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Abstract— Francis turbines are the widely used turbines 

now-a-days. They are operated at medium heads and are the 
most used turbine for power generation. The power 

generation is mainly due to the pressure on the walls of the 

runner blades and in the draft tube. The parameters of the 

runner and the draft tube mainly influences the performance 

of the Francis turbine. Here the various optimization 

techniques and various parameters used for optimization on 

the runner and the draft tubes used by the researchers so for 

are discussed. 
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I. INTRODUCTION 

Hydro energy is one of the most reliable, and cost-effective 

form of energy. The main advantage of hydro energy over 

other renewable energy sources are that it liberates limited 

amounts of greenhouse gases, is very cost-effective, and the 

amount produced can be used to meet consumer needs. 

Francis, Kaplan and Pelton are the most commonly used 

water turbines and among these types the Francis turbine is 

the most desired one due to its larger extent of flow rate and 
head values. A Francis turbine consists of three main 

components. Those are the runner, where energy is created, 

the spiral case, stay vanes and guide vanes that shift water 

from the turbine inlet to runner, and the draft tube which 

delivers water from runner to tail water. The energy transfer 

takes place in runner and solidity of runner, affects the 

performance of runner and also the distributor and draft 

tube. Because of this effect various researchers have done 

efforts to optimize the parameters to get high efficient 

Francis turbine. 

II. LITERATURE REVIEW 

R. Negru et al [1] in his paper investigated the hydraulic 

stresses instigated in a Francis turbine during the steady 

flow of fluid. He examined the three dimensional turbulent 

fluid flow in both runner and distributer of Francis turbines. 

After the successful completion of the investigation the 

author arrived at some of the solutions. The solutions of the 

author are as follows:  (1) The pressure dissipation on the 

runner blades of the Francis turbine is calculated at steady 
head and seven varying discharge by applying coupled 

algorithm among runner and distributer; (2) The highest 

static stress happen at the layer between the blade and the 

crown, close to the trailing edge, at best efficiency point 

(BEP) and overload working conditions. (3) The static stress 

esteems change nonlinearly with the dimensionless 

discharge, as far as the working conditions. 

 
Fig. 1: Runner of the Francis Turbine 

Alexandre Presas et al [2] in his paper estimated 
the fatigue life of the Francis turbine through experimental 

strain measurements. He states that start-up, speed no load 

and deep part load are the most harming ones for the 

turbine. He insists that for an accurate useful life estimation 

more complex fatigue models using probabilistic approaches 

have to be used. Finally he mentioned about the relative 

damage of the turbine at different operating conditions. 

Igor Iliev et al [3] in his research explains about the 

various challenges and perspectives in the variable speed 

operation of the Francis turbine. He insists that the benefits 

of variable-speed operation are strongly dependent on the 

parameters such as the design of the turbine, the technology 
being used to enable the variable-flow operation, the 

hydrology of the hydro power site and the operating 

conditions. He says that depending on the turbine, efficiency 

improvement of up to 10% can be achieved when operated 

at off-design conditions. 

Biraj Singh Thapa et al [4] designed and developed 

a guide vane cascade for a low-speed number Francis 

turbine. He compares the numerical simulation of the flow 

inside the cascade with the analytical values. Hence, he 

found that the velocity is lower than the analytical values 

towards the outer wall from the mid of flow. He found that 
increasing the curvature of inner walls and reducing the 

same for outer walls can counter-effect the velocity 

distribution. 

Bhola Thapa et al [5] in this paper studied the flow 

in the distributor of a low specific speed Francis turbine by 

PIV approach. In this paper, he focuses on the investigation 

of PIV methods applied for the velocity measurements and 

illustrates the development of a test setup. 
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Fig. 2: Draft Tube of Francis Turbine 

Gizem Demirel [6] et.al in his paper studied the 

elbow type draft tube in light of the joined utilization of 

Computational liquid elements (CFD), experimental 

designs, and surrogate models. He indicated the shape 

parameters as the input factors for surrogate models and 

pressure recuperation factor is taken as the output factor. He 

found that the pressure recuperation factor can be expanded 

by 4.3% and hence the head misfortune can also be 
diminished by 20% with the use of CFD. He says that the 

model he developed permits the quick and right structure 

and enhancement of elbow type draft tubes without the 

requirement of additional CFD reproductions. 

Hyen-Jun Choi et al [7] in his paper presented a 

CFD based structure that incorporates a full Francis turbine. 

Extensive turbulent flow simulations are carried out on the 

already available and new designs for the optimum and off-

design conditions. The performance of the new designs is 

verified by creating the models. He says that after the 

successful completion of the optimization of the turbine 
results in 9.93% increase in peak efficiency. He adds that 

the CFD approach is much useful in the optimization of the 

turbine parameters and in increasing the efficiency. 

Tania M. Arispe [8] et al in his paper investigated 

the parameterization and performance characteristics of the 

draft tube of the Francis turbine with the use of CFD tools. 

In this turbine. The present paper centers around the 

parameterization of the draft tube elbow dependent on the 

underlying geometry of the GAMM Francis turbine model. 

The objective was to get a draft tube geometry that improves 

the hydrodynamic execution. For this reason, CFD dissects 

were completed, thinking about the GAMM Francis turbine 
pre-merchant, wholesaler and rotor geometry, and 

distinctive parameterized draft tube geometries. Identified 

with the draft tube parameterization philosophy, it has 

changed the generatrix geometry of the elbow that 

characterizes its shape. Three sorts of bends were utilized to 

characterize the elbow shape geometry: logarithmic winding 

arrangement bend, circle circular segment group bend and 

named hyperbolic winding bend. These bends and their 

blends were utilized to characterize the elbow shape in the 

longitudinal plane, brought about four draft tubes 

geometries. The numerical outcomes were contrasted and 
trial results, indicating great congruity. In this way, it was 

found that the draft tube in hyperbolic-logarithmic winding 

configuration has the most noteworthy proficiency and the 

draft tube in a logarithmic winding organization has the 

most reduced misfortune coefficient. Thus the 

hydrodynamic exhibition has been examined in this work. 

Four kinds of draft tube geometries were acquired, 

considering three criteria for elbow bends: bend basis in 

circle circular segment position, bend model in a logarithmic 

winding organization and bend measure in the hyperbolic 
winding. 

Ruchi Kharea et al [9] analyzed the effect of runner 

solidity on the performance of the elbow draft tube. The 

significant amount of kinetic energy leaving the runner in 

the reaction turbines and the draft tube is used to recover the 

kinetic energy into useful pressure energy. The energy 

regeneration in the draft tube depends on its design and 

magnitude of velocity components at runner exit. Hence, the 

amount of kinetic energy leaving the runner depends on the 

solidity of the runner as well as its rotational speed. Hence 

draft tube is an important component of the turbine next to 

the runner. In this paper, a three-dimensional viscous 
turbulent fluid flow simulation has been done in the 

complete flow passage of Francis turbine using commercial 

Computational Fluid Dynamics (CFD) code for three runner 

solidities at different rotational speeds. The results that are 

collected from the simulation are compared with the 

experimental results for validation and are found to be 

within reasonable accuracy. It is seen that the meridional 

and whirl components of velocity leaving the runner depend 

on the operating regime of the turbine and it is found that 

these velocities, in turn, affect the losses and energy 

recovery in the draft tubes. The energy recovery increases 
up to certain speed factor and after that, it starts decreasing 

but it is high at the low solidity of the runner. The loss, 

efficiency and recovery characteristics of the draft tube 

using CFD will be useful for the design optimization of draft 

tube geometry to give the best performance. 

Xi-De Lai [10] et al experimentally investigated the 

flow inside the draft tube of a high head turbine. Due to fast 

and frequently switch among pumping and generating 

modes several times day by day and continuously increase 

to operate at off-layout conditions, understanding the 

elements of flows is a prerequisite to the layout and safety 

operation of a pump-turbine. Because complicated drift 
phenomena occur in the draft tube at different running 

conditions, its flow patterns are highly stressful to be 

accurately investigated with a reliable approach. Laser 

Doppler Velocimetry measurements and vortex ropes 

visualization inside the draft tube of a high heat pump-

turbine with the specific velocity NQ ¼ 24 had been done at 

various operating situations each in turbine and pump 

modes. Measurements and observations had been taken for 

the velocity element nED ¼ 0.21 and 0.19 at hundreds 

starting from 40% to 120% of the rated power at turbine 

mode, and the viable running range at pump mode. The 
distribution of measured axial and tangential velocities, the 

dimensions of backflow zones and the rotation of vortex 

rope are all consistent with the hydraulic design and model 

check results. Moreover, the LDV measurement results can, 

in addition, be used to validate the numerical simulation of 

the use of CFD. 

Du Jiyun [11] et al studied the impact on the 

performance of inline cross-flow turbines. Firstly, a 

mathematic design approach for the blocks is developed. 

Based on the proposed block design technique, the runner 

inlet arc attitude is a key parameter in figuring out the shape 
of the conversion block. To obtain good stability between 
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turbine performance and water head reduction, the advised 

runner inlet arc attitude is 105. Numerical effects confirmed 

that the model with 105 runner inlet arc perspective could 
attain a maximum performance of 42.6% with about 1565W 

electricity output. A smaller runner inlet angle can increase 

the flow velocity at runner inlet, ensuing in higher output 

energy however also a higher typical water head reduction 

through the turbine. With the growth of runner inlet arc 

attitude, the torque output at the 2nd level encounters a 

gradual decrease. 

Zhigang Zuo[12] et al analyzed the performance 

curves of the Francis turbine. Static and dynamic balance 

criteria inform the overall performance curve traits had been 

established. The evaluation of the unstable conduct of the 

hydraulic machine throughout transient procedures could 
offer a reference for layout and operation with careful 

remedy of the results. Static and dynamic balance criteria 

inform of the overall performance curve traits had been 

established. The evaluation of the unstable conduct of the 

hydraulic machine throughout transient procedures could 

offer a reference for layout and operation with careful 

remedy of the results. Operational conditions, e.g., manual 

vane opening and cavitation condition, as well as some of 

runner geometric parameters, particularly the main area 

shapes of the runner leading side parameters, have been 

validated to have influences on the shape of the S-shaped 
characteristics. Operational conditions, e.g., manual vane 

opening and cavitation condition, as well as some of runner 

geometric parameters, particularly the main area shapes of 

the runner leading side parameters, have been validated to 

have influences on the shape of the S-shaped characteristics. 

S.Bahrami [13] et al optimized the hydraulic 

turbine runner blades using a multi-objective mesh 

algorithm. A strong multi-constancy layout optimization 

methodology has been advanced to integrate blessings of 

high- and low-fidelity analyses, aiming to help designers 

attain extra efficient turbine runners within affordable 

computational time and cost. High-constancy analysis 
outcomes are used to recalibrate the low-fidelity 

optimization problem. The evolved method has validated its 

ability to correctly remodel a Francis turbine blade for new 

operating conditions. In this work, a new strong multi-

constancy layout method has been developed, the usage of a 

physics-primarily based surrogate optimization, which 

brings the big gain of great evaluation value/time reduction. 

Its ambitions to cut up design opinions between low-and 

high constancy phases as a way to properly stability the 

evaluation price and required accuracy in specific 

optimization stages. This method addresses those varieties 
of multi-phase issues wherein the high-level targets and/or 

constraints aren't directly checkable within the low-level, 

that's a challenge of some industrial problems in different 

fields. This task has not been investigated properly inside 

the literature. 

Eyup Kocak [14] et al had done a numerical case 

study on the designing of Francis turbine using the Bovet 

approach. In the Bovet technique, the dimensionless explicit 

speed esteem is the fundamental parameter to decide entire 

turbine measurements. Miloş and Bârglâzan examined the 

renovation of the pressure-driven turbine's sprinter, medium 
head Francis by CAD procedure. In this manner, whirl at the 

outlet of the sprinter and weight motions in the draft tube is 

decreased. In the Bovet approach, bend of streamlines is 

resolved driving and trailing edges by expecting equivalent 
stream rate for every one of stream channels. Thusly, a 

sprinter sharp edge profile, which has no stream division, 

might be planned with every one of the points and 

thicknesses up from prompting trailing edges. CFD is a 

savvy computational instrument for stream reproduction and 

examination for water-powered turbines and can give point 

by point stream data. This data can be utilized to change the 

starter configuration acquired by the Bovet approach, with 

the goal that the effectiveness and execution of the sprinter 

can be expanded. 

Marcos S.G.Tsuzuki [15] et al developed a 

complete methodology to reconstruct, optimize, analyze and 
visualize Francis turbine runners. The target work is the 

outcome from the fluid-structure communication 

investigation and the range is the advancement parameter. 

At long last, the perception of limited component technique 

results isn't a simple errand and vivid computer-generated 

experience can help the representation method. A total 

strategy is proposed in this exploration to reproduce the 

sprinter of a Francis turbine. The recreated sharp edge 

surface has plan consistency as the parameters of a cutting 

edge structure programming (ANSYS Bladegen 

programming) are constrained by an outside improvement 
programming. A geometric support include is upgraded 

utilizing a streamlining reproduction strategy where the 

most extreme weight got by an FSI investigation is limited. 

The geometric upkeep includes parameters that are the radii 

of two mixing surfaces that are absent in the planning stage. 

The mixing surfaces are consequently remembered for the 

strong model by the mediator programming Blade 

Transformer. The conclusive outcomes are pictured through 

a vivid augmented simulation framework. The created 

philosophy will be utilized to prepare specific individuals 

related to the upkeep of the Francis turbine edge in CESP. 

Valerii P. Zolotarevich [16] et al conducted 
numerical and experimental research of Natural Frequencies 

and Mode Shapes for Runner of Francis Turbine. This paper 

exhibits a way to deal with taking care of the issue of 

computation of normal frequencies and mode states of the 

turbines utilizing coupled of finite and limit components 

strategy. The nuts and bolts of the technique are given in 

Yugovetal (2000). The methodology for computation of 

regular frequencies and mode states of the sprinters of the 

turbines through the use of the coupled of finite and limit 

components technique introduced. The after-effects of 

figurings for the sprinter Francis turbine and the sharp edges 
of the sprinter Kaplan turbine demonstrated great 

concurrence with the exploratory information. The created 

strategy was applied to the examination of the reasons for 

the annihilation of the sprinter of Francis turbine. Studies 

have indicated that the basic appearance of reverberation 

motions in the aftereffect of a happenstance of regular 

frequencies of the sprinter with frequencies of the upsetting 

powers decides the quality of the wheel, of sharp edges and 

furthermore the conceivable idea of their pulverization. 

Dr. Vishnu Prasad [17] done the Numerical 

simulation for flow characteristics of axial flow hydraulic 
turbine runner. The plan of sprinter edge of turbine is 
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accomplished for certain stream speeds and edges yet these 

parameters differ with working conditions. The trial testing 

of turbine model is exorbitant, tedious and gives execution 
qualities of turbine as entire dependent on worldwide 

parameters. The part insightful presentation of turbine 

dependent on nearby parameters is progressively helpful for 

productive structure and it is hard to get these from model 

testing. The computational liquid mechanics (CFD) is a 

compelling apparatus to give itemized stream data inside 

turbine space and it can likewise give execution qualities of 

turbine regarding worldwide just as neighborhood 

parameters. . It very well may be presumed that CFD is a 

financially savvy computational apparatus for stream 

reproduction and examination for water driven turbines and 

can give definite stream data. This data will be helpful in 
proficient plan of turbine. In spite of the quick development 

in the convenience, speed and strength of CFD apparatus, 

extensive skill is still required to guarantee precise 

recreations and approval of numerical outcomes. 

III. CONCLUSION 

This review provides the experimental results, theoretical 

findings and views of various researchers and their research 
so far on the runner and the draft tube of the Francis turbine 

to optimize the parameters of the turbine and the findings 

are given below to provide a quick overview about the 

results obtained from the review. 

 Efficiency of the runner can be increased only by the 

optimization of the runner and the draft tube. 

 The runner can be optimized by the three parameters 

such as the number of blades, hub angle and the shroud 

angle. 

 The runner efficiency will be increased when the 

pressure along the blade surface increases. 

 The draft tube efficiency will get increased when the 

pressure along the walls of the tube get decreased. 

 The highest stress in the runner occurs at the region 

between the blade and the crown near the leading edge. 
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