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In True Academic Fashioné

éoffering no answers today, only questions:

ÅAgainst what platforms must airships compete?

ÅSealift

ÅAirlift

ÅSpace

ÅOther?

ÅWhat research questions remain unknowns?

ÅMaterials

ÅAerodynamics

ÅControls

ÅVulnerability
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As Others Have Mentioned

ÅThere is a long history of airship use in the U.S. 

military

ÅAirships have met with mixed success, have generally 

lost out in comparison to other platforms.

ÅWhat is new today?

ÅSustainment issues

ÅEnergy costs

ÅExtended global conflict
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Billy Mitchell on Airshipsé.

"I have been asked from all parts of the 

country to give my opinion about the 

reasons for the frightful aeronautical 

accidents and loss of life, equipment 

and treasure that has occurred during 

the last few daysé. These accidents 

are the direct result of the 

incompetency, criminal negligence and 

almost treasonable administration of 

the national defense by the Navy and 

War Departments.ò Sept. 1925

Brig Gen Mitchell was court-martialed for this public criticism.

He lost the trial, but the resulting publicity galvanized public 

support for air power, and ultimately led to a separate USAF.
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Airships for ñNear-Spaceò

ïHigh Altitude, Long Duration

ÅAir Force focus
ÅInterest at AF Space Command

ÅUSAF Chief of Staff Gen Jumper

ÅAFRL study

ÅUSAF Scientific Advisory Board study

ÅAerospace Corp.

ÅCompeting concepts
ÅHALE Aircraft (i.e. Vulture)

ÅRocket boost to altitude (i.e. Rapid Eye)

ÅAerostats
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Near Space Airships Have Issues

Å Technical Requirements were questioned

Å Required Altitude? Is greater than 65kft possible?

Å Persistence?

Å Station keeping?

Å Free-floaters possible?

Å Mission Trades

Å Is it better to launch 10-$1M  assets or 1 $10M asset?

Å Operational issues

Å Controllability of platform, station keeping 

Å Launch point vs. target area (prevailing winds)

Å Mission class

Å Technology readiness

Å TRL Level:  Free floating balloons are the only TRL 9 Carriers 

available.

Å What are the development/ production / maintenance costs of 

the Airship/UAV concepts? 

Å Survivability in a high threat environment?
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From Near-Space to Transport

ÅTransport is less demanding in 

ÅMaterials

ÅPropulsion

ÅEndurance

ÅCONOPS better understood

ÅDirect applicability to relevant DoD challenges

ÅBut lingering questions still remain
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Air Force Energy Use (by cost)

Fuels Enterprise System & Defense Utility Reporting System

Aviation Mobility

Transfers

Trainers

Bombers

Facilities
Fighters

Ground

ñOtherò

18%

6%

3%

4%

39%

20%

2%

8%

The Air Mobility Fleet is the Biggest Consumer, Followed by Fighters

Total $7B FY 2009
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Addressing Energy Use on 

Conventional Platforms

ÂPropulsion solutions - itôs hard to build a better gas 

turbine, but we are tryingé

ÂAlternate fuels - WWII German, South African, 

Brazilian experience; itôs hard to beat hydrocarbonsé

ÂConfigurations - better L/D from winglets (?), blended 

configurations, engine installation, etc.

ÂConservation ïbut pilots really like to flyé

ÂORéa different vehicle concept entirely?
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Higher Efficiency Gas Turbines
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Advanced Variable Engine Technology uses a third 

bypass stream to vary pressure ratio while keeping 

mass flow constant

It can be an efficient cruiser OR an effective thruster
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Use Alternate Fuels

ÂFischer-Tropsch fuels 

certification effort ï

many lessons learned

ÂAir Force moving to 

bio-fuels

ÂKey issue ïdrop-in replacement for JP-8

Â Similar physical properties

Â Equal or greater energy release

Â Emissions

Â Engine lifetime (seals)

11
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Alternate Fuel Use is Expanding
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Air Force Debuts Biofuel-Guzzling Warthog
Jason Paur/Wired.com/March 31, 2010

President Obama, with an F-18 

ñGreen Hornetò that will run partly 

on bio fuel, during his speech on 

energy security on Wednesday at 

Andrews Air Force Base in 

Maryland.
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Advanced Airframe Concepts
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Range is proportional to

L/D, so best way to affect

Fuel consumption is better

Aerodynamics.

X-48b at Dryden/Edwards AFB

Blended Wing Body Aircraft Concept
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Can Airships Dramatically Decrease Fuel Use?

ÅDoD Fuel Bill is Approximately $13B/year

Å40% of USAF fuel consumption is in transport

ÅIn many cases, speed isnôt required for transport

ÅAirfield requirements or lack thereof?

ÅCompete against ocean transport?
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Governing Equations - Buoyancy

Force balance:

Simplified assumption: payload mass and/or skin mass

dominates structure

Some obvious questions: 

ÅReasonable areal densities?

ÅWhat is the proper lift reference area, Sref?

ÅHow to model lift coefficient, CL?
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hL

wL

Simple Geometry Model ïProlate Ellipsoid

Ellipsoidal envelope

2L

Simple Ellipsoid:
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A close

approximation:
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More Flexible Model : Non-Symmetric
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Simple ellipsoid can be expanded to include different 

front and back half lengths (ŮL, [2-Ů]L), different top 

and bottom curves(h, ŭh):
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This will describe almost any reasonable hybrid shape
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Near-Spherical Limit
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Not surprisingly, airships can have very high volumetric 

efficiency:

vol

0.62 hw
2/ 3

2[h w] 1
For most values, >75% sphere
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Simple Case: Non lifting, Axisymmetric

Non-lifting:

If payload mass dominates:

Surface area vs. volume:

Ellipsoidal envelope

Envelope material is

a technology driver

If envelope mass dominates:

2L


