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Abstract

HTML clipboard Numerical analysis of partial admission in axial turbines is
performed in this work. Geometrical details of an existing two stage turbine
facility with low reaction blades is used for this purpose. For validation of
the numerical results, experimental measurements of one partial admission
configuration at design point was used. The partial admission turbine with
single blockage had unsymmetrical shape; therefore the full annulus of the
turbine had to be modeled numerically.

The numerical grid included the full annulus geometry together with the
disc gaps and rotor shrouds. Importance of various parameters in accurate
modeling of the unsteady flow field of partial admission turbines was assessed.
Two simpler models were selected to study the effect of accurate modeling
of radial distribution of flow parameters. In the first numerical model, the
computational grid was two dimensional and the radial distribution of flow
parameters was neglected. The second case was three-dimensional and full
blades’ span height was modeled but the leakage flows at disc cavity and
rotor shroud were neglected. Detailed validation of the results from various
computational models with the experimental data showed that modeling of the
leakage flow at disc cavities and rotor shroud of partial admission turbines has
substantial importance in accuracy of numerical computations. Comparison of
the results from two computational models with varying inlet extension showed
that modeling of the inlet cone has considerable importance in accuracy of
results but with increased computational cost.

Partial admission turbine with admission degree of  ε = 0.524 in one
blocked arc and two opposing blocked arcs were tested. Results showed that
blocking the inlet annulus in one single arc produce better overall efficiency
compared to the two blocked arc model. Effect of varying axial gap distance
between the first stage stator and rotor rows was also tested numerically for the
partial admission turbine with admission degree of  ε = 0.726. Results showed
higher efficiency for the reduced axial gap model.

Computations showed that the main flow leave the blade path down to the
disc cavity and re-enter into the flow channel downstream the blockage, this
flow would pass the rotor with very low efficiency. First stage rotor blades are
subject to large unsteady forces due to the non-uniform inlet flow. Plotting the
unsteady forces of first stage rotor blades for partial admission turbine with
single blockage showed that the blades experience large changes in magnitude
and direction while traveling along the circumference. Unsteady forces of first
stage rotor blades were plotted in frequency domain using Fourier transform.
The largest amplitudes caused by partial admission were at first and second
multiples of rotational frequency due to the existence of single blockage and
change in the force direction.
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Results obtained from the numerical computations showed that the discs
have nonuniform pressure distribution especially in the first stage of partial
admission turbines. The axial force of the first rotor wheel was considerably
higher when the axial gap distance was reduced between the first stage stator
and rotor rows. The commercial codes used in this work are ANSYS ICEM-CFD
11.0 as mesh generator and FLUENT 6.3 as flow solver.
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