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Abstract

During the design of a new or rehabilitated hydraulic machines, prediction of the perfor-
mances is one of the most important step in development procedure. However, for re-design of old
machines, a fast and reliable flow analyses tool is necessary for allocation of the "bed geometry" con-
dition. This work describes new computational approaches for modern re-design of a radial type sin-
gle stage pump-turbine. A pump-turbine with specific speed ns = 89 was calculated, as an example of
the applicability of this methodology.

The simulation of three-dimensional turbulent flow through a Pump-Turbine impeller at tur-
bine mode, as a part of the complete pump-turbine calculation [3] during the re-design procedure is
presented. Four operational regimes were calculated based on the Computational Fluid Dynamics -
CFD Methodology (Navier-Stokes equations and the k-e turbulent model).

The mesh discretization, boundary conditions and calculated results are presented and they
shall be useful for development, optimisation, refurbishment or rehabilitation projects, because the
impeller behaviour can be a major criterion for increasing the performances of the Pump-Turbines.
The complete flow field consists of spiral case, a channel between stator vanes, a channel between
guide vanes, a channel between rotor vanes and complete draft tube. Two step calculations are
applied. In the first step, calculation was performed for the spiral case and the stator. Second step of
the calculations was performed for cascade, rotor and draft tube.
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The results of the calculations are presented as:

«> velocity vectors distributions

• pressure distribution

<» intensity of the vortex

• pressure distribution on the blade walls

• pressure distribution in several cross section planes

a calculation the pump-turbine efficiency

The numerical analyses were performed using the CFX TascFlow package.

The work presented in this paper coincides with the current trend of improvement in the

CFD field, as a faster and less expensive way of testing and development of hydraulic

machinery. The results are promising, but a lot of experiments are still necessary for the

completion of the validation process.

1. CFX - TascFlow Simulation

The first step in the flow calculation is the geometry modelling. In this case, the

calculated flow area was meshed by means of volume element method. The number of grids

for total flow passage is over one million elements (shown in table 1).

Table I.

Spiral case

Stator

Wicket gate :

Rotor

Draft tube

Number of elements

No. of elements

1 10.328
16.626

17.918

33.138

77.350

for all parts

Pcs.
1

16

16

7
1

Total :

of the pump-turbine model

Total

1 10.328

266.016

286.668

231.966

77.350

1.008.305

Figure 1 .a) shows the TascFlow model of the calculated pump-turbine. Several dif-

ferent parts of this hydraulic machine are presented using different colours (TascFlow User

Documentation).

Figure 1. CFD modeling of the flow field for the calculated pump-turbine

a) CFD model of the calculated pump-turbine; b) Meshing of the flow field
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After the completion of the geometry modelling of the pump-turbine, the next step
is to model the grid mesh. Figures l.b) shows the complete meshing of the flow field for
the calculated pump-turbine. The optimal number of calculation elements is hard to set, hav-
ing in mind the time needed for the calculation, as well as the accuracy that is required.

Next step in the calculation procedure is creating the boundary conditions.

Figure 2. Boundary conditions for both steps of the calculations
a)Spiral case-Stator-Channel - b) Stator-Wicket gate-Rotor -Draft tube

Interaction rotating was simulated by means of Frozen rotor model as a simplifi-
cation of the unsteady model i.e. the steady state of rotating and stationary regions is pre-
dicted with rotor solved in rotating frame and the stator is solved in stationary frame in a
fixed relative positions. The reason for choosing this boundary condition lies in the experi-
ence with this kind of calculations. Other boundary conditions include constant temperature,
smooth walls and Kato-Launder correction for the stagnation points. For each turbine mode,
the mass flow was specified at the inlet section with an averaged value of the absolute flow
angle given by the calculation in the spiral casing. At the outlet section a constant static pres-
sure is defined.

The calculation was performed by means of Navier-Stokes equations and the k-e
turbulent model. The k-e two-equation models have been built into most general-purpose
computational fluid dynamic software packages. These models use the gradient diffusion
hypothesis to relate the Reynolds stresses to the mean velocity gradients and the turbulent
viscosity. The turbulent viscosity is modelled as the product of a turbulent velocity and tur-
bulent length scalefl], [4].

The turbulent kinetic energy, k, and its rate of dissipation, e, are obtained from the
transport equations:

D,. д
p_L = — M-t + Gk+G.-p - (1)

(2)
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Where Gk represents the generation of turbulent kinetic energy due to the mean
velocity gradients, Gb is the generation of turbulent kinetic energy due to the buoyancy. YM
represents the contribution of the fluctuating dissipation rate.Clg, C l£ and are constants, к

O"k and <Js are the turbulent Prandtl numbers.

2. Flow Calculation Results

a) Spiral case - Stator - Channel Calculation

The aim of calculations in the first step was to obtain the results for the losses in
the spiral case and flow distribution in the stator channels. The flow field was designed from
inlet plane of the spiral case to the inlet plane of the draft tube. The flow field in the wick-
et gate and impeller was created without vanes. At the inlet plane of the spiral cace was
defined inlet boundary condition mass flow with velocity vectors normal to the plane.
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Figure 3. Pressure losses in the spiral case

The results of the calculation are presented at Figure 3 and Figure 4.
Figure 3 presents losses in the spiral case and the maximal value is up to 0.34 m.
At figure 4 are showed the flow rates in the stator channels mid-span.
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Figure 4. Flow rates in the stator channels

The flow distribution shows un-expected non-uniformity in circumferential direc-
tion, with a significant depression in channels 3-4 and 13-14.

b) Stator - Wicket gate - Rotor - Draft tube Calculation

The flow field and over-all performances are calculated in this step. The inlet
velocity profiles for second step of the calculations was defined with the obtained angles:7

from previous spiral casing calculations at inlet of the stator channel. The value for the flow
rate in the stator channel was defined as the averaged flow rate with velocity profiles from
the 12th channel of the stator, as the closest to the averaged flow rate.

Efficiency calculations were obtained as sum of the losses in the spiral case from
the first step and losses in the other elements of the calculated pump-turbine in the second
step. The efficiency and power characteristics are showed in the figure 5.

The behaviour of the flow in the impeller is presented on figure 6. The visualisa-
tions of calculated results consist of:

a) velocity vectors distributions in the impeller
b) pressure distribution
c) pressure distribution for impeller blade
d) intensity of the vortex
e) velocity vectors distribution in several cross section planes
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— D — CFX TascFlow-reiativ efficiency coefficient

— O — CFX TascFlow-reiariv power coefficient

'Model test-relativ efficiency coefficienr

Model test-relariv power coefficienr

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.35 0.9 0.95 1 1.05 1.1 1.15 1.2

<P/<Popt

Figure 5. Efficiency and power characteristics of the calculated pump-turbine

A significant differences between the calculated and measured efficiencies at off-
optimal regimes are obtain , even the same modelling approach was applied?! A further
investigation of this phenomenon is necessary.

a) velocity \'ec(ors distributions in the impeiier b) pressure distribution
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c) pressure distribution on the impeller blade

4"џ:°~ii

d)intensity of the vortex e) velocity vectors distribution in seve-
ral cross section planes

•"igure 6. Numerical results for the How behaviour in the impeller at optimal mod(
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3. Conclusions

The work presented in this paper coincides with the current trend in application of
the CFD tools, as a faster and less expensive way in the development of the hydraulic
machineries. The results are promising, but a lot of additional data are still necessary for the
completion of the validation process.

The numerical analysis of the flow field in the pump-turbine in the turbine mode
of operation shows the velocity vectors, pressure distributions, vortex positions and intensi-
ty in the impeller and the streamline behaviour. Also, the over-all performances of the
machine are calculated. Using these results, conclusions regarding the exploitation and
design processes can be achieved.

The differences between the calculated and measured values of the over-all perfor-
mances (particularly at off-optimal regimes) are significant and unacceptable as a verifica-
tion process of the machine performances. A further improvements in the flow modelling
are still necessary (geometry and boundary modelling, turbulence modelling, secondary
flow effects e.t.c.)
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