Some Considerations for
Practical Airship Applications

Dr Mark J. Lewis
Department of Aerospace Engineering
University of Maryland, College Park

April 1, 2010



®

4RYLB

|l n True Academi

éeéoffering no answers today,

A\gainst what platforms must airships compete?
fSealift
AAirlift
Space
KOther?

ANhat research questions remain unknowns?
AVaterials
Aerodynamics
AControls
A/ulnerability
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@@}1 As Others Have Mentioned

TRy LN

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

Ahirships have met with mixed success, have generally
lost out in comparison to other platforms.

ANhat is new today?

MSustainment issues
Anergy costs

Axtended global conflict
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Photo # NH 98998  USS Shenandoah's wrecked bow section, September 1925

"l 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 |l ast few daysé. T
are the direct result of the

incompetency, criminal negligence and
almost treasonable administration of

the national defense by the Navy and

War Departments. 0 Sep

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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@ Ai rships -Epacadbea
o I High Altitude, Long Duration

AAir Force focus
Anterest at AF Space Command
AJSAF Chief of Staff Gen Jumper
A\FRL study
AJSAF Scientific Advisory Board study
Aerospace Corp.

ACompeting concepts
AJALE Aircraft (i.e. Vulture)
MARocket boost to altitude (i.e. Rapid Eye)
Aerostats
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Near Space Airships Have Issues

A

Technical Requirements were questioned

A Required Altitude? Is greater than 65kft possible?

A Persistence?

A Station keeping?

A Free-floaters possible?

Mission Trades

A s it better to launch 10-$1M assets or 1 $10M asset?

Operational issues

A Controllability of platform, station keeping

A Launch point vs. target area (prevailing winds)

A Mission class

Technology readiness

A TRL Level: Free floating balloons are the only TRL 9 Carriers
available.

A What are the development/ production / maintenance costs of

the Airship/UAV concepts?
Survivability in a high threat environment?
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‘@/ From Near-Space to Transport

Aransport is less demanding in
MMaterials
Aropulsion
Andurance

ACONOPS better understood

Mirect applicability to relevant DoD challenges

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

: Facilities
Fighters 18%
20% Bombers
6%
Ground ° .
2% Trainers
3%
N Ot her Transfers
8% 4%

Aviation Mobility

39% Total $7B FY 2009
~ TheAirMobilty Fleetis the Biggest Consumer, Followed by Fighters

Fuels Enterprise System & Defense Utility Reporting System
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@/ Addressing Energy Use on
e Conventional Platforms

A Propulsion solutions-i1 t 6s hard to bui l
turbine, but we are tryinge

A Alternate fuels - WWII German, South African,
Brazilian experience; 11t06s h

A Configurations - better L/D from winglets (?), blended
configurations, engine installation, etc.

A ConservationT but pil ots really 11

AORéa different vehi cl e conce
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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

2 )UAS
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A Fischer-Tropsch fuels
certification effort i
many lessons learned

A Air Force moving to
bio-fuels

A Key issue T drop-in replacement for JP-8
A Similar physical properties
A Equal or greater energy release
A Emissions
A Engine lifetime (seals)

11
4/7/2010 9:51 AM



quSITJ’

O
-

1. Alternate Fuel Use Is Expanding

Air Force Debuts Biofuel-Guzzling Warthog

Jason Paur/Wired.com/March 31, 2010

7 0 Rl
T
President Obama, with an F-18 WVRITIAIY KON R
nGreen Horneto tha .. yn _na
on bio fuel, during his speech on | WEEI A
energy security on Wednesday at
Andrews Air Force Base in
Maryland.
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Advanced Airframe Concepts

Range Is proportional to
L/D, so best way to affect
Fuel consumption is better
Aerodynamics.

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

AoD Fuel Bill is Approximately $13B/year

A0% of USAF fuel consumption is in transport

An many cases, speed isnbot
Anirfield requirements or lack thereof?

ACompete against ocean transport?
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Governing Equations - Buoyancy

Force balance:

my,
pair(z){nfill|: m.. :|\/+ U Sref } I\/Ipayload_i_ |\/Istructur(—:T'_ GskinS

Simplified assumption: payload mass and/or skin mass
dominates structure

Some obvious questions:

MReasonable areal densities?

AVhat is the proper lift reference area, S,.?
Adow to model lift coefficient, C, ?
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@/; Simple Geometry Model i Prolate Ellipsoid
T, =L

Simple E”ipSOid: Ellipsoidal envelope |

A m
V = —z(hw)L® \ o]
Ser = WL r * ’l

2 > (1-y°Z°dz  hwPL [« dz
= h12y1—
S 2/{[WL] +hlvVli-w _[O r_zz) + — ) \/(1_22)(1_ yzzz)]

x=cos'[l/w] y= %

A close A1

1/p
approximation: S~ —— ([h Lz]p + [WLZ]p T [hWLZ]p)

0=1.6075 3P
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More Flexible Model : Non-Symmetric

Simple ellipsoid can be expanded to include different
front and back half lengths (U L ,-U ]), @ifferent top
and bottom curves(h , ):U h

S~ 1.586{([gh 2T + i’ T + [hwl_z]pj/p V =
+C(2 —ohL] +[@-ewL?] + [hwl_z]pj/IO
+(}:5h L2]p + [(SWLZ]IO + [é‘nwl_z]pj/p

+C(2 ~£)oh Lz]p +]@- g)WLz]p + [éhwl_z]pj/p}

2(1+ 5)

ﬂ{382 eg+4}L

Sref = ﬂ\NLZ

This will describe almost any reasonable hybrid shape
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Near-Spherical Limit
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= ﬂ7r(hW) L°

;,’g (T [hwe]pj’p
~ ? {Z(h +W)— 1}L2

Not surprisingly, airships can have very high volumetric

efficiency: O.62[hw]2 I3
2/h+w] -1

For most values, >75% sphere

77vo| =
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). Simple Case: Non lifting, AXxisymmetric
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Non-lifting: Ellipsoidal envelope
|
1- The \/_ M Sm
pair(z - payload+ structure+ Oskin (
v e
If payload mass dominates: | 2L =!
Mn n-litin 1
V = oniting Surface area vs. volume:
_% air(z)
m,;, Envelope material is

a technology driver

3V T’Thp +wP + hwP T/p

S~ 4
”Lﬂhw 3

If envelope mass dominates:

L6075, \\16075 p\\A607 062208
C/ ~ 4.3991( e 5) \/2/3
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