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Gas Turbine Need

Pressure Wang et al, 1997
> Effect of passage vortex structure in side (PS) ; &) J
vane/blade passages: 4 ot Th T
> enhanced thermal loading on passage walls — letion
> enhanced aerodynamic losses across passage sidg (SS)
> reduced film cooling effectiveness Y
,.““.g“ 1’ [1
» Weakening of secondary vortex flows will = ﬁ,, l,j,g s
reduce- g I:I' 'Al o Z Vg, Suctioh side lag of hormashos vorles system
> thermal loading on passage walls ".‘r R oo
» aerodynamic losses 'ti“ L - B e s e
> usage of coolant flows Yo st

leading to lower component maintenance and g
higher turbine efficiency.

» Uniform pressure distributions at blade
passage exit will reduce:
> hub-coolant leakage flow
> non-uniformity in exit-flow angle

Friedrichs et al, 1996



Project Objectives

" Explore strategies for reducing secondary

flows in the blade/vane passage through

- leading edge fillets
* Reduces leading edge vortex formation

- contoured passage endwall

« 2D:flow acceleration, lower 6 and secondary vortex

» 3D:reduced near-wall pressure gradients

without and with coolant injection from
strategic locations on the endwall

® Performance metrics to be improved
(reduced) include

- Heat transfer on passage wall
- Aerodynamic losses
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Project Approach
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Atmospheric blade cascade facility: Calibration

Baseline measurements w/flat end wall: Surface

pressure, 5-hole, IR, end wall heat transfer & Viz.

Leading edge fillet selection & fabrication

Measurements w/LE fillets

Computations (optimization, grid refinement):
Baseline, Fillets

Computations: 2-D vane passage endwall

Computations (optimization, grid refinement):
3-D blade passage endwall

3-D blade passage endwall construction

Measurements w/3-D endwall: uncooled

Measurements w/3-D endwall: film-cooled

Compressible flow vane cascade test: Meas.
Ww/2D-contouring & film cooling

Hot Cascade Vane Facility: Calibration &
measurements-2D contouring w/film cooling
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Accomplishments in 2005

Measurements (cascade)

O Flow field, pressure and end-wall heat transfer for
— baseline flat endwall blade passage
— with & without LE fillets

— with 3-D contoured endwall without and with endwall film cooling**
— With 2-D contoured endwall w/film cooling (vane)

O Film cooling effectiveness & flow field with 3-D contoured endwall.

Numerical simulations (RANS)

» Linear passage with and without endwall axi-symmetric contouring
(compressible and incompressible flows).

> hine)ar passage with and without leading edge fillets (incompressible
ow).

» Linear blade passage with 2-D axi-symmetric and 3-D endwall contouring**
(incompressible flow).

** Focus of today’s presentation



Key Results

> Optimum 3-D contour endwall profile obtained 860

883

from numerical simulations. Average Nusselt Y 793 e
number measured w/3-D endwall profile reduces M -3
endwall heat transfer by ~10%. . gV,

» 3-D endwall reduces heat transfer coefficient > S N
associated with the PS vortex by ~15% pitch- R <X |
averaged, and ~24% locally. g o = 0 =

> 3-D endwall profile reduces strength and size of 9 IE g §
passage vortex significantly (factor of 1.5 at TE). 3 g a 9

> 3-D endwall profile reduces overall total pressure ® ®
loss by 39%

aseline Y (4 0.36
> Insignificant effects of 3-D endwall on blade Baseline HastiC pasage —
surface pressure distributions in free-stream 3D endwall | Avg @ exit " 0.22
region. 3D endwall | M;,=2.4 (0.17

> Film cooling flow at 3-D endwall at high blowing

ratios (>1.6) reduces total exit pressure Cotloss (Measured)

coefficient (higher exit total pressure) relative to
the uncooled case. At M,,=2.4 reduction is ~25%

> Adiabatic film cooling effectiveness at 3-D
endwall increases by ~10% as blowing ratio
doubles from M, =1.0.

0.505
0.519

I
N~
3
©)

M,,=1.6
M,,=2.0




Test Facility & Optimum Contour Profile
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Computational Optimization: Non-Axisymmetric Contour Endwall Profile

(Rotor Passage)

Case No. 2-5

Case No. 6-7

Case No. 8-9
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Flow Visualization with Smoke (U,=1.0 m/s)
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Visualization planes and
camera positions relative to
the visualization planes.

Suctione Side

Instantaneous flow visualization images
in the plane PS1 for flat endwall (baseline)
and contoured endwall.
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Endwall Region Pressure and Streamlines (Computations)
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YIS

Velocity Vectors in Pitchwise Planes (Measurements)
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Suction side
vortex &
induced
vortex
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Axial Vorticity in Pitchwise Planes (Measurements)
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Total Pressure Loss Coeff., C in Pitchwise Planes (Measurements)
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Yaw Angle (Pitchwise Flow Deviation) in Pitchwise Planes

(Measurements)
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Endwall Nusselt Number (Measurements)
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Pitchwise Mass-Averaged Pressure Loss & Flow Angles Near
Passage Exit
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Inlet
flow

3D Non-Axisymmetric Contour Endwall with Film Cooling Holes
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Local Blowing Ratio from Coolant Holes in 3D Endwall

MIocal=(pjet*Ujet)l(po*uo)

U, is determined based on measured
endwall static pr. for uncooled case
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Axial Vorticity, Q ,C/U, with and without Film Cooling Flow
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Streamwise Turbulence Intensity(%) with and without Film Cooling Flow
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Total Pressure Loss (Diff) Coeff., C ;..
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Overall Cascade Losses with and without Film cooling Flow
(Based on Friedrichs et al., 1997)
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Non-dimensional Flow Temperature, 8; with Film cooling Flow
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Adiabatic Film Cooling Effectiveness, g; with 3D Endwall (Measurements)
7T [ 7T T [ [

oopo 010 040 050 055 060 065 070 080 1.00

i -1.24
-1.4— / /
/

-1

0.8+
o -0.64
S
o
N 54
-0.2-
. ) ) ) 0 02 04 06 08
= M. =2.0
M;,=1.0 X/C,, in X/C,, g
o 5 2
) o
N
q: (@]
o
©o| ©
o o
T
< =
o =

&= (To-Taw)l (To-Tjet)

T,=Main stream temp.

S Tiar



Project Summary

Goal of the project- explore strategies for reducing secondary flows
and heat transfer in blade/vane passages through the use of endwall
contouring, and leading edge fillets with and without coolant
injection.

Performance metrics of interests are endwall heat transfer and
aerodynamic losses.

CFD codes used to predict several profiles of 3-D endwall and to
make recommendations for experimental measurements.

Flow field and heat transfer measured in atmospheric blade cascade
facility with 3D non-axisymmetric endwall
o Passage vortex clearly reduced by contouring

o Nusselt numbers are reduced upstream of throat region and pitchwised averaged
reduction can be as much as 15%.

Total pressure losses are reduced significantly across the passage (~40%).

Higher blowing ratio (~2) is advantageous in terms of smaller pressure coeff at
exit (higher total pressure) and higher adiabatic film cooling effectiveness.
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