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Abstract - The improvement of design in draft tubes and their performance employed in reaction turbines works. The 

elbow draft tube with the assistance of product, CFD, and surrogate models square measure given during that work. The 

system confirms to form of draft tube square measure used in function parameters whereas the pressure rebuilds resolve 

and therefore the loss of headsquare measure the product obtained from this study. The pressure recovery issue is to be 

exaggerated and therefore the head loss has to be compelled to be decreased. The optimized results square measure obtained 

and therefore the verification of these models is finished by comparison with CFD results. 
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I. INTRODUCTION 

Among renewable energies, Hydro energy is the simplest and most reliable style of energy. It additionally emits fewer 

amounts of greenhouse gasses and provides adequate energy for all needs. The study of hydro rotary engines involves the 

study of turbines and pumps [1]. A rotary engine is employed to transfer hydraulic energy wherever pump converts the 

energy into hydraulic energy. From a continual flow of water, the energy is created by exploiting the Hydraulic turbines. 

Since the flow is tough within, therefore a correct style for the flow of water is needed. Hydraulic turbines are classified in 

two varieties supporting the amendment in pressure. At the end of the penstock, a contracting nozzle is present through 

which the water is passed to convert the available energy into the K.E. While flowing through the rotor the pressure of the 

liquid remains constant. The Pelton wheel is an example of an impulse turbine. While the liquid is flowing through the rotor 

the pressure modification happens, inflicting a reaction in the blades of the rotary engine. so it's called a turbine. solely a tiny 

low quantity of obtainable energy is reborn into the K.E. At the tip of the runner, there'll be some energy left as pressure 

energy. As the flow continues the remaining energy is converted into kinetic energy. The inlet pressure at the turbine is much 

higher than the exit pressure at the turbine. There is always a steady pressure shift throughout the flow and this pressure 

variation at the inlet and at the outlet is known as reaction pressure, so these turbines are commonly known as reaction 

turbines. Among those reaction turbines, the Francis turbine is considered for its high flow rates. It has three main parts like 

the runner in which the formation of energy takes place. The runner receives the inlet from the turbine inlet with the help of 

guide vanes and the water is discharged to tailwater using a draft tube. Conical draft tubes are the most basic sort of draft 

tube, and they are made up of runner blades, the cone itself, and the exhaust chamber. The most prevalent type of draft tube 

used in hydraulic turbines is the elbow type. The essential parts of the elbow type of ventilation tube are the diffuser, cone, 

and elbow. The draft tube kind of bell mouth was analogous round shape kind however the form of the walls that resembles 

a pointy flare trumpet is the distinction between the bell mouth kind and round shape kind. The runner is one of the necessary 

parts of the hydro rotary engines that are employed in cathartic high-quantity K.E. from the turbine. Water cathartic from 

the runner exhibits a whirling flow of action that creates dynamic action of water to extract the energy. A typical runner 

blade style influences the right whirling action of the water. The transfer of energy from the runner leads to an effect that 

causes the function of the draft tube and distributor. The dynamic amount an blades and chord length, it's going to have an 

effect on the solidity. A spiral casing is a gift around the runner through which the water enters from the penstock. For even 

distribution of water with constant speed, a casing is provided, and therefore the space of the casing is reduced bit by bit to 

stay the rate constant. relying upon the pressure applied, it's created from either forged steel, plate steel or concrete. The 

water passes through the keep rings settled once the casing. Guide vanes are located next to the stay vanes. They are in the 

shape of an aerofoil and it is made up of stainless steel. The water is allowed through to the guide vanes by stay rings. The 

water flowing through the guide vanes is regulated at appropriate angles and quantities. 
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II.  LITERATURE REVIEW 

Micro Hydro Turbine Draft Tube Modification 

According to Mohammad Hasan et al. [1], the planning elements of the provided tube, such as the height and cone angle 

above the waterway, are taken into consideration as part of a problem-solving process whose goal is to raise pressure 

recovery issue and reduce the flow's energy loss constant. The face-centered, uniform strategy distribution was 

parameterized by this planning house after consideration of the experimental constraints. The provided requirements that 

are imposed serve as a proxy model for the computing process of square measure. The findings indicate that the 

performance of the draft tube is significantly decreased by the excessive swirl of the entering flow. 

 

Effectiveness And Impact of An Elbow Draft Tube 

Dr. Sushil Kumar Mittal et al. [2] The hydroelectric system's whole flow channel is worn down by the viscous flow process, 

which uses an industrial machine to test runner strength for (CFD) code 3 at all possible movement speeds. The results of 

simulations were used to derive the non-dimensional draft tube performance characteristics, which included influences of 

runner solidity and other elements as well as operational speed. The trial outcomes are square-measured as well to confirm 

the function method. It is deemed to be logical. 

  

Identification Of the Draft Tube's Casing Failure 

M.Horynová et al. [3] identified the root cause of the hydropower plant's rotary engine's heavy draft tube casing. The 

majority of this investigation consisted of a thorough chemical examination and a quick structural analysis of the failure. 

Scanning microscopy, light research, and energy dispersive spectroscopy techniques were also employed to assess and 

thoroughly investigate gift phases. The thorough investigation revealed that intergranular corrosion was the cause of the 

corrosion assault. It was also acknowledged that variations in chemical make-up and the presence of typical metallic 

element nitrides affected the fabric's corrosion resistance. 

 

Bioresource Technology 

Jun Cheng et al. [4] By using a draft tube (LDT) that generates vortices, Jun Cheng et al.'s [4] unique serial lamp created 

in the Gas Carry Diacritical Mark Column (GCC) bioreactor, anticipate to increase carbon dioxide fixation by microalgae 

more quickly. Once a single lamp height is increased, the liquid speed at the down flow and mass transfer constant in GCC 

is increased and bated, which will boost carbon dioxide fixation from a variety of zero. Small biomass production is 

increased by five hundredths, though. 

   

Design Of the Micro Hydro Turbine's Draft Tube 

Ammar Mirzaeietal.[5] The sections of the Agnew small hydro turbines are being improved using surrogates in this article. 

The optimizer employed was the Non-dominated Sorting Generic Algorithmic Rule (NSGA-II). The final design that is 

installed within the rotary engine is examined and evaluated in accordance with the SME performance test code. The 

comparison tested that the pressure recovery issue is enlarged by twenty.3% and the loss constant is diminished by four.0%. 

  

Elbow Draft Tube Simulation Using Star CCM 

Upendra Rajaketal.[6] In this article, we all agree that the draft tube is used to recover the runner's effort, or K.E., of water, 

and that the performance of the draft tube also depends on pure mathematics, specifically the flow conditions of water into 

and out of the rotary engine. Because they need less space and depth, elbow draft tubes are used in large hydroelectric 

facilities. During this, we frequently employ STAR CCM+ for numerical simulation and diagrammatic delineation of 

outcomes. 

 

Identify The Leakage of The Francis Turbine 

Juergen Schiffer et al. [7] Due to the affordable energy prices in Central Europe, value optimisations for all hydro station 

components are very essential. In order to lower the depth of construction for an elbow draft tube, the determining 

construction is being decreased as a consequence of pricing. The efficiency of the Kaplan rotary engine may be examined 

using CFD by examining how modifying the draft tube will impact it. A lower construction cost is obtained after testing 

many entirely distinct draft tube designs simultaneously for rotary engine power. 

 

Use Of PID In Hydraulic Turbine Regulating Systems 

Xiaohui Yuan et al. [8] In order to maintain the economic growth, stability, and safety operations that have been through 

inside hydroelectrical plants, the Hydraulic Rotary Engine Control System (HTRS) performs a critical role. In HTRS for 

the hardiness, a typical inflammatory disease controller is now in use. A multi-objective biological process formula known 

as adaption Grid particle swarm improvement is used to the matter in order to defeat it using this controller. Together with 

AGPS, a fuzzy-based membership value assignment approach has been employed to administrate the best and most 

effective manufacturing system for operations including freight and unloading. 
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Elbow-Type Draft Tube Optimization 

Gizem Demirelet al. [9] We all know that wherever the discharge and recovery of K.E. occurs, the provided tube is the 

most important component of the hydroelectric engine. Utilising the combined analysis of CFD and the pure mathematical 

analysis of the draft tube, performance is increased. It has been shown that head loss area units and pressure rebuild 

concerns are essential components of performance metrics. By using thirty completely distinct style points that the varied 

performances of the pressure recovery problem were obtained with a slip-up of no later than May 8, 1945, the surrogate 

model is validated. 

   

Redesigned Mini Hydro Engine Draft Tube 

Y. Zeng et al. [10] This project makes use of draft tube form improvement and brand-new micro hydro turbines. Here, the 

cone angle and height above the watercourse are taken into consideration to optimise the rotary engine's power by raising 

the pressure rebuild problem and then lowering the power continually lost in flow. The boundary conditions discovered by 

the feed-forward neural network model were used to run a numerical simulation unit. Utilising the NSGA-II biological 

process formula, Vilfredo Pareto Optimised solutions are provided and contrasted with the future aquatic environment. 

   

Using CFD In Francis Turbine for Vortex Flow of Draft Tube 

T. Agarwal et al. [11] The unsteady three-dimensional flow inside this study with the use of the FLUENT code, 

victimisation was used to find the simple formula for a hydroelectric turbine's draft tube. The operating characteristics of 

this rotary engine's draft tube beneath number three were successfully determined. Through comparison, this work explores 

an important role in the optimum design of rotary engines. The results of the numerical simulations and the results of the 

experiment showed a respectable level of agreement. numerical study of Francis turbine draft tube. Agarwal et al. [12] A 

draft tube attached to a runner may provide increasing cross-sectional space. The round form tube is the most basic type of 

draft tube. The space available for its use determines which draft tube should be used, which directly affects the 

performance's total efficacy. Seo For maximum effectiveness, the intake tube must be optimized. 

 

Hydro-Turbine Draft Tube Development 

Ali Abbas et al. [12] The hydraulic rotary engine's power directly depends on the draft tube's power. The draft tube's 

effectiveness is controlled by its profile as well as the rate of dispersion at the body of water. Through CFD study of the 

profile's appearance, the draft tube may be strengthened and made easier to use. 

 

Examination Of a Mixed Elbow Draft Tube Using CFD 

T. Gulshan et al. [13] In a hydraulic rotary engine, the draft tube element is employed for using K.E. at the runner's exit. 

Additionally, it will turn a rotary engine up in cyberspace. The efficacy of a draft tube depends on how it looks. An ideal 

performance may be obtained by adjusting the draft tube's profile. 

 

Unsteady Flow of Elbow Draft Tube  

Jitendra Gupta et al. [14] Another methodology is used to explain the look complexities of the tube and the expense of 

testing in the function of support style working is opposed and compared to the standard draft tube style. A CFD study is 

used to improve the draft tube's optimized design. 

 

Conical Draft Tube for Francis Turbine with Steady Flow 

Karki et al. [15] In reaction turbines, draft tubes could be present. While having a higher K.E., the runner carrying water 

has less pressure power. To conserve a great deal of K.E., draft tubes were installed at the outflow. A circular diffuser type 

elbow or an elbow may be used as the draft tube. Draft tubes in the form of a circle that distribute light are simple to build, 

install, come up with, and maintain. The degree of flow separation and cavitation is influenced by the diffuser angle. 

   

Enhancing The Hydrodynamics of Draft Tubes Throughout A Broad Operating Range 

Tiberius Ciocanel [16] To operate a cost-effective hydraulic rotary engine, an optimised runner is required that lowers and 

minimises draft tube losses. With optimised runners, the draft tube's losses may be decreased. Therefore, a swirl-free 

contoured model of the runner is created in order to enhance rotary engine performance and increase the power of the draft 

tube.  

 

Multipoint Form Optimisation for Hydraulic Turbines' Draft Tube and Runner 

A.E Lyutov et al. [17] The connection of the runner and draft tube in the CFD analysis used in this research allows the 

specification of boundary conditions for power equations with flexible flow-pure mathematics of passage adjustment. In 

this case, boundary conditions are mostly employed to determine the energy. According to the international electrical 

technical commission's (IEC) well-explained common performance of power and restrictions, the total power of a rotary 

engine is determined. 

   

Design of a Hydraulic Turbine's Draft Tubes 
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JB Sosa et al. [18] The draft tube has a positive effect on the rotary engine's power because it allows the runner to receive 

more power and because the suction tip's influence on the outlet of the runner increases dynamic energy. The numerical 

analysis performed here is frequently supported by the steady-state resolution of the turbulent component flow for the 

various guiding vanes and varying draft tubes. As a consequence, geometric adjustments are illustrated, and rotary engine 

performance is forecasted using CFD. 

   

The Effectiveness of Elbow Draft Tubes 

Dr. Vishnu Prasadbet al. [2] To see the loss potential and recovery characteristics of the draft tube during this study, they 

will require the created performance of the elbow draft tube using CFD analysis. The kinetic energy of the runner is 

transformed into usable pressure energy. For low precision, the simulation is contrasted with the results of the tests. 

   

CFD-Based Draft Tube 

J McNabb et al. [19] The goal is to improve pressure recovery and reduce the energy loss constant of flow recovery. As an 

optimization issue, the draft tube's aesthetic requirements—such as the accompanying cone and the height at the top of the 

canal—are taken into account. The findings show that the draft tube's efficiency is significantly decreased by the entering 

flow's high swirl. 

   

Failure Of Draft Tube Casing in Turbine 

M.Horynovet al. [20] The purpose of the analysis was to determine what led to the major draft tube casing failure from the 

rotating motor of the hydropower plant. The majority of this work was spent carefully examining the chemical makeup and 

microstructural examination of the failed portion. Intergranular corrosion was determined to be the source of the corrosion 

assaults by meticulous investigation, and it was recognized that the presence of common metallic element nitrides affected 

the fabric's ability to resist corrosion. 

   

Hydraulic Turbine Draft Tube Based on CFD And DOE Process 

A Dechunetal. [21] The concept behind the design of the draft tube is a multi-disciplinary cooperation method that 

combines experimental and computational fluid dynamics to provide an optimization tool. The maximized pressure 

recovery factor (Cp) is taken into consideration since it affects the main objective performance. The most efficient DOE 

method for sample matrices is the form optimization obtained by the Latin Hypercube (OLH), while numerical simulation 

is used for CFD analysis. 

  

Hydroelectric Turbine Cavitation Analysis 

Pradeep Kumar et al. [22] In this, they looked at how to prevent cavitation in the turbine, which is impossible but can 

economically lower the cost associated, and analyse the creation of vapour bubbles in the low-pressure area. Cavitation 

can be decreased but not greatly by altering the turbine and coating materials. Therefore, the study of the response turbine 

using CFD technology will be the best option. 

   

Three-Dimensional Inverse Design Method in Franci’s Turbine 

K.Daneshkah et al. [23] The parameterized runner pure mathematics that the draft tube recovery depends on may be 

produced using a three-dimensional inverse style approach. This method effectively creates a runner at the exit that is 

cavitation-free and has a high hydraulic potency thanks to K.E. We specifically looked at the impact of layering on the 

pressure field and the span-wise distribution. With the help of this method, the parameterization of the blade's pure 

mathematics will be achieved, which will progressively aid in dominating the pressure field on the runner's inner region 

for the efficient energy within the runner's departure. 

 

III. CONCLUSION 

The optimized style demonstrates that a constant force from the amount of gas pressure will increase due to the speed being 

practically nil, in the draft tube. Additionally, the draft tube walls to which the flow is connected make the physical 

phenomenon tougher and also reduce frictional losses. Due to the whirling motion effect on the flow at the body of water, 

it is discovered that the pressure recovery issue and loss co-efficient both reduce. The performance is doubled with an 

optimized draft tube installed into the rotary engine after the losses within the tube curves are eliminated.To reduce the 

loss, a vane that has been optimized is made, and the rotary engine's power is increased as a result. In order to increase the 

rotary engine's potency, the losses at the draft tube were decreased. To provide an excessive variety of swirl motion 

returning from the runner, the speed distribution on the draft tube is later amplified. This difference makes the tube's cross-

sectional area smaller and improves the tube's ability to figure. The rotary engine's power was increased by multiplying the 

flow's velocity and swirl intensity. A CFD simulation is conducted, and it suggests that the addition of the runner might 

boost the likelihood of better outcomes on the strategy for dramatically increasing potency. The flow of the draft tube is 

influenced below partial weight, hence the additional study of the load operating on the draft tube is required to increase 

effectiveness. The rotary engine is what drives the runner's acceleration, which has an impact on the draft tube's strength. 

The speed issue will be reduced to the absolute minimum to increase the draft tube's effectiveness. 
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