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Airship Engineering – Design Science or Luck? 
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“It has been said an engineer is a 

man who can do for five shillings 

(30¢) what any fool can do for a 

pound ($1.22).” 
 

• 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 

What Nevil Shute Said 
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• According to the author H.G. 

Wells in his novel “First Men in 

the Moon”-  is an artificial 

metallic substance that has 

“gravity-blocking properties and 

enabled Dr Cavor to travel to the 

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… 

Cavorite 
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Winged aircraft 

• Simplify for moving in two planes: 

– Vertical to climb and maintain altitude 

– Forward to achieve useful transit speed 

• Separate the two: 

A. Imagine aircraft is stopped (say, a wind 

tunnel) - use fuel to overcome induced drag 

resulting from generating vertical lift 

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 

A 

B 

‘Free Lift’ – What Design  Engineers Can Exploit 

LTA Lift 
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Courtesy: ASME, Journal of Mechanical Engineering, Volume 72, 1950, Pages 775-781, “What Price Speed”–  

Specific Power Required for Propulsion of Vehicles” by Gabrielli and von Karman 
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The Gabrielli – von Karman Line 

is borne out by observation of the 

P/W.V relationship with the 

maximum speed of the 

respective vehicle…. 

Comparative Transport 
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So, Why Aren’t There So Many Airships in 

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: 

 

* Dienekes was thinking about arrows 
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Record - Crashes, Cancellation and Credibility 
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Aviation Week & Space Technology/July 11, 2011 

Critical Technologies 

• 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.” 
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“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 I feel that that thing called 

“Luck” will figure rather conspicuously in our flight.”* 

Calculate Risk,  Insert Experience and Apply 

Sound Judgment 

* Lieutenant Commander Atherstone*, First Officer R.101, personal diary 

entry on the eve of the R.101 departure for India, Friday, 3 October 1930; 

died in the R.101 loss outside Allonne, France, October 5, 1930  
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“All modern aircraft have four dimensions: span, 

length, height and politics…”   

    Sidney Camm* 

Sidney Camm 

* Chief designer at Hawker Aircraft Company until 1965 – responsible for aircraft including Hawker Hurricane, 

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 

• 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 

lift/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 20th 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  
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Establishing Point of Design Departure 
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Three structural approaches: 
• Rigid 

• Non-rigid 

• Semi-Rigid 

 

 

 

 

 
 

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) 

Key Configuration Approaches 

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

     Buoyancy           Buoyancy     Buoyancy  

     Thrust Vectoring          Thrust Vectoring    Thrust Vectoring  

           Aerodynamic Lift (>40% AUW)    Aerodynamic Lift  

        Integrated Lift-Ballast System 
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Airship Type Ground 

Operation 

Take-Off & 

Ascent 

Cruise Descent & 

Landing 

Payload off 

-load 

Simple Buoyancy LTA 

Requires 

ground crew 

support 

LTA 

Requires 

ground crew 

support 

LTA LTA 

Requires 

ground 

crew 

support 

LTA 

Requires 

ballast 

exchange 

Hybrid HTA HTA 

Requires 

runway 

HTA HTA 

Requires 

runway 

HTA 

Requires 

ballast 

exchange 

Advanced Technology HTA LTA LTA/HTA 

Established 

by mission 

needs 

LTA HTA 

Hover 

Advanced Modal Flight 

Operating Modes: 

LTA - Lighter Than Air operation 

HTA – Heavier Than Air operation 



(CC BY-NC 3.0)  

Conventional Hybrid 

Unloading additional 

support requirement? 

• VTOL 

• No infrastructure – 

no external ballast 

source 

Airship - Blimp 

Unloading - additional               

support requirement? 

• VTOL 

• Infrastructure required - ballast 

• Replacement Helium 

 

Helium Venting 

– Lift Reduction 

Pump Pump 

Air Vehicle 

Organic  

Ballast/ 

Buoyancy 

Control 

System 

Advanced Technology 

Unloading - additional 

support requirement? 

• No VTOL (40% Aero) 

• Infrastructure - ballast 

Transformational Technology Approach  

Water Re-

ballasting 
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Advanced Airship – An Integrated System of Lift-

Ballast Systems 
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• 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 

(FAALCS) 

 

Advanced Integrated Lift-Ballast System 
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He Filled 

Gas Cell 

He Pressure 

Envelopes 

Air Back-fill 

Cells 

– 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 ↑ 

– Air vehicle descends 

He Pressure 

Envelope 

Empty 

He Pressure 

Envelope – He 

pressure 

increased with 

mass pumped 

in from main 

envelope 

He Rigid 

Main 

Envelope  

Air Envelope 

and Ballonet  

Air Envelope 

Valve to 

atmosphere 

Air drawn 

through 

valve from 

atmosphere 

He 

Compressor 

He 

Compressor 

Air 

Helium 

Static 

Heaviness 

Increases by 

the weight of 

the mass of Air 

filling the 

volume void 

resulting from 

He being 

compressed 

into pressure 

vessels  

Critical Technology – Static Heaviness Control 
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• 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 

Airship Technology ‘Iron Bird’ 

http://2.bp.blogspot.com/-uM7szZK5Vio/VeYk3e9Gr1I/AAAAAAAABas/DTD90k-KxWY/s1600/ssf_lockheed_03.jpg
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKHao4eHtsgCFYk2PgodeZwDrQ&url=http://www.aero.de/news/Bombardier-CSeries-startet-zum-virtuellen-Flug.html&bvm=bv.104819420,d.cWw&psig=AFQjCNFyf5ZUKscG5xyXcSIX_0T9Un3UAA&ust=1444502933779994
http://xbradtc.com/2014/05/13/iron-birds/download-2/


(CC BY-NC 3.0)  

Airship Technology ‘Iron Bird’ – What it will Involve? 

Hull Water 

Collection 

Gutter 

Exhaust 

Condensate 

Recovery 

System 

Helium 

Super-heat 

System 

CODOG Power System 

Helium 

Envelope/ 

Pressure 

Vessel 

Gas 

Compresser 

Landing System 

Solar 

Heat 

Reaction 

Control 

Ammonia 

Ballast 

Water  

Tank 
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An Airship Development Program To Succeed 

Where Earlier Efforts Have Failed 
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Advanced Air Airship Tradespace 
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Advanced Air Airship Scaling 
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• Inter/Intra-theater - little supporting infrastructure          

 

 
• Sustainment, logistics re-supply;  ship-like or 

train-like payloads 

 
 

• VTOL operation - airfield independence – 

unimproved landing sites 

 
 

• Helicopter-like hover airlift operations - 

independence from off-board ballast – operating 

to a sea base 

 

• Operations above denied access maritime or land 

and in restricted airspace* – munitions/ personnel 

Maneuver 

 

 

 

 

Sustainment 

 

 

 

 

Disaster Relief 

 

 

 

 

 

Counter Insurgency/ 

Rescue/Relief 

 

 

 

 

Geo-political 

Confrontation – Options 

Other Than “Hot War” 

Advanced Air Airship Missions 
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John Simon Report, March 27, 1931 

Don’t Read My Book – Read the Simon Report 
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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 

Fueling Advanced Airship Innovation? 

Questions? 
Courtesy: Pictures Wikipedia 
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BACKUP 

New Yorker Cartoon, Published August 29, 2016 

“He tells it like it is” 
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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 

Conflicting Views On Hydrogen Safety 
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Built-In Airship Program Transparency – Mandate (Off-

Ramp)To Stop If Failing Or No Productivity 

Proving Airship Technology Is Within Reach – It Offers 

Revolutionary Benefits for Transportation and ISR – My Book 

Offers A Path To Be Successful This Time 
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Hydrogen 

• 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 1000ft3 around 75lbs 

Helium Cost 

1915 $2500/ ft3 

1940 1.5 Cents/ ft3  

Today  $37.50/ 1000ft3 

Weight 1000ft3 

•Air 75lb 

•H2 5lb 

•He 10lb 

Hydrogen 

• H2 2.8 x energy density JP-8 

• 4 x volume JP-8 

Weight Budget 

2H2 + O2 -> 2H2O 

2kg  + 16kg -> 18kg 

Fuel Carried X 9 = Water Ballast Weight 

Explosion potential 

• Liquid H2 has 2.8 times the energy as 

gasoline 

• Explosive in wider range of 

concentrations in air (13- to 79-percent) 

- requires sparkless environment  

sfc 

Jet A (Turbo Shaft) 0.53 lbs/hp. hr 

H2  (Turbine) 0.18 lb/hp.hr 

H2 (Fuel Cell) 0.11 lb/hp.hr 

Storage 

STP H2   0.00561 lb/ft3  

2000 psi H2  0.723 lb/ft3 

Cryogenic H2  4.43 lb/ft3 


