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FLAME ARRESTER FOR THE SAFER USE OF HYDROGEN AS A LIFTING
GAS IN AIRSHIPS

FIELD OF THE INVENTION

The present invention relates to an airship, and more specifically to a flame-resistant

airship that allows the safer use of hydrogen as a lifting gas.

BACKGROUND OF THE INVENTION

Airships combine the advantages of ships, airplanes and helicopters. Airships are faster
than ships, they can carry higher payloads than helicopters and use shorter distances for
take-off and landing than airplanes. Airship vibration levels are lower than that of
airplanes, and they are not affected by sea state and a corrosive environment. Airships
can transport heavy cargoes to remote areas. An airship transportation system causes low
air and water pollution. It can meet challenging tasks for which airplanes and helicopters
are not well-suited. Long endurance, low noise and vibration levels as well as low vehicle

accelerations provide an ideal platform for surveillance and patrol.

Hydrogen airships were in common use in the earlier part of this century and several
made numerous transatlantic crossings. The hydrogen airship era ended with the
explosion of the Hindenburg in New Jersey. The exact causes that led to the explosion
have been debated over the years, but the hydrogen lifting gas at some stage became
mixed with air and this mixture was ignited causing the explosion. The ignition may have

come from lightning or electrostatic discharge (ESD).

The helium airships that followed face an ever-increasing challenge of helium limited
availability and rising cost. Helium cannot currently be manufactured and there are
limited supplies below ground. Helium is also in demand for MRI machines, other
cryogenics, welding, heat transfer, pressurization and purging, party balloons, leak
detection and other uses. Hydrogen can be easily produced in large volumes with today’s

technology.
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US 6896222 discloses a lighter-than-air ship using hydrogen or other gas as a lift gas
with at least one hydrogen fuel cell aboard. The fuel cell can draw hydrogen fuel from the
lift gas reservoir to produce electricity both for the ship's use and optionally for
propulsion. The waste product of the fuel cell is water which can be used for the needs of
a crew on the ship. The hydrogen lift gas chamber 1s surrounded by a safety jacket filled

with an inert gas and contains optional hydrogen and/or oxygen sensors.

Creating an additional safety jacket and filling it with an inert gas complicate the airship
arrangement and decreased ascension power. Thus, there is a long-felt and unmet need to
provide a technically simple flame-resistant airship using (flammable) hydrogen as its

lifting gas.

SUMMARY OF THE INVENTION

The mvention 18 based on the same approach used to safely provide gas lights for eardy
nuners, the "Davy Lamp®. The flame of the Davy lamp was surrounded by wire gauze,
Any gas leak that passed the flame would combust only within the confines of this gauze.
ft would not spread to the surrounding mune, so a larger, potentially fatal combustion was

avoided. The Davy Larop was the first flame arrester,

The mvention allows an awrship to have its envelope filled with hydrogen, a flammable
{ifting gas. The envelope will comprise a flame arrester arrangement distributed along the
mside surface of the envelope. The flame arrester arrangement comprises a plurality of
cells made of mesh panels. The cells are adjoined the envelope and mounted end-to-end
to each other. Bach cell can be considered a scaled-up Davy Lamp with mesh panels of
carbon fiber, alumuuure alloy or another suitable material (and without the constant

flame burning}.
The mesh panels forming the cells are mterconnected by stitching and zippers.

The mesh panels will consist of between 1 and 3 mesh layers. The mesh lavers are made
of woven carbon fiber tows {The tows will consist of between 1,000 and 12,000

filaments) or alominium alloy wire or other suitable matenals.
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The gaps between the carbon fiber tows {or alummnium alloy wire) are normalily no more
than (.40 mm {and never more than 1 mm} in either the picks (longitudinal tows or wires)

or the ends (lateral tows or wires) or both.

It i1s hence one object of the invention to disclose an airship comprising an envelope

accommodating hydrogen, a flammable lifting gas.

It is a core purpose of the invention to provide the envelope comprising a flame arrester
arrangement distributed along the envelope. The flame arrester arrangement comprises a
plurality of cells made of mesh panels. The cells are adjoined the envelope and mounted

end-to-end to each other.

Another object of the invention is to disclose the mesh panels forming the cells have

between 1 and 3 mesh layers.

Another object of the invention is to disclose the mesh panels forming the cells

interconnected by stitching and zippers.

Another object of the invention is to disclose the mesh layers which are made of a
material selected from the group consisting of carbon fiber tows, aluminium alloy wires

and a combination thereof.

A further object of the invention is to disclose the carbon fiber tows characterized by

filament counts between 1,000 (1k) to 12,000 (12k)

A further object of the invention is to disclose that the mesh layers are woven such that

each passageway has a hydraulic diameter less than the critical diameter of the lifting gas.

A further object of the invention is to disclose that the mesh layers have a single or

combined passageway length greater than the quenching length of the lifting gas.

A further object of the invention is to disclose the mesh layers which are characterized by

an open area ranging between 10% and 50% of a total area of the mesh layer.

A further object of the invention is to disclose the length of a cell side which is in a range

between 0.5 m and 8.0 m.

A further object of the invention is to disclose a method of manufacturing an airship. The

aforesaid method comprises the steps of: (a) providing an envelope configured for
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accommodating hydrogen; (b) providing a flame arrester arrangement; (c) mounting the
flame arrester arrangement on the internal surface of the envelope; (d) filling the

envelope with hydrogen.

It is another core purpose of the invention to provide the step of the flame arrester
arrangement comprising mounting a plurality of cells made of mesh panels. The cells are

adjoined the envelope and mounted end-to-end to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be implemented in practice, a
plurality of embodiments is adapted to now be described, by way of non-limiting

example only, with reference to the accompanying drawings, in which
Fig. 1 is a cross-sectional view of an airship;
Fig. 2 is a schematic perspective view of a celled structure of a flame arrester; and

Fig. 3 is a schematic perspective view of an exemplary mesh cell of a flame arrester.

DETAILED DESCRIPTION OF THE INVENTION

The following description is provided, so as to enable any person skilled in the art to
make use of said invention and sets forth the best modes contemplated by the inventor of
carrying out this invention. Various modifications, however, are adapted to remain
apparent to those skilled in the art, since the generic principles of the present invention
have been defined specifically to provide an airship and a method of manufacturing the

same.

The term “Airship” refers hereafter to airships, aerostats, dirigibles, balloons and other

fully buoyant or partially buoyant large air craft.
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The term “Hydrogen” refers hereafter primarily to hydrogen but also to other flammable
gases that can be used as lifting gases in Airships. Note that critical diameter and
quenching length values are determined for each gas type and can be different to the

critical diameter and quenching length for hydrogen.

The British MESG “Maximum Experimental Safe Gap” for hydrogen 5 0.28 mm
{adjusted 1o 1 atmosphere and 293 K) reported by [1] as part of MESG comparisons
{21 and based on experimental work of [3]. Whilst MESG gives an indication of the flame

arrester passageway dimensions, more detailed analysis follows below.

Ref [1] states that for a flame o be guenched, the Hame arrester passageways must be
small enough to extract heat from the flame faster than it can be generated by chemical
reactions. The smaller the cross sectional area Ac area, the greater 1s ratio of longitudinal

surface area to volume AL/ V

So for a cylindrical passageway of length L

4, L.(m.B}y L.w.D

E7 T 7
v L. (‘r%w\ L. TI—I-)-—

4
CL.(P)  L.4
L. {4;) LD
80,
14 . . - . > ¢ B
D=4 7;‘: = [}y | where Dy is defined as the hydraulic diameter {and P is the
perimeter).

Note that the passageway length has been removed from the equation, and 1o practise the
equation has been used successfully for the design of flame arresters for slow flame
speeds. Ref [1] shows the work of {4] which states the critical {quenching} diameter of
hydrogen D¢ to be 0.7 to 0.9mm. Dy must be less than the critical {quenching} diameter

Dy, for the arrester to work

For a woven mesh panel (with square passageways instead of circular passageways}, an

ecpivalent hydraulic diameter can be calculated for each passageway from {1] using
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Dy=1/M-Dyw
where Dw s the diameter of the wire and M 1g the number of meshes per unit length

For hugh speed flames, such as those produced by hydrogen combustion, the length of the
flame arrester passageway must also be taken mio account. A longer passageway allows

the arrester more time to quench the fast moving flame.

From [3] based on the work of [6] for crimped ribbon flame arresters, the quenching

length needed for high speed flames can be calcuiated from
Lq={ve. D%}/ (100 v) (1)

where Lq 18 the quenching length (cm), vi 13 the turbulent flame speed {emy/s) and v 15 the
kinematic viscosity {em?/s) of the combustion products. If the quenching length is very
short, say less than T mm, then it 18 reasonable to apply this equation to a woven mesh, as

such a short crivap would be sinular,
The kinematic viscosity {m?/s) is defined as
vERip {2}

where 1 is dynamic viscosity (Pas) and p is density (kg/m™) Both 1 and p are for the

combustion products in the current analysis.
From [7], the dynamic viscosity for dry air 18 a function of static temperature T (K}

B = L3108 x 100 x TH /(T +120) {3)

~

Chart 3.7 within {7] iHustrates the above relationship for pure air and kerosene
combustion products {for fuel-air ratios up to 0.05) and notes that the chart may be used
for combustion products of all fuel air mixtures with negligible error. The chart goes up
to 1600 K. T have assumed the equation can be used for higher temperatures to provide
reasonable estimates of dynamic viscosity for combustion products of fuel-air mixtures

{including combustion products of hydrogen-air mixtures}.

An adwiabatic flame temperature at constant pressure of stoichiometrnic hydrogen-~air

mixtore at atmospheric conditions will have a flame temperature of around 2550 K. The

6



WO 2019/008577 PCT/IL2018/050719

adiabatic flame temperature 15 the maximum temperature the combustion products can

reach.

Ref [9] 1s an experimental study of unconfined large-scale hydrogen-air deflagrations.
Ref [R] also refers to key results of {9]. The study shows that the flame speed for
unconfined stoichiometric hydrogen-au deflagration s around vi = 40 nv/s for the first 4m
flame front radius, 0.1s after ignition and 80 m/s over the next 12m flame front radius, an

additional 0.15¢

At high temperatures {and pressures near atmospheric), the combustion products can

behave like a perfect gas.
So,
p=p/{RT)

where p = 110,000 Pa {this value derived below}, T = 2550 K and gas constant R = 2871
Tkgt K

So p=01503kg/m'

So, from the above analysis, {3} gives 1= 72848 x 10™ Pas, (7} gives v =4 8484 x 10

m?/s = 4.8484 cm’/s  and (1) gives quenching length

Lo =00132 o = 0132 mm for up to 4m flame front radius

and
Lg=00264 cm=0.264 mm for up to 16m flame front radius

(For Dy = 0.04 cm = 0.4mm, these give passageway length to hydranlic diameter ratios of

(.33 and 0.66, respectively).

Hxasting crimoped ribbon flame arresters used m pipes for hydrogen-air flames are around

20mm long. So, why is this arrester theoretically less than 1 mm?
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A key driver for thas short quenching length s the unconfined nature of the combustion
which results m a flame speed of around 40 to 80 m/s. Ref {10] measured hydrogen-air
flame speeds m {confined) pipes at 400 w/s wn deflagration and just under 1,400 m/s m

detonation.

From {1}, the guenching length 15 directly proportional to flame speed. There 1s more

time for a flame arrester to quench a much slower moving enconfingd flame front.

This small quenching length {less than 1 mm), which 1s related to the “thickness” of the
flame arrester allows for the design of thin, light-weight woven meshes which i turn can

be used to cover large areas in order to quench largely unconfined flame fronts.
The open area of the mesh will be 10% to 50% of a total mesh area.

The cells and panel shapes will vary within the envelope but will mostly be close to the
followmng: Cubic cell shapes made ap of sguare “top” panels (panels not connected to the

envelope} and rectangular “side” panels {connected to the envelope}.

So for exaraple, a top panel can be 3m x 310 and a side panel can be 3m x 2m. A panel’s

length and width will be between 0.5 mand 8 m.

These jomed cells make a protective cell layer around the mside of the envelope. They
are a passtve protection such that if there is a tear m the envelope fabric causing hydrogen
and air to nux then should wmition occur {e.g. from lightening or electrostatic discharge),
the resulting combustion would be contained within one or a few cells (depending on the
nature of the tear}). Above all, the central volume of hydrogen would be less likely to

combust.

Reference is now made to Fig. 1, presenting cross-sectional view of airship 10 filled with
hydrogen which is lighter than air. Envelope 20 is provided with celled mesh structure 50
disposed along envelope 20 to prevent propagation of a fire outbreak from peripheral

portion 40 of the inner space adjoining to a wall of envelope 20 to central space 30.

Reference is now made to Fig. 2, showing celled mesh structure 50 in detail. Elementary

cell 55 1s formed by mesh panels 51, 52, 53 and 54 which are substantially perpendicular
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to envelope 20 and panel 58 which is substantially parallel to envelope 20. A different

geometry of celled mesh structure is in the scope of the present invention.

Reference 1s now made to Fig. 3, illustrating elementary cell 55. According to an
exemplary embodiment of the present invention, mesh panels 51-54 and 58 are made of
carbon fiber tows or aluminium alloy wires. Interconnection of the aforesaid panels by

means of stitching and zippers (not shown) is in the scope of the present invention.

Ay Example Desion using Carbon Fiber:

For an auship design sinular to HAV606 (200 tonne payload):

Envelope volume = 457 500 m’.

-

Surface area {estimate) = 37,720 m*.

Flame Arrester Design and Passaseway Parameters:

Carbon fiber tow {(commercially available Hexcel IM7 Carbon Fiber {6000 Filaments}) is
of cross sectional area 0.13 mm? and diameter 0.407 mm. Tow mass per unit length 0.22

x 107 kg/m.

For a cell with a top panel 3m x 3m and side panels 3m x 2m each and each panel with 2
mesh lavers. The tows are woven with O.4mm gaps between both picks (longitudinal

tows} and ends {lateral tows).

For the top mesh layer, the number of tows would be 3000 mm / (0.407 mm + 0.40 mmy)
= 3717 picks and 3,717 ends (lateral tows} giving 7,435 tows total with an open area of

2556 of the total area of the mesh and so closed area 15 75%.

Meshes (1.e. tows} per unit length, M= 3717 /3000 = 1.239 per mm

So hydraulic diameter Dy = UM — I3, = 1/1.239 - 0407 = 0,400 mm  {less than critical

diameter, Der 0.7 mm to 0.9mm)
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And L = (2 x Dy} x nurober of mesh layers = (2 x 0.407) x 2 = 1.628 mm  {more than
required quenching length, Ly 0.132 mm for up to 4m flame front radivs and Ly 0.264

mam for up to 16m flame front radius).

(Note that compression of tows during weaving process will reduce L and Dy so design

may need to be adjusted).

Total Flame Arrester Mass and resuliing Airship Pavioad:

Mass of top panel (2 mesh lavers) s 2x 7435 x 3x 0.223 x 107 = 9948 kg,
Using simidar approach adjusted for rectangular shape,

Mass of side panel (2 mesh lavers)} s = 6632 kg

Mass of ceil (made up of 1 top panel and 2 side panels} = 23.212 kg (Note that the 3-

panel cells when stitched together and connected to the envelope make closed cells).
Number of cells to cover envelope surface area {(approximately} = 37,720/ 9=4,191.

Total weight of flame arrester panels = 37,720 x 23.212 = 97284 kg = 973 tonne

(excluding seams and zippers).

Additional 1ift L from using hydrogen nstead of helium = 457 500 (G164 - 0.085) =
36,143 ke = 361 tonne, where 0.164 kg/m® is helium density and 0.085 kg/m® is

hydrogen density.

So by replacing helium with hydrogen and the one laver of cells {(giving the envelope a
2m protective layer), the payload of HAVG06 becomes 200 — 973 + 36.1 = 138 8 tonne,

which can still be considered a practical payload.

And f two lavers of cells are used (giving a 4m protective layer), the payload becomes

41.5 tonne, too low for this example panel design.

For larger airships there will be a reduced percentage drop in payload for each layer of

these cells.

10
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Panels from other matenials and/or alternatives to woven mesh such as perforated sheets
or membranes might provide design improvements, provided the flame arresting
passageway characteristics are met {hydraulic diameter Dy less than the critical diameter

D and passageway length L greater than the quenching length Ly}

Hydrozen-Air Combustion Pressure Loads on a Cell:

From [9], stoichiometnic hydrogen-air mixtures were ignited at ground level and ambent
conditions inside hemispherical plastic envelopes up to 25 m diameter. The plastic

envelopes would eastly burst during combustion to ensure unconfined combustion.

As mentioned, the average flame front velocity was 40 m/s during the first 4m radius, 0.1
s and 30 m/s over the next 12m radius, 0.15 5, so a deflagration (not 3 more severe

detonation).

A maximum static pressure nise of 3 kPa was measured Zm radius from the ignition point
and a 6 kPa statics pressure rise was measured Sm radius from the ignttion point (In facta
peak of 10 kPa static pressure rise was measured 5m radius from the ignition poimnt, but
the authors of {97 suspect an instrumentation reaction caused the 10 kPa spike, and the

more constant 6 kPa rise was the real maximum).

From {11] 1t is possible to estimate the pressure drop across a wire mesh with 25% open

area as 2 kPa. So for 2 mesh layers, estimating as 4 kPa total.

So, during combustion, we can ostinate maximum static pressure dowanstream of the
E el t }‘

mesh panels as 100 kPa {atmosphenic) + 6 kPa (pressure rise during combustion) = 106
kPa

and we can estimate maximum static pressure upsiream of the mesh panels as 100 kPa
{atmospheric) + & kPa (pressure rise during combustion) + 4kPa (pressure drop across

tflame arrester) = 110 kPa.

For the top square mesh panel with 3w side, the 4 kPa drop would cause a maximum
shear stress of pressure drop across mesh panel x panel area / (tow cross section area x

nurnber of tow ends for T layer x number of mesh layers)

11
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@xI0x3x3/ (013 x 10 x2x 7435 x2y = 4.66 x 10° Pa =931 MPa

The shear vield stress of the carbon fiber tow 15 128 MPa {tensile vield siress 1s 5480
MPa). So this simple shear stress calculation indicates the top mesh panel design is strong
enough to withstand the combustion pressure 1 the cell. The smaller side panels will

have lower shear stresses than the top panel

Hvdrosen-Air Combustion Heat Loads ona Cell:

The heat produced within the cell dunng combustion 13 determined by the amount of

hydrogen that combusts within the cell.

The following analysis shows that most of the original hvdrogen within the cell {(before
combusiion} 18 ejected through the mesh panels (during combusiion} by the advancing
flame front before the flame front reaches 1t This 18 a oritical characteristic which keeps
the energy released by the combusting hydrogen relatively low and so prevents the light

weight mesh panels from overheating during combustion.

Using Equation of State in one cell before combustion {pr Vi = nmuyRTy) and after
combustion (p2V: = nuRTy), assuming the resultant lugh temperature {close to
atmospheric pressure} combustion products {water vapour, nitrogen and nitrogen oxides)
behave like a perfect gas. Also assuming cell walls deflect during combustion to give

around 20% additional volome (V2 / Vi = 1.2}

gives Mz / mu = (o / p)d Va / Vi) (T / Ta) = (110 kPa / 100 kPa) x 1.2 x (288 K / 2550
K) = 0.1491.

From {8] and [9], the hydrogen-air muxture had 29.7% hydrogen by volume, which 1s
very close to published stoichiometric hydrogen-atr mixtare of Vi / {Va + Vi) = 0.296,

29 6% hydrogen by volume (Vi / Va = 2.39) and published my / (my + o = 0.283,

2.83% hyvdrogen by mass {may / mp = 34,33},

From [8] and [9], the density of the stoichiometric hydrogen-air mixture was 0.8775 kg /

or. The volume of the cell prior to combustion is 18 m'.

12
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So the mass of hvdrogen in cell prios to combustion 18

= 08775 1 18 x 0.0283 = 0.4470 kg

and the mass of hydrogen actually burnt during combustion {and not gjected through the

mesh panels), can be estimated as:

M = mgn . o/ mr = 04470 x 0.1491 = 5.06665 kg

Combustion energy released per unit mass of hydrogen 1s 140 Mi/kg
Ko, the energy released by the combusted hydrogen mass i the cell,
E=140x 0.06665 =9331 M}

Assuming all this energy 15 absorbed by 1 top panel and 4 side panels, ;=1 x 9,948 kg +

4% 6,632 kg = 36.476 ke,
¢ = 879 J/Kg K {Specific Heat capacity of HexTow IM7 carbon {iber)
No temperature rise for each panel 1

AT=E/{mc}=9331 x 10°/ (36476 x 879)=291 K

S0 the temperature of the panels immediately after combustion 15 288 kK + 291 K =579

K.

In reality, during combustion (the hugher pressure phase for the mesh panels} a relative
low portion of the hot gas will transfer its heat to the mesh panels {the remaining hot

gases would mutially remain within the cell).

78!

<0 1 30% of the energy released 1s transferred to the panels, the temperature nise AT =
87 K and the temperature of the panels immediately afier combustion s 288 K+ 87 K =

375K

[

13
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Following completion of combustion, the hot gases may drift through fewer panels.
However, the panels would not be under combustion pressure loads and the heated panels
would have more time for heat to be conducted away to cooler neighbouring panels and
cooler air outside the cell. Also, some of the heated gas may mix with cooler air near the

wutial tear which caused the air to enter the envelope in the first place,
The auto-ignition temperature of hydrogen 793 K [121.

So this very siraple analysis indicates the mesh panels would not auto-ignite the gases

that have already passed through the cell.

During the manufacturing stage, carbon fibers are heated up to 1800 K - 3000 K range.
The melting point of carbon fiber 15 around 3800 K. {Carbon Fibers with epoxy resins
would probably need to be avoided as epoxy resins melt at significantly lower

temperatures).

By Example Bresion using Aluminum Alloy

Note that replacing the carbon fiber tows with aluminium alloy wires (e g Alummum
Alloy 6061} of p = 2,700 kg/m® and same diameter 0.407mm and gaps 0.4mm {giving
mass per unit length of 00003513 kg/m) and using same mesh panel dimensions and

number of mesh layers and ¢ = 897 F kg'! K, the key results are:

Hydrauhic diameter Dy = /M - Dy = 1/1.239 - 0,407 = 0.400 mm {less than critical

diameter, Der 0.7 mm to 0.9mm)

L ={2 x Dy} x number of mesh layers = (2 x 0,407} x 2 = 1.628 nun {1vore than required
quenching length 0.132 mm for up to 4m flame front radius and 6.264 mm for up to 16m

flame front radius).
Mass of top panel 15672 kg
Mass of side panel 10448 kg

Payload using H & cells 83 tonne {pavicad usmg He 1s 200 tonne)

14
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Maxvmum shear stress 930 MPa  (shear vield stress 270 MPa, tensile yield stress
310 MPa)

Temperature of the panels immediately afier combustion 15 469 K it all energy i
transferred to the cell panels and 342 K if 30% energy 1s transferred to the cell panels.
(The auto-ignition temperature of hydrogen 15 793 K. The melting point of Alunumium
Alloy 6061 is 855 to 925 K}

According to one embodiment of the present invention, an airship comprising an
envelope accommodating hydrogen lifting gas is disclosed. It is a core feature of the
invention to provide the envelope comprising a flame arrester arrangement distributed
along the envelope. The flame arrester arrangement comprises a plurality of cells made of

mesh panels. The cells are adjoined the envelope and mounted end-to-end to each other.

According to another embodiment of the present invention, mesh panels forming the cells

have between 1 and 3 mesh layers.

According to another embodiment of the present invention, the mesh panels forming the

cells interconnected by stitching and zippers.

According to a further embodiment of the present invention, the mesh layers are made of
a material selected from the group consisting of carbon fiber tows, aluminium alloy wires

and a combination thereof.

According to a further embodiment of the present invention, the carbon fiber tows are

characterized by filament counts between 1,000 (1k) to 12,000 (12k).

According to a further embodiment of the present invention, the mesh layers are woven
such that each passageway has a hydraulic diameter less than the critical diameter of the

lifting gas.

According to a further embodiment of the present invention, the mesh layers have a
single or combined passageway length greater than the quenching length of the lifting

gas.

According to a further embodiment of the present invention, the mesh is characterized by

an open area ranging between 10% and 50% of a total area of the mesh.
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According to a further embodiment of the present invention, a size of the cell is in a range

between 0.5 m and 8.0 m.

According to a further embodiment of the present invention, a method of manufacturing
an airship is disclosed. The aforesaid method comprises the steps of: (a) providing an
envelope configured for accommodating hydrogen; (b) providing a flame arrester
arrangement; (c) mounting the flame arrester arrangement on internal walls of the

envelope; (d) filling the envelope with hydrogen.

It 1s another core feature of the invention to provide the step of the flame arrester
arrangement comprising mounting a plurality of cells made of mesh panels. The cells are

adjoined the envelope and mounted end-to-end to each other.

Nomenclature

A area, m*

c specific heat capacity, J kg™ K-!
D diameter, m

E energy, J

H hydrogen

He helium

L length, m

M number of meshes per unit length, m!
m mass, kg

p pressure, Pa

R gas constant, J kg K-!

T temperature, K
A% volume, m?
v velocity, m/s
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) density, kg / o

7 dynamic viscosity, Pa.s
v kinematic viscosity, m%/s
Subscripts

air air

C cross sectional

cr critical

H hydrogen
h hydraulic
L longitudinal

q quenching

t turbulent

W wire

1 pre combustion
2 post combustion
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Claims:

1.

An airship comprising an envelope accommodating hydrogen; wherein said
envelope comprises a flame arrester arrangement distributed along said envelope;
said flame arrester arrangement comprises a plurality of cells made of mesh
panels; said cells are adjoined said envelope and mounted end-to-end to each
other.

The airship according to claim 1, wherein mesh panels forming the cells have
between 1 and 3 mesh layers.

The airship according to claim 1, wherein mesh panels forming said cells are
interconnected by stitching and zippers.

The airship according to claim 2, wherein said mesh layers are made of a material
selected from the group consisting of carbon fiber tows, aluminium alloy wires
and a combination thereof.

The airship according to claim 4, wherein said carbon fiber tows are characterized
by filament counts between 1,000 (1k) to 12,000 (12k).

The airship according to claim 4, wherein said mesh layers are woven such that
each passageway has a hydraulic diameter less than the critical diameter of the
lifting gas.

The airship according to claim 4, wherein said mesh layers have a single or
combined passageway length greater than the quenching length of the lifting gas.
The airship according to claim 4, wherein said mesh is characterized by an open
area ranging between 10% and 50% of a total area of said mesh.

The airship according to claim 1, wherein a size of said cell is in a range between

0.5 mand 8.0 m.

10. A method of manufacturing an airship; said method comprising the steps of:

a. providing an envelope configured for accommodating hydrogen;

b. providing a flame arrester arrangement;

c. mounting said flame arrester arrangement on internal walls of said
envelope;

d. filling said envelope with hydrogen;
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11.

12.

13.

14.

15.

16.

17.

18.

wherein said step of said flame arrester arrangement comprises mounting a
plurality of cells made of mesh panels; said cells are adjoined said envelope

and mounted end-to-end to each other.

The method according to claim 10, wherein mesh panels forming the cells have
between 1 and 3 mesh layers.

The method according to claim 10, wherein mesh panels forming said cells are
interconnected by stitching and zippers.

The method according to claim 10, wherein said mesh panels are made of a
material selected from the group consisting of carbon fiber tows, aluminium alloy
wires and a combination thereof.

The method according to claim 10, wherein said carbon fiber tows are
characterized by filament counts between 1,000 (1k) to 12,000 (12k).

The method according to claim 10, wherein said mesh layers are woven such that
each passageway has a hydraulic diameter less than the critical diameter of the
lifting gas.

The method according to claim 10, wherein said mesh layers have a single or
combined passageway length greater than the quenching length of the lifting gas.
The method according to claim 10, wherein said mesh is characterized by an open
area ranging between 10% and 50% of a total area of the mesh.

The method according to claim 10, wherein a size of said cell is in a range

between 0.5 m and 8.0 m.
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