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Abstract: This work concerns the development of an automatic iterative procedure for optimal design of hydraulic
turbine distributors. This procedure based on the geometry parameterization of the distributor to facilitate the fully
automatic generation of the design by modifying the geometry parameters, and Evolutionary Algorithms to define the
best design parameters using optimal functions (regrouped fixed objectives) evaluated from CFD results to decide the
design quality. This procedure is successfully applied in two examples of Francis turbine distributors, the first with a
specific speed equal to 81 and the second with a specific speed equal to 48. We obtained two new geometries with
better efficiency and performance compared to the initial designs.
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Nomenclature

Term Symbol and definition Indices

Low pressure external R [m] 0: Rumner outlet
gﬁ;mdlm Rl 1: Rl_.‘ll]ll.EI' inlet
Flow rate 0 [kg.m_j] 2: D15tI1'1bu‘r01' oul.tlet

3 : Guide vanes inlet
Head H[m] 4: Stay vanes outlet
Hydraulic energy E [Jlkg-l] 5: Stay vanes inlet

6: Spiral casing outlet
Discharge coefficient 0. [1=Q /R0 Subscripts

~ nomunal

- 1 nom: nominal
Energy coefficient we [-] = 2E/(R; o) ‘

max: maximal

d: distributor

Specific speed N [rnd/mn] Abbreviation
Unit specific speed e _ :
— N [']_?\[Q ]"H GV: Guide vanes

Tangential velocity C, [m/s

- ’ ’ SV: Stay vanes
component - _ :
radial velocity C, [ns] CFD: Computational Fluid
component D}-’namllcs : .
Entrainment velocity Ulm's]=Rw OF: Objective Function

ISSN: 1790-5087 175 Issue 2, Volume 3, April 2008



WSEAS TRANSACTIONS on FLUID MECHANICS Ahmed Alnaga, Jean-Louis Kueny

1 Introduction the sequence requires a significant computational

The design optimization procedure is described agffort, the geometric parameterization and reduced
an iterative process based on previous and initialnumber of parameters allow handling 3D shapes
designs; it consists in four steps (shown in figure 1)and limits the required design time.
[1]: Although the optimization based on EAs considered
Geometry parametrization: it is necessary tohere requires large number of evaluations, it
establish a certain number of parameters able t@resents advantages such as global search and
represent the geometric entity that we want tominimization so we do consider then suitable for
improve. The most important factor is their number. this type of applications.
A high parameters number may increase the shapahmed.alnaga@honeywell.com
manipulation complexity, where a low number may
provide a poor and a limited range of feasible :
solutions. Further we describe the design procedur it | vesiem ﬁ;ﬁiﬁj{;ﬁ:}fj
and parametrization of the Francis turbine Geon(, a1, &)
distributor developed and adopted in the S D
optimization process; |
Design performance evaluation: the design !
performance evaluation is obtained in two i
|
|
|
|
|

Grid generation

I
|
I
|
I
|
- || Flow simlation and design
Flow simuation I perbrmance evaluation
I
|
I
|
I
|

steps consisting in the domain discretization (grid
generation) and the CFD simulation.
We used commercial tools for grid generation and e
design evaluation.
- Objective Function: there is no unique definition
of an optimum solution. Moreover, the best solution
changes from one case to another bearing in min
that engineering applications may involve complex
multidisciplinary tasks. o
- Optimization Technique: the relationship between
the geometric parameters and their evaluation by
CFD simulations is largely non-linear. So non-linear Figure 1: The design optimization procedure
optimization techniques must be considered to drive
the improvement. The optimization techniques we2 Geometry generation
used are based on Evolutionary Algorithms. The first step in the optimization process is the
geometry generation. According to the constant
Because the high number of the design evaluationgspanwise section of distributor, the parametric
the different steps in the design optimization definition of the distributor can be reduced to a
scheme are automatized by means of scripting filesplanar (r,q ) representation (see figure 1.b). The 3D
relaying the different steps of geometry generationdistributor shape is obtained by an extrusion of the
domain discretization, simulation, etc. 2D profile in the axial direction (z) (figure 1.a).
The automation of the optimization sequence is(The parametric definition uses the 2D profile
accomplished by standard input-output exchangeroperty to reduce the number of design
file formats handling the geometry and hydraulic parameters.)
parameters. In this part, we depict the objectives aimed in the
A design optimization cycle dealing with 3D shapesdesign of the distributor. Then we describe the
and CFD simulations usually requires a largedesign procedure and the distributor parametrization
computational effort for a single run. The RANS that we developed and used to generate the
fluid flow simulations used for the geometry geometry of the distributor in the optimization
evaluation represents the most time-consuming steprocess [2].
of the sequence here used, where 90% of the overall
time-effort is expended in. Although a single run of

Flow analysis and design
performance evaluation

Objective

NO Fonrtion

evaluation
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2.1 Design objectives 2.2 Design procedure

The distributor (Guide vanes and stay vanes) ofFirst, we show the needed parameters used in the
reaction turbine is the element that ensures, for dlistributor design.

nominal operation, the most favourable flow As the distributor consists in two parts (Stay vanes
condition at runner inlet. It is placed between theand Guide vanes) we will design each part

Spiral-Casing and the runner in hydraulic turbinesseparately, starting initially with the guide vanes

(see figures 1.a and 1.b). and afterwards dealing with the stay vanes.

The distributor is constituted mainly by two sets:  a. design parameters of guide vanes (seefigures 4

1. The stay vanes; and 5)

2. The guide vanes. - Nominal radius of the distributorgR

The distributor ensures two principal functions: The nominal radius of the guide vanes fixes the

- Adapting of the turbine power to the operating rotating axes of guide vanes blade. The choice of
conditions, by flow-rate monitoring; this radius is very important since it determines the
- At the runner inlet, the favourable flow conditions construction, the weight and the cost of the turbine;
at nominal speed. it should be as small as possible.

The main objectives in the distributor design are: - The number of guide vanes blade Z

1. Obtaining a maximum torque on the turbine shaftZs depends primarily on the dimension of the
that corresponds to the highest energy provided tdurbine. A small turbine will have a small number
the turbine through the angular momentum given byand vice-versa.

Euler's equation: - Width of the distributor §€

E=4(UCy) Real width of the distributor is considered starting
2. Avoiding shape deformation of the Spiral-Casing from statistics based on experiments.

where the maximum pressure of the whole machine The flow angle g.

is located. (see figure 2); Theflow angle @q4, formed by the blade guide vanes
3. The distributor has to be designed so as tskdeton at its trailing edge and the peripheral
minimize both the interferences with the flow and direction, is shown in figure (4).

ensure that the flow reaches the runner withWe have gq =atanC:./C,) (figure 4) .

appropriate hydraulic angles; To determine the angle€2d at the distributor outlet,
4. Adjustment of flow-rate and the mechanical we follow these steps:

power by the manipulation of the angular position We have;

of the guide vanes; Erunner=g H,«-X of energetic losses (in spiral
5. Limitation of the energy losses at each openingcasng, SV, GV and runner)

rate of the distributor; With;

6. Resistance to extreme efforts (reduction ofHne is the net head.

operating pressures); Erunner is the Hydraulic energy transformed in the
7. Easy control of guide vanes, without excessiverunner

efforts; We use Euler's equation between the distributor
8. Minimization of the manufacture cost. outlet (runner inlet) and the runner outlet.

Neglecting the energetic losses in the runner (UO
Cuo =0), we get:
Erunner=U; Cu, - Ug Cup = g Hye - X Of energetic
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losses (in spiral casing, SV, GV and runner) distributor outlet Rd1, and the distributor width b

Hence: 3. We use the Euler’s relation to define the nominal

C,, = 9 H flow angle y,, at the distributor outlet, that gives

U, o the guide vanes nominal opening angle;

At the outlet of the distributor we have: 4. After we define the guide vanes maximal opening

Q=Cr2  Surface(distributor ~ outlet),  With angleyyy,, that is related to the maximal flow-rate

Surface(distributor outlet) =2 Ry, by Qe

Hence: 5. We estimate the number of the guide vanes blade

C ZL Z4 (in our case we used the same number with the
" 2mR,, b, intial design);

- Profile type and the blade characteristic 6. We estimate the radil.Rj that fixes the gUide

dimensions. vanes rotating axis;

Several types of profiles exist: Some with no 7- We define the blade guide vanes length;

camber chords, other with cambered chords. 8. At the end we chose the profile type and we

The profile may be symmetrical or asymmetrical define the inlet guide vanes radius.

about the chord. It may also be hollow or with full b. Stay vanes parameters

section. The profile form may be selected amongFor the stay vanes design, we start with the chord

those recommended and tested from experimentad€sign. For this purpose, we use a 3rd degree Bezier

benchmarks intended for aeronautics, such Germagurve, and we impose a thickness equal on both

profiles GOTTINGEN or American NACA. One sides of the chord for profile design, with semi-

may resort profiles forms analytically expressed.circular leading and trailing edges.

The choice is very important especially to satisfy The stay vanes design parameters axgs (Flow

best the conditions of flows (less flow disturbing) at @gle at inlet) aoue (Flow angle at outlet),

the runner inlet. In our case we chose a right(Rss-Ras), 3R (between the stay vanes and the guide

skeleton profile with a NACA004 thickness Vanes)= Rwu-Ras), and the angular position of the

distribution (see figure 3). stay vanes trailing-edgésrad and leading-edge
Osrava(see figures 4 and 5).

e T2e
A S R ————

Figure 3 : Symmetric NACA profile

Bezjer curv

- Length of the guide vanes blade Ld:
Thelength of the profile of the blade is given by the
rotating axis position of the blade guide vane:

L, =278 yith 0<k<1

Kz,
- The angle of maximum openingimax:
The angle of maximum opening from the closed
positionydmax depends on the maximum rate flow
Qmax.
- Radius at guide vanes inlet and outlg}, R,.
The guide vanes inlet and outlet radius are related tc
the maximum opening angle. It is fixed in such a
manner to avoid all guide vanes overflow.
Ultimately, the design procedure of the guide vanes
is obtained as follows:
1. Define the initial data related to turbine
exploitation: Hom, Qhom, Qmaxand N
2. From the initial design, we fix the radius of the

Figure 4: distributor design parameters (blade to blade view).

Spiral casing

Figure 5: distributor design parameters (meridian view)
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simulation.
c. Examples a. Grid generation
In this part, we present a few distributor designThe domain discretization step must be automatized
examples (guide vanes and stay vanes) byas well. The automatic grid generator has to ensure
modifying some mentioned above parameters (segrids robustness and the quality for the range of
figure 6). generated shapes. In this case, we use the
commercial aided tool Autogrid5®. Autogrid5 is a
grid generator specially developed
by (NUMECA®) for turbomachinery applications.
Among the features, it provides the capability to
automate the generation of the grid for new blade
shapes by defining the topology parameters.

Autogrid uses a predefined template file where main
odied oer A the mne)s | Ganwais modied parameters defining the suitable mesh to be applied,
i.e. size, blocks number, topology (H-O-H, H-I),
" clustering, Tip-Hub clearance, etc., are stored. The
same template file is applied for the geometries
generated during the optimization process.
T e TR This template file is set for a given turbine design

Figure 6: Distributors obtained by design parameters modification. components and the grid topology parameters are

adapted according to the specifics of current design.
The design parameters defining the distributorThe generation of the grid is a critical step in the
geometry are expressed as a sequence of paramete¥ptimization procedure. The robustness of the grid
in an exchange file. generator allows obtaining valid and consistent
Some part of the design parameters constituting théesults for optimization success. For this reason, it is
geometry are used as design variables in thénecessary to determine accurately the proper size
optimization process, while some remained fixed, inand topology of the grid being generated.
order to meet the constraints imposed by thelo determine the appropriate grid size we consider
original design, and other design parameters remaithe conclusions intuitively drawn by Denton, where
fixed by tests in order to minimize the design he quotes the main hydraulic parameters in
parameters. turbomachinery could be captured with a coarse
The choice of the design parameters is motivatedrid. Similar assumptions were applied by Benini.
mainly by the operating conditions and the machineThus we must consider that for design optimization
constraints. The constraints differ from the studiedpurposes instead of large grids and accurate
turbine components to others and must besimulations, coarse adapted grids and fast
accurately chosen to ensure fair optimized solutionssimulations achieving good performances to capture
The parametric representation of the distributor usethe mean flow tendencies are preferable.
24 design parameters to generate the distributofhe minimization searching path depends on the
geometry. evaluation of the OF computed from the simulations
The design parameters fixed by tests and initialresults. The accuracy of such results is necessarily
design areZy(GV), Z4(SV), 0R(GV-SV)=( Ru-Ry3), obtained with the precision given by the grid. We
Rii , €, andby .The design parameters, used assurvey and check the influence of the mesh in the
design variables in the optimization process, @®: optimization during the optimization and finally a
(Runne-distributor)= Ru2-Ra1), (Res-Ras), %aavds check is performed over the optimized solutions by
ogFavd aNd Baava. performing
3 Design Performance Evaluation the simulations using more fine grids probing that
The evaluation of a geometry is performed bySame OF tendencies can be obtained. .
evauating the prescribed OF, from hydraulic _The dor_naln dlscretlzatlon_ of the distributor doma_ln
performances. The evaluation is obtained from &S obtained from AutogridS. The structured grid
two step process: grid generation and CFDProvided by Autogrid is made up by five blocks

ISSN: 1790-5087 179 Issue 2, Volume 3, April 2008



WSEAS TRANSACTIONS on FLUID MECHANICS Ahmed Alnaga, Jean-Louis Kueny

with (H-O-H) topology for the stay vanes and by combination of independent variable parameters
five blocks with (H-C-H) topology for the Guide while satisfying some constraints.

vanes. This topology is found to provide the mostThe formulation of the OF wused in each
robust grid configuration for a large number of optimization must be adequately chosen in relation
checked geometries. with the component and its functionality.

The quality of the grid is checked at each run,In the optimization domain, two main approaches
avoiding unwanted grid angles and grid may be distinguished for achieving the optimum
dependence. The minimum< ( 20 degrees) solution. One is the SOO, when single or multiple
orthogonality and aspect-ratio criteria are mainly objectives are grouped in a unique expression to be
surveyed. Figure 7 presents the typical gridoptimized. This approachpriori implies definition
topology thus generated. of the importance of each factor in the set. The other
The grid is constituted by approximately 400000 approach is called a MOO, this time no relation is
nodes. This grid dimension allows obtaining quality established between the different objectives, thus
grids with a limited grid size. Moreover, this size each of the objectives is optimized independently
provides good convergence rate on the CFD[6].

simulations. In our case for the optimization of Francis turbine
distributor we used the first approach (SOO). Hence
the optimization problem is formulated as
minimizing of single-objective functioh (x) in the
form:

00 =YW f,(%)

Figure 7: Distributor grid

Where n is the number of objective functiofis W,
b. CFD simulation represents weight coefficient that balances each
Regarding the flow simulations, the optimizations objective in the set with respect to the others and x
are been performed using the commercial solvels the optimization (vector) parametet,)X, where
Fine/Turbo®. RANS simulations and &) X is parametrization space. Weight vector is
turbulence models are used. Steady-stateletermined by the designer. Thus for each
simulations over a single blade-to-blade channelkcombination of weights we get another optimal
conditions are computed, where usual periodicitysolution. For this work all optimizations, performed
and symmetry conditions are used [5]. by aggregate weighted methods, use an arbitrary
The flow conditions are imposed at boundariesdefinition of the weights. However, other research
related to Mass Flow Rate, flow angles at inlet andapproach uses variable adjusted weights. If the
Averaged Static Pressure at the outlet. At theconstant approach provides a single Pareto Optimal
interface between the stay vanes and guide vanesolution, because of the invariant values of the
we used a Frozen-Rotor interface. weights, the second approach provides information
The automatic execution of the simulations issimilar to that obtained using multiobjectives
accomplished by coupling the grid generator withoptimization. For such cases it is possible to
the CFD solvers. The CFD simulation setup isidentify the influence of the different objectives in
defined in template files running in a preprocessingthe definition of the optimal solution.
sequence. Once the problem is set, the simulatiohe Objective function wused in thedistributor
solver is run until either convergence or stoppingoptimization intends to minimize the energetic

criteria is achieved. losses, to meet fluid flow constraints and to
The results are post-processed and the OF iminimize the cost of construction. Thus a single
evaluated. expression taking into account both objectives is
4 Objective function and constraint proposed as OF. The first term is related to the

Optimization is the process of maximizing or energetic losses computed as the inlet outlet Total
minimizing a desired objective function with the Pressure variation, the second term is the outlet
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angle variation geometry and the third is the surfaceNg81, it's an existing industrial turbine, which

of the distributor written as: characteristics are presented in table 1:
Fo=c, 20y onp. +c, STaces H, [m] 87.5 7, (Runner) 13
peH ' ~ Swrface,,
where: 0,[m’ /5] 60 Z; (GV) 24

- APy is the difference of the total pressure between
the inlet and the outlet of the distributor, which | N[nd/min]

represents the energetic losses in the distributor; 300 Z4(8V) ‘4
- Abmax represents the maximum change betwee!

the elative flow angle at the distributoroutlet; n,[-] 81

- Surfacex. is the spiral casing surface that

represents the construction cost; Table 1: Francis turbine Ng81 characteristics

- Qurface is the reference spiral casing surface;

- C1, G, and G are the weight coefficients.

Note that improving one objective is equivalent to
set the other coefficients to zero.

Constraint

The constraint fixed in the distributor design is to
obtain at the distributor outlet aUC,) outlet
(kinetic moment) that corresponds to the objective
fixed (UC, nominal for the initial existing
geometry).

5 Optl mlzatlon a.I gor Ithm Figure 8: Francis turbine [V, 81
The design optimization examples presented her

are performed by EASY® (Developed by NTUA) cFD calculations are performed for guide-vanes
software using Single-Objective optimization. openng (ax ) of 16°, 20°, 22°, 24°, 28° and 31.4°
EASY uses EAs (Evolutionary Algorithms) and ang for flow-rate varying between 30m3/s and
ANN (Artificial Neuronal Network) to find 100m3/sin three steps [3] [4] and [7]:

optimum solution [8] and [9]. 1. Spiral casing/stay vanes computation;

6 Applications 2. Distributor/runner computation;

We present here two examples for two distributor3. Draft tub computation.

design optimizations for two existing industrial The grid and calculus parameters for each step are
Francis turbines with specific speed equal to 81the following.

(rapid turbine) and 48 (slow turbine), in order to Grid generation

show the effectiveness of the optimal designThe domain discretization of the Spiral casing
procedure developed and used for the distributor offigure 9.a) is obtained from IGG® (commercial
Francis turbine is independent of the geometrytools) a structured butter fly multi-blocs grid
shape. topology is provided with approximately 400000
First, we make analysis of the initial existing nodes.

geometry of Francis turbines. The objective of thisThe domain discretization of the stay-vanes is
step is to find the nominal operating conditions of obtained from Autogrid5. A structured H-O-H
each turbine. Around these conditions will be ourmulti-blocs topology with approximately 1200000
objective afterwards to make the new optimizednodes is generated.

The complete Francis turbine is represented in the
follow figure:

design of the distributor. The domain discretization of the guide-vanes and
6.1 Applicationl: Distributor design runner is obtained from Autogrid5. A structured H-
optimization of Francisturbine Ng81 O-H multi-blocs topology with approximately

a. Analysisof theinitial turbine Ng81 800000 nodes over a single bladeto-blade channel is

We start with the description of the Francis turbine
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computed, where usual periodicity and symmetryThe nominal operating condition for the Francis
conditions are used (the
grid of the stay vanes, guide vanes and runne i®S.,,n= 3.26, that is forH,;,,= 88.941m (not far
shown in figure 9.b). Finally the domain
discretization of the draft tube (figure 9.c) is 22°<=> UC,=825 J/kg.

obtained from

400000 nodes.

IGG. A structured butter
multiblocks grid topology is provided with roughly

AN,
0
i
i

L

a. Spiral casing grid

b. Distributor + runner grid

c. Draft tube grid

Figure 9: Geometry grid

Flow simulation

Regarding the flow simulations, the calculus are

been performed using a commercial solver

turbine corresponds to the poiftdl,w= 0.298 and

from 87.5m) andQ,.n=60m3/s at the opening of

fly The distributor design optimization constraint is set

to be this result.

b. Distributor design optimization

The main settings applied to the distributor design
optimization process are described in the following.
Perfor mances Evaluation

We used the same grid and simulation parameters
described in section 2.

Objective Function

The OF use for this example is defined as follow.

Surfaceg,

FO=C,——+C,Af_. +C,
peH ) ' Surface,

With the weightsC; = 100,C; = C3 = 1 obtained

FineTurbo. RANS simulations and &) turbulence ~ from an initial evaluation so to balance the different
models are used with Steady-state simulations. Oble_Ct'_VeS.-

For the Spiral casing/stay vanes calculus at théPtimization _ o

interface between the stay vanes and spiral casin he distributor design optimization performed uses
we used a NMB (Non Matching Boundary) N€ SOO configuration of EAs. The optimizations
interface. for both cases are stopped when reaching the
For the Distributor/runner calculus at the interfaceMaXimum number of evaluations, which is set to
between the stay vanes and guide vanes, we used4_90- The computational resources are the same (a
Frozen-Rotor interface while at the interface Single-processor computer).

between the guide vanes and runner we used a medi€ time required for the optimization to converge
stage interface. is estimated to 15 days to 21 days.

The flow conditions for each calculus are imposedReSUItS _

at boundaries related to Mass Flow Rate flow angleé\{OW_ we ShO\{V the 're'sult.s obtained for the
at inlet and Averaged Static Pressure at the outlet. distributor design optimization of the Francis
Flow analysis tu_rblne Ng81. _

In figure 10 we show the efficiency-hill of the Figure 11 shows a comparison between @,

Francis turbine obtained from numerical simulation. ©b@ned by numerical calculation at the outlet of
the distributor for each geometry created in the

optimization process and thdCu for the initial
existing geometry. It appears clearly that along the
optimization process each designed geometry has
approximately the samegCu as the initial existing
geometry.

PSTaca'S

Figure 10: Efficiency-hill of turbine N;81
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Figure 14: Efficiency comparaison (Ng81)
Figure 11 : Comparison of UC, at distributor outlet with UC, objective 6 2 A ppl | Catl 0n2 DI Sr | bUtOI‘ da gn

optimization of Francisturbine Ng48
Figure 12 shows the evolution of the total objectivea. Analysisof theinitial turbine Ng48
fundcion and each objective alone along theCharacteristics of Francis turbineNg48 are
optimization process. We can see a goodpresented inthe table 2.
convergence of the total objective function, with

minimization of the energetic losses, the maximum H,[m] 66.5 Zs(Runenr) 13
change between the flow angle at the distributor, ¢ /g 125 2,(GV) 12
outlet and the minimization of '_[he spiral Casing |y /min) 000 e -
surface (decreasing of 5%). This convergence i = "

reached around 100 evaluations.

Table 2: Characteristics of Francis turbine /N 48

6,00

Calculations are performed for guide-vanes opening
- of 20°, 24°, 28°, 31.2° and 35° and for flow-rate
- — e various between 1.0 m3 /s and 1.6 m3/s in the same
oo || P fashion like turbine Ng81.

(IR A ! We used the same grid and flow simulation
L'lr mmd LJ | . LL parameters defined in Francis turbiig81 as well.
T T The nominal operating condition for the Francis
turbine corresponds to the point:

PHIom= 0.298 andPS o= 2.247, that is foH o=

Figure (13) shows a comparison between the68'548 (nofar from 66.5m) and

distributor initial geometry and the optimized one. ?&3‘_1'25 m3/s at the opening of 24° <85, =625
The distributor design optimization objective is set
to be this result.

b. Distributor design optimization

S The main settings applied to the distributor design
tnital seometry ’ optimization process are the same use with

the Francis turbine distributddg81. While the OF
used is:

5,00

Figure 12 : Objectif fonction /Vy81

Optimized geometry

Figure 13 : Inifial and optimized distributors (/V,81=)

We present in figure 14 a comparison between the

efficiency of initial runner/initial distributor and oF =25—* (A4} Surfacese
initial runner/optimized distributor. An efficiency PgH - Surjace,;
improvement of the optimized geometry distributor

is shown. Results

Figure 15 shows a comparison between theu
obtained by numerical calculation at the outlet of
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the distributor for each geometry created in thealso, an significant improvement of the efficiency of
optimization process and the kinetic moment thatthe optimized geometry distributor is noticed.
constituts our objective. No significant difference is

hence noticed as can be seen. [ i gy = Opmisd gy |
Figure 16 shows the evolution of the total objective

function and each objective alone along the p- _
optimization process. We notice a good < <
convergence of the total objective function, with
minimization of the energetic losses, the maximum
change between the flow angle at the distributor
outlet and the minimization of the spiral casing
surface (decreasing of 3%). PHE]

Figure 18 : Efficiency comparison (/Ng48)

Rendement [%]

6.60E+02

ﬁtf'—’M"’ A 6 Conclusion

We have developed a specific fully automatic

50202 Francis turbine distributor optimization process.
UCu [Vl To test its effectiveness, we performed two
e examples of Francis turbine  distributor

optimization, the first with specific speed equal to
81 and the second with specific speed equal to 48.
Optimization objective concerned three parameters.

6.0E02

ot The first parameter is related to the energetic losses
Neshanikon computed as the inlet/outlet total pressure variation.
The second parameter, related to flow disturbance,
Figure 15 : Comparison of UC, at distributor outlet with UC, objective (turbine |S the Out|et ang'e Variation geometry And the th”’d
Ng48)

parameter, related to the geometry cost, corresponds

=X to the spiral casing surface. In both cases, we did
. — obtain two new geometries with best efficiency and
A — performance from the initial ones.

B N e e = Optimization time was reasonable. Efficiency
N o i Bt el R A improvement reached approximately 1.5 %,

L M while spiral casing surface reduced to (3-5) % and

""""""""" energetic losses to (1-2) %. Furthermore, we believe

Figure 16 : Objectif function versus optimization process (N,48) that th|S Opt|m|Zat|0n procedure |S extendable to

other hydraulic turbines in a straight forward

Figure 17 shows a comparison between the initiafmanner.
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