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Abstract

The University of Minnesota and The Pennsylvania State University are conducting a cooperative
experimental and computational study of turbine blade edge cooling, including the use of blade-tip
film-cooling configurations. The Pennsylvania State University tests are conducted in a rotating
tip, while the University of Minnesota tests are conducted in alarge-scale linear cascade. Both
test systems are used to investigate the flow and heat transfer in the edge regions of turbine
blades, with particular emphasis on the tip region of the blade and the tip-leakage vortex that
forms n the passage. Differences in the effects of the flow conditions of the two test facilities will
be resolved by developing a numerical model of each of the systems and comparing with
experimental test data so that a useful model of tip leakage flow and heat transfer is developed.

The potential of this research isthreefold. First, it provides fundamental scientific information in
the form of detailed measurements and computational results. In addition, the results of the
experiments and computations will be presented in a generalized form so that they will be directly
usable by design engineersin industry. Providing input to numerical computational activities will
be used to familiarize graduate and undergraduate students with the gas turbine industry.

This poster presentation focuses on the flow and mass transfer at the tip of a smulated turbine
blade with variable tip-gap spacing. The flow is visualized using a smoke-wire flow visualization
and compared to numerical predictions of the tip flow using the Tasc-Flow Software package.
The tip mass transfer results are also given and show a very high level of mass transfer at the tip
that is dependent on the tip-gap spacing. The magnitude of the mass transfer at thetip is
significantly higher than that on either the pressure or suction sides of the blade near the blade tip.
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Summary:

The University of Minnesota and The Pennsylvania State University are
conducting a cooperative experimental and computational study of turbine
blade edge cooling including the use of blade-tip film-cooling configurations.
The Pennsylvania State University tests will be conducted in a rotating rig
test setup, while the University of Minnesota tests will be conducted in a
large-scale linear cascade. Both test apparatuses will be used to investigate
the flow and heat transfer in the edge regions of turbine blades, with
particular emphasis on the tip region of the blade and the effects of film
cooling at the tip on heat transfer and the tip-leakage vortex that forms in
the passage. Differences in the effects of the flow conditions of the two test
facilities will be resolved by developing a numerical model of each of the
systems and comparing with experimental test data so that a useful model of
tip leakage flow and heat transfer is developed.




Objectives:

Study the tip flow and heat/mass transfer experimentally in a large-scale

linear turbine cascade.

Study the tip flow and heat transfer experimentally in a fully rotating

annular rig.

Study the effect of blade tip film cooling on blade tip heat transfer
experimentally for both arrangements.

CFD simulation of the blade tip flow and heat transfer using commercial
software for both arrangements with the goal of developing a model of
these flows suitable for future design work.




Linear Cascade Test Section:

Planview of the Test Section
Cascade Data
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Test Blade:

Naphthalene Mass Transfer
Test Blade (1 An aluminum hollow blade is used

for naphthalene casting and cool-

ing air injection.

The top cap is used for blade tip

casting. The middle part of blade

is used for blade surface casting.

The thin bottom cap side sits on a
solid blade connected to the end-

wall.




Data Acquisition System:

[1 Naphthalene casting on the tip
and surface of the test blade. s

[1 Scan the test blade twice the data IV | 2 Table
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Flow Visualization/Numerical Calculations:
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Flow Visualization/Numerical Calculations:

X/Cx = 0.60
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Flow Visualization/Numerical Calculations:




Tip Region Flow Visualization:

G/C = 0.86%

GIC =1.72%

GIC = 3.45%

GI/C = 6.90%




Pressure Side Mass Transfer Near
the Tip:

3-D View of Sherwood Number on Pressure surface for 1.72%C at ReEX:5.89e+05, Tu=0.2%
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Suction Side Mass Transfer Near
the Tip:

3-D View of Sherwood Number on Suction surface for 1.72%C at ReEX:5.77e+05, Tu=0.2%
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Contour of Sherwood Number on Suction surface for 1.72%C at Reex=5.77e+05. Tu=0.2%
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Tip Mass Transfer:

3-D View of Sherwood Number on Tip surface for 1.72%C at Reex=6.04e+05, Tu=0.2%

Contour of Sherwood Number on Tip surface for 1.72%C at Reexz6.04e+05, Tu=0.2%




