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Introduction
Transonic vortex shedding is a flow phenomenon where vortices are shed from the trailing
edge of an airfoil within a transonic regime. Due to the blade being subjected to transonic flow,
the shed vortices produce weak shock waves off the trailing edge. These shock waves reflect off
the suction side of the adjacent blade and lead to total pressure loss, therefore decreasing
efficiency. This problem is most exacerbated on blade geometries with rounded, high blockage
trailing edges. The main priority during this internship was to investigate if this source of loss was
able to be predicted with computational fluid dynamics (CFD). CFD is a tool used within
engineering to gather insight into flow fields that may otherwise be difficult to measure
experimentally. CFD is used specifically within the Turbine Aero team to create predictions of
losses, loadings, and other metrics to analyze how a new design will perform. For this summer, I
was to assist the turbine aero team within GE Power in setting up and running CFD cases that
exhibit transonic vortex shedding. Another goal was to learn and implement a hybrid large eddy
simulation (HLES) model towards this problem.
Computational Domain and Meshing GE Cascade
The domain was constructed to simulate a single periodic passage of a blade arranged in a
linear cascade. To conduct a Mach sweep, a constant static pressure outlet was imposed, while the
inlet was defined as variable total pressure. The inlet total pressure to produce the desired exit
isentropic Mach number could then be calculated through isentropic flow equations. The airfoil
wall was set as no-slip, as to capture all viscous effects, and the radial surfaces (the “hub” and
“case”) were slip walls. Finally, tangential periodicity was imposed. A visual representation of the
computational domain can be seen in Figure 1. The mesh was generated using the turbine aero
team’s standard practices. The mesh refinement near the trailing edge can be seen in Figure 2.
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Figure 1. Computational Domain Visualization (not to scale)

Figure 2. Trailing Edge Mesh Refinement
Setup and Results
A Mach sweep from 0.6-1.03 was conducted for both fully turbulent and transitional
models. First, a steady state calculation was done for each Mach number. Using the resulting flow
field as an initialization, an unsteady simulation was then run for each Mach number.
For the fully turbulent simulations, the transient calculations were unsteady RANS
(URANS). For the transitional simulations, a hybrid Large-Eddy Simulation (HLES) was
performed. HLES calculations require finer meshes (see Figure 2) and more computational
resources.

Figure 3. Normalized Profile Loss as a Function of Exit Isentropic Mach Number. Loss
Values (y-axis) are Normalized to Steady Prediction of the Lowest Mach Number.
It can be seen in Figure 3 that the URANS calculation did not predict unsteady loss until
near the top of the Mach sweep while the HLES calculation predicted unsteady loss nearly
throughout. On average, the HLES prediction resulted in a loss of more than 75% greater than
URANS. Expectedly, the transition SST model consistently produced marginally less loss than the
k-ω steady prediction. This is due to its modelling of laminar, transitional, and turbulent flow,
instead of assuming the entire flow field is turbulent.
To visually capture the unsteadiness produced by each model, as well as see if the primary
flow structures of transonic vortex shedding are being captured, Schlieren contours were produced.
These Schlieren contours capture unsteadiness in the flow by plotting density gradient magnitude,
defined as:
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These contours plotted at 50% span for the Mach 0.83 case show the difference in
unsteadiness between the URANS and HLES calculations and can be seen in Figures 4 and 5
respectively.

Figure 4. URANS Instantaneous Schlieren Contour at Midspan (not to scale)

Figure 5. HLES Instantaneous Schlieren Contour at Midspan
(not to scale)
It is evident from Figure 4 and 5 that URANS did not predict transonic vortex shedding or
exhibit nearly any unsteadiness at Mach 0.83. Conversely, HLES appears to predict all the
expected flow structures, namely the shed vortices, shocks off the trailing edge, and the reflected
shocks off the suction side.
Despite the encouraging qualitative result, the magnitude of loss that HLES produced was
higher than expected. When analyzed further, it was noticed that each HLES result showed a high
total pressure loss near midspan. This suggests a 3-dimensional effect occurring, which is not

expected to be physically accurate. To combat this problem, radial periodicity, and the utilization
of a k-ω model were tried. However, neither technique mitigated the excessive midspan pressure
loss. A plot of TEFFa (efficiency) of each technique over span can be seen in Figure 6, note the
“wake” near 50%.

Figure 6. TEFFa Wake Distribution
Due to time constraints, this problem was not investigated further, and will be handed off
to the turbine aero team to continue investigating past my internship.
Sieverding Case Background
To pivot from the last project, while still working towards a similar goal, I began working
on data and a geometry from a linear cascade experiment conducted in 2003 by Sieverding at the
Von Karmen Institute (VKI) [1]. This experiment was discovered through another paper published
in 2021 by VA Tech, where they investigated the efficacy of using URANS to model a dual
passage version of Sieverding’s cascade [2]. This project would take the geometry from VA Tech,
and run an HLES simulation within the CFD program CFX to compare with both the experimental
data from Sieverding and the CFD data from VA Tech.
Sieverding Domain and Meshing
The turbine aero team reached out to and received the geometry and mesh that VA Tech
used in their URANS work. The geometry consists of a dual passage representation of the
Sieverding cascade, such that the inlet height is exactly two pitch length. The inlet and outlet
were prescribed by pressure and made equal to the Sieverding experiment. The two blades were
set to no-slip, and both the linear and tangential surfaces were set to be periodic. Since the VA
Tech mesh was 2-dimensional and it does not make physical sense for HLES to be run in a 2-

dimensional domain, the mesh was extruded out by 10 trailing edge diameters. A visual
representation of the domain may be seen in Figures 7 and 8.

Figure 7. Side View of Sieverding Domain

Figure 8. Isometric View of Sieverding Domain

Initial meshing inputs were also generously provided by VA Tech, with small refinements
made through ICEM, the final mesh consisted of 98M nodes with a radial-to-axial aspect ratio near
the trailing edge of 1:1.Refinement of mesh near the trailing edge can be seen in Figure 9.

Figure 9. Sieverding Mesh Refinement Near Trailing Edge
Setup and Results
To initialize the flow field and achieve a steady state result, the SST turbulence model in
CFX was used. Inlet and outlet pressures were set to unity with Sieverding and can be viewed in
Table 1.

Table 1. Sieverding Boundary Conditions
Using the steady state result, an unsteady calculation using the DES turbulence model in
CFX was done. A pressure probe was placed near the trailing edge to measure shedding frequency,
and the variables of Pressure, Total Pressure, Mach Number, and Velocity were set to time average
for comparison.

A loading distribution was created using the steady calculation and can be seen in Figure
10. The steady result was in general agreement with the experimental distribution, although it did
predict a slightly higher Mach number on the suction side, and near the trailing edge. The
implication is that there is a slight disconnect between the calculation’s inlet total to exit static
pressure and the experimental data.

Figure 10. Loading Distribution on AF1
To capture the wake behind the blades, a line was placed two and half trailing edge
diameters axially behind the blades, and total pressure was logged and compared. This
comparison can be seen in Figure 11.

Figure 11. Total Pressure Wake Distribution
The steady result predicted a wake that was deeper and wider than the experiment
captured, however, it was expected that the wake calculated through CFD would be narrower
than data and potential deeper than shown. The unsteady time averaged HLES calculation
showed a more profound wake than the steady result, which was expected.
To calculate shedding frequency, first the time dependent pressure data from the probe
was gathered and a Fast Fourier Transform was conducted. The resulting frequency that our
HLES predicted was 7.8kHz, which was in good agreement with Sieverding’s measured 7.6kHz.
This also proved to be a more accurate prediction than VA Tech’s URANS, which predicted a
frequency of 8.5kHz [2]. The pressure probe data which the FFT was ran on can be seen in
Figure 12.

Figure 12. Time-Accurate Pressure Probe Data
Conclusion
For Cacade 1 (better name?), it was found that URANS did not predict transonic vortex
shedding as it only predicts loss from unsteadiness at near supersonic conditions and failed to show
the majority of the transonic regime. However, the conclusions regarding the HLES model were
inconclusive. Qualitatively, HLES appears to capture transonic vortex shedding throughout the
entire transonic regime. However, in this work it introduced a high midspan total pressure deficit
that could not be verified to be physically accurate. Future experimental data will be needed to
conclude the accuracy of the HLES results.
For the VKI cascade, the prediction of shedding frequency was found to be closer to
experiment when compared to a URANS model ran on the same domain. However, both the steady
and time-averaged wakes were deeper and overall loss was greater than experiment. The CFX case
exhibited greater uniformity in the radial (linear) direction, hinting that the 3-D effect experienced
by the GE cascade was not present.
It is suggested that more effort be put forward in the determination of the efficacy of HLES for the
prediction of transonic vortex shedding.Overall, the when a single case is ran and compared
between multiple tools, literature (VKI) and in-house data.
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