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NASA Vision

NASA is an investment in America’s future. As
explorers, pioneers, and innovators, we boldly expand
frontiers in air and space to inspire and serve America
and to benefit the quality of life on Earth.
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Future

Advanced aero, space, & aerospace propulsion systems
Nanotechnology & nanostructural engineering
Biomedical engineering & biotechnology

Information, data, & communications technology

Advanced health monitoring devices

Diagnostic instruments and controls

Longer life, lower cost, lightweight turbomachinery
Computationally designed materials & structures
Improved modeling, analysis, & computational methods

Advanced aerospace power systems
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@ Revolutionary Vehicles

Revolutionary New Vehicles Needed That Solve Barriers and
Open new Opportunities to Unconstrained Mobility

* Noise Reduction

* Reduce Emissions and Fuel Burn

* Improved Safety

 Reduced Wing Tip Vortices

* Increased Speed of Air Travel

« Ability to get People and Cargo in

and out of Very Short Airfields
* Sustained Military Air Superiority
* To enable Personal Air Vehicles

* 80% NOx and 50% CO2
reduction

* 100% NOx and CO2
reduction for revolutionary
concepts




Revolutionary Vehicles - Multiple Paths
Common Technology

Enviropmentally friendly
fbersonic Travel Personal Air Vehicles

Long-Haul Transport XSTQL Cargo Carrier

Extreme Maneuverability
and Control

MicroAir Vehicles
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Next generation Transportation
breaks the mold in the
evolutionary approach to
technology

Bio-inspired vehicle c(qcepts
utilize active wing shaping and
control to optimize vehicle
performance through out the
flight envelope

Revolutionary Bio and Nano

technology provides “feather
iges weight” structures and

a8y distributed sensors

Revolutionary Vehicles E

o
-

Revolutionary vehicle concepts
are required to meet the stringent
noise and emission requirements
of the future vision =

Next generation Transportation
uses advanced propulsion
systems fully integrated with the
structure and uses alternate
energy sources
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Aeropropulsion — NASA'’s Future Direction
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Gas Turbine
Revolution

Intelligent Engines Electrochemical Energy



Gas Turbine Revolution




Variable Capability, Ultra High Bypass Ratio Intelligent
Engines: Fundamental Technologies

Intelligent Engine System Asset
Management

* Embedded micro- and nano-sensors

* Coupled simulation and data-
feedback health/performance
management

* Autonomic engine control strategies

Smart ’ Advanced
micro/nano .
Photonics

sensing/
computation/
actuation

Advanced
Electronics



Variable Capability, Ultra High Bypass Ratio Intelligent
Engines: Fundamental Technologies
* Micro-Flow Management
» Acoustic Masking
* Innovative Combustion Strategy
* Morphing Structures
» Adaptive Structures

» Adaptive Engine Cycles
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Variable Capability, Ultra High Bypass Ratio Intelligent
Engines: Fundamental Technologies

Exoskeletal Engine

* Outer shell rotating
» All composite engine
* Magnetic bearings

Quter Composite
Shell



Distributed Vectored Propulsion

Distributed Engines

* Multiple low-cost, low power
engines deployed along wing

* Distributed thrust and thrust
vectoring

« Aircraft boundary layer
ingestion

* Micro-turbine engines
distributed over aircraft wings

SiC Micro Turbine



Distributed Vectored Propulsion

Distributed Exhaust

* High aspect-ratio nozzles
embedded in the wing trailing
edge

* Ducted Polymer Matrix
Composite (PMC) nozzles

 Embedded inlets & nozzles
employing flow-control




Distributed Vectored Propulsion

Multi-Fan Core

» High-efficiency core powering
multiple fans

* Advanced mechanical power
transmission



Alternative Energy Propulsion

Fuel Cell Powered Electric
Propulsion System

* Proton Exchange Membrane (PEM) ’e—F
Fuel Cell () — i1l

« Zero NOx and HC emissions g .

« Water emission or use of chemical
reformer H.0

Exhaust

PEM (Proton Exchange

Membrane)
Oxidant Fuel Flow Field Plate
Flow Field Plate | ol
Exhaust <=y —— = Fuel to Recirculate
Water Vapor
{No Pollution} L'/: — Low Temperature
s = Electrochemical
Process (90°C)

Heat (80°C)+_~
Water-cooled

Basic Hydrogen PEM fuel cell
operation and hardware

Air = - — = Fuel (Hydrogen)



Power Density for Powerplant (kW/kg)

Alternative Energy Propulsion

Potential Fuel Cell Enabled Electric Propulsion
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