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Background Information 

The gas turbine has the potential for power 
production at the highest possible efficiency. The 
challenge is to ensure that gas turbines operate at 
the optimum efficiency so as to use the least fuel 
and produce minimum emissions. A key 
component to meeting this challenge is the turbine. 
Turbine performance, both aerodynamics and heat 
transfer, is one of the barrier advanced gas turbine 
development technologies. This is a result of the 
complex, highly three-dimensional and unsteady 
flow phenomena in the turbine. 

Improved turbine aerodynamic performance 
has been achieved with three-dimensional highly- 
loaded airfoil designs, accomplished utilizing Euler 
or Navier-Stokes Computational Fluid Dynamics 
(CFD) codes. These design codes consider steady 
flow through isolated blade rows. Thus they do 
not account for unsteady flow effects. However, 
unsteady flow effects have a significant impact on 
performance, Also, CFD codes predict the 
complete flow field. The experimental verification 
of these codes has traditionally been accomplished 
with point data - not corresponding plane field 
measurements. Thus, although advanced CFD 
predictions of the highly complex and three- 
dimensional turbine flow fields are available, 
corresponding data are not. 

To improve the design capability for high 
temperature turbines, a detailed understanding of 
the highly unsteady and three-dimensional flow 
through multi-stage turbines is necessary. Thus, 
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unique data are required which quantify the 
unsteady three-dimensional flow through multi- 
stage turbine blade rows, including the effect of the 
film coolant flow. This requires experiments in 
appropriate research facilities in which complete 
flow field data, not only point measurements, are 
obtained and analyzed. 

Also, as design CFD codes do not account 
for unsteady flow effects, the next logical challenge 
and the current thrust in CFD code development is 
multiple-stage analyses that account for the 
interactions between neighboring blade rows. 
Again, to verify and or direct the development of 
these advanced codes, appropriate experimental 
data, i.e., complete three-dimensional unsteady 
flow field data, not point measurements, in 
appropriate research facilities are needed. This will 
lead to experimentally verified advanced CFD 
multi-stage codes which can be used in the design 
process. 

Objectives 

The overall objective of this experimental 
research program is to improve the design 
capability for high temperature turbines by 
providing a thorough and detailed understanding 
and data base of the turbine flow field and its effect 
on heat transfer. In particular, the objective is to 
experimentally investigate the fundamental three- 
dimensional and unsteady flow and heat transfer 
phenomena which control the performance of 
advanced turbines. Specific experimental research 
objectives include an investigation to quantify the 
potential aerodynamic performance improvements 
associated with advanced design concept turbine 
blading designed with CFD codes. This will be 
accomplished in conjunction with the Allison 
Engine Company. In particular, advanced design 
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turbine airfoils will be designed by the Allison 
Engine Company specEcally for these 
experiments. In addition, this research program 
will investigate and quantify the detailed three- 
dimensional and unsteady flow through the first 
stage, both stator and rotor, and second stage vane 
row of the multi-stage research turbine. The 
program will also investigate and quantify the 
detailed unsteady heat transfer due to vane-wake 
interaction. 

Project Description 

This project is directed at obtaining 
fundamental data, both steady and unsteady, to 
quantify the fundamental turbine flow and heat 
transfer phenomena inherent in high performance, 
high efficiency, multi-stage turbines. 

A key requirement for these experiments is 
the facility itself. Experiments directed at the 
quantitative study of turbine aerodynamics, 
performance and heat transfer require that both the 
unsteady flow and the fundamental interactions of 
the unsteady flow with the inherently three- 
dimensional turbine flow field be experimentally 
simulated. Thus, the only valid facility for the 
experimental investigation of turbine aerodynamic 
performance and heat transfer is a research turbine 
facility. Thus, the experimental research will be 
performed in the Purdue Turbine Research Facility 
(Figure l), a two stage, low speed turbine which 
produces the essential aspects of the steady and 
unsteady flow fields inherent in high speed 
multistage turbines. The current 50% reaction 
blading with A3K7 series airfoils will be used as a 
baseline for both the performance and heat transfer 
studies. The Allison Engine Company will design 
advanced concept turbine airfoils with one row of 
film cooling holes specifically for this program. 

The unsteady, three-dimensional flow 
through the multi-stage research turbine will be 
accomplished by means of Particle Image 
Velocimetry (PIV), a relatively new measurement 
technique which provides instantaneous whole 
field high resolution velocity field data Taking 
advantage of the high frequency response of thin 
fdm sensors, the blade surface unsteady heat 
transfer measurements will be made using 
constant-temperature anemometry and platinum hot 
film surface sensors. 

This series of experiments will improve the 
design capability for high temperature turbines by 
providing a thorough and detailed understanding 
and data base of the turbine flow field and its effect 
on heat transfer. With these data, the designer can 
increase turbine aerodynamic performance and 
optimize turbine cooling flow schemes. 

Accomplishments 

The program is progressing along two 
simultaneous paths. The first involves the 
experiments that will be performed in the baseline 
turbine facility to investigate and quantify the 
detailed three-dimensional unsteady aerodynamics 
and heat transfer through the first stage, both stator 
and rotor, and second stage vane row of the 
baseline multi-stage research turbine. 
Conventional steady aerodynamic performance 
instrumentation, Le., blade surface static pressure 
taps, and advanced instrumentation including PIV 
and high frequency thin film sensors are being 
utilized in this effort. 

Concurrently with this effort, the design 
and manufacture of advanced concept airfoils that 
will be used in the follow-on' experiments is 
proceeding in conjunction with the Allison Engine 
Company. 

Experiments With Baseline Blading 

Flow field quanWication on the baseline 
blading with the Particle Image Velocimetry 
System (PIV) is scheduled for this fall. The dual 
400 mJ NdYAG lasers have been received and 
final qualifkation and tuning completed by the 
vendor. The remainder of the PIV system has been 
received and is operational, with some initial 
experiments performed in a low speed compressor 
to qualify the unit. The optical-path design for 
implementing the PIV system on the Purdue 
Research Turbine is shown in Figure 2. The first 
window has been installed and will allow 
characterization of the first vane flowfield. 

The Purdue Research Turbine's current 
A3G7 free-vortex blading is being extensively 
instrumented with heat transfer gages and dynamic 
pressure transducers, as shown in Figure 3. 
Machining operations for the instrumentation for 
heat transfer and dynamic pressure measurements 
on the baseline blade are complete, and the blades 
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are undergoing transducer installation at the 
vendor. 

.Advanced Airfoil Design, Fabrication & 
Instrumentation 

The Allison Engine Company has finished 
the aerodynamic design for the advanced concept 
turbine blading, as shown in Figure 5. CFD code 
predictions for the three dimensional, steady blade 
loading has also been completed by Allison. The 
manufacture of the blades is now underway at 
Purdue. In addition, the geometry of the first vane 
film cooling holes are now being designed in 
cooperation with Allison. A new rotor drum and 
stator supports for this advanced blading has been 
designed and is also currently being fabricated. 

Future Activities ' 

As shown in the timeline given in Figure 5 ,  
the experiments on the Purdue/Allison AGT 
blading will commence early in 1996 after 
completion of the baseline experiments. In 
addition to the data obtained from the baseline 
blading, the AGT configuration will allow 
investigations of film cooling on the unsteady 
turbine flowfield. 

Period of Performance: 8/15/94 to 8/14/97 

Table 1. Project Schedule. 
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Figure 1. Purdue Turbine Research Facility 
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Figure 2. Optical Path For Particle Image Velocimetry. 

6 

.__- 

* I  

. 



o m o  - O O I O  
-0.000 

WALL . MK. I s5 

Pressure Transducers, Suction Sidc Heat Transfer Gages, Suction Sidc 

Figure 3. Instrurncntation for A,G, Blading. 

Figure 4. Purdue/Allison AGT Blading. 
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