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ABSTRACT

The work presented in this thesis is a detailed investigation, mainly by
experiment, of the secondary flow near the endwall of a turbine blade cascade
of aspect ratio 2.36 and camber angle of 100°. Various aspects of the sec-
ondary flow were explored concerning: the horseshoe vortex, migration of low
energy fluid, flow separation and reattachment on a blade suction surface,
downstrcam flow unstcadiness, effects of varying upstream turbulence and
blade chord Reynolds number. A variety of techniques was employed during
the investigations, including the cthylene tracer gas technique, hot-wire
anemometry combined with a spectrum analysis program, flow visualisation
using a laser light sheet, surface coating with oil and fluorescent compounds,
pressure-probe measurements as well as numerical methods for calculating
the flow.

Although the turbine cascade used in this work has been employed in pre-
vious investigations by Cooke[1976], Dixon and Cooke[1982] and Chen and
Dixon[1986], important dctails of the sccondary flows were not explored.
Discoveries brought to light more recently in other research laboratories mo-
tivated a careful re-examination of the flow details.

Pressure measurements were performed using a miniature cranked Kiel
probe for three planes downstream of the cascade trailing edge plane. Pres-
sure distribution on the blade were measured at three spanwise locations
namely 4%, 12% and 50% of the full-span from the wall. A detailed flow
visualisation of the flow patterns both on the endwall and on the blade sur-
faces was performed. The test for the endwall flow visualisation was carried
out for two levels of turbulence. However, for the blade surface test,
visualisation was performed for four different Reynolds numbers and three
levels of turbulene.

Theoretical work based on an explicit time marching scheme for
incompressible inviscid two and three-dimensional flow was performed. The
procedure uses the energy equation instead of the continuity equation and the
commonly usced “pseudo-compressibility” technique. A finite volume cell
structure with the flow variable stored at the centre was used. The calcu-
lations were performed to predict the secondary flow development in a tur-
bine blade cascade.

The results of the ethylene tracer-gas work showed that fluid from the
pressure side crossed the passage to meet the suction surface of the adjacent
blade, and fluid from the suction side appeared to remain close to the suction
surface for the first half of the passage then moved away from it. This was
verified for approach-flow turbulence levels of 0.32% and 2.3%. From the
trailing edge, tracer gas from the suction side diffused twice as much as tracer



from the pressure side, within the blade wake. When using a turbulence grid,
mixing occurred more rapidly downstream compared with the tests done
without a grid.

The Kiel probe traverse results revealed no dependence of the total pressure
loss with turbulence level. The net secondary loss coefficient does not signif-
icantly change with an increase in turbulence level. An increase in the losses
due to shearing on the endwall with distance downstream is observed. By
increasing the free-stream turbulence, the inlet boundary layer thickness in-
creased. This was seen to affect the intensity of the secondary flow features.
The skin friction decreases with an increase in the turbulence level.

Flow visualisation on the endwall revealed the presence of the horseshoe
vortex which was divided into a pressure side leg and a suction side leg. Some
evidence was found for believing that another separation line existed for the
pressure side leg of the horseshoe vortex. The laser light sheet showed the
presence of the passage vortex and gave a hint of another small vortex at the
midspan side of this passage vortex. Flow visualisation on the blade suction
surface showed the presence of a separation region followed by a large region
of bubbles then a reattachment region. The length of the bubble increased
with decreasing either the turbulence level or the Reynolds number. For a
Reynolds number of 5.57 x 10° the separation region was avoided. Com-
pletely at lower Reynolds numbers, the results from the spectral frequency
measurements obtained with the hot-wire anemometer revealed a dominant
band of frequency for each level of turbulence investigated. However, for a
Reynolds number of 5.57 x 105 no dominant frequency could be obtained.
Taken together, these observations suggest that the separation bubble influ-
ences the flow unsteadiness because for a high Reynolds number level, no
separation bubble occurred and no dominant frequency was present too.

The theoretical method was applied to the problem of the shear flow in a
turbine cascade and gave satisfactory results with a relatively coarse grid and
the absence of the viscous terms.
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