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NUMERICAL SHAPE OPTIMISATION OF AN ISOLATED 
HYDRAULIC DIFFUSER 

Summary 

In the draft tube of hydraulic turbines, the remaining kinetic energy of the runner is 
transformed into pressure mainly due to its diffuser geometry. Recognizing that the divergence 
section reduces flow velocity and the straight duct promotes flow uniformity, determining the 
exact relation between these sections for a fixed space in a diffuser is crucial to improving the 
overall performance of the diffuser. To find this relation, we designed an automatic optimisation 
process by coupling computational fluid dynamics (CFD) software to a distributed genetic 
algorithm that manipulated a single diffuser parameter to minimise its energy losses. By using 
this method, the best geometries were determined by employing a low-fidelity CFD model, but 
the fluid flow analysis was done on a high-fidelity one. The results show that the precise relation 
between the divergence and the duct for a defined inlet velocity profile in a diffuser can 
minimise the energy losses, recovering up to 90% of the mean static pressure. 
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1. Introduction 
To gain efficiency in the draft tube of a hydraulic turbine, the remaining kinetic energy 

that enters the tube needs to be converted into pressure. This conversion occurs mainly at the 
inlet of the draft tube, i.e. at the conical part called the diffuser [1-3]. In the last century, some 
direct experimental approaches to evaluate the performance of this device demonstrated that its 
pressure recovery is highly dependent on the conditions of the inlet flow and its design 
parameters as diffuser angle, area ratio (AR), length ratio (LR), wall shape and cross section 
[4-6]. More specifically, it is established in [7] that through these design parameters a higher 
performance might be obtained, either by increasing the amount of diffusion, decreasing any 
non-uniformity in the inlet velocity profile, or making the diffusion more efficient, thus 
reducing overall losses across the diffuser.  

Since researchers achieved only minor progress with direct experimentation, they had to 
consider numerical tools such as CFD to interpret and understand the flow behaviour generated 
by the modification of the diffuser design parameters [8-12]. 
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The systematic manipulation of these design parameters required the implementation of 
numerical algorithms [13-14], which, when coupled with CFD software, created an 
optimisation based on the CFD method [15]. This approach was applied in basic research to 
isolated diffusers to enhance their performance. The divergent angle and the wall shape were 
used by [16-19] as design variables for a duct-divergence-duct diffuser configuration. It was 
also applied to improve the performance of diffusers functioning directly as draft tubes, such 
as the redesign of the T99 diffuser cross section for two distinct operational conditions [20-
21] or the use of various angles for three specific diffuser shapes: straight, trumpet, and bell 
[22-23], and the reconstruction of the wall shape of the divergent part of a divergent-duct 
diffuser using diverse approaches [24]. However, these studies only used the pressure 
recovery factor to gain performance and ignored the diffusive or dissipative impact on the 
diffuser performance.  

For a draft tube redesign where the AR is a design variable, it is demonstrated that the 
diffusion effect is mainly responsible for the increase in pressure recovery, regardless of the 
dissipative rise [25]. However, in most reaction turbine installations, the coupling between the 
runner and the elbow part of the draft tube is fixed. These geometrical restrictions limit the 
diffusion effects on the inlet flow provided by the runner. Therefore, the only way to improve 
the diffuser performance is by making the diffusion more efficient by reducing the flow energy 
losses along it. 

Therefore, this paper aims to minimise only the dissipative part of the pressure recovery 
instead of using the whole parameter set as the objective function, as has usually been done. 
The modification of the flow dissipation could be made not only by modifying the position of 
the angle in a divergence-duct configuration but also by modifying the entry pipe length, even 
in a better way than only a divergence. Besides, the divergent wall may vary in size and shape, 
from a straight line to several different types of curves, looking to increase the swirling 
intensity, and making the boundary layer more capable of radial momentum transfer. 

Thus, to determine the configuration and wall shape that the diffuser requires to minimise 
the flow dissipation and maximise the flow diffusion, an automatic optimisation process was 
designed, coupling software from different disciplines. Additionally, the best determined 
geometries were analysed to understand why each component of the pressure recovery 
equation, dissipation, and diffusion was affected, and how the engineering quantities that 
govern the diffuser performance along it were modified. 

According to the numerical results obtained by this study, we infer that the re-design of 
a diffuser as the link between the runner exit and the elbow of the draft tube could correct the 
evolution of swirling flows created by a runner in different operational points of the turbine. 
This flow correction could avoid a sudden and unexpected drop in discharge efficiency or 
even improve it. 

2. Method   
A shell script executed the search for the optimal shape of the diffuser by coupling codes 

of different disciplines, Fig. 1. An optimisation algorithm controls the automatic process [26].  

The process begins with a proposal of a new design variable value. This value is then 
used to generate a coordinate file [27] containing information about the diffuser wall shape and 
LR. Subsequently, the coordinate file is used to create the domain mesh [28], followed by a 
CFD analysis [29]. The numerical results are then evaluated to assess the performance of the 
studied geometry [27]. This information is then fed back to the optimisation algorithm. The 
overall process iterates until it reaches the pre-determined number of cycles specified during 
the optimisation algorithm setup. This section details the elements and conditions defined for 
each step of the optimisation process. 
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Fig. 1  Optimisation process guided by the shell program 

2.1 Diffuser geometries 

Fig. 2 presents two configurations considered to create the diffuser geometry: the 
divergence section followed by a parallel pipe (div-duc) and a straight section followed by a 
divergence part (duc-div). In the meridional half-plane, five fixed points, a, b, d and e, and c, 
outlined the geometry of the diffuser. Since the Ain/Aout=4 and L/D=5.3 are geometrical 
parameters of the original diffuser, point c(y, zi) turned out to be the design variable with only 
one degree of freedom along the z-axis. This action should create an axisymmetric surface with 
different div-duc or duc-div relations through l/L. Revolving this surface around the z-axis 
created the computational domain. 

  

Fig. 2  Geometric configurations of the diffuser 

2.2 Wall-shape divergence 

The diffuser divergence was shaped along the radius based on the theory of the bell 
mouth draft tube [30]. Its performance depends on the profile of its cross sections, which should 
provoke a more uniform flow distribution. Eq. (1) defines the axial velocity in the diffuser, 
provided that it is the potential flow of an ideal fluid. 

2

d d 1

d 2 d

z QVa K
t r r r�

� � �   (1) 

Additionally, different wall shape divergences are obtained by assuming various values 
for the radial component of the velocity Vr=dr/dt.  

For example, when Vr=rC, Prasil’s hyperbola (PH), where: 
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When Vr=C, the constant expansion hyperbola (EH), where: 

1

2

Cr
z C

�
�

  (3) 

When Vr=C/r, the logarithmic hyperbola (LH), where: 
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and when Vr=C/r2, the straight line (SL), where: 
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The coordinate z modifies the divergent wall shape through the radius from r(0) to r(c) 
in the div-duc configuration, Fig. 2 (left), and from r(c) to r(L) in the duc-div configuration, 
Fig. 2 (right). C1 and C2 are constants obtained when the initial conditions are set up for r(z). 
Only one design variable or control point, ci, was constrained along the z-coordinate to establish 
the length of the curve that defined the wall shape. 

2.3 Low-fidelity CFD model 

Since the time of a complete optimisation process depends on the duration of each single 
CFD evaluation, the model complexity must be speed up as much as possible. A grid 
convergence study developed by [31] on the Turbine 99 draft tube demonstrated that a low-
fidelity CFD model can reduce this complexity. This model is at the lowest limit of the 
asymptotic range but maintains the same constant near-wall grid points as the finest mesh.  

In a previous study, a low-fidelity CFD model for such an optimisation process, as defined 
by [25], was found to be operating at the lowest limit of the asymptotic range using Richarson’s 
extrapolation as in [32]. It consists of 47,124 elements with a grid error of 9.05%, but what is 
interesting is that it uses the same standard logarithmic rough wall function at the walls  
y+= 67.4416 as the finest grid, making it a unique and efficient tool for our purposes.  

The commercial finite volume-based software Fluent [29] defined the numerical setup of 
the model. Also, the diffuser model contains the same boundary conditions that were 
established in [25] and [33]: at the inlet section, a radial distribution of each velocity 
component, i.e. axial (Va), radial (Vr), and tangential (Vt), through a free vortex approach, and 
at the outlet section, instead of a fixed constant pressure. 

Thus, this reliable 3D CFD diffuser model, previously verified in a grid convergence study, 
was used to execute the low-fidelity simulations as a strategy to reduce the total computational 
time of the optimisation process. 

2.4 Single objective-function  

Eq. (6) defines diffuser performance as a mathematical model composed of two terms: 
flux diffusion and energy dissipation [7]. If the diffuser performance is to be improved through 
the pressure recovery coefficient, it would be convenient to study both sides of the equation 
separately, the flow uniformity and the total pressure losses. 
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where sh determines the equation defined by [7], the first term defines the diffusion, and it is a 
result of the inlet and exit axial velocity profiles shapes �out and �in given by Eq. (7). 
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The second term, 
, defined by Eq. (8), represents the losses occurring within the diffuser 
due to the viscous effects as the flow travels downstream the diffuser. 
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where Pt is the total pressure, and Ain and Aout are the areas at the inlet and outlet, respectively. 
The total pressure is given by 2 2 20.5( )tP P u v w� � � � , with u, v and w as the Cartesian 
components of the velocity and P as the static pressure.  

Since this analysis aims to understand the effect of the optimised diffuser shapes on 
diffusion and dissipation while the flow passes along it, the global quantities will be weighted 
by the area at several diffuser cross sections. 

In this practical situation, we consider the diffuser separated from the draft tube as an 
isolated device, and its dimensions (AR and LR) fixed. Also, since the inlet velocity profile is 
pre-established, the only way to improve the diffuser performance through Eq. (6) remains in 
the viscous effects employing 
 as a single-value objective function, which is very sensitive to 
dynamic pressure variations provoked by the radial distribution of the velocity components 
along the diffuser [34]. This selection should greatly diminish the code running times, 
shortening, in turn, the overall optimisation process. 

2.5 Set up of the numerical algorithm  

From the advanced version of the traditional genetic algorithm (TGA) described and used 
by [35-36], [26] presents a multi-island genetic algorithm (MIGA), which incorporates parallel 
islands with sub-populations to diversify the search for an optimum. 

We established ten islands in the MIGA with two designs for the div-duct process and four 
for the duct-div process. Thus, each generation was composed of a population of twenty and forty 
designs for each process. The usual genetic operations (selection, reproduction, and mutation) 
were performed separately on each island for twenty-five and fifteen generations, Table 1. 

Table 1  Main parameters of the MIGA 

Parameters div-duc duc-div 
Number of islands 10 10 
Size of sub-populations 2 4 
Number of generations 25 15 
Evaluations 500 600 

A further operation called migration transferred some individuals from one island to 
another at specific intervals of generations to increase the geometric diversity of the diffuser. 
Thus, to complete each optimisation process, the CFD software must execute five hundred and 
six hundred evaluations. 

2.6 Simultaneous CFD evaluations 

If a machine had executed each optimisation process serially, the computational time 
required would have been enormous. Thus, the MIGA had to be implemented in a local network 
to distribute each CFD evaluation to a corresponding node to achieve their parallelism. In this 
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network, the controller node permitted access to ten calculating nodes with eight central 
processing unit (CPU) cores, 4.0 GHz, and 16 GB of RAM. Thus, by simultaneously evaluating 
ten CFD models, the distributed cluster significantly reduced the computational time of the 
optimisation process. 

3. Optimisation results 
The optimisation process minimised the objective function for each diffuser 

configuration, div-duc and duc-div, and each wall shape (SL, LH, EH, and PH). Fig. 3 shows 
the runs where l/L represents the position of point c(y, zi) according to Fig. 2. This point 
determines the length of the divergence or the duct. The schematic representation of each 
complete optimisation process illustrates how the robust algorithm reached a practical solution 
without having a local minimum for each optimisation process.  

 

Fig. 3  Optimisation process of the diffuser for each geometry and wall-shape  

The runs using the div-duc configuration allowed reducing the energy losses for the four 
types of wall shapes. The SL wall shape reached its minimum value when l/L=0.42. On the 
other hand, for the duc-div wall shapes, the runs could not minimize the objective function in 
the research space. The complete divergence of the diffuser was reached for the duc-div 
configuration when l/L=0 and for the div-duc configuration when l/L=1. 

The plots of the entire processes test whether the divergence at the diffuser inlet needs a 
precise length when the SL wall shape is used to reach minimal energy loss. Similar ascending-
descending behaviour for the SL divergence is reported by [20] concerning the diffuser angle. 
Thus, this result confirms that depending on the inlet flow conditions, an exact diffuser angle 
should exist to minimise the energy loss [37]. 

3.1 Optimised geometries 

Fig. 4 presents the diffuser geometries that reached the lowest values of the objective 
function during the corresponding optimisation process. 

With the divergence placed at the inlet of the diffuser, the SL wall shape required almost 
one-half of the diffuser length to minimise the energy losses with an exact angle of 12.51°. 
Instead, l/L is almost constant using any wall shape. When placing the duct at the inlet of the 
diffuser, l/L preserved virtually the same value despite the wall shape used in the divergent part. 
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Fig. 4  Best diffuser geometries obtained by the optimisation process 

4. Performance evaluation of the best diffuser geometry  
The post-processing of the numerical flow field of each model allowed us to determine 

the proportion of diffusion, dissipation, and uniformity of the flow generated by the diffuser 
designs and how these flow characteristics influenced the diffuser performance. Fig. 5 presents 
all these results. 

 

Fig. 5  Diffuser performance using Eq. (6) 

The left side of Eq. (6) gives the amount of diffusion generated by the selected diffuser. 
The duc-div configuration permitted the highest diffusion. The duct placed at the inlet of the 
diffuser, i. e. the duc-div configuration, needs high curved walls to increase the fluid diffusion, 
i.e. PH. With only the divergence, the diffuser fluid dissipation was better than with the duc-
div configuration but lower than the one with the div-duct configuration. �out/�in represents the 
distortion reached by the inlet velocity profile along the diffuser, Eq. (7).  

The evaluation of Eq. (8) shows that the div-duc configuration always generates the 
lowest flow distortion. Besides, the divergent part placed at the inlet of the diffuser always 
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provokes the lowest dissipation. Further, the diffuser presents higher losses if it has the duct at 
the beginning or it only has the divergence. 

Equation (6) permitted the evaluation of the diffuser performance (Cpsh) reached by the 
different configurations and wall shapes. Despite the efficient diffusion expressed by the curved 
walls in the duc-div and div configurations, these diffuser shapes significantly affected the 
diffuser’s overall performance. Thus, the SL wall shape achieved the best performance by 
minimizing the flow dissipation.  

The results presented in this section confirm that the overall performance of the diffuser is 
increased by reducing the fluid dissipation instead of increasing the flow diffusion [7]. Also, this 
condition can be reached by an exact relation between the divergence and the duct of the diffuser. 

5. Flow analysis along the optimised diffusers  
Due to the coarse discretisation grid, premature interruption of the iterative solution, or 

computer round-off errors of the CFD model used during the optimisation process, the 
optimised geometries could be prone to a certain amount of numerical inaccuracy. Thus, the 
diffuser's CFD model was improved not only to correct all these inconveniences but also to 
achieve a higher resolution of the flow field created by the optimised geometries. 

5.1 High-fidelity CFD model 

While a low-fidelity CFD analysis was executed during the design iterations, a high-
fidelity CFD analysis should evaluate the best designs, mainly to determine how the geometric 
characteristics impacted the fluid flow along the diffuser, validating its final design. However, 
solving the turbomachinery CFD problems with high-fidelity resolution requires computational 
power and memory bandwidth, which exceeds the features of the fastest multi-core CPUs.  

As a massively parallel “co-processor” of the CPU, [38] adapted a general purpose 
graphics processor unit (GPGPU) to obtain a significant speedup simulation on the T99 draft 
tube, a 3D turbo-machinery well-known benchmark, which is a challenge for industrial CFD 
applications. However, to take advantage of its tremendous computing power, this hardware 
requires an open and parallelizable CFD software and an intermediate low-level interface able 
to transfer data between the CPU and GPGPU. The open field operation and manipulation 
(OpenFOAM) code gives us this opportunity as it provides a flexible simulation platform by 
mimicking the form of partial differential equations, and it runs in parallel using 
automatic/manual domain decomposition according to the solver activated [39]. The RapidCFD 
library is the interface used to couple the (OpenFOAM) CFD software, installed on the CPU, 
with the GPGPUs and to execute the entire simulation in parallel.  

Thus, in spite of the high rotational, fluctuating, and non-uniform flow solved in the T99 
draft tube CFD model, this approach proved its speed and reliability in the calculations. Due to the 
flow similarities with the diffuser, the same CFD characteristics were used to create a high-fidelity 
CFD model to execute simulations on the optimised diffuser geometries. The solver application 
simpleFoam solved an average grid size of 1.4 million cells for all cases in the steady state with 
double floating precision. The order of discretisation for gradient terms, convective terms, 
Laplacian terms, point-to-point interpolations, and gradient normal to cell faces was second order. 

The linear solver for the pressure P discretized equation was preconditioned conjugate 
gradient (PCG) and preconditioned biconjugate gradient (PBiCG) for velocity V. Also, the 
PBiCG linear solver solved the � and � standard turbulence model. The approximate inverse 
(AINV) preconditioner solved the preconditioning of matrices for all quantities (P, V, �, and �). 
The semi-implicit method for pressure-linked equations (SIMPLE) algorithm solved the p-V 
equations system. The residual target was 1×10-03. 
Thus, the major benefit of using this open-source CFD software instead of a commercial one to 
solve this high-fidelity CFD model was that it permits the addition of new libraries, such as 
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RapidCFD, to activate additional hardware. Also, the computational power and memory 
bandwidth of the GPUs exceed the features of the fastest multi-core CPUs and can be 
considered equivalent to a small HPC cluster. 

5.2 Analysis of the flow field  

The flow behaviour along the diffuser was evaluated through five quantities using its 
corresponding optimised high-fidelity CFD model. 

5.2.1 Energy loss coefficient 

Fig. 6 shows the evolution of the energy loss coefficient along the diffuser given by Eq. (8). 
To visualize the variation of this quantity along the diffuser concerning the inlet section, the 
subindex out represents the evaluation of the performance quantity in the actual cross section. 

 

Fig. 6  Energy losses along the diffuser  

In the div-duc configuration, the divergent part of the diffuser increases the energy loss. 
However, the duct held or decreased this value until its exit. A straight wall generated a lower 
loss coefficient than the curved walls. Using only divergent diffusers (div) or with a parallel 
pipe followed by the divergence (duc-div), the energy losses increased almost proportionally 
despite the diffuser wall shape. 

5.2.2 Mean pressure recovery factor 

Equation 9 calculates the mean-pressure-recovery coefficient changes in relation to the 
inlet cross section along the diffuser when it uses different divergent wall shapes.  
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Fig. 7 shows that the Cpm, which indicates the degree of conversion of kinetic energy into 
static pressure, reached its highest values using the div-duc configuration despite the wall shape 
in its divergent part. With a duc-div configuration, the diffuser presents a dip in the Cpm curve 
around L/D=1 for all wall shapes. This dip was also observed by [7] at the inlet of this type of 
geometry configuration. 

 

Fig. 7  Mean recovery pressure due to the wall shape using div-duc, duc-div and div configurations 

Table 2 presents the Cpm comparisons obtained by authors applying different optimisation 
processes and numerical algorithms to find the best diffuser geometry. The value reached in 
this study by the div-duc configuration with a straight wall is identical to that obtained by [24] 
when optimising the AR and LR, also using the same design.  

Table 2  Comparison of the mean pressure recovery factor obtained by different authors 

Author [18] [20] [17] [22] [8] [23] [15] [24] 
This 
study 

Cpm 0.718 0.810 0.717 0.817 0.82 0.81 0.714 0.90 0.90 

Thus, these results demonstrate that despite the optimisation processes or geometries used 
by other authors, the diffuser configuration should be the critical factor in obtaining the highest 
efficiency.  

5.2.3 Axial kinetic energy flux 

Fig. 8 presents the axial velocity uniformity along the diffuser in response to its 
configuration and wall shape. Physically, at a given cross section, � represents the ratio of the 
actual kinetic energy flux to that of the inlet, and it is provided by Eq. 7. A value higher than 
unity means a non-uniformity of the velocity profile. 

This non-uniformity is increased by the divergence at the inlet of the diffuser, regardless 
of the wall shape used. However, the correct duct length helps to reduce it, reaching almost 
unity at the exit. This uniformity of the velocity profile drew the highest diffusion values, as 
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displayed in Fig. 5. Fig. 8 shows that the duct in a diffuser controls the flow non-uniformity; 
instead, the divergent part increases the flow non-uniformity despite the wall shape used. 

 

Fig. 8  Axial kinetic energy flux along the diffuser  

5.2.4 Swirl intensity 

The inlet swirl has a significant impact on diffusers because the flow is directed toward 
the wall, preventing flow separation. However, excessive swirl reduces the axial velocity near 
the centre line of the diffuser, inducing a reversed flow region. The swirling number, S, defined 
by Eq. 10, was applied to predict the penetration of the swirl intensity in the downstream cross 
sections of different geometry configurations. 
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Fig. 9 illustrates that the div-duc configuration using a PH wall shape is the only device 
that can maintain this parameter and increase its value downstream. Conversely, the SL wall 
shape suffers a slight reduction at the end of the diffuser. The LH and EH wall shapes triggered 
a wavy behaviour of this quantity, slumping at the end of the device.  

When the diffuser begins with a duct, the swirl number decreases, indicating that the 
divergent part cannot maintain this flow sufficiently energized. Thus, the results show that a 
more prolonged divergence causes swirl intensity at the inlet of the diffuser but cannot maintain 
it towards the end of the diffuser.  
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Fig. 9  Behaviour of the swirl intensity of the flow along the diffuser 

5.2.5 Tangential shear stress 

The variation of the swirl intensity, presented in the previous section, suggests the 
formation of tangential wall stresses. This non-dimensional parameter, given by Eq. 11, 
illustrates that the variation of the angular momentum of the fluid flow on a cross section equals 
the momentum exerted on the fluid flow by the tangential wall shear stress. 
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where �t=� C� �2/� . 
In Fig. 10, the critical role that the tangential wall shear stress plays on the internal flow 

field of the diffuser can be observed. The div-duc configuration with any wall shape shows a 
rapid decline in this value from the inlet of the diffuser to the end of its divergent part. This 
behaviour is related to the swirl intensity shown in Fig. 9, where the divergence significantly 
increases these factors. This comparison shows that this diffuser configuration increases the 
penetration of the inlet swirl intensity that reaches the parallel pipe.  

On the other hand, the slope of the shear stresses changes at the inlet of the duc-div 
configuration, and these stresses are similar despite the wall shape. This same constant decline 
in the tangential shear stress is reported by [40] where different swirl intensity numbers were 
used but in a straight pipe. 
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Fig. 10  Tangential wall shear along the diffuser due to the wall shape using div-duc, duc-div and div 
configurations 

5.2.6 Total pressure distribution  

Fig. 11 shows the distribution of the total pressure obtained in the meridional plane of 
each optimal diffuser, estimated as the sum of the static and the dynamic pressure. 

 

Fig. 11  Pressure contours of the optimised geometries in relation to Fig. 4 

In the div-duc configuration (top), the SL wall maintains a uniform pressure field 
lengthwise due to the homogeneous velocity profile, which stimulates diffusion and reduces 
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dissipation. For the same configuration, the curved walls (LH, EH) cause fluctuations in the 
pressure field, increasing dissipation primarily due to the dynamic component. Prasil’s 
hyperbola (PH) wall maintains a smooth pressure contour, but this shape lacks diffusion 
capacity due to the non-uniform increasing rate of the cross-sectional area. Meanwhile, in the 
duc-div configurations (bottom), the visualisations do not show irregularities in the pressure 
field due to the low capacity for diffusion of this diffuser configuration. 

Consequently, when geometrical restrictions of the diffuser exist, such as a limited length 
and area ratio, the performance of the diffuser can be improved using a duct after the divergence 
to control the non-uniformity of the flow. This exact divergence-duct relation configuration 
stimulates an efficient diffusion, which will avoid a substantial distortion of the inlet velocity 
profile, thus resulting in a better performance. 

6. Conclusions  
This study demonstrated that the divergence placed at the inlet of a diffuser with straight 

walls and followed by a duct was the geometry that mainly increased the diffusion proportion 
and minimised the dissipation. Also, with a duct at the diffuser inlet, the wall shapes of the 
divergent part will have little influence on the reduction of energy losses. Besides, the flow 
analysis of the best geometries affirmed that the exact length of the divergent part at the inlet 
of the diffuser not only energized the swirl intensity of the flow, maintaining it in the parallel 
pipe, but also reduced the tangential wall shear stresses as the flow evolved through the diffuser.  

Although the numerical results demonstrate that the re-design of a diffuser improves its 
efficiency, we should mention some considerations. Firstly, the inlet velocity profiles provided 
by a runner blade could be very different from those used in this study so that they would restrict 
the inlet flow to specific characteristics. Secondly, during an optimisation process, where fine 
details of the flow characteristics were not required, the standard �-� turbulence gave reliable 
results. However, to capture the main features of the flow along the diffuser, the best geometries 
should be studied using a high-level turbulence model, which will require high-performance 
computing. And thirdly, the advanced tuning parameters of the MIGA, such as migration or 
elitism, might diversify the diffuser designs, which will imply reducing the number of islands 
and generations to minimise the number of CFD evaluations during the optimisation process. 

The next step of this methodology should integrate the other two fixed draft tube components 
into the shape optimisation process and test its efficiency as part of the whole turbine. 

Thus, a correct redesign of the diffuser in an already installed plant with cavitation 
problems could avoid the implementation of guide vanes or air injection at the runner outlet. 
Also, it could correct the evolution of the mild and high swirling flow created by the newly 
designed runner when refurbishing a power plant, mainly horizontal (axial) turbines with low 
head, where the greatest pressure recovery is in the draft tube, avoiding a sudden and 
unexpected drop in discharge efficiency. 
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