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3.a) Assuming that both blades operate between the same inlet and exit
flow angles, and within the same annulus, and at the same lift coefficient
(defined as actual loading divided by ideal loading), then the swept blade will
need a smaller pitch/chord ratio, hence more wetted area, hence more loss.
This is true because the spanwise component of velocity is not turned in a
high aspect ratio blade:

This means that, for incompressible flow, the dynamic pressure % ,oVS2 cannot

be used for lift:

W i .
e e+ sk

. Max PS pressure is reduced from Py to (Pol—% oY,

Reduction in ideal loading -> less lift per blade at the same lift coefficient
More blade area needed therefore more profile loss.
Sometimes, sweep is unavoidable:
1. steam turbines: big annulus flare to maintain required Mach
numbers as volume flow increases; radial rotors => sweep
2. high bypass aeroengine: HPT low radius, LPT high radius, therefore
big radius change, radial rotors => sweep

3. b). i). Loss distribution is caused by secondary flow. Secondary flow is
the overturning of endwall boundary layer within passage, leading to passage
vortex at row exit. Most of inlet endwall boundary layer is contained in the

passage vortex core:
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3. b).ii)
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Sweep reduces LE loading at hub and increaseé TE loading. This is because
pressure gradient normal to endwall is small: there is no blade (no loading)
away from wall at hub TE, so this is maintained at the wall, reducing LE
loading:

Low LE loading delays overturning of endwall boundary layer and reduces
secondary flow strength, therefore penetration of loss core away from endwall
is reduced.

At casing, opposite argument: LE loading is greater than midspan. Secondary
flow strength is increased so we expect stronger penetration of loss core
further from endwall.
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