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Northrop Grumman Team

ÅNorthrop Grumman
ïScott Collins ïProgram Manager

ïDr. Sam Bruner - Principal Investigator

ïChris Harris - Systems Analysis IPT Lead

ïNicholas Caldwell - Propulsion Integration

ïPeter Keding - Technology Modeling and Vehicle 
Trades/Optimization

ïScott Baber - Configuration Design

ïLuck Pho - Aerodynamic Design and Performance

ïKyle Rahrig ïAcoustic Modeling and Analysis

ÅRolls -Royce Liberty Works
ïDavid Eames

ÅSensis
ïDave Miller ïTraffic Forecasting and Simulation

ÅTufts University
ïDr. Rich Wlezien - Future Scenario Research and Technology 

Maturation Planning Effort

ÅSpirit Aerosystems
ïDr. Judy Gallman - Advanced Acoustic Inlet Liner

5



Objectives for Past Eighteen Months

ÅNASA seeks to ñstimulate innovation and foster the pursuit of 
revolutionary conceptual designs for aircraft that could enter into service 
in the 2030-35 periodò 

ÅIn response, Northrop Grumman:
ïDeveloped a credible future scenario to establish a context for the proposed 

advanced vehicle concept.

ïExecuted advanced concepts systems study that methodically identified and 
evaluated integrated aircraft configurations

ïDeveloped an advanced concept whose mission capabilities would enable it to fill a 
broad, primary need within the future scenario

ïProposed an prioritized suite of enabling technologies and corresponding 
technology development roadmaps required to realize the preferred vehicle 
concept by the 2030-35 timeframe 
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Northrop Grummanôs preferred concept is revolutionary 
in its performance, if not in its appearance



Scenario Analysis

ÅDevelop a future scenario that describes 
the challenges that may be facing 
commercial aircraft operators in the 2030-
35 and beyond timeframe. 
ïProvide a context within which the proposerôs 

advanced vehicle concept(s) may meet a 
market need and enter into service. 

ÅNorthrop Grumman provides four scenarios 
that cover the range of possibilities 
ïKing Carbon

ïNot In My Backyard

ïBright Bold Tomorrow

ïDoom and Gloom

ÅScenarios used to develop weighting 
factors for use in design trade studies
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NIMBYKing Carbon

Bright, Bold 
Tomorrow

Doom and 
Gloom

Individual Scenario Weighting Factors

Combined Scenario
Weighting Factors



Traffic and Passenger Forecast

ÅScenario studies supplemented by 
rigorous
ïAnalysis of current traffic movements

ïForecasts of future traffic and passenger 
demands

ÅSimulations provide sensitivities to key 
design parameters

ÅFinal design requirements validated 
through simulation
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Requirements for Conceptual Design
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Scenario 
Analysis

Traffic and 
Passenger 
Forecasts

Solid TRL 6 by 2025 to manage commercial risk

Noise (Cum below Stage 4) -71 EPNdB

LTO NOx Emmissions (below CAEP/6) -75%

Performance:  Aircraft Fuel Burn better than 

70%

Performance:  Field Length Exploit 

Metroplex 

Concepts

Range 1600nm

Passengers 120

Field Length, TO and Ldg  (SL, Std Day)5,000 feet

Cruise Mach 0.75

Cruise Altitude < FL450

N+3 (2030-2035 

Service Entry) 

Advanced Aircraft 

Concepts Goals 

(Relative to User-

Defined Reference)

Mission 

Requirements 

Derived from Traffic 

Study



ReferenceVehicle vs Preferred 
Vehicle

ÅReference Vehicle
ïVehicle used as baseline for establishing current-year capability

ïPerturbation on a 737-500, assuming constant technology

ïResized to meet same mission requirements as the preferred vehicle

ïñRubber Engineò, ñphotographically scaledò wing

ÅPreferred vehicle
ïFinal design concept that meets the mission requirements and best meets the N+3 

objectives

ïEmbodies prioritized set of enabling technologies

ïChosen via a rational downselect from a wide choice of architectures

ïOnly indirect consideration of cost
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Preferred Vehicle Overview
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Three-Shaft Turbofan Engine

* Ultrahigh Bypass Ratio of ~18

* Compressor Intercooling
* Lean-Burn Ceramic Matrix Composite 

(CMC) Combustor

* CMC Turbine Blades

* Cooled Cooling Air Turbine

* Shape Memory Alloy Nozzle

* Porous Ceramic Nozzle Material

* Endothermic Fuel System

Ultrahigh-Performance Fiber

Advanced Metallics

Aeroservoelastic Structures

Swept-Wing Laminar Flow

Large Integrated Structures

Landing Gear Fairings

Pi Preform Joints

Carbon Nanotube Electrical Cables

Advanced Inlet Acoustic Liner
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Updated Open-Rotor Engine

Modeling for Inlet Optimization

Distributed Exhaust Nozzle and Flap

Nanotube Acoustic Liners

Ultrahigh-Pressure Hydraulic Subsystem

High-Lift Leading-Edge System

Fan Blade Flow Control

Four-Shaft Turbine Engine
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Distributed Propulsion

Boundary-Layer Ingestion (BLI) Inlet

Active Drag Reduction

Oilless Engine

Turboelectric Propulsion

Unsteady Trailing-Edge Circulation Control

Fiber Metal Laminates
F=Fuel Burn, E=Emissions, N=Noise, L=Field Length

Large BenefitSmall BenefitNo Benefit
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Range [nmi] PAX Max TOGW [lb] Cruise Alt. [ft] Cruise Mach Cruise SFC [pph/lbf] BFL [ft]

1600 120 80478 45,000 0.75 0.451 4999

N+3 Mission & Performance

Technology Suite
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111.0

33.3

Dimensions in ft

98.7

12.5

26ę

Range (With Reserves): 1,600 nm

Passengers: 120

Field Length Capability: 5,000 ft

Cruise Altitude: 45,000 ft

Design Mach Number: 0.75

Ramp Gross Weight: 80478 lb

Zero Fuel Weight: 71,333 lb

Operating Empty Weight: 46,133 lb

Empty Weight: 43,666 lb

Wing Aspect Ratio: 12.7

Cruise Specific Fuel Consumption:0.451 pph/lb

Phase 1 Preferred Configuration Summary



Summary Accomplishments

ÅNorthrop Grumman meets all design intents.  
ïAll goals met except fuel burn

ïFuel burn still represents outstanding improvement

ïAchievable with technology possible by 2025
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Noise (Cum below Stage 4) -71 EPNdB -70 EPNdB Õ

LTO NOx Emmissions (below CAEP/6) -75% -75% Õ

Performance:  Aircraft Fuel Burn better than 

70%

64%

Performance:  Field Length Exploit 

Metroplex 

Concepts

Exploit 

Metroplex 

Concepts Õ

Range 1600nm 1600nm Õ

Passengers 120 120 Õ

Field Length, TO and Ldg  (SL, Std Day)5,000 feet 5,000 feet Õ

Cruise Mach 0.75 0.75 Õ

Cruise Altitude < FL450 < FL450 Õ

N+3 (2030-2035 

Service Entry) 

Advanced Aircraft 

Concepts Goals 

(Relative to User-

Defined Reference)

Mission 

Requirements 

Derived from Traffic 

Study



Technology Maturation Plans

ÅSeventeen high priority technologies identified

ÅAppendix to written report discusses disposition of 72 
technologies considered but dismissed

13



Todayôs Objectives

ÅDescribe the Northrop Grumman 
experience in detail

ÅDemonstrate:
ïOur approach meets the broad needs for 

the years 2030-2035

ïOur design achieves the environmental 
intent of the NASA N+3 challenges

ïWe have identified the technologies that 
enable revolutionary improvements in 
vehicle performance
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