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Abstract 
 
The conceptual design phase for a dedicated freighter aircraft was conducted for the NASA 
Environmentally Responsible Aviation University Engineering Design Contest. The aircraft was 
designed to meet NASA’s N+2 goals which include a 42 dB reduction in cumulative noise below 
Stage 4, a 75% reduction in LTO NOx emissions, a 70% reduction in cruise NOx emissions, and 
a 50% reduction in aircraft fuel consumption. The university design competition mission 
required a 6,500 nautical mile range with a 100,000 lb. payload, a nominal cruise mach of 0.85, 
and an optionally manned capability. 
 
To analyze the problem and enable the design process, two tools were developed. The 
RADiCAL (Rapid Drag Calculator) tool uses surrogate models and calibration factors to 
calculate drag polars for blended wing body aircraft across varying cruise conditions. The MINT 
(Multidisciplinary Integration Tool) enables analysis with EDS (Environmental Design Space) 
by translating RADiCAL output into EDS input files.  
 
Using RADiCAL, MINT, and EDS, NERF (the Next-Generation Environmentally Responsible 
Freighter) was designed. NERF is a blended wing body concept utilizing a unique, triple payload 
compartment fuselage, ultra-high bypass geared turbofan engines, airframe engine noise 
shielding, and an advanced N+2 technology package. With these features NERF successfully 
exceeds three out of four of NASA’s N+2 goals. Fuel burn is reduced by 54%, LTO NOx is 
reduced by 78%, and cumulative noise is reduced 61 dB. The Cruise NOx goal is not met with 
NERF only achieving a 54% reduction whereas a 70% is required to meet the goal.  
 
A brief assessment of the feasibility of NERF is conducted in closing. NERF is deemed currently 
infeasible, but with focused technology research could likely be made feasible by 2020. In this 
way assistance coming in the form of government or military support of NERF or a similar 
concept would greatly improve feasibility in the short term. The feasibility of NERF’s optionally 
manned capability is deemed largely dependent on general advances in UAS in the NAS.  
 


	Cover Page
	Abstract
	Abstract

	Work Disclosure
	Full Paper V07
	Table of Contents
	List of Figures
	List of Tables
	Introduction
	Baseline Aircraft
	Literature Search

	Problem Formulation
	Fuel Burn
	NOx Emissions
	Noise

	Modeling and Simulation
	Airframe Selection
	Analysis Tool Selection
	The Environmental Design Space
	Cargo Calculator
	Aerodynamics Modeling
	Calibration
	Surrogate Model

	Multidisciplinary Integration Design Tool (MINT)
	Propulsion Modeling
	Engine Calibration

	Cost Analysis

	Preliminary Results
	NERF with GE90 Propulsion Unit
	Advanced Propulsion Unit Selection
	NERF with GTF Propulsion Unit

	Technology Infusion
	Engine Optimization
	Engine Cycle Design
	Engine Placement

	Final Results
	Final Configuration
	Cost Results
	ERA Goal Compliance

	Feasibility of NERF Design
	Conclusion
	Appendices
	Appendix A: NERF with GE90 Study
	Appendix B: Advanced Direct Drive vs. Geared Turbofan Study
	Appendix C: NERF with GTF Study
	Appendix D: Regulations
	Emissions Regulations
	Noise Regulations

	Appendix E: Cost Analysis Tailoring for Blended Wing Body
	Appendix F: N+2 Technology Package
	Appendix G: Technology Readiness Level
	Appendix H: Technology Impact Matrix
	Appendix I: Technology Compatibility Matrix
	Appendix J: Cargo Calculator
	Appendix K: Clean Configuration Analysis
	CFD Results
	Stability and Control Analysis

	Appendix K: UAS Simulation Results

	References

	IMG
	IMG2
	IMG3
	IMG4
	IMG5
	IMG6
	IMG7
	IMG8
	IMG9
	IMG10
	IMG11
	IMG12
	IMG13
	IMG14
	IMG15
	IMG16


Accessibility Report

		Filename: 

		2011_1st_georgia_tech_acuff_abstract.pdf



		Report created by: 

		Gipson, Lillian (HQ-ED000)[DIGITAL MANAGEMENT INC.]

		Organization: 

		



 [Personal and organization information from the Preferences > Identity dialog.]

Summary

The checker found no problems in this document.

		Needs manual check: 2

		Passed manually: 0

		Failed manually: 0

		Skipped: 0

		Passed: 30

		Failed: 0



Detailed Report

		Document



		Rule Name		Status		Description

		Accessibility permission flag		Passed		Accessibility permission flag must be set

		Image-only PDF		Passed		Document is not image-only PDF

		Tagged PDF		Passed		Document is tagged PDF

		Logical Reading Order		Needs manual check		Document structure provides a logical reading order

		Primary language		Passed		Text language is specified

		Title		Passed		Document title is showing in title bar

		Bookmarks		Passed		Bookmarks are present in large documents

		Color contrast		Needs manual check		Document has appropriate color contrast

		Page Content



		Rule Name		Status		Description

		Tagged content		Passed		All page content is tagged

		Tagged annotations		Passed		All annotations are tagged

		Tab order		Passed		Tab order is consistent with structure order

		Character encoding		Passed		Reliable character encoding is provided

		Tagged multimedia		Passed		All multimedia objects are tagged

		Screen flicker		Passed		Page will not cause screen flicker

		Scripts		Passed		No inaccessible scripts

		Timed responses		Passed		Page does not require timed responses

		Navigation links		Passed		Navigation links are not repetitive

		Forms



		Rule Name		Status		Description

		Tagged form fields		Passed		All form fields are tagged

		Field descriptions		Passed		All form fields have description

		Alternate Text



		Rule Name		Status		Description

		Figures alternate text		Passed		Figures require alternate text

		Nested alternate text		Passed		Alternate text that will never be read

		Associated with content		Passed		Alternate text must be associated with some content

		Hides annotation		Passed		Alternate text should not hide annotation

		Other elements alternate text		Passed		Other elements that require alternate text

		Tables



		Rule Name		Status		Description

		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot

		TH and TD		Passed		TH and TD must be children of TR

		Headers		Passed		Tables should have headers

		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column

		Summary		Passed		Tables must have a summary

		Lists



		Rule Name		Status		Description

		List items		Passed		LI must be a child of L

		Lbl and LBody		Passed		Lbl and LBody must be children of LI

		Headings



		Rule Name		Status		Description

		Appropriate nesting		Passed		Appropriate nesting




Back to Top

