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ABSTRACT

Steam and gas turbines comprise a major part of power generation which influence human
energy requirements. Thus, the performance of the turbine is critical to enhance the overall
efficiency of power-generation plants and propulsion devices. With advancement, there is
consensus that a reduction in the number of blades is an effective way of reducing the weight
of the turbine to improve its thrust-to-weight ratio. However, the reduction in the number of
blades leads to reduction of performance of the turbine due to high blade loading. Geometrical
modification of turbine blade design is one of the ways to reduce the weight of the turbine and
improve its efficiency. To achieve the same performance with reduced weight, a high-loaded
blade can fulfil this, but this leads to an increase in end wall flow. Two efficient methods to
reduce enwall loss is sweeping and bowing. In this work, a combined experimental and
computational analysis has been developed to understand the clues to reduce the generation of
end wall loss in front of the leading edge by using a modified sweep blade. The modified sweep
profile has been incorporated at the junction of the leading-edge and hub end wall. To obtain a
modified sweep profile six different sweep curves which were created by varying the control
points of the Bezier curve are used to fabricate the blades. Thereafter, these blade designs were
compared for finding lower end wall losses using total pressure loss, vorticity magnitude and
turbulent kinetic energy at the leading edge using computational fluid dynamics analysis. The
results suggest that the size of the horseshoe vortex and corner vortex are reduced, which leads
to the overall reduction of the vortex-affected region at the leading edge of a second order
sweep blade. The reduction of the vortex-affected region further resulted in the disappearance
of the secondary and tertiary vortices. The optimized sweep blade profile with the lowest values

for all three parameters has been chosen for fabrication using the 3D printing technique. The



fabricated 3D printed blade with the modified sweep profile was tested experimentally in an
in-house fabricated wind tunnel. During experiments, the distribution of static pressure was
measured around the blade surface near the end wall and total pressure was measured
downstream of the cascade at 50% of the axial cord from the trailing edge. The experimental
and computational results are found to be in close agreement. It is observed that the simulation
can predict the real field performance with an acceptable accuracy. Similar investigations were
performed on optimized bow blades for reduction of endwall flow loss within the cascade
channel using the same methodology. For optimized bow blade design, bowing improved the
static pressure loading locally, which helps to transfer low momentum fluid of endwall towards
midspan which leads to cross-flow movement case. Due to this, an improved fluid flow
behaviour is observed at the pressure side only. Whereas, on the suction side, due to the
increase of low momentum fluid from midspan to endwall, there is an increase in the end wall
loss. Therefore, an overall reduction in loss is found to be minimal for bow blades. Finally, an
advanced blade profile is obtained by combining both optimized sweep and optimized bow
profile to harness the advantages of both designs to obtain improved performance. The
advanced turbine blade is tested using the previous methodology for its performance
characteristics. It was observed that a high static pressure zone generates between LE & hub
endwall. This accelerates the fluid upward and creates faded curls such as HSV and CV after
that weak HSV separates out into two components. When the pressure side component of HSV
reached inside the cascade passage due to the unavailability of cross-flow, it does not convert
into PV and fails to travel inside the passage significantly. Also, the component of HSV on the
suction side was weaker thus would travel a shorter distance and being difficult to detect. This
advanced blade showed a reduction of ~16 % in total pressure loss coefficient and ~16 % in

the vorticity magnitude due to the combination of the optimal shape of a bow with a sweep

\



profile in the blade cascade. Throughout the investigations, the CFD analysis helped to develop
an understanding of the generation and location of vortices, their turbulent kinetic energy value
and the distribution of streamline in the fluid. Simulations trajectories were beneficial to
gaining insights into complex 3-D flow and the dependence of end wall losses on different
parameters including blade design. Overall, the results of this investigation showed that the
developed methodology was able to capture the flow behaviour and study the phenomenon of
loss generation in front of the leading-edge and inside the cascade near the hub endwall of
turbines. It was also found that modification between the junction of leading-edge and endwall
able to reduce the generation of vortices in front of leading-edge and also reduce the generation
of the cross and down flow, pitch-wise when the spanwise profile of the blade is improved
within the cascade channel. the use of simulation data is to capture the generated secondary
vortex at the leading edge and within the cascade and after the trailing edge the magnitude of

formed vortices and secondary kinetic energy was captured.
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