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RVLT TC1.1: Variable Speed Power Turbine Tech Demo

Brief Summary of Completion / Accomplishment:

Technical Challenge: Variable Speed Power Turbine (VSPT) Demonstration

Tech Challenge Exit Criteria: Demonstrate variable speed power turbine with 50% improvement in efficient operational 

capability

Cascade testing defines the loss buckets for incident tolerant blade designs required for VSPT. Completed VSPT cascade testing at high 

and low inlet turbulence levels over a large range of Mach number, Reynolds number, and incidence to provide a benchmark data base to 

validate the ability of CFD analysis codes to predict the VSPT losses over the entire flight operating envelope. 

VSPT Design to meet the TC objectives and full scale VSPT test Rig Design completed.  Joint US Army AATD / NASA VSPT component 

contracts awarded to Pratt & Whitney (P&W) and General Electric Aviation (GE). The P&W 4 stage VSPT design met the VSPT efficiency 

goals at 100% speed or maximum rated power (MRP) for vertical lift and a 55% speed or maximum continuous power (MCP) for cruise.

The VSPT design efficiency exceeded 90% over the entire operating range. 

Successful completion of VSPT rig test achieves goals and demonstrated the potential of the VSPT concept as a viable approach to

improve engine efficiency over a wide range of operating conditions. The full-scale VSPT 3 stage component rig was installed in the P&W 

Canada Continuous Flow Turbine Rig facility and tested over a wide range of operation. The facility emulated the engine inlet flow 

conditions to the VSPT compete with swirl and turbine main frame struts. 

Design and computational analysis tools validated experimental results. CFD was integrally used in the VSPT design process.  Post-test 

analysis of the detailed rig data indicated the CFD had accurately predicted (pre-test predictions) radial distribution of the key flow field 

parameters, the vane pressure distributions, and the overall performance over the wide operating range.

Beginning TRL 2, Final TRL 5 after VSPT demonstration
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Boyle, R., Miller, I., Halibag, M., DiCarlo, J., Bhatt, R., Jaskowiak, J., “Design Concepts for Cooled Ceramic Matrix Composite Turbine 
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Welch, G. E., “Computational Study of the Impact of Unsteadiness on the Aerodynamic Performance of a Variable-Speed Power 
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Lift Aircraft Design Conference, San Francisco, CA, January 2012.
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Infrared thermography image of endwall in CW-22 in support 

of wide incidence-tolerant blade testing.

Cruise @

5.8 deg

Take-off @

-36.7 deg

VSPT Rig Performance Testing

AVSPOT Goal

AVSPOT DataObjective 

Demonstrate 50% improvement in efficient operational 
capability using a Variable Speed Power Turbine (VSPT) concept

Technical Areas and Approaches

✓ Completed cascade testing at NASA and partners’ facilities to 
validate design tools for incidence-tolerant blade designs and 
large swings in Re corresponding to the operating envelope.   

✓ Documented cascade test results & advanced in-house 
URANS simulation capability for multistage turbines

✓ Completed the design, fabrication, and testing of a VSPT 
power turbine (AVSPOT) which exceeded the design goals over 
the speed range. Test completed Jan 2016.

✓ Successful completion of VSPT rig test achieves goals and 
advances Variable Speed Power Turbine to TRL 5

✓ Final report summarizing test results and excellent 
comparison to analysis completed.

✓ Research disseminated via conferences, publications, and 
NASA datasets.


