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Airship Engineering — Design Science or Luck? g
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What Nevil Shute Said g
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“It has been said an engineer is a

man who can do for five shillings JAMES _, .
(30¢) what any fool can do for a SI[WAR]'& .
3 e}}

pound ($1.22).” | MARLENE 1,

* Deputy Chief Engineer of the R100 project
under Barnes Wallis in 1929 and later,
himself, Chief Engineer

» Author of ‘No Highway’— all about
anticipating a metal fatigue - later formed the
basis of the 1951 film ‘No Highway in the ’

Sky’ - Jimmy Stewart and Marlene Dietrich TR el i ﬂgﬂrﬂﬁﬂﬂ
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Wells in his novel “First Men in Yuolraed INTHEMQON
the Moon™- Is an artificial Word's Grerost Aurhors M. G. WELLS

metallic substance that has | ‘
“gravity-blocking properties and

Moon

 When a sheet of Cavorite is
exposed, “it makes the air above
it weightless”

« Helium gas, at lower earth
atmospheric altitudes, is a sort
of anti-gravity material — Think
about this...

(CC BY-NC 3.0)
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‘Free Lift’ — What Design Engineers Can Exploitgﬁ
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Lift _ _ _

Winged aircraft A
« Simplify for moving in two planes: oy

. . . . . ~ "
— Vertical to climb and maintain altitude gk e
H . - - . S IDrag
— Forward to achieve useful transit speed Relative Wind "
Centerof —x

« Separate the two: B
A. Imagine aircraft is stopped (say, a wind
tunnel) - use fuel to overcome induced drag <afijm==
resulting from generating vertical lift Thrust
component

B. To then move forward (like a car and air
resistance), additional resistance drag must
be overcome — requires more fuel

Airship
 Lighter-Than-Air gas provides free

vertical lift without the need to generate
aerodynamic lift — saves this fuel

* Only fuel to overcome forward drag -
like a road vehicle, moving at speed etc

(CC BY-NC 3.0)
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Comparative Transport g
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Courtesy: ASME, Journal of Mechanical Engineering, Volume 72, 1950, Pages 775-781, “What Price Speed”-
(CC BY-NC 3.0) Specific Power Required for Propulsion of Vehicles” by Gabrielli and von Karman



So, Why Aren’t There So Many Airships in éﬁ
the Sky Today, That We Live in their Shade* =&

« The aspirational goal for airship technology is, perhaps,
Its successful utilization for heavy/outsize-airlift
platforms — but has remained elusive primarily because
of four issues:

— Record of development failure — undermined credibility
— Critical technologies — not well identified or addressed

— Executive leadership and execution — incomplete due diligence,
disregarding risk, not learning or ignoring lessons learned,
flawed vision — ‘Wilkins Micawber-like’

— ...and what Sidney Camm said:

(CC BY-NC 3.0) * Dienekes was thinking about arrows



Record - Crashes, Cancellation and Credibilityg
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(CC BY-NC 3.0) * GAO-13-81 Defense Acquisitions

DoD & Associated Airship Programs During Past 20 Years*
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Critical Technologies g
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Revival In The Air?
Manufacturer believes Goodyear's interest will
help renew pursuit of zeppelin technology

« Zeppelin NT is perhaps the most
practicable airship presently
flying

« Zeppelin Managing Director
Thomas Brandt: “...is skeptical
about using them for outsize cargo
transport...[he] points out that
‘major technical issues are not yet
resolved.’ Most pressing is the
problem of off-loading cargo
without the Zeppelin instantly
becoming too light.”

w
o

. ’ NT
Aviation Week & Space Technology/July 11, 2011 -

(CC BY-NC 3.0)
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Calculate Risk, Insert Experience and Apply g
Sound Judgment e

“‘Everyone is rather keyed up now, as we all feel that the future of
airships very largely depends on what sort of show we put up. There
are very many unknown factors, and | feel that that thing called
“Luck” will figure rather conspicuously in our flight.””

Courtesy University of Bristol

Time: 0206:35 Time: 0207:24 Y
o~ Nosetdfggi— Storm-Beauvais »
countered by Ridge wind shear
‘w\b\f 1,000 ft —— up-elevatorand —— _ h%h rate of

: ballast release

1,200 ft

descent, 1,400+

ft/min ensues, Time:
nose-down; 0207137§
ballast released | Rate of
descent
slowed, Time: 0208:32
= further Engines cutto
oo Nimbus Cloud Layer Base St - el

Time: ~0204:12 release speed, nose

Tear develops in upper drops

forward cover—drag Tlm_e: 0208:08 :

increases, speed and Attitude levelled but rate of| o
aerodynamic lift reduce descent nearly 300 ft/min; f 4

—damage H; cells, loss impact anticipated, further \f' . -
of aerostatic lift ballast released : ‘
0205 0206 0207 0208 Time: 0208:50
Nose impacts ground at
Loss of the R.101 — Occurred over a period of 4 minutes 38 seconds; control effectors were AR

insufficiently responsive/effective to reverse a high rate of descent and recover to safe flight
following envelope damage and probable wind shear

Program Leadership?

* Lieutenant Commander Atherstone*, First Officer R.101, personal diary
entry on the eve of the R.101 departure for India, Friday, 3 October 1930;
(CC BY-NC 3.0) died in the R.101 loss outside Allonne, France, October 5, 1930




Sidney Camm

“All modern aircraft have four dimensions: span,
length, height and politics...”
Sidney Camm?*

* Chief designer at Hawker Aircraft Company until 1965 — responsible for aircraft including Hawker Hurricane,
(CC BY-NC 3.0) Typhoon, Fury, Hunter and Harrier - Statement made on the cancellation in 1965 of the BAC TSR-2
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Summarize and Identify a Way Forward éﬁ

Persplcuous Technologles

« Airships were very successful until the later 1930s after which time the
burgeoning operating utility and practicability of winged aircraft gradually
led to their demise (1960s)

« However, airships retain the advantage that their ton.mile energy
requirement can be dramatically less than for a conventional aircraft (heavy
ift/ISR)

* Nevertheless, recognize that an airship redux will not prove to be easy -
witness a number of failed or cancelled airship programs and consequent
struggle to be taken seriously - a history of expectation being revved to run
ahead of reality in the effort to keep programs ‘sold’

* Problem traceable to poorly conceived and executed programs in which the
conceptual designs have been found technically short, management poor
and a palimpsestic attitude to important early 20" Century airship
experience

« Essential to introduce an era of more prudent airship design, clear vision
and more critical management...and establishment support

» Airships that are more truly in synch with the 21st century aviation practices
and advanced military-commercial operating utility needs — need a truly
advanced airship technology approach

(CC BY-NC 3.0)



Establishing Point of Design Departure C:g
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Key Configuration Approaches g
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Three structural approaches:

 Rigid
*  Non-rigid
«  Semi-Rigid

Mold-line Internal Frame Internal Keel-Frame Inflated Envelope(s)

Three primary lift-technology airship approaches:

«  Simple buoyancy (Lighter-than-Air (LTA) Flight)

*  Hybrid (Heavier-than-Air (HTA) Flight)

« Advanced Technology Airship (Lighter/Heavier-than-Air Flight)

Buoyancy Buoyancy Buoyancy
Thrust Vectoring Thrust Vectoring Thrust Vectoring
Aerodynamic Lift (>40% AUW) Aerodynamic Lift
(CC BY-NC 3.0) Integrated Lift-Ballast System



Advanced Modal Flight
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Airship Type

Ground
Operation

Take-Off &
Ascent

Descent &
Landing

Payload off

-load

Simple Buoyancy

Advanced Technology

(CC BY-NC 3.0)

LTA

Requires
ground crew
support

LTA

Requires
ground crew
support

LTA

LTA

Requires
ground
crew
support

Operating Modes:
LTA - Lighter Than Air operation
HTA — Heavier Than Air operation

LTA

Requires
ballast
exchange




Transformational Technology Approach g
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Airship - Blimp

Unloading - additional s e
support requirement?
« VIOL

* Infrastructure required - ballast \ W " _I' .
« Replacement Helium o - Helium Venting
— Lift Reduction

Unloading - additional
support requirement?

* No VTOL (40% Aero)

* Infrastructure - ballast

Water Re-
ballasting

Unloading additional

_ Air Vehicle
support requirement? Organic
. VTQL Ballast/
* No infrastructure — Buoyancy
no external ballast Control
source System

(CC BY-NC 3.0)



Advanced Airship — An Integrated System of Llft-gg

Ballast Systems ——an_—

Viediche
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\ Tanks (Emvelope
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(CC BY-NC 3.0)



Advanced Integrated Lift-Ballast System

Two principal aspects:

— Enabling lift technologies:
« Aerodynamic Lift
« Direct Lift

« Gas buoyancy (static heaviness)
manipulation and management
systems:

o Compression
o Superheat
- Ballast generation:
o Condensate
o Other
* Fuel choice
— Integrated operation - working as a
fly-and-forget lift control system:

» Vehicle organic, Full Authority
Airship Lift Control system
(FAALCYS)

(CC BY-NC 3.0)
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Critical Technology — Static Heaviness Control
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He Pressure
ENVelope
Empty

He Rigid
Main
Envelope

—7

Air Envelope
and Ballonet

Air Envelope
Valve to

atmosphere

He Pressure
Envelope — He
pressure

Helium

He

Compressor

increased with
mass pumped
in from main
envelope

Air drawn
through
valve from
atmosphere

(CC BY-NC 3.0)

He

Compressor

-~

i/\/l//-\/~/

Air

4

Static
Heaviness
Increases by
the weight of
the mass of Air
filling the
volume void
resulting from
He being
compressed
into pressure
vessels

e et
- AR

7N 74 \“' / L‘;' .

Air Back-fill
Cells

He Filled
Gas Cell

He Pressure
Envelopes

— In neutrally buoyant flight

— He in gas cell and pressure envelopes nominally
equal

— Air back-fill cells notionally empty

— He volume in the Gas cell is reduced

— Back-filled by off-board air into air containment cells
— Results in overall air vehicle mass 1

— Air vehicle descends



Airship Technology ‘Iron Bird’

ass Recovery/ :

<

Maneuver Control/

Vectored Lift ":L MIEES FITEEEEET Storage System :
- | Landing Gear/
E { ] Ground Ops. p
ol ropulsors
c Cruise Engines Dash Engines I
o
—
-; | | - : | Gas Compression
2 Engine Exhaust Heat System
@ Water Recovery :

Ballast System
L; ¥ :\5"\\: . Gas Pressure Vessels
g < SRS
E R EF)’CLT;?I Super-heat He Envelope
- Devices
—
o o ‘
— ~3
o
Vent Valves

Aerodynamic Lift

* Prove feasibility of an advanced airship
propulsion-lift/ballast generation system
— Integration
—  Performance
—  Weight
—  Scalability
—  Discrete technologies — system choice
—  Volume
—  Ballast/lift generation
—  Lift Control response and bandwidth

* Leads to airship concept selection

«  On/Off ramp decision point - whether to
proceed to flight demonstration or stop

»  Affordable — sensibly incremental

Bombardier ‘Iron Bird’

DARPA Common Affordable Lightweight Fighter (CALF) ‘Iron Bird’

VC 10 ‘Iron Bird’

(CC BY-NC 3.0)
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Airship Technology ‘Iron Bird’ — What it will Involve?
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An Airship Development Program To Succeed
Where Earlier Efforts Have Failed

+« Comprehensive

due diligence

leads to smarter

program

execution:

— Better technical
understanding

— More accurate
assumptions

— Better program
foundation G T

— Reduced risk =

Due Diligence

Perspicucus Technologies

Structured Analysis

EUCOM/AFRICOM/ -
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Operational Objectives QFD 1

Threat Analysis | | Operational Cancepts |

[ IsRoriLSinterface |
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Defined and Traceable
Demonstration Program

+ Operational Concepts:

* Operational
Effectiveness

+ Critical Technologies

+ Demonstrations

+ Integration Challenge

* Risk

« Affordability

Modeling &
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Capability Growth

+ TRANSCOMWA
MC

+ILS Best
Practices

+HADR
experience

+Design study
*QFD

+Due diligence
«Initial studies
«6-months
«Muitiple studies

«Program

Tog! «Design research
Mission

«Validation
«Critical
technologies
demonstrations

Mat awards
«lron Bird

- Logistics Interface
~Adverse Weather
« Survivabiiity

«Detail design
« Fabrication
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Advanced Air Airship Scaling
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60tons/~4M ft2

200tons/~12M ft?

500 tons/~28M ft2 ‘f

$0.90

$0.80 -
$0.70 -

$0.60

$0.50

$ Cost per Ton.mile

$0.20 -
$0.10 -

$0.00 -

$0.40 -

$0.30 -

$0.01

Pipeline

$0.01

Ship

$0.20

$0.02 I
—_—

AlAirship

$0.80

$0.27

Truck FW Air

C-130J IL-76 MD Advanced Advanced
Airship 60T Airship 500T

Length (ft) 174 954 247 1443 150.08 440 840
Span (ft) 165.6 1293 223 13568 161.6 160 300
Max Take-off Weight (Ib) | 583,660 153.450 840,000 310,200 374,000 296,853 2.240.000
Max P/L {Ib) 170,500 41,998 263,200 81,400 94,600 134,400 1,120,000
Range @ Max P/L (nm) 2420 1,800 2.400 2450 2,200 3,100 5,300
Max Speed (kts) 450 320 500 420 490 110 110

(CC BY-NC 3.0)



Advanced Air Airship Missions

Persplcuous Technologles

Historical CONOP — German WWI Railway

“Build no more fortresses, build raifways” - Molike

By 1914, all German war plans were based on
~ Aveiding skout war on two fronts, simulanecusly

- Inter/Intra-theater - little supporting infrastructure | ===

Maneuver

+ German rail system
~ Primary means of strategic concentration - and
09 ard equpment between frants
~ A supplyoop train coud cover about 500 mies
2 day 1o.a rai head within €0 mies of front ines
= An artcie of natonal wil - all Ines aong the
Rhine and west of the iver had boen kocated i
‘accardance with miltary needs

“Hybrid Airship (PIL x Speed)Transportation Capabllity With Little
Dependency On Infra-structure Brings 21% Century Strategic Value

24 1940 May 101988 =
« Sustainment, logistics re-supply; ship-like or T

~ Using 3 Berin sifekds: Galow. Tege! and Temgiehol
- Overal, 1,783,000 tons: 277,804 fights

train-like payloads Sustainment

- Number of arcraft used: 441 US +
(RAF) + 101 UK (Civi)

UK

+ Average Apr 16 mission payload: 826 tons,
required 1,398 fights and 2-3 sortes ESJ=4
per acraf - found tip 274-565 mes

- Atematwe

- Fise o & Aeroserat 500 ton pafoas
ar vehicies making 3 missons 1 24 s

Historical CONOP - Haiti, Post January
12, 2010 Disaster Relief Effort

 VTOL operation - airfield independence — § . e

Port Au Prince destroyed with
- Portfaciites lef wih imited capabikty
~ Scle arie viabls bul ATC toweriperineter f0ad ws

unim prove d landin gs ites e

<pace ful and no fusl avadable - at one poir, 44 arerat
parked on the ramp

~ Tivough Jan 17,800 emergency relief fignts landed but 50
diverted, including & Meddcins Sans Fronteres (Doctors.
Wihout Borders. MSF)

Disaster Relief

Ramp space designed for ~12 FW aifiners and ensiing
congestin,created saious delays

+ In marked contrast, VTOL afrat are na amp space
Gepondentbuthekoptar arf productiy s poor

'VTOL /Hover Capable Advanced Hybrid Ar Vehicies Are Enabled

To Land Significant Payloads, Independent of Afield Facilfties

Future CONOP - September 20XX
Nigerian Request For US Assi =7

« Helicopter-like hover airlift operations - e

oc during e ghing m Kaduns. Josand Sakoro
ding of the Niger

. . and bridges and access 1o the south, leaving 50,000
- retugees flesing the violence, stranded NW of Abjuba
rebel forces
Airport have hatted interational aid flights
US counter insurgency and rellef operation launched!
sustained from & Gulf of Guinea USN sea base:
- E
7w
perators 0 pronde mumantaran sssisanceand
uges campe
Hover And VTOL Capabllity WithoutUse

Of Oft-board Ballast Supports Alrift From
Sea-basing And Operations To Austere Landing Sites

- - T 2 g
« Operations above denied access maritime or land | ==z

wed g pratn
+ May 2024, China declares 200 mile maritime exclusion zone
3.phase plan for isolation, intimidation and capitulation -

and in restricted airspace* — munitions/ personnel | ==

extending 1ol dsputed ress.
~ Mty buld up for 8 signcan amphiviows anding

Counter Insurgency/
Rescue/Relief

Future CONOP ~ Taiwan Crisi

Geo-political
simmemmmn e - o | Confrontation — Options

‘explosion - China disclaims responsailty, carer withdraws -

' Other Than “Hot War”

(CC BY'NC 30) Escorte Amnwgh.s':lbl



Don’t Read My

Book — Read the Simon Report
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REPORT OF THE
R. 101 INQUIRY

Presensed by the Secretary of State for Air
10 Parliament &y Command of His Majesty,
March, 1931.

W

LONDON :
FRINTED AND PUBLISHED BY HIS MA_]ESTV‘S STATIONERY OFFICE
To be pucehased directly from H,M. STATIONERY OFFICE at
‘Adustral House, Kingsway, London, W.C.2 § 120,
York Street, Manchestes ; 1, St. Andrew's
15, Dacegall Square Wesr, Belfust 5
or through aay Baakseller.

1431
Price 2s. 6d. Net

[Cmd. 3825]

Ned Allen

Editor-in—Chief

John Simon Report, March 27, 1931

(CC BY-NC 3.0)
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Fueling Advanced Airship Innovation? g
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“Ideas are more powerful than guns. We would
not let our enemies have guns, why should we

let them have ideas?”

Joseph Stalin

Questions?

(CC BY-NC 3.0) Courtesy: Pictures Wikipedia



“He tells it like it is” g

BACKUP

(CC BY-NC 3.0)

New Yorker Cartoon, Published August 29, 2016



Conflicting Views On Hydrogen Safety g
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“‘Burns cool and quickly” — This
Is not a Hydrogen gas burn
victim from R101 crash (post
October 5, 1930); it is an actor
about to audition for the part of
the “Invisible Man” in the movie

“‘Unlikely to explode” - This is
not a Hydrogen explosion in the
earthquake hit Fukushima
Nuclear Power plant’'s No 3
reactor, and it did not wound 11
people (March 14, 2011) or ex-
radiate the area with nuke
contamination

(CC BY-NC 3.0)



Built-In Airship Program Transparency — Mandate (Off- éﬁ

Ramp)To Stop If Failing Or No Productivity empresous Technokogies

Program Execution vl

Concept ..-""--
Exploration |'

Concept /.

Program IV
Definition |'

Stand-up |'

+«POND

» Program » Design study » Design research » Detail design
+COCOM - Mission -QFD -Validation - Fabrication
STIPL * Operational/ = Due diligence = Critical «Ground Test
« TRANSCOM/A Transportation -Initial studies technologies «Flight Test
MC «LTA Technology - 6-months demonstrations « <dyears
=ILS Best = Due diligence - Multiple studies = 3-years - Sub-system
Practices begins + 3-4 Operational optimization
=HA/DR = 3-months Concepts «2 Primary
experience »Multiple Tech. Concept LTA
Mat awards awards
MDY A
| | S |
Go/No-go Go/No-go
Off Ramp Off Ramp
Stage Understanding Feasibility Exp./De
Maturatio
TRL 1 2-3 4-5 6-7

Perspicucus Technologies

Proving Airship Technology Is Within Reach — It Offers
Revolutionary Benefits for Transportation and ISR — My Book
Offers A Path To Be Successful This Time

(CC BY-NC 3.0)



Hydrogen g
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Weight 1000ft3
Alr 75lb
‘H, 5Ib
‘He 10Ib

Helium Cost

1915 $2500/ ft3 S
1940 1.5 Cents/ ft3
$37.50/ 1000ft3

Today

Weight Budget

2H2 + 02 -> 2H20

2kg + 16kg -> 18kg

Fuel Carried X 9 = Water Ballast Weight

Explosion potential

- Liquid H, has 2.8 times the energy as
gasoline
Explosive in wider range of
concentrations in air (13- to 79-percent)
- requires sparkless environment

« Helium
Lifting capacity 1000ft3 around 64lbs
Non Flammable
- Hydrogen
Lifting capacity 1000ft3 around 70lbs
Extremely Flammable
- Hull delta pressure — Typical envelope
super-pressure (non-rigid) is ~ O.07 — 0.18 psi
- Air
Weight 1000ft2 around 75Ibs

(e

Hydrogen
- H, 2.8 x energy density JP-8
« 4 xvolume JP-8

sfc

Jet A (Turbo Shaft) 0.53 Ibs/hp. hr
H, (Turbine) 0.18 Ib/hp.hr
H, (Fuel Cell) 0.11 Ib/hp.hr
Storage

STP H, 0.00561 Ib/ft3
2000 psi H, 0.723 Ib/ft3
Cryogenic H, 4.43 |b/ft3




