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Abstract

The paper deals with the feasibility of usage of the structured and unstructured mesh with a boundary between the two types of
the meshes for a simulation of a transonic flow past a mid-section cascade of the last stage rotor blade of a turbine of large power
output with a non-prismatic stabilization device. The stabilization device does not allow creation of a structured mesh and therefore
the possibilities of boundary between two types of meshes must be evaluated. The meshes were generated in Ansys ICEM CFD 17.2,

simulations were performed in Ansys CFX 17.2.
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1. Introduction

The authors dissertation thesis deals with evaluation of a
transonic flow in the interblade channel. Investigated
blade cascade is a mid-section of the Doosan Skoda power
module 7, 1220 mm long blade. Because of the length of
the blade, the aspect ratio of the blade is very high. The
high aspect ratio makes the blade prone to deformation.
Therefore, it has been fitted with a stabilization device
called tie-boss, see Fig.

w’ a

- Fig. 1—- Tie-boss mounted on a 1220 mm long blade

Investigation of the flow field consisted of an experi-
mental investigation and a CFD simulation. The experi-
mental investigation was performed in the laboratories of
the Institute of Thermomechanics of the Czech Academy
of Sciences in Novy Knin. The CFD simulation was per-
formed on the Institute of technical mathematics of the
Faculty of Mechanical engineering on Karlovo Namésti
[1].

The experimental investigation has shown that there
is a strong separation on the intersection of the tie-boss
body and the suction side of the blade and that there are
strong vorticial structures on the intersection of the body
of the tie-boss and pressure side of the profile, see Fig. 2.
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Fig. 2 - Separation bubble at a) and traces of shockwaves
marked by dotted lines

The simulations were performed on a structured mesh
consisting with a y* value of 40 — 50. The flow was mod-
eled using the system of time-averaged Navier-Stokes
equations for compressible flows combined with the ideal
gas law and with the two-equation SST turbulence model
[2]. Relatively high y* value meant that the model could
have had fewer elements, however it did not describe the
interactions within the proximity to the blade. For better
understanding of the phenomena in the vicinity of the tie-
boss body and the blade, a model with y* lower than 1 had
to be done.

The two possible approaches to the modelling of the
mesh present considerable problems for the simulation.
The structured mesh will have fewer elements with a bet-
ter accuracy of the results than the unstructured mesh. The
unstructured mesh will accurately mesh surfaces of very
complicated shapes such as the tie-boss, where the struc-
tured mesh could not be done. Therefore, a combination
of meshes was seemed the most viable. The unstructured
mesh would be used to generate a mesh around the body
of the tie-boss while the structured mesh in the rest of the
interblade channel and the area in front and behind it.

An analysis of the influence of the boundary between
the two types of mesh had to be made. The analysis was
completed by a sensitivity analysis of both types of mesh
and SST and BSL EARSM turbulence models [3].
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2. Used model

The model used for the simulation is a mid-section of a
very long last stage blade that belongs to a steam turbine
of large output made by Doosan Skoda power, see Fig. 3.

Fig. 3 - Geometry of the interblade channel

There were two computational domains modelled.
First one was for the testing of individual turbulence mod-
els and had long inlet and outlet areas. The other was
much smaller for the purpose of testing of the boundary
only. The cell number budget had to be restricted because
of the computational power available to the author.

Fig. 4 - Long computational domain

Fig. 5 - Short computational domain

The domains were shaped to roughly copy the direc-
tion of the flow in the interblade channel. Only the design
regime of the cascade would be simulated, so the angle of
incidence ¢ = 0°. This means that only one shape of the
inlet part was necessary.

3. Modelling software and solver

The 3D models of the computational domain were made
in Solidworks CAD software. The mesh was prepared in
Ansys ICEM CFD version 17.2. Unstructured mesh was
generated by Octree algorithm, the prismatic layer was
generated by post inflation. The solver used for the simu-
lation is Ansys CFX 17.2.

The boundary conditions were uniform for all the
tested cases. The inlet was set to total pressure p;,; =
100 kPa and T;,; = 298 K. Inlet angle was set to be

ain = 30,9°. Fluid was modelled as an ideal gas. Outlet
was set to average static pressure of p,,; = 30 kPa. Side
walls placement was not consistent trough the cases, but
were always set as adiabatic no-slip walls as well as the
surface of the blade. Inlet Mach number was approxi-
mately 0,3, outlet 1,4.

4. Mesh sensitivity analysis

For mesh sensitivity analysis total of four meshes have
been prepared. Structured meshes with 4,5 and 6,3 million
elements and unstructured meshes with 1,7 and 5 million
elements.

Fig. 6 - Sturctured mesh, 4,5 mil. of elements
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Fig. 8 - Detail of leading edge mesh, structured mesh, 6,2
mil. of elements

The cell budged did not allow a creation of the pris-
matic layer on the surface of the blade for the unstructured
meshes of 1,7 and 4,5 million cells. The mesh generated
for the boundary evaluation was smaller and the cell
budged allowed to have refined enough mesh for achiev-
ing the y* values around 1.
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Fig. 9 - Relative pressure distribution along midline of the
domain 20 mm behind the trailing edge
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Fig. 10 - Relative Mach number distribution along midline

of the computational domain 20 mm behind the trailing edge

On Fig. 10 there is a clearly visible disparity between
the structured meshes and unstructured meshes in the mid-
dle of the height of the channel and at about 80% of the
height. The dependence on the turbulence model seems
very marginal, therefore for comparison purposes, only
BSL EARSM model of turbulence was used. The visual
inspection of the data can be performed on Fig. 11 and
Fig. 12. It is clearly visible that the simulation performed
on the structured mesh described the shockwaves much
more clearly. It is also clear that the simulation on unstruc-
tured mesh does blur the wake of the blade very close to
the blade. The quality of the results is much better for the
structured mesh. Also, in comparison with the Fig. 13, the
simulation on the structured mesh captured the shock
wave reflection with much better accuracy.
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Fig. 11 - Mach number distribution on midplane of com-
putational domain — stuctured mesh 6 million, BSL EARSM

Fig. 12 - Mach number distribution on midplane of com-
putational domain — unstructured mesh 4.5 million, BSL
EARSM

Fig. 13 - Schlieren hotography of the flow field past the
cascade in the design conditions

5. Mesh interface behaviour

The two meshes prepared for the boundary evaluation are
composed of 560 000 elements of structured mesh and 4,5
million elements of unstructured for the fine one and
279 000 elements of structured mesh and 900 000 ele-
ments of unstructured mesh for the coarse one. The se-
lected images of individual meshes are shown below.
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Fig. 14 - Fine mesh - structured mesh profile

Fig. 15 - Fine mesh - unstructured mesh profile

The meshes were not joined at the boundary. A mesh
interface was created instead in CFX pre-processing. Join-
ing meshes was seemed to be unviable approach since the
robust algorithm cannot be controlled precisely. There-
fore large disparities in the mesh density were present at
the boundary which created negatively oriented elements
and penetrating faces in trials.

Fig. 16 - Coarse mesh - structured mesh profile

Fig. 17 - Coarse mesh - unstructured mesh profile

The two boundaries will be evaluated separately for
better understanding of the results. The fine mesh cell

budged allowed for modelling the boundary layer with y+
values below 1 to precisely describe the interactions of the
boundary layer. On the Fig. 18 there is visualization of
distribution of the y* on the surface of the blade.
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Fig. 19 - Distribution of Mach number in the boundary
layer on the mesh interface

It is clear that the boundary does not have any signif-
icant negative influence on the quality of the results near
the blade. The Fig. 19 also shows that the structured mesh,
however coarser, does provide same results as the un-
structured mesh with multiple times more elements.

Fig. 20 - Distribution of Mach number on a plane 6 mm
behind the trailing edge, unstructured mesh is on the left

On Fig. 20 there have been marked a trace of the outer
branch of the blade exit shockwave by the letter A and
blade wake by the letter B. It is apparent that the boundary
between two types of mesh does not seem to have any in-
fluence on either the shock wave or the wake beside the
influence of different type of mesh.

The coarse mesh however shows a different behav-
iour. From Fig. 21 it is apparent that the mesh interface
does allows sort of sharp change of parameters on the
boundary between the two meshes. This phenomena
should not be a problem while modelling of the tie-boss
will be done because the mesh will be very fine in the vi-
cinity of the blade.
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Fig. 21 - Distribution of the Mach number in the vicinity of the
blade on coarse mesh

On Fig. 22 there are clearly visible differences be-
tween the solution of the unstructured mesh (left) and
structured mesh (right). It is also apparent that the inter-
face interpolates parameters of the flow field on both sides
of the mesh. The influence is particularly visible on the
trace of the outer branch of the exit shockwave of the
blade. It is also clear that this coarse unstructured mesh
provides compromised results of the simulation, blurring
both the wake and the shockwaves present in the flow
field while still having thrice the element count.

‘

Fig. 22 - distribution of Mach number on a plane 6 mm
behind the trailing edge

6. Conclusions

The testing of different meshes allowed for several con-
clusions to be drawn. Firstly it is clear that the quality vs
element count is much better for the structured meshes.
Secondly it is apparent that the difference between SST
and BSL EARSM turbulence model is rather marginal.
The real strength of the BSL EARSM should be apparent
in a case with vortices in the boundary layer as it is capa-
ble of more accurate transition between boundary layer
and free flow and of more accurate capturing of the sec-
ondary flows.

The testing on the boundary revealed that it does not
pose any problems for the simulation. Unless there is a
high disparity in the cell sizes there is no sharp change in
the flow field parameters. It was also proven that the sim-
ulation of the boundary layer is not affected by the pres-
ence of the boundary between the meshes.

Future analysis must be performed on the vorticial
structures that will emerge in the corners of the model.
Also a boundary that will not be parallel to the flow must
be assessed.
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8. Nomenclature

M Mach number, 1
T temperature, K
Tu turbulence intensity, 1

¢ chord length, mm

p  pressure, kPa

t  pitch, mm

o pitch angle of the flow, °
p  yaw angle of the flow, °
1 angle of incidence, °

y* dimensionless wall distance, 1
Subscripts or superscripts

in inlet

out outlet

ref chosen reference

tot total
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