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Introduction and Motivation

AModern gas turbine engines operate at high temperatures and
speed to obtain high power. High turbine inlet temperature can lead
to excessive thermal stress and reduced component life.

Aln order to correctly calculate cyclic thermal stress and component
life, blade metal temperature predictions within the accuracy range
of N4K (7AF) are required.

ACHT T, calculation is within h,=5-10% which implies DT ,=20-73K
(50-140°F). This may cause 10-20x error in life prediction.

AAccuracy of CHT in film cooled blades will be explored in this
presentation.
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Calculating Blade Temperature Is Challenging




Common Thermal Analysis Process
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Geometry and Computational Domain
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Typicalblade
cross section

cooling
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Model Mesh Detalls

Mid-span mesh

A Grid sensitivity was completed with different Y+ values.

- Y+ values near wall is less than 3.
A A combination of tetrahedral (Unstructured) and prism elements are used.
A The CFX CHT model consisted of 9.8 million elements:

- 1.2 million cells in the solid domain (Blade) and 8.6 million cells in the fluid domain.

A Conformal contact interface between solid and fluid region. Prism are wrapped around the

blade surface to resolve the boundary layer (higher accuracy). Honeywell
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Numerical Set Up and Boundary Conditions

AANSYS CFX 14.0
ASteady State RANS

ATurbulence model
- Turbulence intensity factor of 15%.

- Shear stress transport (SST) turbulence model with
automatic wall function.

- Sensitivity study completed for 4 turbulence models:
SA, k-U RNG and SST w/ transition.

AHeat transfer
- Total energy and viscous work term

AWall function

- Automatic
4 ARSI | AStatic structures assumed adiabatic
Seal . /
Plate Disk Cooling Flow Hot Gas
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Numerical Set Up and Boundary Conditions
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Alnlet total gas temperature obtained using Fine Turbo.

AHarmonic and mixing plane yielded similar absolute radial total
temperature profiles.
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Mixing Plane Tt(r) is Used



Model Convergence
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ACHT steady state solution achieved
- RMS residuals between 104 and 10°
- Mass flow imbalance O0.05% of core flow.
- Blade temperatures at different locations stable.
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Results T External Gas Flow

‘ ALow pressure region in the throat
due to supersonic flow.

Tt/ Tref

1.00
0.96
0.91
0.86
0.81 g
0.76
0.72
0.67
0.62
0.57
0.52

50% radial span

AMigration of hot gas towards the
pressure side due to flow
accelerating on the suction side.

ALow temperature layer covering
most of suction side.

50% radial span
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Why is suction side so cool relative to pressure side?



Results T External Gas Flow
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ASecondary flow vortices roll the end

wall flows from hub and shroud PRESSURE
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AThese vortices also disperse the flow O J

to the entire span on pressure side. = \ e S
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Secondary flows impact film cooling effectiveness
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Results T External Gas Flow

ASecondary flow vortices gradually roll
blade hub and tip cooling flows as
flow progresses from the blade
leading edge towards the trailing
edge. (@) Inlet plane

AThe cool flow migration causes the
trailing edge metal temperature radial
gradient to worsen.

ATemperature gradients are directly
promotional to stress.

(d) 75%axial chorc (c) Exit plan
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TE durability will suffer due to secondary flow effects



Results T
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A Recirculation zones detected inside the blade core, seal plate cavity and Tangential on
board ejector (TOBI). This will adversely affect heat transfer and cause pressure loses.

A Cooling air temperature increases as it travel through the serpentine. The cooling air
temperature in the trailing edge region might not be adequate.
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Results 1 Internal Cooling Flows

A Secondary flow vortices disrupt
the cooling effectiveness from
the film cooling. This effect is

PS SS mainly seen on the suction side.
1P ALast row of cooling flows on the
[ .
o pressure side seem to have
AN some ingestion.
Ss
PS
film cooling
flow is low
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