Dr. Ruchi Khare et al. / International Journal of Advances in Engineering, Science and Technology (IJAEST)

DESIGN OPTIMISATION OF CONICAL
DRAFT TUBE OF HYDRAULIC
TURBINE
Dr. Ruchi Khare, Dr. Vishnu Prasad, Mitrasen Verma
Department of Civil Engineering
M.A. National Institute of Technology
Bhopal ,India
ruchif4@rediffmail.com
ABSTRACT
The optimum performance of draft tube is an important aspect in the design of hydraulic turbine, which can be
achieved by varying the shape and size of draft tube. The recovery of kinetic energy leaving the runner
determines the performance of draft tubes. The cross-sectional area at exit of draft tube is dependent of length
and angle of diffuser and must be chosen to ensure maximum recovery with minimum loss. Conical draft tubes
gives better efficiency in comparison to elbow draft tubes because of more recovery of vortex flow coming out
of runner. In this paper, the numerical simulation of conical draft tube is done using CFD code ANSYS CFX
13.0 for different length and diffuser angle of the draft tube. The performance of draft tube is analyzed by
calculating head loss, head recovery coefficients and efficiency of draft tube from simulation results.
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INTRODUCTION
The efficiency of hydraulic turbine depends on the performance of its each component i.e. casing, stay ring,
distributor, runner and draft tube. The draft tube, which converts the kinetic energy coming out of the runner
into pressure energy, is an important component of the turbine. The hydraulic characteristics of any draft tube
depend on its shape and dimensions and the flow pattern at its entrance [7]. Straight conical draft tube is the
simplest type of draft tube and it has excellent hydraulic characteristics [3]. This draft tube has been eventually
used for small and medium size vertical turbines. The low specific speed mixed flow turbines and consequently
the smaller value of the kinetic energy of the flow leaving the runner permits the use of short draft tube [2].
=1.6 m when the conditions of
Hence straight conical draft tubes can be used for runner diameter as large as
construction permit the use of increased depth for foundation. The length of conical tube for minimal losses
varies with the diameter of the turbine [1]. In certain cases it is possible to make use of straight tubes even for
large runner diameters provided ,the foundation can be laid well underground [5].
The objective of present work is to optimize the geometry of conical draft tube by varying the length and
diffuser angle because these parameters influence the efficiency of the draft tube. For particular conditions at the
draft tube inlet, there is an optimum value of these two parameters. Due to increase in the length of draft tube,
the friction losses increase and thus reduce the draft tube efficiency and finally turbine efficiency [8]. If diffuser
angle increases, then flow separation may occur at the walls of draft tube and eddies are generated in the flow
passage of draft tube which further increases the losses and reduces the efficiency [6]. So it is required to find
optimal length and diffuser angle which provides minimum losses and the highest possible efficiency. Different
geometries of draft tube have been created by changing the lengths and diffuser angles. The numerical analysis
have been done by using ANSYS 13 CFX code and if optimum values of length and diffuser angle are found for
the maximum efficiency and head recovery for given boundary conditions.
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GEOMETRIC MODELLING AND BOUNDARY CONDITIONS
Straight conical draft tube has diverging passage. The geometric modeling of this draft tube is carried for five
values of L/
ratio (ie,10, 12, 15, 19, and 23) and three values of diffuser angle. The geometric dimensions of
conical draft tube are shown in fig. 1

Figure 1. Straight conical draft tube [1]

Figure 2. Isometric view of modeled draft tube

Figure 3. Meshing of the draft tube
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The meshing of the draft tube flow domain is generated in ANSYS ICEM CFD as shown in fig.3. The
unstructured triangular elements on surfaces and tetrahedral in flow domain are used in draft tube meshing. The
fine mesh is generated near surfaces in order to capture the boundary layer and turbulence as compared to
interior domain. The cylindrical velocity components are given as the inlet boundary condition at the inlet of the
draft tube. Shear stress transport (SST) turbulence model in Ansys CFX code has been used for the analysis. The
Y plus value in this analysis is less than 200 which is acceptable for automatic wall function. The wall of the
draft tube is assumed as smooth with no slip conditions.

FORMULAE USED
The related formulae used in calculation of different parameters are as follows.
Head loss

Head loss coefficient

Head recovery

Head recovery coefficient

Efficiency
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where,
HLD
TPin
TPout
ρ
v3
v5
g

= head loss in draft tube (m)
= total pressure at draft tube inlet (Pa)
= total pressure at draft tube inlet (Pa)
= specific mass of fluid (Kg/m3)
= velocity at draft tube inlet (m/sec)
= velocity at draft tube outlet (m/sec)
= acceleration due to gravity ( m/sec2)

RESULTS AND DISCUSSIONS
The 3D turbulent flow simulation has been carried out in straight conical draft tube with five h/D ratios of 10,
12, 15, 19, 23 and three diffuser angles 4°, 5°, 6° for cylindrical velocity components as, Axial component=
9.17 m/s , Radial component=0.142151 m/s, Tangential component=4.35075 m/s ( Ruchi, 2011).
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The head loss, recovery and efficiency are computed and presented in graphical form in fig 4 to fig 6. It is seen
from fig. 4 that the variation pattern of head loss varies with the angle of diffuser of the draft tube cone. There is
sharp drop in head loss at large cone angle as compared to small angles and this is due to the flow separation at
ratio.
higher diffuser angle. The head loss is more dependent on length of draft tube for a limited range of L/
The starting point of drop in head loss shifts towards higher L/

ratio as the cone angle decreases. It is also

observed that there is negligible change in head loss at diffuser angle of 4 degree for range of L/
for simulation and for all cone angles after L/

considered

value of 19.

Figure 4. Head loss variation with length at different diffuser angle

The variation of head recovery with length of draft tube for different diffuser angle is plotted in fig.5. It is seen
that head recovery depends on both length and diffuser angle of draft tube. The head recovery is more
influenced at smaller length but has very negligible change after the length equal to 19D3. It is also observed that
as the value of diffuser angle increases, the rate of head recovery also increases at any L/
ratio. The rate of
change in recovery due to cone angle is more at small length of draft tube.

Figure 5. Head recovery with L/

ratio at different diffuser angle

The efficiency variations in fig. 6 indicate that efficiency has gradual increase as the L/
to 19 but after this, increase in efficiency is very less due to small increase in recovery.
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Figure 6. Variation of efficiency at different L/

ratio and diffuser angle

The comparison of stream lines shown in fig.7 for three diffuser angles and constant length 19 D3 of draft tube
depicts that amount of whirl is increasing with increase in diffuser angle, but the highest head recovery is
obtained from the draft tube of geometrical configuration with 5 degree diffuser angle and 19D3 length (fig.5
and fig.6). It is seen from pressure contours in fig.8 that pressure variation is minimum for 5 degree diffuser
angle.

Figure 7. Velocity stream lines for different diffuser angle at constant length 19D3
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Figure 8. Pressure contours for different diffuser angle at constant length 19D3

CONCLUSION
It is seen from the numerical simulation of conical draft tube that both length and diffuser angle has significant
effect on performance of straight conical draft tube. There is no significant variation in head loss, recovery and
efficiency of draft tube with length beyond 19D3. Therefore, increase in length of draft tube beyond 19D3 length
will not be economical and also lead problem of cavitation in turbine. Secondly maximum efficiency is achieved
at diffuser angle of 5 degree. Hence the length of draft tube corresponding to 19 D3 is the optimum length of
draft tube. The most of the hydro power plants have used straight conical draft tube around the length 19D3,
diffuser angle 3.6° to 6° and hence the results from numerical simulation are validated. It may be concluded that
CFD is very effective tool for numerical flow simulation in complex flow domains with reasonable accuracy.
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