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3(b) Throughflow:

¢ Method: Flow is axisymmetric. Method is inviscid with correlations used to
predict losses. Grid is formed by quasi-orthogonals (fixed) and streamlines
(move during the calculation). In analysis mode, the user specifies the flow
angles at the trailing edges. In design mode, the user specifies a work
distribution and the code calculates flow angles. First march along streamlines
setting stagnation enthalpy (from Euler’s work equation) and entropy (from
loss correlations). Then use the meridional streamline curvature equation to
evaluate the variation of meridional velocity along each quasi-orthogonal
(ensuring continuity is satisfied). Work out new streamline positions and
iterate until converged.

¢ Strengths: Method is very quick (whole turbine in seconds)

e Weaknesses: Assumption of axisymmetric flow (cannot cater for
streamsurface twist and distortion) and reliance on correlations for loss.

e Used early in design process (after mean-line analysis) to define layout of
machine. Gives boundary conditions (flow angles, stagnation properties) for
use in section design.

Finite-volume Navier-Stokes:

» Method: Grid is fixed (usually quadrilaterals or triangles in 2D). Conserve
mass, momentum and energy for each cell. March in time using the unsteady
control volume equations until flow properties no longer change (steady-state)
and conservation is satisfied. Can calculate losses directly but turbulence
needs to be modelled (grid not fine enough to resolve turbulence).

e Strengths: Do not need correlations for loss. Can calculate actual geometry
(blades and all leakage paths, etc).

o  Weaknesses: Much slower than throughflow (hours for a 3D calculation of
one stage).

e Used: 2D versions are used to design blade sections. 3D versions calculate the
whole blade at once and can be used either to design sections or as a check on
the 3D blade shape produced by stacking 2D sections.

3(c)(i) In a fluid, information can be transmitted either by convection or by waves. It
is common to consider the convected properties as being entropy and vorticity, and
the waves are pressure (acoustic) waves. Convected properties move with the flow,
pressure waves propagate at V+a downstream and V-a upstream (where V is the
velocity normal to the boundary plane and a is the sonic velocity). If V>a, both waves
propagate downstream. In 2D subsonic flow, we have 2 convected properties (entropy
and vorticity) and 2 waves (one downstream and one upstream). So we must specify 3
BCs at inlet and 1 at outlet. We typically fix stagnation pressure, stagnation
temperature and flow angle at inlet, and static pressure at outlet.

3(c)(ii)Although the solver appears not to require an exit BC, one must be being
applied. The solver will set a pressure at exit and evaluate the massflow through the
domain. If the massflow is too low, the exit pressure will be reduced, and vice-versa.



ANSWERS: MODULE 4A11: TURBOMACHINERY 11
Q1 (b)yay 0.12  0.675

Q2 (c) 0.02
() 0.95



