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INFLUENCE OF TAIL WATER LEVEL
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OF ELBOW DRAFT TUBE
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Abstract

Numerical simulations of the flow in the elbow draft tube of a Kaplan turbine were carried out in
order to elucidate the effects of tail water level on draft tube performance and flow stability. The
influence of the tail water level is explored considering the correct boundary condition at the inlet
of the draft tube. It is found that the increasing tail water level affects the inlet boundary condition
of the draft tube, the flow rate through the turbine, and draft tube. Thus, head recovery, efficiency
and the possibility of cavitation phenomena decreases. However, the head loss increases, and the
flow rate through the turbine and draft tube decreases.

Povzetek

Izvedene so bile numeri¢ne simulacije toka v kolenasti sesalni cevi kaplanove turbine z namenom
preucitve vpliva spodnjega nivoja gladine vode na brezdimenzionalne karakteristike in na stabilnost
toka v sesalni cevi. Vpliv nivoja spodnje vode je raziskan z upostevanjem pravilnih robnih pogojev
na vstopu. Ugotovljeno je bilo, da naras¢anje spodnjega nivo vode vpliva na pretok skozi turbino
in posledi¢no na vstopni robni pogoj sesalne cevi. Posledi¢no se izkoristek in verjetnost nastanka
kavitacije zmanjSa. Na drugi strani se hidravlicne izgube povecajo, pretok skozi turbino in sesalno
cev pa se zmanjsa.
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1 INTRODUCTION

Hydropower plays an important role in the energy sector and helps to meet increasing demand
for energy. The hydraulic turbines convert hydro energy into electric energy and, therefore, the
increase in efficiency of the turbine is an important task. Each component of turbine has some
specific function, and hence the design of every component of the turbine is equally important.
However, out of all components, draft tube converts kinetic energy coming out of runner into
useful pressure energy that would otherwise be wasted. Therefore, the design of the draft tube
is important and contributes to improving the efficiency and overall performance of the turbine.

The main aim of this research was to examine flow conditions within the draft tube of a
hydropower plant at different tail water levels using 3D CFD simulation to inspect for possible
irregularities within the flow.

Numerical flow simulation has been carried out for steady viscous turbulent flow in a Kaplan
turbine assembly consisting of a semi-spiral casing with stay and guide vanes, a 4-blade runner
and an elbow draft tube using Ansys CFX commercial CFD code. The k-€ turbulence model has
been used. The head loss, head recovery, and efficiency characteristics of the draft tube have
been predicted at low, normal and high-water conditions using simulation results (at three
different tail water levels). In addition, velocity streamlines and contours of velocities and
pressure at selected planes within the draft tube have been obtained.

2 NUMERICAL MODEL

Commercial CFD software Ansys CFX 16.2 was used for this study. Simulations of two-phase flows
can be achieved by assuming the vapor/liquid mixture as a multi-phase single fluid, with variable
densities. No slip exists between the two phases in this mixture model. We performed analyses
with the k- turbulence model with scalable wall functions.

2.1 Geometry

Three-dimensional geometry of the draft tube was modelled in SolidWorks. The numerical model
consists of two main parts: draft tube and draft tube prolongation. The inlet cross-section is a
circle with a diameter of 1.6 m. The outlet cross-section is a rectangle 5 m in width and 1 m in
height. The length of the draft tube is 8.2 m. Draft tube prolongation (Figure 1) with the free
surface between the air and water stream was added to properly simulate the outflow conditions
and to avoid any influence of the outflow boundary conditions on the draft tube flow.
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Figure 1: Draft tube model with draft tube prolongation

2.2 Mesh creation

Structured computational meshes were used in all parts and were designed with ICEM CFD 16.0
software. Numbers of elements used are specified in Table 1.

Table 1: Mesh data

Domain Nodes Elements
Draft tube 382,328 387,971
Draft tube prolongation 630,350 605,395
All Domains 1,012,678 993,366

Figure 2 shows the structural mesh of a draft tube and a draft tube with prolongation. The
resolution of the mesh is greater in regions where greater computational accuracy is needed,
such as close to the inlet and close to the walls.
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Figure 2: Numerical mesh a) draft tube and b) draft tube with prolongation

2.3 Boundary conditions and convergence criteria

Correct inflow boundary conditions are necessary in order to correctly simulate the flow
conditions within the draft tube. These may be prescribed by experimental data or by the
application of a turbine model for their prediction. The turbine model was used in our case. A
simplified turbine model was used for the optimal set of guide vane and runner blade angles.
Only the guide vane passage and rotor blade passage flows were simulated.

The guide vane passage flow was simulated within the static frame while rotor passage flow was
within the rotational frame of reference. The interface boundary condition was applied to
connect both frames. Using the periodic boundary condition on both sides of the simulated flow
passages, it was possible to simulate only one pair of passages and not the whole turbine.

At the inlet and at the exit of the domain, static pressure was prescribed. This enabled predicting
the flow rate and velocity components at the outlet of the rotor for different available heads.

% Guide vane

Guide vane
passage

Rotor blade
passage

Rotor blade

Figure 3: Inlet boundary conditions
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Three different inlet boundary conditions were prescribed in order to perform simulations of the
flow within the draft tube for low, normal and high-water conditions.

Table 2: Inlet boundary conditions

Water conditions Low Normal High
Tail Water level H-1m H H+1m
Volume Flow Rate 13.2 m3/s 13.6 m3/s 14.1 m3/s
Head 57m 6.7m 7.7 m
Low water condition Normal water condition High water condition

Figure 4: Inlet boundary conditions

Although the flow within the draft tube is almost always unsteady, steady-state simulations were
used in order to substitute time-consuming and expensive unsteady simulations. Previous
research determined that steady-state simulations assure reliable results.

Draft tube prolongation with the free surface between the air and water stream was added to
properly simulate the outflow conditions and to avoid any influence of the outflow boundary
conditions on draft tube flow.

The relative hydraulic pressure at the outlet of the draft tube prolongation with the following
equation was prescribed (Figure 5).

p=g-p VFW-(H—-y) (2.1)

where:
VFW - volume fraction of water
H - tail water height
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Figure 5: Outlet boundary conditions
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To satisfy the convergence criteria, all the RMS (root mean square) residuals from solving
equations must be under 1-10°. We also set the number of maximum iterations to 500 and used
automatic timescale control.

3 RESULTS

3.1 Characteristic parameters

The computed results of the flow in the draft tube at different tail water levels were compared
with the following non-dimensional hydrodynamic parameters.

Head loss in draft tube

Ho = Ptin — Ptout (3.1)
L pg
Head recovery in draft tube
2 2
vi, — v (3.2)
HRD — mn Zg out _ HLD
Efficiency of draft tube
2gH
= g 2RD % 100 (3.3)
in
where:

H,, =head loss in draft tube (m)

Pein =total pressure at draft tube inlet (Pa)
Prout =total pressure at draft tube outlet (Pa)
p  =specific mass of fluid (kg/3)

g  =acceleration due to gravity (m/s?)

v;, =velocity at draft tube inlet (m/s)

Voue =velocity at draft tube outlet (m/s)
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Figure 6: Head loss, head recovery and efficiency for different tail water levels

Diagrams of head loss, head recovery and efficiency are presented in Figure 6. It can be observed
that with tail water increases, head loss parameter increases, while head recovery and efficiency
decrease.

Low water condition Normal water condition High water condition

Figure 7: Velocity streamlines

Figure 7 shows velocity streamlines within the draft tube. In the draft tube inflow section, the
flow is concentrated near the walls due to small tangential velocity component induced by the
runner blade passage. A wake is, therefore, formed in the middle of the stream and it is extended
far into the draft tube prolongation. The velocity profile is very asymmetric.

Low water condition

Normal water condition High water condition

Figure 8: Velocity contours
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Velocity contours at the outlet of the draft tube are presented in Figure 8 for three different tail
water levels. The high-velocity stream can be seen at the bottom left side of the draft tube with
its peak near the bottom in all three cases. All three velocity plots are similar. The difference is in
the magnitude of the velocity, which depends on the volume flow rate through the draft tube.

4 CONCLUSIONS

In this paper, numerical simulations of the flow in the draft tube of a Kaplan turbine were carried
out to elucidate the effects of tail water level on draft tube performance and flow stability. The
tail water level significantly affects the performance of the turbine, when the guide vane and
rotor blade angle settings remain unchanged. The influences of the increasing tail water level are
as follows:

e the flow rate through turbine and draft tube decreases, and affects the inlet boundary
condition of the draft tube

e the head loss increases
e head recovery decreases
o efficiency decreases

e the possibility of cavitation phenomena decreases
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