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ABSTRACT

Efficient CFD simulation continues to be highly éepent
on the generation of quality mesh input. This pape
analyzes the impact of an advanced OHH mesh topolog
with "Type 2" clearance on predictive accuracy and
turnaround time relative to conventional OH topdésg
employed widely today. Using the ADS mesh generato
Wand and solver Leo against a hypothetical single r
turbine case, a comparison of OH vs OHH topologies
conventional vs. Type 2 clearance meshing techsitgie
made to assess the potential impact on mesh wrzations
to convergence and turnaround time.

CoDE LEO AND CODE WAND

Code Leo

Code Leo is a powerful generalized flow solver that
delivers both accurate and fast flow simulatiorrsgieneral
flow configurations. Featuring a cell-vertex fmiolume
procedure for efficient and accurate approximatiod an
advanced multi-grid residual propagation schemedpid
convergence, Code Leo is designed to support

Low speed, transonic and supersonic flow
regimes up to Mach 3.5
Steady and time accurate flow simulations
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Unstructured mesh to cover complex flow
configurations of structured and unstructured
meshes

Multi-block code for flexibility to patch together
complex geometries

Variable specific gas properties for air or
combustion products

Two-equation turbulence modeling using surface
roughness, and choice of wall function or
integration

Multi-specie tracking

Fast and efficient large-scale flow simulation
using standard MPI routines from Argonne
National Labs

Code Leo provides additional advanced capabilftes
turbomachinery applications:

Non-reflective upstream and downstream
boundary conditions

Radial equilibrium exit pressure condition
Cavity and actuator disc models

Intel boundary profile and exit static pressure
profile

Mixing planes for steady multi-stage flow
simulation

Sliding mesh boundaries for time accurate
simulation of rotor-stator interactions

Ability to introduce film cooling air

2D simulations with height ratio for design use
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Code Wand
Key assumptions about the case geometry and aexotgn

Designed for use with the ADS flow solver Leo, Code conditions are summarized in Figure 2.

Wand is a robust mesh generator optimized for

turbomachinery blading applications. Key capabiit _

include:

Advanced OHH-type mesh to optimize capture of
flow phenomena near leading and trailing edges
Proprietary clearance meshing to improve
efficiency and performance of tip clearance and
stator end gap meshes

Choice of wall integration or all function options
for meshing close to airfoil walls ' (

Mesh smoothing (Laplace /Poisson solvers) ) + '
Square trailing edge support - #
Constant radius cut trailing edge support for . #
centrifugal compressors #
Leading and trailing edge enhancement " /
Fine grained mesh controls

Automatic flow field initialization
Support for wide array of Cartesian and
cylindrical coordinate-based input geometry Figure 2. Key Case Assumptions
formats
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Airfoils supported include compressor and turbiitéois, ANALYSIS METHODOLOGY
multi-airfoils such as radial impellers and turbaigfoils,
multi-airfoils such as radial impellers with spgits, and
multi-stage airfoil rows.

Given the geometry and aerodynamic conditions §pdci
above, four computational meshes were generatetiode
Wand employing different topology and clearancehlmes
techniques:
CASE DESCRIPTION . )

Conventional OH topology with Type 1 clearance
A hypothetical single row axial turbine was modeled meshing (radial K planes)
this study. Consisting of 30 blades, the turbsddsigned - Conventional OH topology with Type 2 clearance
to operate at 9,000 rpm. meshing (cap-based)
Advanced OHH topology with Type 1 clearance
meshing
Advanced OHH topology with Type 2 clearance
meshing

Mesh sizes (number of elements) were comparedsesas
the relative computational cost per iteration. CFD
simulation was then conducted to determine the rurob
iterations required to achieve solution converger®en
the iterations required for convergence for eacte c&FD
simulations were re-run at those levels to measure
turnaround time. Finally, entropy plots were then
compared to assess predictive accuracy.

Figure 1. Single Row Turbine Case
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Figure 3. OH Mesh Topology (left) and OHH Mesh Toplogy (right)

M ESH GENERATION

OH Mesh Topology

Most conventional meshes employ an OH mesh topelogy
an O mesh around the airfoil and an H mesh for tath
pressure and suction-side areas of the flow fite: OH
mesh generated for the single row configuratiorduse

this case may be seen in Figure 3.

Though widely used, OH mesh is problematic in twaysv
(1) it does not provide sufficient detail to cagtdiow
phenomena near the leading and trailing edgest ijll-
equipped to address radial turbomachinery configuns,
especially when stagger angles are high.

OHH Mesh Topology

Figure 4 depicts an OHH mesh topology applied & th
same airfoil geometry.

OHH mesh enhances OH mesh to improve the capture of
flow phenomena near the leading and trailing edJée

introduction of H-mesh blocks increases mesh sigenbs
the potential to improve solution convergence tigiou
better capture of leading and trailing edge effects

Type 1 Clearance Mesh

Type 1 clearance mesh is commonly employed in
turbomachinery CFD. As depicted in Figure 4 belaith
this type of clearance mesh, radial K planes adead
across the tip clearance region

Figure 4. Type 1 Clearance Mesh (Radial K Planes)



While this approach is widely used, it is pronertesh
striping in both circumferential and axial direct® which
can be seen in Figure 4. This can significanttyease
computational cost.

Type 2 Clearance Mesh

Type 2 clearance meshing employs a completelyrdifite
approach. Instead of adding radial K planes adiwssip
clearance region, Type 2 clearance meshing employs
proprietary "cap" technique to eliminate mesh gtgmnd
reduce computational cost. This can be seen ur€i§
below.

Figure 5. Type 2 Clearance Mesh (Tip Cap)

MESH SIZING

Meshes were generated for all four combinatiomaesh
topology and clearance mesh using Code Wand. DRefau
mesh granularity presets were taken for all (firespt).

Figure 6 below summarizes the number of elemenmts fo
each mesh generated.
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Figure 6. Computational Mesh Sizes (# of Elements)

As can be seen, OHH topology increases the nuniber o

mesh elements by 8% when compared to OH mesh.isThis

due to the mesh enhancements employed by the OHH
topology near the leading and trailing edges ofdtineil.

This increase is counterbalanced, however, by a 10%

reductionin mesh elements achieved by shifting from Type

1 to Type 2 clearance meshing.
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In combination, OHH with Type 2 clearance meshiragw
found to reduce the overall number of mesh elentants
4% when compared to conventional OH topology angeTy
1 clearance meshing.

| TERATIONS TO SOLUTION CONVERGENCE

CFD simulation was then conducted using each ofahe
generated meshes as input to the ADS flow solveleCo
Leo.

Simulations were run to 10,000 iterations and deeme
properly converged when the rate of change between
adjacent points achieved and remained belot(101%).
Figure 7 below summarizes the results.
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Figure 7. Iterations to Convergence by Mesh
Topology and Clearance Mesh Type

The increased mesh density of the OHH mesh topology
was found to deliver a 55-60% reduction in itenagi®o
convergence. Furthermore, the use of Type 2 cleara
meshing resulted in a 35-40% reduction in iteratitm
convergence. When combined, OHH topology and Bype
clearance meshing enabled solution convergence to b
achieved in 73% fewer iterations for the samplecas

TIME TO SOLUTION CONVERGENCE

With the number of iterations required for convergge
determined for each mesh topology, CFD simulativese
rerun at those levels to determine the impact toatwund
time. All tests were conducted on a single cora 2f4
GHz Intel Core Duo with 4GB of RAM. Figure 9 below
summarizes the results.
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Figure 8: Time to Convergence by Mesh Topology
and Clearance Mesh Type

Overall, OHH topology with Type 2 clearance meslswa
observed to reduce turnaround time by 68% vs. OpeTl.



Figure 9. Entropy Plots based on OHH Type 2 MesHdft) and OH Type 1 Mesh (right)

PREDICTIVE ACCURACY

In the absence of experimental data, entropy plete
used to ensure the integrity of predicted resulisese
plots may be seen in Figure 9 above.

For the flow field away from the endwall regionsgo
expects to see entropy generated by the viscoas fear
the surface of the airfoil and convecting downstred his
is indeed the case when viewing the entropy corptair
produced by the OHH Type 2 mesh.

In contrast, the entropy contour plot produced v@itt

Type 1 mesh appears noticeably different. Althoiig

also properly shows entropy generated by the vistayer
near the surface convecting downstream, the compiotir
also showsntropy generated at the interface between the
O-mesh and the H-meshhis is a mesh induced error that
adversely impacts predictive accuracy.

Pressure, temperature and efficiency predictionghi®
case using OH Type 1 vs OHH Type 2 are shown inrgig
10 below.

Figure 10. CFD Predictions by Mesh Type

The impact of the mesh induced error on predicted
efficiency is on the order of 1%. For multi-stageses, the
mesh induced error compounds, leading to increbsing
errant flow predictions for the designer.



SUMMARY

A study was conducted on a single row turbine togare
the performance of conventional OH mesh with Type 1
clearance meshing against an advanced OHH topeldgy
Type 2 clearance mesh developed by AeroDynamic
Solutions. Four combinations of OH/OHH mesh and
Typel and Type 2 clearance mesh were generatedda C
Wand and compared in terms of mesh size, iteratmns
convergence, time to convergence and predictivaracy.

For the case analyzed, OHH topology with Type 2
clearance mesh reduced the mesh size by 4% when
compared with OH topology with Type 1 clearance imes
Furthermore, OHH Type 2 was found to reduce itereti
to convergence by 73% and turnaround time by 68%.

To assess predictive accuracy, entropy contous plete
generated based on OH Type 1 and OHH Type 2 meshes.
OHH Type 2 was shown to properly reveal the entropy
generated by the viscous layer near the airfofaserand

its convection downstream. In contrast, OH Tymdsb
showed the generation of entropy at the interfateden

the O-mesh and H-mesh. This mesh induced error
impacted predicted efficiency by approximately 186the
single row case analyzed, and would likely componnode
severely for multi-stage cases.

Based on this analysis, OHH topology with Type 2
clearance meshing enables turbomachinery desitmers
greatly reduce turnaround time while improving pcade
accuracy when compared to conventional OH topofogie
with Type 1 clearance mesh.



