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Foreword

The text of document 4/242A/FDIS, future edition 1 of JEC 62097, prepared by IEC TC 4, Hydraulic
turbines, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as

N 62097 on 2009-03-01.

The International Standard contains attached files in the form of Excel file. These files are intended to be
used as complement and do not form an integral part of this publication.

The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2009-12-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2012-03-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 62097:2009 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications
The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.
Publication Year Title EN/HD Year
EC 60193 1999  Hydraulic turbines, storage pumps and N 60193 1999

pump-turbines - Model acceptance tests
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INTRODUCTION

0.1 General remarks

This International Standard establishes the prototype hydraulic machine efficiency from model
test results, with consideration of scale effect including the effect of surface roughness.

Advances in the technology of hydraulic turbo-machines used for hydroelectric power plants
indicate the necessity of revising the scale effect formula given in 3.8 of . [1]1 The
advance in knowledge of scale effects originates from work done by research institutes,
manufacturers and relevant working groups within the organizations of IEC and IAHR. [1 - 7]

The method of calculating prototype efficiencies, as given in this standard, is supported by
experimental work and theoretical research on flow analysis and has been simplified for
practical reasons and agreed as a convention. [8 — 10] The method is representing the
present state of knowledge of the scale-up of performance from model to a homologous
prototype.

Homology is not limited to the geometric similarity of the machine components, it also calls for

homologous velocity triangles at the inlet and outlet of the runner/impeller. [2] Therefore,
compared to |[EC 60193, a higher attention has to be paid to the geometry of guide vanes.

According to the present state of knowledge, it is certain that, in most cases, the formula for
the efficiency step-up calculation given in the and earlier standards, overstated the
step-up increment of the efficiency for the prototype. Therefore, in the case where a user
wants to restudy a project for which a calculation of efficiency step-up was done based on any
previous method, the user shall re-calculate the efficiency step-up with the new method given
in this standard, before restudying the project of concern.

This standard is intended to be used mainly for the assessment of the results of contractual
model tests of hydraulic machines. If it is used for other purposes such as evaluation of
refurbishment of machines having very rough surfaces, special care should be taken as
described in Annex B.

Due to the lack of sufficient knowledge about the loss distribution in Deriaz turbines and
storage pumps, this standard does not provide the scale effect formula for them.

An excel work sheet concerning the step-up procedures of hydraulic machine performance
from model to prototype is indicated at the end of this Standard to facilitate the calculation of
the step-up value.

0.2 Basic features

A fundamental difference compared to the _C 60193 formula is the standardization of
scalable losses. In a previous standard (see 3.8 of |JEC 60193:1999 [1]), a loss distribution
factor V has been defined and standardized, with the disadvantage that turbine designs which
are not optimized benefit from their lower technological level.

This is certainly not correct, since a low efficiency design has high non-scalable losses, like
incidence losses, whereby the amount of scalable losses is about constant for all
manufacturers, for a given type and a given specific speed of a hydraulic machine.

This standard avoids all the inconsistencies connected with |EC 60193:1999. (see 3.8 of [1])
A new basic feature of this standard is the separate consideration of losses in specific
hydraulic energy, disc friction losses and leakage losses. [5], [8 — 10]

1 Numbers in square brackets refer to the bibliography. Documents
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Above all, in this standard, the scale-up of the hydraulic performance is not only driven by the
dependence of friction losses on Reynolds number Re, but also the effect of surface
roughness Ra has been implemented.

Since the roughness of the actual machine component differs from part to part, scale effect is
evaluated for each individual part separately and then is finally summed up to obtain the
overall step-up for a complete turbine. [10] For radial flow machines, the evaluation of scale
effect is conducted on five separate parts; spiral case, stay vanes, guide vanes, runner and
draft tube. For axial flow machines, the scalable losses in individual parts are not fully
clarified yet and are dealt with in two parts; runner blades and all the other stationary parts
inclusive.

The calculation procedures according to this standard are summarized in Clause 7 and Excel
sheets are provided as an Attachment to this standard to facilitate the step-up calculation.

In case that the Excel sheets are used for evaluation of the results of a contractual model
test, each concerned party shall execute the calculation individually for cross-check using
common input data agreed on in advance.

Documents

Document Sharing Hub

Full document details: BS EN 62097:2009


http://www.avadocuments.com/doc/bs-en-62097-2009
http://www.avadocuments.com/doc/bs-en-62097-2009

BS EN 62097:2009
62097 © IEC:2009 -9-

HYDRAULIC MACHINES, RADIAL AND AXIAL %
PERFORMANCE CONVERSION METHOD
FROM MODEL TO PROTOTYPE

1 Scope

This International Standard is applicable to the assessment of the efficiency and performance
of prototype hydraulic machine from model test results, with consideration of scale effect
including the effect of surface roughness.

This standard is intended to be used for the assessment of the results of contractual model
tests of hydraulic machines.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60193:1999, Hydraulic turbines, storage pumps and pump-turbines + Model acceptance
tests

3 Terms, definitions, symbols and units

3.1 System of units

The International System of Units (Sl) is used throughout this standard. All terms are given in
S| Base Units or derived coherent units. Any other system of units may be used after written
agreement of the contracting parties.

3.2 List of terms

For the purposes of this document, the terms and definitions of IEC 60193 apply, as well as
the following terms, definitions, symbols and units.

3.2.1 Subscripts’ list

Term Symbol Term Symbol
model M component Cco
prototype P
specific energy E spiral case SP 3
volumetric Q stay vane SV
torque or disc friction T guide vane GV in general term
reference ref runner RU g}gresented by
hydraulic diameter d draft tube DT
velocity u stationary part ST
hydraulic h J
optimum point opt
off design point off
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3.2.2 Terms, definitions, symbols and units

Term Definition Symbol Unit
Radial flow machines | Francis turbines and Francis type reversible pump-turbines - -
Axial flow machines Kaplan turbines, bulb turbines and fixed blade propeller - -
turbines
Reference diameter Reference diameter of the hydraulic machine D m
(see Figure 3 of |JEC 60193)
Hydraulic diameter 4 times sectional area divided by the circumference of the d, m
section
Sand roughness Equivalent sand roughness [11] ks m
Arithmetical mean Deviation of the surface profile represented by the Ra m
roughness arithmetical mean value
Acceleration due to Local value of gravitational acceleration at the place of g m s—2
gravity testing as a function of altitude and latitude (see
EC 60193)
Density of water Mass per unit volume of water (see |JEC 60193) p kg m=3
Dynamic viscosity A quantity characterizing the mechanical behaviour of a u Pas
fluid
Kinematic viscosity Ratio of the dynamic viscosity to the density of the fluid. v m2 s~
Values are given as a function of temperature. (see
EC 601993)
Discharge Volume of water per unit time flowing through any section Q m3 s~
in the system
Mass flow rate Mass of water flowing through any section of the system (p Q) kg s
per unit time
Discharge of machine | Discharge flowing through the high pressure reference Qq m3 s~
section
Leakage flow rate Volume of water per unit time flowing through the runner q m3 s~
seal clearances
Net discharge Volume of water per unit time flowing through Qm m3 s~
runner/impeller. It corresponds to Q4-q in case of turbine
and Qq+q in case of pump.
Mean velocity Discharge divided by the sectional area of water passage v m s
Peripheral velocity Peripheral velocity at the reference diameter u ms™!
Rotational speed Number of revolutions per unit time n s1
Specific hydraulic Specific energy of water available between the high and E J kg™
energy of machine low pressure reference sections 1 and 2 of the machine
taking into account the influence of compressibility (see
EC 60193)
Specific hydraulic Turbine: Net specific hydraulic energy working on the Em J kg™!
energy of runner
runner/impeller - . .
Pump: Specific hydraulic energy produced by the impeller 1
Em J kg
Specific hydraulic Specific hydraulic energy loss in stationary part which ELs J kg™!
energy loss in includes both friction loss and kinetic loss
stationary part
Specific hydraulic Specific hydraulic energy loss in runner/impeller which ELm J kg™
energy loss in includes both friction loss and kinetic loss
runner/impeller
Friction loss of Specific hydraulic energy loss caused by the friction on the ELt J kg™
specific hydraulic surface of water passages
energy
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Term Definition Symbol Unit
Kinetic loss of Specific hydraulic energy loss caused by the hydraulic Eik J kg™
specific hydraulic phenomena other than surface friction, such as turbulence,
energy separation of flow, abrupt change of water passage, etc.
Turbine net head or H=E/g H m
pump delivery head
Turbine output or The mechanical power delivered by the turbine shaft or to P W
pump input the pump shaft, assigning to the hydraulic machine the
mechanical losses of the relevant bearings and shaft seals
(see Figures A.1 and A.2)
Hydraulic power The power available for producing power (turbine) or Ph W
imparted to the water (pump)
Py =E (pQq)
Mechanical power of [ The power transmitted through the coupling between shaft Pm W
runner/ impeller and runner (impeller).
Power of Turbine: Power produced by the runner corresponding to P, w
runner/impeller Em (PQm) or PP g
Pump: Power produced by the impeller represented by
Pr
Em(PQmy) or PP g
Disc friction loss Loss power caused by the friction on the outer surface of PLg
the runner/impeller
Bearing loss power Loss power caused by the friction of the shaft bearing and PLm W
shaft seal
Runner/impeller Torque transmitted through the coupling of the Tm N m
torque runner/impeller and the shaft corresponding to the
mechanical power of runner/impeller, P .
Hydraulic efficiency Turbine: np=P /Py Pump: ny=Pr/Pn, Mh -
Specific hydraulic Turbine: ng = E\/E}, Pump: ng = E/Ep, ng -
energy efficiency .
(see Figures A.1 and A.2)
Volumetric efficiency | Turbine: nQ = Qm/Qq Pump: nQ = Q4/Qp nQ -
(see Figures A.1 and A.2)
Power efficiency (disc | Turbine : ny = P /P, Pump :ng =P/P, nt -
friction efficiency) .
(see Figures A.1 and A.2)
Mechanical efficiency | Turbine: 0 = P/P | Pump:n_ =P /P M -
(see Figures A.1 and A.2)
Efficiency step-up Difference between efficiencies at two hydraulically similar An -
operating conditions
Efficiency step-up Ratio of efficiency step-up against model efficiency A
ratio
Ao
M
Reynolds number Reynolds number of the machine Re -
Re=Du/v
Reynolds number of |Re,=d, v/v Rey -
component passage
Friction loss Friction loss coefficient for a pipe. A -
coefficient for pipe
flow A = Ef
Lv?
d 2
where d pipe diameter (m)
L pipe length (m)
Documents
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Term Definition Symbol Unit
Friction loss Friction loss coefficient for a flat plate. C; -
coefficient for a flat
plate C, = E|_f
f= 3
BL w
Q 2
where B width of a flat plate (m)
L length of a flat plate (m)
Q discharge passing by the plate (m%/s)
w relative flow velocity (m/s)
Disc friction loss Friction loss coefficient for a rotating disc Ch -
coefficient
C _ PLd
m 7'E4 5
——pn’Dy
8
where
D4 diameter of the rotating disc (m)
Relative scalable Scalable specific hydraulic energy loss divided by E, which 3 -
hydraulic energy loss |is dependent on Reynolds number and roughness (in most
cases, it is represented in %)
8. = E,JE
Relative non-scalable | Non-scalable specific hydraulic energy loss divided by E, s -
hydraulic energy loss | which remains constant regardless of Reynolds number
and roughness
S, = E,/E
Reference scalable 3¢ value for a model with smooth surface operating at a O et -
hydraulic energy loss | reference Reynolds number Re = 7 x10°
Reference scalable 8¢,o; for each component passage Secoref -
hydraulic energy loss
in component
passage
Relative disc friction | pjsc friction loss P, , divided by P 3 -
loss Ld m
P
81- _ . ud
Pm
Reference disc d; value for a model with fairly smooth surface operating at Ot -
friction loss a reference Reynolds number Re = 7 x 108
Flow velocity factor Ratio of the maximum relative flow velocity in each Kuco -
for each component component passage against the peripheral velocity u
passage
Vco
Kuco =
u
Dimension factor for Ratio of the hydraulic diameter of each component K4co -
each component passage against the reference diameter
passage
Kdco = o
D
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Term Definition Symbol Unit
Dimension factor for Ratio of the diameter of the runner crown or runner band Kr -
disc friction loss against the reference diameter

Dy
K1 = —
"D
Dg: diameter of the runner crown or the runner band,
whichever larger
Scalable hydraulic SECOret decores -
energy loss index for | decoref = 0.2
each component 1+ 0,351 (kuco X Kaco )
passage
Scalable disc friction S drrer -
loss index Ayref = T—ref04 h
1+ 0,154 k1"
Loss distribution Ratio of scalable loss to total loss \% -
factor
)
1-1p
Specific speed \ ~ nQ10’5 NQE -
QE =~ o5
Speed factor nD Ngp -
Ngp =
E05
Discharge factor _ Q4 Qgp -
ED = H2p05
Power factor P Pep -
Pep = D2mE15
Energy coefficient E Ep -
Ew ===
n?D?
Discharge coefficient Q, Q. p -
Qp =—5
nD
Power coefficient pm P -
Pop =
p1n3D5

4 Scale-effect formula

4.1 General

4.1.1 Scalable losses

The energy flux through hydraulic machines and the various losses produced in the energy
conversion process in a hydraulic machine can be typically illustrated by the flux diagrams
shown in A.1. [4]

As a consequence, one of the main features of the new scale up formula as stated in this
standard is the separate consideration on three efficiency components. They “ments
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hydraulic energy efficiency mg, volumetric efficiency nq and power efficiency nr. In this
standard, scale effect on each of these efficiency components is considered.

Among the losses corresponding to these efficiency components, the following losses are
subject to scale effect by the difference of Reynolds number and the relative roughness. Then
these losses are referred to as “scalable losses” in this standard.

e Specific hydraulic energy loss due to friction: E;

e lLeakage loss: q

e Disc friction loss: P4

It is considered in this standard that the relative magnitude of each scalable loss to each
corresponding performance parameter, except for discharge, (8g =E s /E and 81 =P 4/Pmy)
is given as a function of the specific speed for each type of machine.

E ¢ is the sum of the friction loss in various parts of the machine and it is expressed as the

sum of the friction loss in each component as E; = ZELfCO . The scale effect on this loss is

caused by the difference of Reynolds number and relative roughness between model and
prototype and assessed by the formula shown as Equation 1.

The rest of the specific hydraulic energy loss is called “kinetic loss" or “non-scalable loss" and
expressed as E|, =ZEcho . It is considered that the ratio of E, against E,, remains the
same through the model and the prototype.

The scale effect on the leakage loss, q, is caused by the change of the friction loss coefficient
of the seal clearance of the runner/impeller. In most cases, the leakage loss itself is minor
and the scale effect on this loss is relatively very small.

Therefore, in case that the geometry of the seal is maintained homologous between the model
and the prototype within the criteria given in Table 3, the scale effect on the leakage loss is
disregarded and nq of the prototype is considered to be the same as that of the model. (See
E.3)

In case that the geometry of the model is not homologous to the prototype, this standard
recommends to use the correction formula for nq as set out in E.2.

Similarly to Ej ¢, the scale effect on the disc friction P 4 is caused by the difference in

Reynolds number and the relative roughness of the outer surface of the runner/impeller
between the model and the prototype. Due to the presence of the radial flow and the distortion
of the boundary layer in the limited space between the runner/impeller and the stationary

parts, the scale effect on P4 appears in a slightly different manner than on E ;. It is

considered in this standard that the scale effect on the disc friction may be assessed by a
scale effect formula shown as Equation 7. (See Annex D)

In case of axial flow machines, the friction loss of the surface of runner hub is negligibly small
and its scale effect is disregarded.

Therefore, in this standard, only the scale effect on the losses corresponding to the efficiency
components; ng and nt, are considered for radial flow machines and only ng is considered for
axial flow machines.
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4.1.2 Basic formulae of the scale effect on hydrodynamic friction losses

Another new feature of the new scale effect formula is the consideration of surface
roughness. The basic physical background for consideration of surface quality is the
Colebrook diagram. By some manipulation and simplification, the implicit Colebrook formula
can be converted into as expression as shown below. [4, 6]

4+ ks Reg )
A=2%g| 0,74/ 8x10" x —=—+ —— +0,26 (1)
h €4d
where
Reg = 7x10° Lo = 0,008 5
kg sand roughness
dy hydraulic diameter of the water passage
d d
Req Reynolds number of the water passage Rey = h XV _ IZ;] i Re
v Xu

Practically, the surface roughness of model and prototype are represented by the arithmetical
mean roughness Ra as stated in 4.2.2. Regarding the relationship between the sand
roughness kg and Ra, wide spread results have been reported so far. In this standard,
however, it is considered that the relationship can be expressed by the following formula:

ks _5Ra (2)
dn  dy

NOTE For very rough surfaces, considerations as described in (2) and in Note 2 of B.1 should be taken into
account.

Then, Equation 1 is rewritten as follows;

0,2

Re. 0

A =1%ol 074 4x105 x B8 Dxu  Reo | = 408 (3)
dh dhXV Re

Figure 1 sketches the basic concept for the step-up from model to prototype conditions
including surface roughness. Example P; shows the case of a smooth prototype machine. P,
shows the case of a prototype machine of reasonable roughness, whereby P; shows the
example of a very rough surface where even a decrease of efficiency compared to the model
will occur.
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Figure 1 £ Basic concept for step-up considering surface roughness

In order to calculate the difference of hydraulic efficiency between two hydraulically similar
operating points M and P at different Reynolds numbers and different surface roughness
conditions, the following formulae can be derived by using Equation 3 (see A.2 (2)).

A A — A
Ag = e _ Oref [MJ (4)
Nem Mref

The Colebrook diagram is valid for pipe flow, but it can be demonstrated that also friction loss
coefficients of flat plate flow can be approximated with sufficient accuracy by similar
equations as shown below.

ks Reg 2
Cs =Cy0|080[10° =2+ =9 | 1020
L Ref

(5)
Lxw Re

0,2
R k)
= cfolo,so[sx 10° % + wxﬂJ + 0,20}

where

Rey = 7x10° Co = 0,003 2

Lxw Lxw

Res Reynolds number of the plate Ref = = Re
v Dxu

L length of the plate

w relative flow velocity on the plate

By replacing A in Equation 4 by C; given by Equation 5, Equation 4 is used to calculate the
scale effect of the friction loss of runner blades of axial flow machines. Documents
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Similar formula of friction loss coefficient for disc friction is established as follows [9];
(See Annex D).

ker Rep 7
Cu = Crro 0,85(1,5 104 x 58T 4 ﬂJ +015
a Ret

(6)

0,2
2 il
=Cro 0,85(7,5><104 Rar D2 x RGOJ +045
a 2a Re

where
Rey = 7x10° Cmo = 00019
KsT equivalent sand roughness corresponding to Rar  kgr=5Rat

Ra;  weighted average of the arithmetical mean roughness of the outer surface of the
runner and the surface of the stationary part facing to the runner as given by
Equation 13

Ret  Reynolds number of the disc

a radius of runner crown or band, whichever larger (m)

D
a=—4
2

o angular velocity of the disc (rad/s)

By using Equation 6, step-up formula for power efficiency (disc friction) is obtained as follows
(see A.2 (4)):

An Cov—-C
At = —L = 8Tref( mg P ] (7)
Nm mref

4.2 Specific hydraulic energy efficiency

4.2.1 Step-up formula

The scalable losses Og..s as appeared in Equation 4 are referred to those of a model with
smooth surface operating at a reference Reynolds number Re,s = 7 x 106 and have been
established as a function of type and specific speed of a hydraulic machine. They are
standardized and set out in Annex B for radial flow machines and Annex C for axial flow
machines.

By putting the new scale effect formula Equation 3 into Equation 4, the following formula for
the individual step-up for a machine component is derived (see B.2).
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A _ Meco _g Acom —Acop
ECO — NEm — OECOref 7‘CO "
re

R 6 0,2 R 6 0,2
4x105 ko0 N2COM | TX10 ~ 4x105 oo NACOP_, 7X10
DM ReM DP Rep (8)

= dEcoref
¢ 1+ 0735(KUCO X Kq4co )0'2

= decoref (4 x10° k,co

Ra 7x108 02 Ra 7x108 02
com , X ~4x10%k,cp —COP_ £X
DM ReM Dp Rep

where

Secoref standardized reference scalable loss for each component passage when the
machine Reynolds number Rey, is equal to the reference Reynolds number
(7><106) (see A.2 (2) and B.2 (2))

Kuco standardized flow velocity factor for each component passage (see B.2 (1))

Kdco standardized dimension factor for each component passage (see B.2 (1))

dECOref scalable loss index for each component passage (see B.2 (2))

SECOref
1+ 0,35(kyco X Kgco )2

decoref =

For radial flow machines, Equation 8 allows to calculate the individual step-ups in the various
components, using dgcoref @nd x,co Which have been established for each individual
component from spiral case to draft tube.

The values of dgcorer and x,co for each component passage of Francis turbine and pump-
turbine are standardized and shown in 5.3 (1) and (2).

For axial flow machines, the scalable loss is divided into two parts, runner blades and
stationary parts. The efficiency step-up ratio for the scalable loss of stationary parts, Agg,
can be obtained by Equation 8 in the same way as for radial flow machines. In this case, it is
considered that the representative flow velocity factor Kk, gy for all stationary parts can be
represented by 0,8 times the flow velocity factor for guide vanes; namely, x,st = 0,8 X K, gy-
The value of x,g7 is shown in 5.3 (see Annex N of [IEC 60193:1999 [1]).

As stated below Equation 5 in 4.1.2, scale effect formula for flat plate represented by
Equation 5 is supposed to be applied to runner blades. However, as demonstrated in C.2, the
scale effect formula based on Equation 5 can be transformed to the same formula as Equation

8 by introducing the modified flow velocity factor K;RU instead of k gy. Therefore, the

following formula similar to Equation 8 can be applied to runner blades by using K;RU given in
5.3 (see Annex N of |EC 60193:1999 [1]).
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02 0,2
. Ra 7x108 )" - Ra 7x108 )"
AgrU = dERUret (4X105KURU DRMUM n Ron } _(4x105KuRU DRPUP + Rep } 9)

Then the step-up of the specific hydraulic energy for the whole machine can be calculated by
the equation below:

A
Ag =£:ZAECO (10)
NeMm

The structure of formula is valid for all types of hydraulic reaction machines. Also it can be
applied for both turbines and pumps.

4.2.2 Roughness of model and prototype

When applying Equation 8 for the contractual model test to examine whether the model
efficiency meets the guarantee or not, the values of surface roughness (Ra) as stipulated
below shall be used in the formula.

— Roughness of the model

The values measured on the model shall be used. The model components are known to
have a very good uniformity of roughness per component. When this is the case, 2 to 4
measuring points per component shall suffice. For repetitive components, like stay vanes,
guide vanes and runner blades, measurement on at least 2 repetitive components is
recommended.

— Roughness of the prototype

Design values for the prototype roughness, which are offered by the supplier, shall be
used as the roughness of the prototype. When the turbine components are completed in
the factory, the surface roughness shall be measured and it should be verified that the
average value of the measured roughness of each component is equal or finer than the
design roughness for the component.

When applying Equation 8 for the assessment of the efficiency improvement in a rehabilitation
project, the roughness of the prototype components shall be measured on the existing unit.
The improvement of the efficiency achievable by the replacement of some components can be
assessed by comparing the efficiencies calculated with the roughness measured on the
existing components and with the design values for the new components.

In case of rehabilitation projects, roughness data of those components not to be replaced
shall be provided by the owner with the specification. For the measurement of rough surfaces
of old turbines, the recommendations described in Annex B (at the end of B.1) for Ra values
larger than 50 um shall be taken into consideration.

When the roughness is measured on the model or the prototype, measurement shall be made
carefully so that the measured values may represent the roughness of each component
adequately.

For spiral case, stay vanes and draft tube, the sample points shall be selected so as to
represent the average roughness of the component correctly. For guide vanes and runner, the
sample points shall be selected so as to represent the average roughness of the high flow
velocity area of their passages. It is recommended to measure the roughness at sample
points as shown below and to use their arithmetic average for each component.

— Spiral case: 9 points or more; at 3 radial sections: entrance, middle, end of casing.

— 2 Stay vane channels: 6 points or more per stay vane channel; 2 points per side of the
vane, 1 point on the top of the channel, 1 point on the bottom of the channel.

Documents

Document Sharing Hub

Full document details: BS EN 62097:2009


http://www.avadocuments.com/doc/bs-en-62097-2009
http://www.avadocuments.com/doc/bs-en-62097-2009

BS EN 62097:2009
- 20 - 62097 © IEC:2009

— 2 Guide vane channels: 10 points or more per guide vane channel between 2 guide vanes;
6 points on the inner side of the guide vane, 2 points on the outer side of the guide vane,
1 point on the top of the channel, 1 point on the bottom of the channel.

— Runner: 20 points or more; with 70 % of them on the high flow velocity area (region A, as
defined in Table 1). The number of measuring points on pressure and suction sides of the
blade shall be identical.

— Draft tube: 10 points or more; with 70 % of them upstream of the bend.

The surface roughness shall be measured as it appears in actual operation. Painted surface
shall be measured over the paint coat.

For axial flow machines, the roughness value given by Equation 11 shall be used as a
representative roughness for all stationary parts.

Ragy +Ragy

Raqt =
ST >

(11)

As known by Equation 8, larger efficiency step-up can be achieved by polishing the prototype
finer. Nevertheless, the roughness of the prototype should not be finer than the roughness
expected after some period of operation (i.e. guaranteed period). Also, very fine polishing is
not cost effective, as shown in Figure 2.

IEC criteria

v

\ %— Efficiency

Efficiency
Cost

]

Fine Rough
Roughness

IEC 202/09

Figure 2 * |[EC criteria of surface roughness given in Tables 1 and 2

Tables 1 and 2 show the maximum recommended roughness for prototype runner and guide
vanes of new turbines. These recommended roughness values supersede those given in

[EC 60193,
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Table 1 ¥ Maximum recommended prototype runner roughness for new turbines (um)

E < 3 000 J.kg*'

Reference diameter 1Tm-2m 2m-4m 4m-7m 7Tm-10m
Region A? B@ A B A B A B
Roughness (Ra) 2,3 3,2 6,3 12,5 12,5 25° 12,5 25°

Pressure side

Roughness (Ra) 2,3 2,3 2,3 3,2 3,2 6,3 6,3 6,3
Suction side

E > 3 000 J.kg*'

Reference diameter 1Tm-2m 2m-4m 4m-7m 7 m—-10m
Region A B A B A B A B
Roughness (Ra) 2,3 2,3 2,3 3,2 3,2 6,3 6,3 6,3
Pressure side

Roughness (Ra) 1,6 1,6 2,3 2,3 2,3 3,2 3,2 4.5
Suction side

2 Even though there are only 2 regions A and B in this table, it is well understood that an additional region
along the blade inflow edge is often polished to a very low roughness, in order to avoid initiation of
cavitation.

b These roughness values may seem excessive for these regions. However, the above values were

established based on comparable roughness losses between different machine sizes, having different
Reynolds number. So, bigger machines, having bigger Reynolds number can afford more roughness.
However, it is reasonable to use smaller roughness values than the ones recommended, if the parties
involved feel that it is more practical or more economical for the project concerned.

Turbine
E<3000Jkg" E >3000Jkg"

Turbine Pump-turbine

IEC 203/09

NOTE Concerning the surface roughness along the runner band and the runner crown, a mid value between the
"Pressure side" region and the "Suction side" region is recommended.

Figure 3 £ Francis Runner blade and fillets
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IEC 204/09

NOTE It is recommended to apply the roughness values specified for "Blade Suction" in Table 1 to both pressure
and suction sides of the runner blades for axial flow machines.

Figure 4 £ Runner blade axial flow

Table 2 * Maximum recommended prototype guide vane roughness
for new turbines (um)

E < 3 000 J.kg*'

Reference diameter 1Tm-2m 2m-4m 4m-7m 7Tm-10m
Region A B A B A B A B
Roughness (Ra) 2,3 2,3 2,3 6,3 3,2 12,5 6,3 12,5

E > 3 000 J.kg*'

Reference diameter 1Tm-2m 2m-4m 4m-7m 7Tm-10m
Region A B A B A B A B
Roughness (Ra) 1,6 2,3 2,3 2,3 2,3 3,2 3,2 6,3
QOuter side
B
A

Inner side (higher velocity)
IEC 205/09

NOTE Concerning the surface roughness along the guide vane passage top and bottom, a mean value of A and B
is recommended.

Figure 5 * Guide vanes

4.2.3 Direct step-up for a whole turbine

When the surface roughness of a component passage is finished adequately, corresponding

to the flow velocity of each component passage, the step-up of the specific hydraulic energy

efficiency for the whole turbine Ag can be calculated directly without calculating Agco for the

components. Such simplified procedure is described in B.3 for radial flow machines and in

C.10 for axial flow machines. Those simplified formulae may be used upon prior

among the concerned parties. B%Eém?ﬁents
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4.3 Power efficiency (disc friction)
4.3.1 Step-up formula

Disc friction has a significant impact on the efficiency of low specific speed radial machines.
The following step-up formula, Equation 12, is obtained by putting Equation 6 into Equation 7.
It describes the variation of power efficiency of radial flow machines due to the difference in
Reynolds number and surface roughness (see Annex D).

_ Mt Crm —Crp
A =——=01ef| — i —
NT™ Crmref

0,2 0.2

6\ 6 \0
7=5X104‘<T Ram + 710 - 7,5><1O4K-|- Rare + 7x10
DM ReM Dp Rep

= Oref
© 1101541704

0,2 0,2
6\ 6 )"
AT=dTref 7,5X104KT RaTM + 7x10 - 7,5X104KT Ran + 710 (12)
DM ReM Dp Rep

where

6Tref =1- MNTref

6Tref

Arref = ——————7-
140154104

K7 : dimension factor for the disc relating to disc friction loss

_2a_Dg
D D
Rart: representative roughness given by Equation 13.

KT

The scalable disc friction loss dt.; as appeared in Equation 12 is referred to the model at the
reference Reynolds number Re.; = 7x106 with smooth surface. The values of dy and «r
have been established as a function of type and specific speed of a radial flow machine. They
are standardized and set out in 5.4.

For axial flow machines, the surface friction of runner hub is negligibly small. Therefore, it is
considered in this standard that At is zero for axial flow machines.

4.3.2 Roughness of model and prototype

Generally the rules stated in 4.2.2 apply to the roughness concerning the disc friction except
the requirement for the sample points as set out below.

Since the roughness near the outer periphery of runner crown and runner band has dominant

influence on the disc friction loss, it is recommended to measure the roughness at the sample

points as set out below.

e Runner crown: 2 points or more near outer periphery.

e Runner band: 2 points or more near outer periphery.

e Stationary part: 4 points or more at the areas facing to the sample points of runner.
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Since the roughness of the rotating part has dominant influence of the disc friction torque, the

weighted mean roughness as given by the following formula shall be used for Rat in Equation
12.

2 X RaTR + RaTS
3

Rat = (13)

where

Ratr average roughness of those measured on the rotating part;
Ratg average roughness of those measured on the stationary part.

4.4 Volumetric efficiency

An estimation of the influence of Reynolds number to the volumetric efficiency demonstrates
that the influence is almost negligibly small in case that the geometrical configuration of
clearances, labyrinths, balancing holes/pipes is similar at both model and prototype.
Therefore, in case that the geometry of the seal of the model is made homologous to the
prototype within the deviation as set out in Table 3 below, the volumetric efficiency are
considered to be the same at model and prototype (see E.3).

Table 3 * Permissible deviation of the geometry of model seals from the prototype

Dimensions and design Permissible deviation from
the prototype
Radial clearance of runner seals * 0~ +20%
Diameter of seal +5 %
Axial length of seal clearances * 0~ -20%
Number of steps or grooves should be the same
Shape of steps or grooves (see Annex D) shall be homologous

NOTE In case of axial flow machines, the words marked by * should be read as "blade tip
clearances" and “thickness of blade tip”, respectively. Only these two criteria for radial clearance
and thickness of blade tip should be applied.

However, normally it is quite difficult, sometimes not practicable and sometimes impossible, to
fabricate the runner seals of the model in complete homology with the corresponding
prototype. In all these cases, the leakage flow has to be calculated separately for both model
and prototype and the volumetric efficiency has to be adjusted accordingly. In this case one
can write

M_Q:n£_1

Aq = (14)

NMam  Mawm

If there is no agreement between the concerned parties about the calculation of Ag, the
formula given in E.2 may be applied.

5 Standardized values of scalable losses and pertinent parameters

5.1 General

The values of dgcorer aNd k¢ to calculate the step-up of specific hydraulic energy efficiency
and those of drf and kg to calculate the step-up of power efficiency (disc friction) are shown
in this clause. They are referred to a reference Reynolds number Re s = 7x10% and
correspond to the machines with smooth surface.
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5.2 Specific speed

A hydraulic machine of any type can be described by its specific speed at the point of
maximum efficiency. Therefore in the first step, the specific speed Nqg of the tested machine
at its maximum efficiency has to be calculated.

05
nxQq” 05
Noe = £075 or  Nge =nepQep ~ =

0,5
C‘)nD

0,75
nD

(15)

where

n rotational speed (s~1);
Q, discharge of machine (m3/s);
E specific hydraulic energy of machine (J kg=).

For reversible pump-turbines, the specific speed at each maximum efficiency point when
operating as a turbine or as a pump, should be calculated and taken as a reference to obtain
the scalable losses in turbine or pump operation, respectively.

As the specific speeds of different machines from different manufacturers for the same
specified prototype conditions are quite close, it is possible to fix dgcorer, ¥ucor drer @aNd K7
in advance in a specification. Also, for a comparative model test, common values of dgcoyef
Kuco» dref @nd x1 should be defined.

5.3 Parameters for specific hydraulic energy efficiency step-up

Once an investigated hydraulic machine is described by its specific speed, the factors dgcoyef
and x,co for a smooth model, which are required to apply the step-up formula, can be
determined by the equations shown in Tables 4, 5, 6 and 7.

These equations are valid in the specific speed range shown below each table.

NOTE Beyond these specific speed ranges, the equations are not substantiated by analytical or experimental
data and may not be correct. However, even beyond these specific speed ranges, the attached Excel sheets give
step-up values which are calculated by extrapolating the equations. These step-up values are shown primarily for
information. If they are used for the evaluation of contractual model test results, agreement shall be made in
advance among the concerned parties.

1) Francis turbines

Table 4 + Scalable loss index dgcref and velocity factor x,cq for Francis turbines

Component passage decorer X,co
Spiral case despref = 0,40/100 Kusp = -05Ngg +033
Stay vanes desvref = (- Ngg +0,40)/100 Kusy = —14Ngg +0,60
Guide vanes degvref = (- 29Nqg +165)/100 | kugy = -33Ngg +129
Runner deruref = (34 Ngg +0,55)/100 Kyru = —13Ngg +0,90
Draft tube depTrer = (0.5 Ngg +0,05)/100 KupT = 0,28
NOTE The above equations are valid for 0,06 < Nqp < 0,30 (see B.4, B.5 and B.6).
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