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ABSTRACT

The complexity of the flow structure in Pelton
turbines makes it challenging to gain a detaied
insight into the localflow processes. However, CFD
methods offer vast potential for developing and
optimising Pelton turbines due to these complex flow
conditions. In a comprehensive examination, a six-
nozzle prototype Pelton turbine with 19 buckets has
been investigated using 3D CFD simulations. First,
the steady simulations of the manifold and the
unsteady runner simulation have been performed
with a mesh-based, commercial CFD code, whereby
a two-equation turbulence model and the
homogeneous two-phase model were used. Then, to
limit the simulation time and the computational cost,
symmetry was applied in the runner simulation, and
also a sophisticated meshing strategy. Subsequently,
the simulationresults are analysed. The examination
of the manifold provided a detailed insight into the
occurrence of losses and local flow conditions,
especially upstream the nozzle, which allows for a
better understanding of the jet shape. Furthemmore,
the results of the runner simulation were analysed
with specialregard tothe jet-bucket interaction from
start to end of the impingement cycle of a particular
bucket. Finally, the enhancement potential could be
derived from the summary.

Keywords: Computational fluid dynamics,
Hydropower, Numerical modelling, Pelton
turbine

NOMENCLATURE

A [m?] cross-section (of thejet)
B [mm]  bucketwidth

D [mm]  pitch diameter

Fr Froud number

H [m] head

H, [m] head loss

Q [m%s] flowrate

T [Nm]  torque

Tret [Nm] torque on the reference bucket
T [Nm] theoretical torque of a bucket
We Webernumber

Cax [m/s]  axialvelocity

Ceire  Im/s]  circumferential velocity
Cth theoretical velocity

do [mm]  jetdiameter

g [m%s] gravitational acceleration
k [m%s] turbulentkinetic energy

n [rpm] rotational speed

Parm [Pa]  atmospheric pressure

Dref [Pa]  reference pressure

Prel [Pa]  relative pressure

z number of buckets

A, [s] simulationtimestep

€ turbulenteddy dissipation
n efficiency

p [kg/m3] density (of water)

o [kg/s?] surfacetension

W [1/s]  angularvelocity

w turbulenteddy frequency

Subscripts and Superscripts

inlet inlet

n nominal
total  total
- arithmetic mean

1. INTRODUCTION

The application of computational fluid dynamics
(CFD) has a longhistoryin investigating, designing,
and optimising hydraulic fluid machinery. This is
especially true for Francis and Kaplan turbines,
which can largely be transferred to a steady-state
problem. Success and experience with the simulation
of flow in KaplanandFrancis turbines subsequently
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led to the technique and know-how also being
applied to components of Pelton turbines [1].

Due to the entirely different operating principle
of Pelton turbines, the transfer of know-how took
placein various stages. The research started with the
components that are easier to simulate, namely the
distributor and the nozzle, which have a primarily
single-phased flow. The flow in the distributor,
including the nozzles, was investigated in a single-
phase flow setup in the early days of numerical
simulations in Pelton hydraulics in [2]. Conclusions
were made about possible losses and disturbing
influences on the formation of the jet. Downstream
of the nozzles, the flow is two-phased, which had to
be considered in the modelling. Muggli and Zhang
[3] carried out a two-phase flow simulation of the jet
formation, based on a planar numerical grid using
rotational periodicity, and compared the results with
experimental data. However, the situation tums out
to be much more complex when investigating the
Pelton runner. As of the working principl,
significantly more complex flow phenomena
occurred than is the case with Kaplan or Francis
turbines. Forexample, the transient behaviour hasto
be considered when simulating the jet-bucket
interaction and the bucket flow. In addition, high
gradients of pressure, velocity and the two phases to
be considered, water and air, further complicate
numerical investigations. Splash water and droplets
in the turbinehousing cause ventilation losses due to
interaction with the runner and the jets, which can
hardly be tracked by the grid-based numerical
simulations. In the early stage, CFD simulations of
the jet-bucket interaction were carried out using the
impingement of a stationary bucket, as shownin [4].
With the increasing performance of modem
computers and data storage, the complexity of the
numerical investigations carried out on Pelton
turbines also progressed. This is increasingly evident
in numerical experiments including the entire flow
path of the Pelton turbine, as shown in [S].

Progress in this area enables an increasing
understanding of the flow processes. It also reduces
the dependence on model tests in the development
process, even if these cannot be entirely dispensed.
As a result, numerical simulation of Pelton turbines
is no longer only used for theoretical analysis. On the
contrary, it has already taken the path to a
development and optimisation tool, not only for the
distributor and the nozzles but also the turbine
runner, as Zidonis has shownin [6].

Many published studies on numercal
investigations of Pelton turbines use a single-nozzle
turbine model, e.g. as in [6-8]. However, suppose the
aim is to investigate the overall performance of
multi-nozzle Pelton turbines. In that case, it is
sometimes crucial to consider all nozzles in the
simulation setup. Only in this way can the bucket
emptying be assessed, and possible jet interference

be detected, which considerably influences the
overall operating behaviour.

When using a Eulerian CFD code, the number of
necessary grid cells respectively nodes may increase
considerably, and so does the simulation time. This
detail is especially significant when combining the
number of nozzles and the number of buckets of a
given turbine does notallow for symmetry effectsin
the circumferential direction. The Pelton turbine
investigated in the present paper represents such a
case, with a six-nozzle turbine and a runner with 19
buckets.

As alternative to a Eulerian CFD code,
Lagrangian CFD codes, such as Smoothed Particle
Hydrodynamics (SPH) or Fast Lagrangian Solver
(FLS), are used to analyse Pelton turbines. An
overview of the application of SPH in Pelton tutbines
is givenin [9].

2. NUMERICAL SIMULATION

This study’s numerical modelling and
simulation were based on the commercial code
Ansys CFX, Release 20.1. This code is widely used
in hydraulic fluid machinery, as it has provided good
results in the simulation of Pelton turbines in temms
of accuracy. Still, it is associated with long
simulation durations and correspondingly high
numericalcosts [10].

The numerical study of the given Pelton turbine
was split into two distinct parts. In the first part, an
analysis of the Pelton distributor was conducted,
whereby the hydraulic losses and the jet shape were
of interest. Therefore, the calculations were
performedin a single- and two-phase setup.

In a second step, the behaviour of the runner was
investigated. Regarding the runner simulation, the
focus was laid both on the overall performance in the
form of the hydraulic efficiency as well as the
generated torque and the evaluation of the jet-bucket
interaction. The latter was based on the pressure
distribution analysis on the runner surface and the
flow situation between jet and bucket. Unlike in
various publications [11-13], the numerical
investigation did not cover a series of different
operating points regarding a variation of the head H
or the flowrate Q. In this case, rather a numerically
stable and mostefficient procedure for the simulation
of Pelton turbine runners should be developed. This
procedure should enable the modelling of a wide
range of turbines, regardless of the number of
nozzles orbuckets, and finally, it should allow fora
numerically based, relative performance comparison
of different runner geometries based on an identical
load case.

2.1. Prototype Turbine Model

The study was based on the geometric model of
a vertical six-nozzle turbine in prototype scale. The
design of the distributor and the runner represent the
result of a design optimisation process. As a resul,

Copyright© Department of Fluid Mechanics, Budapest University of Technology and Economics and the Authors



the final distributor geometry incorporates changes
of the general layout and the design of the
bifurcations compared to the baseline design, asitis
shown in Figure 1. The design of the Pelton runner
was slightly modified in its main dimensions
throughout the study, leading to three different
runner geometries. Subject to changes were e.g the
length, width, depth of the bucket. Also, minor
changes were applied to specific geometric details.

Figure 1. Tubine design, baseline (left) vs. final
(right)

The nominal operating point of the turbine was
given with a head H,, of 382 manda flowrate Q,, of
5.5 m¥s, both reached at a nozzle opening of 75%.
The rotational speed n was given with 600 rpm.

Table 1. Main dimensions of the turbine

D 1310.00 mm
B 37525 mm
d, 115.00 mm
D/B 3.50

z 19

The critical dimensions of the turbine are
provided in Table 1, whereby D indicates the pitch
diameter of the runner, B the inner width of the
buckets, d, the jet diameter and z the number of
buckets. The ratio D/B gives a number, which is
widely used to characterise Pelton turbines.

2.2. Numerical Modelling of the
Distributor

The modelling of turbulence in the steady-state
simulations of the distributor was realised with the
k- SST model with automatic wall function.

The high-resolution scheme in ANSYS CEX
was used to model the advection terms. In addition,
relaxation factors for gradient dependent advection
terms were set to enhance numerical stability .

For modelling of the two-phase flow, there are
two reasonable options, the inhomogeneous model
and the homogeneous model. The first mentioned
uses a set of conservation equations for each fluid
with specific terms, which model the coupling of the
different phases [14]. The higher complexity of this
model with its higher number of equations results in
a better performance compared to the homogeneous

model [15]. On the other hand, the complexity causes
an increased computational effort to solve the
equations. The homogeneous model assumes that
both fluids sharethe same flow field. Therefore, only
one set of conservation equations needs to be solved
with an additional equation, which determines the
concentration of each fluid in the gird cells. Thus, a
less demanding numerical scheme is necessary than
with the inhomogeneous model. However, the
homogeneous model was preferred over the more
accurate inhomogeneous model due to higher
numerical costs. The selected model also provided a
good trade-off between the duration of the
simulations and the numerical stability.

Surface tension o and gravity were not
considered in the modelling since the flow in Pelton
turbines is determined by high Froude numbers Fr
and Webernumbers We. Hence, influence of both is
considerably weak on the flow in the distributor and
the jet [5].

The timestep A, was set to 5:107s, which
provideda goodbalancebetween convergence speed
and numerical stability. Additionally, double
precision was selected to enhance the stability
further.

The geometric model of the distributor was
extended by two components. A cylinder of the
length of five times the inlet diameter was added to
the inlet of the distributor. Furthermore, another
component was added at the outlets of the nozzks.
These volumes correspond to the space in which the
jets are formed. Only minor geometric
simplifications were made to simplify the numerical
modelling.

Figure 2. Geometry of the distributor simulation
domain

The geometry shown in Fig. 2 represents the
basis for the spacial discretisation. The final mesh
was composed of several blocks of structured and
unstructured meshes. Components including rather
complex geometry elements, e.g. bifurcations, were
meshed with tetrahedral and pyramidal elements.
The same mesh topology was used for the leading
and the trailing edge of the support ribs in the nozzles
and the area of the needle tip. The other elements of
the geometry were discretised with structured
meshes containing primarily prismatic and
hexagonal elements. Along all solid walls, thin layers
of prismatic elements were placed.
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Fig. 3 shows the mesh of the distributor model
In regions of particular interest or with high gradients
in relevant flow variables, such as thenozzle exit and
the area where the phase boundary of the jet was to
be expected, the grid was refined (see Fig. 4).
Between the mesh components of the distributor and
the nozzles general interfaces were placed. The
remaining connections between structured and
unstructured mesh topologies had a direct mesh
connection.

Figure 4. Mesh of the nozzle and jetarea

The mesh of the entire simulation domain had
about 8.67 million nodes and 14.57 million elements
in total. Additional mesh characteristics are
summarised in Table 2.

Table 2. Distributor mesh quality characteristics

min. max. ave.
Min. Face Angle 11.3° 90.0° | 57.8°
Max.Face Angle | 60.0° | 157.3° | 97.2°
Aspect Ratio 1 351 24.1
Y Plus - - 41.1

Regarding the boundary conditions, all solid
walls of the model were treated as smooth, no-slip
walls, without any specific surface roughness
defined. The boundary surfaces of the jet domains
were modelled as opening boundaries with the
relative pressure p . set to zero, while the reference
pressure p..¢ 1S equal to the atmospheric pressure
Patm At the inlet a total pressure peoiner Was
imposed, which corresponds to the given hydraulic
head ofthe turbine.

In order to accelerate the simulation and to
increase the numerical stability results of single-

phase simulations of the distributor were used to
initialise the flow field. At the start of the simulation,
the jet domainswere fully filled with air.

2.3. Numerical Modelling of the Runner

In recent publications [10] the k- SST model
was used for turbulence modelling in Pelton runner
simulations. Perrig showed in his thesis [15], thatthe
k- SST model outperforms the k-¢ model in terms
of accuracy. Similar behaviour was summarised in
[16]. However, due to significantly, less stable
numerical behaviour in runner simulations compared
to the distributor simulations, the k-¢ turbulence
model was applied for the runner simulations. The
lack of accuracy of the chosen modelis seen as a
minor problem, since the overall degree of model
simplifications is relatively high. Moreover, a
relative comparison of different runner geometries,
based on identical numerical settings, was not
impaired by this.

In analogy to the distributor simulation the high
resolution scheme was used to model the advection
terms. The same relaxation factors as in the study of
the distributor were applied. The Second Order
Backward Euler scheme was selected for the time
discretisation of the transient terms.

Analogous to the numerical modelling of the
distributor, the homogenous model was used to
model the two-phase flow in the runner. Conceming
surface tensionand gravity, the same assumption as
in the numerical setup of the distributor were made.

The definition of the transient time step A, is
linked to a discrete angle of runner rotation. The size
of the angle-step has been proven as crucial for some
factors. A small step provides more stability to the
numerical scheme, which leads also to a faster
convergence behaviour and a lower ovenl
computation time. Both effects have been observed
in several simulations. Moreover, the size of the
timestep influences the simulation results conceming
the torque. The best simulation behaviour was found
with a timestep A, of approximately 4.63-107s,
which corresponds to one sixth of a degree runner
rotation. In the solver settings double precision was
selected to furtherincrease the numerical stability of
the simulation.

The runner simulation was based on the
geometric model given in Fig. 5. The simulation
domain is composed of three main components: the
runner, the casing and the nozzles. The former is
defined as the rotating domain while the casing and
the nozzles remain stationary. The runner is further
split into two subdomains, which are indicated by
different shadings in Fig. 5. Subsequently, these
subdomains serve differently in the analysis of the
runner performance. The medium grey shaded
runner component is later used to analyse the
performance, while the dark grey component
represents some sort of adummy.
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Figure 5. Geometric model of the runner
simulation domains

To simplify the model, the distributor as well as
the real turbine housing were not considered for the
simulation. Moreover, the symmetric layout of
Pelton turbines was utalised to further reduce the
compexity of the geometric model. This is a common
strategy, which is seen in various publications, e.g
[8, 11, 14]. A non-idealised jet configuration was
used. Thus, the last section of the nozzle, the
nozzlehead, wasincluded in the model to account for
the effects of the fluid acceleration and the friction in
the spear valve on the jet formation. The nozze
opening was set to 75%, what corresponds to the
opening in the nominal operation point of the
prototype turbine.

The numerical mesh of the geometry in Fig. 5 is
composed of components with structured and
unstructured meshes (see Fig. 6). The nozzes and the
casing are represented by a structured mesh of
prismatic elements. The two subdomains of the
runner, with its complex geometry were split into
two blocks. The first block contains the buckets and
was therefore meshed with an unstructured,
tetrahedral mesh. The second block of prismatic
mesh elements adds up with the first oneto complete
the rotating runner subdomain. In areas with strictly
aligned flow, such as in the nozzle and jet area, the
mesh cells are primarily oriented according to the
main flow direction. Grid refinements were placedin
strategic areas, as shown for the distributor mesh.
Near the walls of the runner as well as the nozzke

layers of prismatic elements were placed.

Figure 6. Numerical mesh of casing and nozzles

The subdomains of the runner were meshed with
two different approaches. The one, which
incorporates only three consecutive buckets
(medium grey shadingin Fig. 5), was meshed with a
comparably high mesh density. The mesh of the
other runner subdomain is rather coarse. This
approach allows to use the entire symmetric runner
half to be taken into account and yet limits the size
of the numerical grid to a manageable number of
nodes and elements. For both subdomains,
refinements were placed alongthe leading edge, the
trailing edge as well as the cutout edge and its
adjoining surfaces. A detailed view of the refined
mesh of thebuckets is given in Fig. 7.

Figure 7. Detail view of the mesh refinements in
the cutoutregion of the bucket

The statistics of the mesh components of the
runner simulation are given in Table 3. Quality
characteristics of the runner simulation mesh are
givenin Table 4.

Table 3. Mesh statistics of the casing and the
runner subdomains (in millions)

Nodes Elements
Nozzle, Casing 2.604 2.352
Runnerfine 4.530 17.101
Runner coarse 5.597 16.511
Total 12.732 35.965

Table 4. Runner mesh quality characteristics

min. max. ave.

Min. Face Angle 10.4° 90.0° | 47.9°

Max.Face Angle | 60.0° [ 153.2° ] 92.5°

Aspect Ratio 1 226 6.3

Y Plus - - 53.1

Regarding the boundary conditions, the solid
walls of the nozzle and therunner were treated in the
same way as those of the distributor, which were
modelled as no-slip walls, without any surface
roughness defended. A symmetry condition was
applied to the symmetry plane of the turbine model
The remaining boundary surfaces were treated with
an opening boundary condition since the turbine
housing was not considered. The relative pressure
Drel 1S set to zero, while the reference pressurep ¢
was defined with the atmospheric pressure P,
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Each nozzle has an inlet surface, which is
perpendicular to the corresponding nozzle axis. On
these a mass flowrate @, nomal to the boundary
was imposed. Thelink between the sliding meshes of
the rotating runner and the stationary casing was
treated with a transientrotor stator interface.

At the start of the first simulation a resuk of a
distributor simulation with corresponding nozzke
opening was used to initialise the stationary domain.
The rotating domain was fully filled with air at the
start of a simulation run. Subsequent simulations
were then initialised with results of previous
transientturbine simulations.

3. RESULTS

3.1 Results of the Distributor Analysis

The simulation of various Pelton distributor
geometries in this study showed, that the applied
changes to the geometry have led to a reduction of
the hydraulic loss in the distributor and im proved the
flow situation upstream the nozzles. The latter is
important for a good jet quality, which is indicated
by a circular cross section and a homogeneous
velocity profile of the jet.

A direct correlation between the jet shape and
quantitative flow characteristics is difficult to
determine. To overcome this, a swirlnumber SN was
introduced in order to quantify the intensity of
secondary flow. The definition of the SN is given in
Eq. (1) whereby c;.. and c,, are the velocities in
circumferential and the axial direction respectively
ona given planeof thecross section A.

(D

For each nozzle the velocities are referred to the
corresponding nozzle axis (positive in jet direction).
In the optimisation process of the distributor design,
the SN was later used as an additional indicator for
animprovementora deterioration of thejet shape. If
the SN decreases, an improvement of the jet shape
can be expected, as smaller values indicate a lower
intensity of the secondary flows, which primarily act
negatively on thejet shape.

Fig. 8 shows the cross section of jet number 4 on
a plane about 4.25 jet diameters downstream the
nozzle outlet, which was the jet with the most
disturbed jet shape of all. The jet velocity, which is
related to the theoretical velocity cy,, is plotted on
the cross sections in a range of 0.75 to 1. The
boundary of the cross section is determined by a
water volume fraction of 50%. ¢, is given in Eq. (2).

Cth=\/2'g'Hn 2)

The left plot corresponds to the baseline
geometry of the distributor, the right plot to the new
design. The swirl numbers, which are evaluated at
the nozzle inlet, are 0.12 and 0.036 respectively,
which is equivalentto a reduction of about 70%.
o

electy Jel

00
0.88 ——
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Figure 8. Jet corsssection, baseline (left) vs. new
design (right)

The hydraulic losses H,, in the distributor are
determinedas a hydraulic head loss from the inlet to
the outlet of the corresponding nozzles. H,, is given
in Eq- 3 whereby ﬁtot,lnlet and ﬁtot,Nozzle represent
mass flow averaged total pressure values atthe inkt
and a plane, which was placed 30 mm upstream the
corresponding nozzle mouthpiece.

_ DProt,intet — Ptotnozzle

p-g

H, 3)

These were lowered by roughly 16% compared
to the baseline design. A comparison of the head
losses, which are related to the nominalhead H,,, are
given in Fig. 9. The largest share of the losses was
caused by the nozzle, while the distributor
contributed less than 20% to the head loss.

Comparison of the relative headloss
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Figure 9. Comparison of the relative headloss

3.2 Results of the Runner Simulation

The results of the three runner simulations, based
on different runner geometries, are analysed with a
special procedure. For the analysis of the turbine
performance in general, a reference bucket was
defined. The reference bucket corresponds to the
second bucket of the light grey shaded and
comparably fine meshed runner domain in Fig. 5.
Additionally, to the refence bucket, the leading and
the successive bucket are considered to analyse
possible, negative interactions on the runner outside
surface.
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To calculate the runner torque, a “bucket load
cycle” was defined. One load cycle corresponds to
what a single bucket experiences during 360
timesteps or 60 ° of runner rotation, since the angular
spacing between the nozzles in the case of the present
six-nozzle turbine equals 60 °. In this period every
bucket is once impinged by a jet. The arithmetic
average of the torque T .. over 360 timesteps or 60 °
of runner rotation, which is acting on the reference
bucket, was finally used to calculate the runner
torque. Additionally, T,..¢ was used as an indicator
for the state of convergence of the simulation. A
constant level of T, indicates a steady-state
operation as well as a sufficiently converged
solution. The total torque T of the entire turbine
runner corresponds to Eq. (4).

T=2 Tz “)

The efficiency 7 is calculated from T, and the
corresponding hydraulic head H at the inlets as well
as the total imposed flowrate Q@ at the inlets. The
efficiency is given in Eq. (5), whereby w represents
the angular velocity of theturbine, p the density and
g the gravitational acceleration.

7= Z Tref w (5)
Q-Hp-g

The simulation of the baseline runner design in
this study has shown an efficiency of 91.65%. The
periodic curve of the generated torque, normalised
by Ty, forthe inside, the outside and the total torque
is shown in Fig. 10. The splitting of the bucket
surface into an interior and an exterior surface is
depictedin the upper left-hand corner of Fig. 10. The
dark grey shaded surface indicates the interior, the
light grey one the exterior surface. T}, represents a
theoretical torque of a bucket based on the simulated
head and theflow rate in the nominal operating point
with an efficiency of 100%. T, is given in Eq. (6).

_ “H-qg-
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Normalised bucket torque
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Figure 10. Normalised torque (baseline design)

The torque of the primarily impinged interior
surfaceand the exterior bucket surface add up to the
torque contribution of the reference bucket. The
external curve in Fig. 10 indicates the start of the
load cycle with its sharp rise after roughly 390
timesteps. A low-pressure zone on the exterior
surfacecauses the growth of thetorque in this phase
(see Fig. 11, left side). Perrig reported in his thesis
the existence of such an external torque and
explained it with the Coanda Effect[15].

Figure 11. Pressure distribution on the runner
exteriorsurface (baseline design)

However, due to non-appropriate trailing edge
angles, the same curve shows a loss following
timestep 610. The impingement of the extemal
bucket surface is caused by water, which is exiting
the leading bucket. A zone of increased pressure on
the exterior surface indicates the source of the loss
(see Fig. 11, right side).

The bucket or the runner geometry design was
modified to overcome adverse effects in an iterative
process, as seen in the baseline geometry. Changes
to the bucketwidth, the trailingedge angles, as well
as the splitter and the cutout design have improved
the efficiency compared to the baseline runner
design. As a result, an efficiency of 91.95% was
reached.

Another set of geometry parameters of the
Pelton bucket was changed consecutively in a second
approach. As a result, the bucket width was slightly
increased compared to the first design iteration
process, and a modification of the bucket depth was
realised. In addition, the positioning of the bucket on
the pitch circle diameter was changed towards a
smaller bucket position angle. Finally, the leading
edge (splitter) and the cutout edge were further
altered compared to the first design update. In the
end, the numerically calculated efficiency was
increasedto a levelof 92.30% by those measures.

Fig. 11 shows the normalised torque of the
second design update. Additionally, the total torque
of the baseline design and the design update 1 is
overlaid (dashed, green and orange curve

respectively).
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Normalised bucket torque
Design update 2

s z
S 1.5 P §
g t 12 |t ,': ‘—9
Q 3 F e
g i c
209 i} 3
- 8 H %
3 =106 ? v
g 803 I 2
= ‘®
2 00 £

180 360 540 720 900 2

Timesteps
............. internal esesecese total seeeeeeeeeees baseline
updatel — ceeeeeeeeeens external

Figure 12. Normalised torque (design update 2 vs.
baseline and design update 1)

In addition to the change of the bucket position
angle, the increase of the bucket width and the bucket
depth significantly contributed to a remarkable rise
in the magnitude of the internal torque compared to
the baseline and a smallrise compared to the design
update 1. On the other hand, the magnitude of the
external torque in its ma ximum decreased compared
to the baseline, which is most likely due to the
changed bucket position. However, the extemal
torque load cycle average is still higher because of
the modified trailing edge angles.

5. CONCLUSION

While the simulation of the Pelton distributor for
optimisation is quite common these days, the
numerical investigation of the Pelton runner raises
more questions.

As presented in this paper, the numerncal
approach to simulate Pelton runners, primarily of
multi-nozzle turbines, should give a direction foran
efficient way to analyse their hydraulic behaviour.
By focusing on a single reference bucket, especially
the numerical grid of the runner domain reduces to a
manageable size. Furthermore, with a smaller mesh
but still preserving the advantage of a high spatial
discretisation in the selected regions, the
computational costs and the required simulation time
can be reduced significantly. Thus, numercal
simulation has come one step closer to possibke
utilisation for the design and optimisation of Pelton
runners.

Within the approach presented, three different
Pelton runner designs were analysed wih a
consistent numerical setup, resulting in efficiencies
of 91.65%, 91.95% and 92.30% for the baseline
design and two design updates, respectively.

Nevertheless, the calculated efficiencies are
partly subject to strong model assumptions and
simplifications, such as the non-consideration of the
turbine housing, the missing impact of the
distributor, and the flow modelling. Therefore, it is
essential to point out that the efficiencies given in

this paper should not be confused with
experimentally determined efficiencies.

In various publications, see e.g. [5, 6, 11],
discrepancies between numerically simulated and
experimentally measured efficiencies of Pelton
turbines were reported. Whereby over- and
underprediction have been shown, primarly
depending on the numerical modelling, including
mesh density, and physicalmodelling. Based on this
knowledge, the reported efficiency enhancement of
0.65% points between the baseline design and the
design update 2 is primarily regarded as an indicator
for the actual improvement rather than an absolute
value for theefficiency enhancement. Verificationof
the simulation results stillhas to be done basedona
modeltest.
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