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Abstract— In this research our main objective is to design a elbow 

draft tube with varying diffuser angle and to find out the optimized 

model for the same or with enhanced diffuser angle. In order to 

enhance the design methodology as compare to the conventional 

draft tube design , we are adopting the simulation method to resolve 

the problem of draft tube design and to reduce the cost of prototyping 

and to get the improved results by using computational fluid analysis 

in ANSYS 14.0 by CFX solver. 

Aim is to be maximizing the pressure in the outlet of the draft 

tube. We have to take one factor to optimise the model of elbow draft 

tube in hydro power plant. The base paper experimental values are 

taken. Analysing of pressure and velocity contour in the previous 

results and our results will validate. The pressure contour and 

velocity contour taken are different diffuser angle. 

 

Keywords— Draft tube, Draft tube performance, Numerical 

simulation. 

I. INTRODUCTION  

The purpose of the draft tube of a water turbine is to reduce 

the exit velocity with a minimum loss of energy. The draft 

tube „converts‟ the dynamic pressure (kinetic energy) into 

static pressure. 

All the design of a hydropower system, the draft tube is an 

important component that significantly affects both the 

efficiency and cost, especially in low-head systems. Because 

of the effects on overall efficiency, even a slight increase in 

performance could result in a substantial energy savings. Draft 

tubes can be large and expensive, therefore more compact 

designs offer the potential of lower cost. The optimum trade-

off between efficiency and cost requires a thorough 

knowledge of diffuser performance. For conventional systems, 

designers have a large amount of experience, but the 

possibility for improvement is still there. 

Draft tubes can be designed in slightly different ways, but 

some design variables are of less importance than others. The 

shape of the outlet, circular or rectangular, is often of less 

importance than the outlet area. However, the shaping of the 

elbow is one of the most intricate problems with draft tubes. 

The challenge is to change the shape with minor losses of 

energy and without risks for damaging mechanisms such as 

severe cavitations. Earlier, the design of the draft tube was 

governed by a few hydro-mechanical principles with great 

consideration of structural and constructional application.  

In the design of a diffuser there are two major phenomena 

to take into account. Too rapid expansion can make wall 

boundary layer separate, which leads to large losses. If the 

expansion is too slow the diffuser must be made longer and 

consequently the fluid will be exposed to an excessive area of 

walls. This will lead to large wall friction losses, separation 

and a more expensive construction. The optimal rate of 

expansion is obviously where these losses are minimized. 

Many times there are spatial restrictions of the size of the 

diffuser that also increase the importance of an optimal design. 

Geometrical Modeling and Boundary Condition 

Meshing of elbow draft tube model is done. In meshing 

CFD mesh type is selected and fine meshing is done by ten 

nodes tetrahedral elements shown in fig 1.The reason for 

selecting this element is that gives the good meshing on 

curvature parts meshing model of elbow draft tube as shown 

in fig. In meshing model total no of nodes and element are 

325432 and 1855473. 

 

 
Fig. 1. Meshing of elbow draft tube. 

 

The boundary conditions for elbow draft tube analysis 

have been applied in boundary condition inlet mass flow rate 

is given 200kg/s and outlet boundary condition is given 1 atm. 

 Now next step is run the CFX solver to get the result. After 

the last step is analysis and visualize the result in post 

processor. Here, in the post processor, the pressure and 

velocity contours are visualized. 

II. RESULT & DISCUSSION  

The pressure and velocity distribution are determined by 

ANSYS 14.0 CFX solver in the postprocessor stage. The 

outcomes for the velocity and pressure contour for the Elbow 

draft tube as shown in figures 2 and 3 respectively. 
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Fig. 2. Velocity distribution. 

 

 
Fig. 3. Pressure distribution. 

 

The pressure distribution at inlet and outlet of draft tube 

has been measured by experimental procedure and ANSYS 

work by referring [Gunjan B. Bhatt et.al]. The same results 

have been compared with Present work in ANSYS (CFX) for 

Elbow draft tube and % Deviation in between Present and 

Experimental Reading has been found as given in Table 1, 

which shows both results are in good agreement and 

acceptable range with each other hence the design of elbow 

draft tube is validate as given in figure 4. 
 

 
Fig. 4. Comparison between present, ANSYS (CFX) and practical reading. 

Different Cases for Optimized Model for Elbow Draft Tube 

Four different cases are proposed for design Optimization 

of elbow draft tube in which 20 degree diffuser angle is 

selected as a base model and it is termed as Case 1, in which 

the maximum outlet pressure and maximum outlet velocity are 

achieved 1.10 × 10
5
Pa and 20.58 m/s respectively. In case 2, 3 

and 4 diffuser angle with horizontal section of elbow draft 

tube is modified by 0, 10 and 30 degree. 

For four different Cases of elbow draft tube are suggested 

as a part of design optimization to enhance maximum pressure 

at outlet Using CFD analysis in ANSYS 14.0 CFX, for the 

same boundary conditions pressure distribution of each case 

are determined.  

The maximum pressure for each Case is given in table I.  

 
TABLE I. Pressure at outlet and inlet for different cases. 

Pressure Case1(Base model) Case 2 Case 3 Case 4 

Maximum 
(Outlet) in Pa 

1.10 × 105 8.38×105 1.11×106 8.20×105 

 

For maximum outlet pressure, graph has been generated to 

compare all concepts as shown in figure 5. 

 

 
Fig. 5. Line chart for outlet pressure. 

 

As shown in the output pressure line chart figures 5, the 

maximum output pressure attained in Case-3 i.e. diffuser angle 

10
0
from the horizontal and its value is 1.11 × 10

6
 Pa. The 

maximum and minimum outlet and inlet Velocity for each 

Case are given in table II. 

 
TABLE II. Velocity at outlet and inlet for different cases. 

Velocity Case 1 Case 2 Case 3 Case 4 

Maximum 
(Outlet) in (m/s) 

20.58 49.99 64.54 48.18 

 

For maximum outlet Velocity, graph has been generated to 

compare all concepts as shown in figure 7. 

 

 
Fig. 6. Line chart for outlet velocity. 
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As shown in the output pressure line chart figures 5, the 

maximum output velocity attained in Case-3 i.e. diffuser angle 

10
0 

from the horizontal and its value is 64 m/s . Hence it is 

clear from the results the optimized model is obtained for 

maximum outlet pressure and velocity with Case-3, 10
0 
 

diffuser angle with horizontal is achieved as compare to base 

model i.e. Case-1. The value of optimized maximum outlet 

pressure is 1.11 × 10
6
 Pa.  

III. CONCLUSION 

Four cases have been proposed for draft tube to improve 

efficiency and pressure at outlet. The same analysis has been 

performed for different Cases with same boundary conditions. 

The enhanced value of maximum pressure and velocity is 

achieved in Case- 3 gives maximum outlet pressure as per 

analysis results compared to all other cases.  

Percentage deviation in between Present research and 

Experimental Reading at outlet pressure 1.78 % achieved, 

which shows both results are in good agreement and 

acceptable range with each other. The value of optimized 

maximum outlet pressure is 1.10 × 10
6
. 

The analysis for the pressure distribution at inlet and outlet 

of draft tube has been measured by experimental procedure 

and ANSYS work by referring [Gunjan B. Bhatt et.al]. The 

same results have been compared with Present work in 

ANSYS (CFX) for Elbow draft tube which shows both results 

are in good agreement and acceptable range with each other 

and this analysis may be used to reduce higher cost 

experimentation.  
The optimized model is obtained for maximum outlet 

pressure and velocity with Case-3, 10
0 

diffuser angle with 

horizontal. 
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