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Abstract 
 
Airships are the first craft that realized mankind’s dream of controlled, powered flight but have been a forsaken method of air transporta-
tion since the invention of heavy-than-air aircraft. However, environmental concerns have urged humanity to think once again over the 

possibility of deploying these lighter-than-air ships. This paper describes an on-going project thereby a nature-inspired airship, namely 
Huvr Trek is being designed to address current airborne technological, economical and ecological gaps. It uses the world’s best thermal 
insulator and second lightest material, silica aerogel for inhibiting heat transfer within the balloon for efficient lift as well as in a proto-
type liquid-fuelled ramjet for propulsion. The airship uses carbon aerogels also as super capacitors for energy storage. Proposed applica-
tions of the aerogel airship are and implementations into advertising and tourism, surveillance, environmental monitoring, planetary ex-
ploration, cargo transportation, stratospheric observation, medical equipment carrier and telecommunication relay.  
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1. Introduction 

Increasing concerns on volatile prices and potential scarcity of the 
fossil fuels, coupled with on-going global climate change, have 
further pronouncing the need for green technology innovations in 
the aerospace arena. Concepts of renewable energy, super insula-

tion and electric aero-propulsion systems are continuously being 
brought forward by both academia and industry in order to realise 
a sustainable low carbon society. History has proven that more 
efforts have been made towards the heavy-than-air (HTA) craft in 
comparison to lighter-than-air (LTA) vehicles that are traditionally 
known as airships or dirigibles. The former category uses fixed-
wing (aircraft) and rotary-wing (helicopter) to generate the aero-
dynamic lift by the motion of an aerofoil through the air whilst the 

latter stays aloft using light gas to create a buoyancy effect, which 
may be referred to as an aerostatic lift. This distinctive characteris-
tic have allowed them to have longer endurance, higher payload-
to-weight ratio with lower fuel consumption. 

Airships have witnessed both remarkable triumphs and shocking 
tragedies. Dirigibles were first materialised in 18th century with 
the very first recorded flight of a non-rigid dirigible by Jean-Pierre 
Blanchard it 1784. The word "dirigible" in fact comes from the 
French word ‘diriger’ that means "to direct or to steer". The ellip-

soidal-shaped balloon consisted of with a rudder, an elevator, and 
three large airscrews to convert the hand power into propulsion. In 
1852, the first engine-propelled airship, powered by steam was 
invented by Henri Giffard thereby he flew 27 kilometres. The 
airship had a length of 143 feet and a diameter of 40 feet. It suc-
cessfully completed a flight of 17 miles at a speed of 5 mph using 
a three horsepower engine. Attempts in deriving more powerful 
and bigger airships continued and in 1900, the golden age of air-

ships instigated with the advent the German-made dirigible Zeppe-
lin LZ-1 (Luftschiff Zeppelin). In 1909, the first airliner, DELAG, 
which stands for DeutsheLuftschiffahrts-Aktiengesellschaft (Ger-
man Airship Transportation Corporation Ltd), was founded. Dur-

ing 1920s and 1930s, after the World War I, the United States and 
Britain constructed several airships, almost replicating the original 
Zeppelins’ design. They served as commercial carrier, cargo as 
well as for military purposes. The era of airships literally ended 
due to several airship accidents, including the 1937 burning of the 
Hindenburg, the largest aircraft ever built. It burst into flames and 
crashed to the ground at Lakehurst, N. J., killing 22 crewmen, 13 
passengers and a ground worker. Meanwhile, the first powered 

heavier-than-air aircraft was already invented by the Wright 
brothers and significant progresses were being made on fixed-
wing aircraft showing their efficacy [1]. 

However, during the past few years, interests have been diverted 
towards these LTA vehicles while being in quest for alternative 
solutions for fossil fuelled vehicles and greener air transportation.    
Advancement of modern techniques, such as composite materials, 
optimal design, computational fluid dynamics, thermal modelling, 

vectored thrust, and automatic control, have all brought a resur-
gence of airships. In terms of applications, both commercial and 
scientific suggestions for modern airships have been proposed; 
amongst are in advertising and tourism [2], surveillance [3], envi-
ronmental monitoring, planetary exploration, heavy-lift cargo 
transport, stratospheric observation and telecommunication relay. 
In order to realise these applications of airships, dynamic model-
ling is essential in order to analyse their flight behaviour and de-
sign control systems while optimising their flight trajectories. It is 

worthy to note that the dynamic modelling of HTA and LTA are 
dissimilar for a number of reasons including a difference in the lift 
generation mechanisms, a change in assumption regarding solid-
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fluid interactions such as buoyancy and those related with inertia 
of the surrounding air and the geometry/structure. Li et al. [4] 
addressed a state-of-the-art literature review focusing on airship 
dynamics. The article provided a comprehensive description of the 
main problems in airship dynamics modelling and summarized the 
theoretical (analytical or numerical) and semi-empirical tech-
niques to solve these problems. They discussed the implications of 
the collar triangle in airships technology, in other words, the inter-

action of aerodynamics/aerostatics, flight dynamics and structural 
flexibility. In addition, two factors were added into the triangle: 
atmospheric turbulence and effects of ballonets, as shown in Fig-
ure 1. The thicknesses of the lines and circles quantify the amount 
of existing research in each discipline for airships. 

 

Fig. 1: Interaction of five disciplines in airships technology [4] 

On the other hand, aerogels [5] are a class of materials, often con-
sidered as a state of matter on their own which are prepared via a 
sol-gel process followed by drying. An aerogel is essentially a gel 
in which the liquid phase has been replaced by a gas, usually car-
bon dioxide, without collapsing the already existing nanoporous 
structure, thereby avoiding the subsequent shrinkage and cracking 

of the dried gel.  Initially, at the time of invention by Samuel 
Kistler in 1931, supercritical drying was used to achieve so [6].  
Nowadays, ambient and freeze drying technology have been suc-
cessfully applied as well [7,8]. Amongst the various types of aero-
gels, silica aerogel has the lowest thermal conductivity which 
dignifies it as the most superior thermal insulator [9], graphene 
aerogel is the lightest of all materials [10] while carbon aerogel, 
patented by Richard W. Pekala and his colleagues at Lawrence 

Livermore National Laboratory in 1988 [11], has been appreciated 
as a very promising material for many energy related applications 
including hydrogen and electrical storage due to its unique combi-
nation of characteristics of high surface area, rich porosity, highly 
electrically conductive, environmental compatible and chemically 
stable [12].  

These fascinating nanomaterials, which have been known for 
many decades, are now being tailored accordingly in respective 

industries to address numerous technological gaps which could 
not be done decades before due to their relatively high manufac-
turing cost. Green Earth Aerogels Technologies is one of the lead-
ing aerogels manufacturers and uses an agricultural waste product, 
rice husk ash to synthesis its silica aerogel under ambient condi-
tions. As a result, the cost is cut by almost 80% compared to syn-
thetically-TEOS manufactured silica aerogels. A benchmarking 
study was carried out by Bheekhun et al. [13], which demonstrat-
ed that GEA-aerogels exhibit comparable nanostructural charac-

teristics with remarkably low thermal conductivity of order 0.015 
W/mK at 25°C. Carbon aerogels, on the other hand, are synthe-
sised from rice husk via sol–gel polymerization of resorcinol and 
formaldehyde, followed by drying and subsequent pyrolysis at an 
elevated temperature in an inert atmosphere. The resorcinol-
formaldehyde aerogels (RF) are produced in a way similar to silica 
aerogels.  

The applications of aerogels in aeronautics have been discussed 

elsewhere [13] and trends have shown that they have potential to 
be implemented in aero-engines for both thermal and fire insula-
tions. Recently, a multi-layer concept was proposed by Jin et al.  
[14], thereby yttria stabilised zirconia (YSZ) and silica aerogel 
were used in conjunction to improve the thermal insulation capa-
bility of an aerospace graded titanium alloy (Ti-6Al-4V or TC4). 

The aerogel was adhered onto the surface of the alloy using organ-
ic glue as a transitional layer or bond coat between the substrate 
TC4 and the upcoming plasma sprayed YSZ. In addition, a single 
layered aerogel-based plasma sprayed coating was achieved by the 
authors in a previous work yet to be reported, which demonstrated 
the possibility to attain a micro-thick layer which consisted of a 
bimodal microstructure. In other words, the aerogel network had 
been retained thereby increasing the possibility of the aerogel-

based coat to exhibit characteristics almost similar to powdered 
silica aerogel.  

While progress is being made in applying aerogels in HTA vehi-
cles, until now no investigation has been brought forward in con-
sidering their applications in LTA crafts. Furthermore, as per the 
authors’ knowledge, aerogels have not yet been applied in air-
ships. The ultralight weight of aerogels, low thermal conductivity 
and highly electrically conductive of silica and carbon aerogels 

respectively is taken into account for specific applications. In this 
context, this paper previews an on-going project thereby ecologi-
cally-derived aerogels are used in the construction of a zero emis-
sion airship.  

2. Airship specifics 

2.1. Aerogels 

Rice rusk ash-derived GEAT® 0.125 silica aerogel and GEAT® 
carbon aerogel have been manufactured at Green Earth Aerogel 
Technologies, Spain. 

2.2. Design and framework 

The design of the airship is a nature-inspired solution, one from a 
mussel and horseshoe crab which are well-known for their stabil-
ity in high winds. The rigid airship, that is, one which has a rigid 
framework covered by an outer skin or envelope has trusses made 
with coated and laminated carbon fibre. It extends as long as 32 
metres and has width and height of 8 metres.  

The airship has a gondola attached to it and contains a number of 

lead shot bags which are constantly adjusted based on the crew’s 
analysis. The gondola is attached to the envelope sides. Inside the 
gondola, there a series of controls: the overhead control panel 
containing controls for communications, fuel, and electrical sys-
tems; throttles to regulate engine speed; fuel mixture and heat 
controls to regulate the degree to which fuel is mixed with air in 
engine; temperature controls to prevent icing; envelope pressure 
controls to regulate helium and ballonet air pressure; communica-

tion equipment; main instrument panel; navigational instruments; 
and colour weather radar. The gondola is made up of carbon fibre 
and glass fibres laminated in vitrified polymer to be fireproof and 
impermeable and coated metal foil with silica aerogel powder. All 
in all, these are illustrated in Figure 2. 

 

Fig. 2: Huvr Trek aerogel airship framework. 
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2.3. Motion control 

Pitch and roll motion are controlled by two hydraulic springs used 
to move the weight shifter, which changes the equilibrium of the 
airship. This is operated from the gondola. Yaw motion is con-

trolled by the rear–end trail thruster (ramjet), which also works 
using a hydraulic spring, as shown in Figure 3. 

 

Fig. 3: Pivoting tail ramjet 

2.4. Charging and heating systems 

Unlike most airships, the Huvr Trek airship uses liquid nitrogen as 
fuel. Its energy density is less than gasoline but more economical 
and ecological. Power is stored in liquid nitrogen and the fuel tank 
where liquid nitrogen is stored is equipped with heat exchangers 

that allow ambient heat to be absorbed by the fuel tank itself. The 
ambient heat is transferred to the liquid nitrogen which causes the 
liquid nitrogen to rapidly boil into gaseous nitrogen. As the gase-
ous nitrogen expands, the gas is projected towards a tesla turbine 
which converts gas expansion into mechanical energy. At this 
stage mechanical energy from the turbine is converted again into 
electrical energy via an electric generator which is mounted to the 
turbine. The cold nitrogen gas then enters a chamber which leads 

to the nozzles inside the jet engines. These nozzles are designed to 
direct cold nitrogen gas toward a ceramic heat exchanger while 
causing a venturi effect on the front side of the jet engine. The 
venturi effect together with the rapid thermal expansion of gases 
inside the chamber of the jet engine produce a combined push and 
pull effect on the jet engine. The front side of the jet engine will 
be producing a pulling force caused by the vacuum with the ven-
turi effect and a pushing force is produce by the rapid expanding 
gases at the rear end of the jet engine. The electricity produced by 

the electric generator from the tesla turbine is stored in the prima-
ry battery storage of the Huvr Trek. This battery is a lithium ion 
battery which feed a special circuit of carbon aerogel capacitors to 
multiply the voltage of the electrical charge. The ultra-high volt-
age of the electrical charge released by the capacitors is then fed to 
the ceramic magnetron which converts it into plasma energy. The 
plasma energy is used to heat up ceramic heat exchangers which 
are used to heat up the cold nitrogen gas in the jet engines and also 

in the balloon chamber of the airship. Each heat exchanger has its 
own electrical circuit with ultra-high voltage for its plasma heaters. 

As the primary battery of the Huvr Trek is made of lithium ion 
battery, it can be charged both by the tesla turbine from nitrogen 
gas expansion and also by direct charging from an electrical grid. 
To enhance the overall performance of the airship, it is preferred 
to use direct charging from an electrical source to charge the pri-
mary battery and only later use the nitrogen gas during flight. In 

this manner the life of the battery may be extended without de-
pending too much on nitrogen fuel. When the primary battery is 
fully charged, it can release energy to the carbon aerogel capaci-
tors and produce plasma energy in the heat exchangers which 
heats up the nitrogen gas inside the silica aerogel insulated balloon 
chamber, as illustrated in Figure 4. This charging process contin-

ues until the balloon is hot and lift is produced. When the balloon 
begins to float in the air, it is then that the nitrogen gas is released 
to the tesla turbine to activate the ceramic jet engines.  

 
Fig. 4: Plasma balloon heater components. 

The CFD analysis is still on-going but nevertheless a primary heat 

transfer distribution is shown in Figure 5, with temperature rang-
ing from approximately 18°C to 32°C, that is, room temperature 
after ten minutes of heating. The landing of the airship is accom-
plished by injecting cold nitrogen inside the balloon. Hot gases are 
released and replaced by cold nitrogen gas which is denser and 
heavier to allow a smooth landing either on land, water or snow or 
ice. The excess gas is released at the tail end of the airship whilst 
critical volume and pressure are maintained to prevent collapsing 
of the rigid structure. 

 

 

 

 

 

 

Fig. 5: Simulated heat transfer distribution 
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2.5. Ceramic ramjets 

The ramjets contribute to the propulsion of the airship itself.  A 
magnetron known as boomerang electron accelerated (B.E.A) 
Magnetron, patented by GEAT, is located just beneath the balloon 

chamber. Its primary function is to produce plasma energy by 
accelerating electrons to bombard a ceramic material, which is 
boron nitride. Consequently all the energy is transformed into heat 
energy which is then transferred to the heat exchangers. Each 
ceramic jet engine is also equipped with its own ceramic magne-
tron. The magnetron in the jet engines is located at the rear end of 
the nose tip of the jet engines just beneath the nozzles of the nitro-
gen gas. The function of the magnetron in the jet engine is similar 

to its function the balloon chamber which is, producing plasma 
energy and heat up the ceramic heat exchangers. The ceramic 
magnetron has ceramic electrodes (anode and cathode) which get 
the polarity of the electrical charge. In between the electrodes are 
magnetic rings that have increasing magnetic fields which directs 
the flow of electrons in a spiral shape with decreasing radius to-
wards the centre. It is designed to maximize the path of the elec-
tion in a curvature to allow it to gain acceleration before colliding 

to the ceramic material thereby optimizing the kinetic energy of 
the electron upon collision. The magnetron heater, which is heated 
prior to the initial start of the ramjet, is powered by aerogel super 
capacitors as voltage multipliers. Silica aerogel is used to insulate 
the chamber walls of the jet engine to avoid heat loss and concen-
trate the energy to gas expansion inside the chamber. In addition, 
it is also used to insulate the tubes and pipes where the liquid ni-
trogen and gaseous nitrogen flows within the tank and the ramjet. 
The principle operation of aerogel-based ceramic ramjet is depict-

ed in Figure 6 while the proposed performance of the airship is 
tabulated in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Principle of operation of aerogel-based ceramic ramjet 

Table 1: Intended performance of aerogel airship 

Engine Model GEAT NitroJet-1A 

Engine Thrust 8391 kg (18,500 lbs) 

Cruising Speed 250 km/h 

Maximum Altitude 1000 m 

Fuel Capacity Yet to be determined  

Fuel Consumption/hour Yet to be determined  

Maximum Range 1000 km 

Engine Thrust 8391 kg (18,500 lbs) 

3. Conclusion 

Environmental sustainability is nowadays a pronounced driver of 
innovation. Airships are believed to be a convenient way to ad-
dress certain challenges in air transportation.  They do not require 
any powerful propulsion systems to stay aloft since all the neces-
sary lift is acquired from the buoyancy of lifting gases. This sig-
nificantly reduces the power requirements and fuel consumption 

and thus reduces the overall operating costs. To enhance the per-
formance airship technology, new concepts have been brought 
forward in this project. Firstly, the airship shape has been adopted 
from a mussel and horseshoe crab which are well-known for their 
stability in high winds. Secondly, silica aerogels are used to insu-
late the trusses made with coated and laminated carbon fibre and 
the balloon envelope to ensure minimum heat transfer to the at-
mosphere. Thirdly, liquid nitrogen is opted as the environmental 

friendly fuel and a silica aerogel-based magnetron is used to gen-
erate plasma to be converted into electrical energy which is in turn 
stored in ecological supercapacitors made up of carbon aerogels. 
Fourthly, silica aerogel-insulated ramjets are used for propulsion 
as well as to yaw the airship. The superinsulation of the chamber 
walls of the jet engine prevents heat loss and concentrates the 
energy to gas expansion inside the chamber. The tubes and pipes 
where the liquid nitrogen and gaseous nitrogen flows within the 
tank and the ramjet are also insulated.  
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