NASA SBIR 2009 Phase I Solicitation

A2.10 Propulsion Systems

Lead Center: GRC

This subtopic is divided into two parts. The first part is the Turbomachinery and Heat Transfer and the second part
is Propulsion Integration.

Turbomachinery and Heat Transfer
There is a critical need for advanced turbomachinery and heat transfer concepts, methods and tools to enable
NASA to reach its goals in the various Fundamental Aeronautics projects. These goals include drastic reductions in
aircraft fuel burn, noise, and emissions, as well as an ability to achieve mission requirements for Subsonic Rotary
Wing, Subsonic Fixed Wing, Supersonics, and Hypersonics Project flight regimes. In the compression system,
advanced concepts and technologies are required to enable high stage loading and wider operating range while
maintaining or improving aerodynamic efficiency. Such improvements will enable reduced weight and part count,
and will enable advanced variable cycle engines for various missions. In the turbine, the very high cycle
temperatures demanded by advanced engine cycles place a premium on the cooling technologies required to
ensure adequate life of the turbine component. Reduced cooling flow rates and/or increased cycle temperatures
enabled by these technologies have a dramatic impact on the engine performance.

Proposals are sought in the turbomachinery and heat transfer area to provide the following specific items:

Advanced design concepts to enable increased high stage loading in single and multi-stage axial
compressors while maintaining or improving aerodynamic efficiency and operability. Technologies are
sought that would reduce dependence on traditional range extending techniques (such as variable inlet
guide vane and variable stator geometry) in compression systems. These may include flow control
techniques near the compressor end walls and on the rotor and stator blade surfaces. Technologies are
sought to reduce turbomachinery sensitivity to tip clearance leakage effects where clearance to chord ratios
are on the order of 5% or above.
Advanced flow analysis tools to enable design optimization of highly loaded compression systems that can
accurately predict aerodynamic efficiency and operability. This includes computer codes with updated
models for losses, turbulence, and other models that can simulate the flow through turbomachinery
components with advanced design features such as swept and bowed blade shapes, flow range extension
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techniques, such as flow control and transition control to maintain acceptable operability and efficiency.
Novel turbine cooling concepts are sought to enable very high turbine cooling effectiveness especially
considering the manufacturability of such concepts. These concepts may include film cooling concepts,
internal cooling concepts, and innovative methods to couple the film and internal cooling designs. Concepts
proposed should have the potential to be produced with current or forthcoming manufacturing techniques.
The availability of advanced manufacturing techniques may actually enable improved cooling designs
beyond the current state-of-the-art.
Methods are sought to enable more efficient use of coolant air in the turbine through coolant flow
modulation. These methods could consist of open-loop or closed-loop coolant flow modulation. Modulations
could be high-frequency with frequencies on the order of the turbine blade passing frequency or longer time
scales on the order of engine thermal transients. Development of methods to measure turbine local and/or
average surface temperatures to enable the closed-loop capability will be considered. Feedback control of
the coolant flow rates and/or methods to produce modulation in actual turbine thermal environments are
desired. Finally, a description of how the proposed technology will work in a vision modulated turbine
cooling turbine system will be needed.

Propulsion Integration
Proposals for Propulsion Integration will address engine and engine integration topics as outlined in this section in
support of the Fundamental Aeronautics Program.

One objective of the Subsonic Fixed Wing Project is to develop verified analysis capabilities for the key technical
issues related to integrating embedded propulsion systems for "N+2" hybrid wing/body configurations. These key
technical issues include: inlet technologies for distorted engine inflows related to embedded engines with boundary
layer ingestion; fan-face flow distortion and its effects on fan efficiency and operability, noise, flutter stability and
aeromechanical stress and life; wide operability of the fan and core with a variable area nozzle; issues related to
the implementation of a thrust vectoring variable area nozzle; and duct losses related to long flow paths associated
with embedded engines. Specifically, proposals are sought to provide advanced technology, prediction methods
and tools.

The supersonics project would like proposals to develop tools and propulsion technologies that will enable the
design of high performance fans; high-efficiency, low-boom, and stable inlets; high-performance, low-noise exhaust
nozzles; and intelligent sensors and actuators for supersonic aircraft. The supersonics project is interested in both
computational and experimental research, aimed at evaluating and analyzing promising technologies as well as
understanding the fundamental flow physics that will enable improved prediction methods.

A mission class of interest to the Hypersonics Project is Highly Reliable Reusable Launch Systems (HRRLS). The
HRRLS mission was chosen to build on work started in NASA's Next Generation Launch Technology (NGLT)
Program to provide new vehicle architectures and technologies to dramatically increase the reliability of future
launch vehicles. The design of reusable entry vehicles that provide low-cost access to space is challenging in
several technology areas. The development of hypersonic-unique air breathing propulsion systems and the
integration of the propulsion system with the airframe impact vehicle performance and controllability and drive the
need for an integrated physics-based design methodology.

For Propulsion Integration, topics will be solicited for two areas:
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Design concepts, actuators and analysis tools that enable:

High performance supersonic inlets and nozzles that have minimal impact on an aircraftÃ&#130;'s
sonic boom signature;
The control of shock wave boundary layer interactions and reduction of dynamic distortion in
supersonic inlets;
Stable highly integrated supersonic inlets;
High pressure recovery, low distortion and low-weight subsonic diffusers;
Low weight systems for nozzle area control;
Thrust vectoring;
Practical, validated CFD models for flow control devices such as micro ramps, vaned vortex
generators, air jets, or synthetic jets.

Unsteady coupled Inlet / Fan Analysis Tools to investigate:

Engine transient affect on inlet unstart;
Mode transition for a hypersonic dual Turbine engine/RAM-SCRAM flowpath;
Inlet and fan aero/mechanical loads;
Engine/inlet control system development;
Distortion Tolerance.
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