qor. Normally, these values can be taken from the
measured operating points nearest to the flow rates Qgzp, Qr. and Qor , respectively.

The overall measurement uncertainty of the pump efficiency 1 has to be calculated according to the law
of error propagation. Under the premise that the errors of the quantities which are directly measured
are normally (Gaussian) distributed and statistically independent of each other, the overall
measurement uncertainty of the efficiency n (as percentages of the corresponding values of 1 on the
fitting curves) can be calculated by the means of one of the following formulae:

a) Inthe case that the pump power input P is determined by measuring the speed of rotation n and the
shaft torque T:

2 2 2 2
Crot,y = \/etot,Q +€ot,H T €tot,n tCtot, T (G.9)

b) In the case that the pump power input P is determined by measuring the driver power input Py and
calculating P from Py by the means of the electric motor efficiency nq4- known from calibration:

_[2 2 2 2
€tot,n _\/etot,Q +Ctot,H T etot, Py *Ctot gy (G.10)

In these equations, the relative overall measurement uncertainties eq¢ of the flow rate Q, e of the
speed of rotation n, ex;r of the torque T and e;o;pgr of the driver power input P, result directly from the
relative random and instrument uncertainties of the instrumentation which is used to measure these
quantities.

The relative overall measurement uncertainty e of the pump head H has to be calculated according to
the law of error propagation. Under the premise that the errors of the quantities which are directly
measured are normally (Gaussian) distributed and statistically independent of each other, the relative
overall measurement uncertainty of H (as percentages of the corresponding values of H on the fitting
curves) can be calculated by the means of one of the following formulae.
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c) In the case that the pump head H is determined by separately measuring the suction pressure p;
and the discharge pressure p; :

2 2
= || P _P2
€tot,H = [Pz b, etot,pl\] -{Pz -y etat,pzj (G.11)

d) In the case that the pump head H is determined by measuring the pump differential pressure 4p =
D2 — pi1:

€tot,H = €tot,Ap (G.12)

NOTE In the formulae for en, it is assumed that the overall uncertainties of the density p and of the
acceleration due to gravitation g can be neglected. Additionally, the contributions of the difference of velocity

heads U% /Zg - U%/Zg at pump inlet and outlet as well of the height difference z; - z; of pump inlet and outlet to

the pump head are assumed to be sufficiently small so that the effect of their uncertainties on ex,.y can be
neglected.

It shall be emphasized that large overall uncertainties of pump H head will result from measuring the
suction pressure p; and the discharge pressure p; separately and calculating their difference, if this
difference is much smaller than one or both of the pressures p; and p. In this case, it is strongly
recommended to measure directly the differential pressure Ap with the aid of a differential pressure
transducer.

The overall measurement uncertainty ewnq- of the electric motor efficiency has to be determined
separately dependent on the method and instrumentation of motor calibration.
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Annex H
(informative)

Explanations concerning the methodology of the verification procedure and
the probability of the results

The verification procedure serves to confirm (or reject) the value of the Minimum Efficiency Index
(MEI) of a pump size indicated by the manufacturer. Because of the scatter of individual efficiency
values among the total number of pumps of the size, the efficiency of a single pump drawn at random
out of the size can be lower or higher than the mean efficiency of the size.

Under the assumption of a normal (Gaussian) distribution of the efficiency values (see Annex C)

— the probabilities are both 50 % that the true efficiency of an individual pump drawn at random out
of the size is either lower or higher than the true mean efficiency nmean of the size,

— the probability is 95 % that the true efficiency of an individual pump drawn at random out of the
size is confined to the range of Nmean # tmanyn, Where tmany is the hydraulic tolerance of the individual
true efficiency values within the size caused by manufacturing tolerances and is 1,96 times the true
standard deviation of efficiency values within the size,

— the probability is 97,5 % that the true efficiency of an individual pump drawn at random out of the
size is at least equal to or better than nmean - tman,y-

From tests on a sample of pumps of the size (done in the frame of the qualification procedure) the true
mean efficiency nmean is only known to be confined to a confidence interval with a certain probability.
According to Annex F the half width of the confidence interval of nmean is + t;, -7 while the

hydraulic tolerance of individual efficiency values within the size (caused by manufacturing tolerances)

is tman,n ‘Mmean ~ tman,n .

The situation is illustrated in Figure H.1. The maximum ( = center) of the normal (Gaussian) distribution
of individual efficiency values within the size can be located somewhere within the confidence interval
of Nmean with the two extreme cases at the lower and upper limit of the interval.
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Figure H.1 — Probability of individual efficiency within a size

The probability that an individual pump drawn at random out of the size has a certain true efficiency
value n (plotted as the horizontal axis) is qualitatively shown in Figure H.1 and can be mathematically
expressed by the probability function.

The probability that the true efficiency of any individual pump drawn at random out of a size will be at
least equal to a threshold value nuresnoids depends on

a) the probability that the efficiency of an individual pump is higher than the mean efficiency mean of
this size (50 % for a normal distribution),

b) the location of nureshoia Telative to the confidence interval of nmesn Which can be described by the

o . n -
margin 77 _nthreshold'

In the case that Humreshoid is at the lower limit of the confidence interval of fmean, (i-€. that the “margin”
which is used for the indication of the MEIl-value by the manufacturer is set to

7 —Nthreshold =+ tmm‘ -17 ), there is a high probability that the efficiency of any individual pump will be

at least equal to Nureshoie. If in this case the ratio of tolerances is for example, tmann/twcy = 1, it results from
the probability function (shown in Figure H.1) that this probability is about 84 % and the probability to
“fail” is only about (100 - 84) % = 16 %.
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If, on the other hand, for the same ratio of tolerances tmann/twoty ® 1, Nenreshola is at the upper limit of the

confidence interval of Nmean, 1.€. 7 =% ponchmark =—
16 %, but the probability to “fail” is about (100 - 16) % = 84 %.

According to Clause 7, even if the first pump taken for a verification test will fail, the MEI-value
indicated by the manufacturer has to be confirmed if the average efficiency of three additional pumps
will “pass”. Of course, there is a relation between the probability to pass the whole procedure (including
the possibility of testing four pumps in all) and the probability that any individual pump will pass.

tmm‘ -77, it follows that this probability is only about
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Annex I
(informative)

Reporting of Test Results

I.1 Test Report Requirements

When tests are carried out to determine the Minimum Efficiency Index (MEI) the test report shall
contain detailed information to identify the tested pump and any other equipment that may be subject
to test. The report shall contain the raw test data for all test points taken. A graph shall be drawn where
the corrected test points are plotted. A curve fitted to the corrected test points shall be drawn on the

graph. The operating points at best efficiency (BEP) as well as at part load (PL) and overload (OL) as
specified in Clause 5 of this European Standard shall be determined and documented.

The following information should be included in the report (as applicable):

— test date;

— the tested equipment;

— test facility and location;

— ambient and water temperatures;

— barometric pressure;

— density of Test-Water;

— driver data;

— if test point corrections are made, the correction method shall be outlined;

— the mathematical approximation method used to fit the test data shall be outlined;

— comments pertaining to anything noteworthy about the test.

1.2 Pump test sheet

The pump test sheet illustrated in this Annex is given for guidance for presenting pump test results and
to assist in their interpretation. It does not purport to include all the information required from a pump

test and modifications may be necessary depending on the type of pump, its application, and the mode
of calculation.
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Table I.1 — Test reportI

Test report / Proces-verbal d’essai / Priifprotokoll

Test Record No Date
Pump Type Pump Size Nominal speed
Impeller data Impeller diameter @ [mm]
Test conditions Test bed type Closed Test liquid Cold water
@ Suction side measuring point [mm] @ Discharge side measuring point
[mm]
Motor data Test motor No

Test speed values

Measured variable Measurement point
1 2 3 4 5 6 7 8 9 10
n  [min1]
Hs [m]
Hq [m]
Avz/2g [m]
H [m]
Q [m3/h]
Q [I/s]
P, [kW]
Phya [kW]
n [%]
Values at nominal speed
He [m]
Q. [m3/h]
Q [1/s]
Py [kW]
Phydt[kW]
ne  [%]
Values at operating points designated for MEI
Q/Qsep 0,75 1,00 1,10
H [m]
Q [m3/h]
P, [kW]
n [%]
Cright
Ceft
C
MEI
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Annex ZA
(informative)

Relationship between this European Standard and the Essential
Requirements of EU Directive 2009/125/EC, establishing a framework for
the setting of ecodesign requirements of energy related products and
implemented by the European Commission Regulation (EU) No. 547/2012

This European Standard has been prepared under a mandate given to CEN by the European
Commission and the European Free Trade Association to provide a means of conforming to Essential
Requirements of the New Approach Directive 2009/125/EC, establishing a framework for the setting of
ecodesign requirements of energy related products implemented by EU Regulation 547/2012.

Once this standard is cited in the Official Journal of the European Union under that Directive and has
been implemented as a national standard in at least one Member State, compliance with the normative
clauses of this standard confers, within the limits of the scope of this standard, a presumption of
conformity with the corresponding Essential Requirements of that Directive and associated EFTA
regulations.

WARNING — Other requirements and other EU Directives may be applicable to the product(s) falling
within the scope of this standard.

Table ZA.1 — Correspondence between this European Standard and the EU-regulation 547 /2012

Clause(s)/sub-clause(s) of this | Essential Requirements (ERs) Qualifying remarks/Notes

EN of EU regulation 547/2012 and
Commission Communication
2012/C402/ 07
4.2; 4.3 and 4.4 Article 3; Annex II, 1a) 1b) Efficiency requirements
5.1;5.2,5.3and 5.5

Annex III .
Clause 6 Measurements and calculations
79 Article 5; Annex IV Verification procedure (e.g. for

market surveillance purposes)

Annex I Table 1.1

2012/C 402/07 Point 12

Test reports
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