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Various Hull configurations
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Now, whenever we go to the design the output will change according to the requirement
because user will give basically user requirement in two modes. What are the power
requirements for the systems and what is the payload he used to take. So, depending upon the
power requirement and payload requirement, the shape will change. If power requirement is
more important or big power requirement related to the payload we will design airship in such

a way that it gives a maximum power.

Because profile of the airship systems the power availability due to that same area will be
different. Are you getting my point? Because the angle and orientation of the normal of the
solar cells will vary with the profile and that will affect output. So, it will depend upon what is
more important, you have to trade off between. And if you have to consider only payload then

you do not have to bother about the solar systems like in normal airship.

But we have to take care of the power input as well and that will drive the shape to take care
of these effects simultaneously. These are big problems actually.
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Primary figures and challenges
» Material: < = 200 gsm
= Coatings

UV, Abresion, Surface roughness

» Adhesives

Flexible to cope with continuous expansion and
contraction

« Lightening protection

« External object impact strength

Gas permeability

Non rigid i.e. pressurized membrane structure

To maintain the envelope shape and rigidity
Hull internal temperature range = - 80°C to -30°C
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So, while designing you have to. There are so many research going on to minimize the

structural weight because the structural weight is driven by the envelope gsm. And 50% of the
system’s weight is due to its envelope’s structure. So, we we want to use a very low weight

density of the material which can perform same strength as a big one that is the challenge.

And another challenge is it should be at the end of the course we are much aware that UV
protection should be there. And adhesive to manufacture that envelope. Lightning protection
as | said. External object impact strength. something hit the airship and it should be durable. It
should be able to withstand. Gas permeability and proper pressurization to maintain the
envelope shape and rigidity, otherwise the performance will go down to withstand with the
temperature variations. These are the challenges.

(Refer Slide Time: 03:13)

Envelope Material Choices
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So, when we come to the envelope material choices actually these are the target which will
fulfill our requirement. We want very low density with a high strength material.
(Refer Slide Time: 03:36)

Envelope Configuration Options

a Pressurised airship with ballonets
* hull pressurized by the ballonets throughout the flight
* takeoff and landing similar to conventional airship

* large airshis to use thick-skin construction

a Unpressurised launch, In-flight Inflation
¢ launched in an un-pressurized state
 Fills out into its design shape during ascent
* Becomes pressurized at altitude
* Recovered by releasing gas and allowing it to descend
e Thin Mylar or nylon film for the hull

* Inexpensive hull. more practical to destroy the hull at altitude and returr
the payload and propulsion system by parachute
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So, envelope configuration options; different options may be there. We have to take care of the

pressurization, takeoff and landing. You need an infrastructure and these are the other
requirements for the configuration.
(Refer Slide Time: 04:01)

Station keeping requirements

a Anti lightening measures

= Provision of aluminum cables at an average interval of|
10 m can be installed and a Joule heating up to 50°C
is allowed

a StratSat, ATG,UK

« Compound propulsion system to enable the airship to|

hold station withinl km cube. -

Provides longitudinal and lateral thrust to counter
the prevailing stratospheric winds using Contra
rotating coned rotors mounted at the tail cone

G
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Station keeping and thermal consideration we have to take care of. Anti-lightning measures

because it will affect the systems and whenever it get damaged in other systems, another
problem will arise. It is because the envelope is not a big issue. It is not so much of costly, but
the systems mounted in that airship is actually very costly. It is a major advantage over the
satellite system.



Because in satellite we do not recover our systems after it is expired. But in this systems you
can recover actually and envelope is not a big issue in place, very cheap material and whenever
we can compare to the systems and as a payload which will serve the requirement. So to handle
these systems, people are working around the globe. You can see StratSat, ATG, UK compound

propulsion system to enable the airship to hold station within 1 kilometer of cube.

It is designed in such a way that it will not go beyond that cube in three dimension one kilometer
cube accuracy is needed. And to take care of that they have included in the lateral thrust to
counter the prevailing stratospheric wind and other systems. There is a requirement actually,
otherwise it will shift to some other location and that will create a problem and it will go beyond
your radar. Main purpose which we want to serve it will go beyond it will shift. It will create a
problem.

(Refer Slide Time: 05:46)

Thermal Considerations

a2 Undesirable heat Transfer

e TOo mit gate the heat transfer from the solar cells to the buoyant
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So, thermal consideration is a big issue while designing because the temperature at the day will
be higher, at the night will be very low. And the temperature will affect the buoyancy as well
as the energy output of the systems. And because whenever temperature will be high gases will
try to expand and solar cell will not perform very accurately at a high temperature. Its efficiency
will go down that is the problem.
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Primary figures and challenges

a Electric Propulsion

= On-board Batteries

Li-ion exchange batteries (Space Approved)
= Solar Regenerative Fuel Cells

Efficiency: 17-22 %

Altitude variation leads to 20% reduction from sea le

values
Lateral contour study for irradiance absorption

Thermal isolation layer for transmitted irradiance
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system and to the payload system, but at night we do not have any power sources. So, we have
to store that power in the daytime so that it can serve the power requirement to the payload as

well propulsion system at night as well. So, you will need storing systems, so onboard batteries

Capwsbe |
So, onboard system tool. Because at the daytime we can give directly power to the propulsion

and solar regenerative fuel cells.

Solar regerantive fuel cells is another area so many researches are going in the systems because
the efficiency is higher and it is better with lithium-ion battery in comparison to that. To store
same energy, lithium-ion battery you will need a big lithium-ion battery and whenever you will

use a regenerative fuel cell the system or the battery weight will come down but it will cost

more. It is another area.
(Refer Slide Time: 07:34)

Solar Regenerative Fuel Cell Concept

Required power
for propulsion

Power generated
by solar cell arrays
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So, these are actually representation of solar regenerative fuel cell concepts. At the daytime,
the power available is higher and you will need a direct power reload. The extra power which
is 2 — 1 is basically stored for the night time which is 3 actually in both direction. And the
concept is that you electrolyze the water, very simple at least in watching. It is you separate
hydrogen and oxygen by electrolyzing and then after combination it will create energy which
will be given to the propulsion unit and payload systems at the nighttime. So any doubt in this
system? Fine, no?

(Refer Slide Time: 08:33)

S R F C Concept

Solar cells array

Energy storage
vessels Fuel cells unit

Electrolysis unit for electric ty generation
or H2/02 production
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So, this is another pictorial representation. We separate hydrogen and oxygen may be using the
energy at the daytime and the same stored energy you can get while combining hydrogen and
oxygen which is recycling of hydrogen oxygen producing water, then again it will separate
hydrogen and oxygen, it will go on.

(Refer Slide Time: 09:04)



Potential Lightning Effects

Q Direct Effects b
« Envelope materials

* Helium ionization soe! Cable

(k :
> _E)velope Protection - e

MNP

So, for the protection from lightning, there are methods and it should be withstand at that height
because at stratospheric condition the protection of lightening will be there and it might damage
our envelope. So the systems available to take care of that.

(Refer Slide Time: 09:59)

Launch and Recovery
a Upright rocket style launch technique

« Launching speed selection

Based on usable Helium quantity and assistance from
propeller
o
« Excessive loads developed during tilting operatiq
May cause buckling
« Limit on ascending velocity
Determined by the adiabatic expansion condition of {
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So launch and recovery and ground handling is another big problem because the size of such

systems is very large. And to handle such systems which is fragile, you know if you will not
properly take care, it might damage the envelope. And the recovery of such a big system is
another issue and launch as well. So these are the proposed update upright rocket style launch
technique for launching. Say another method by limiting the velocity.

(Refer Slide Time: 10:11)



LAUNCHING OF HAP

Tilting of HAP from PRI - PP
@ horizontal 1o vertical
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So, you can see while launching in a rocket mode. So, it is very clear by picture, actually no
need an explanation.
(Refer Slide Time: 10:26)

Launch and Recovery
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So, it is showing a recovery to take care of the payload systems by different methods, may be
resting on the water directly or resting in a boat.
(Refer Slide Time: 10:42)



Ground handling is the big issue actually. You need a large infrastructure to handle these types
of systems. And in later slides we will see how big actually there is a need infrastructure to
handle these type of systems. And you are aware already that there used to be a mooring mast

and winching systems. Otherwise it will get damaged. So, these are the requirements. | believe

Ground Handling

a Identification of some intrinsic characteristics
of Stratospheric airship platform

* Long Endurance Geo-stationary platforms
Reduced take off and landing
Reduced ground handling and hangering costs

» Ultra light structures
Very light weight structures to carry sufficient payload

Removal of all unfecessary weight irrelevant to high speed
cruising for mission flight due to sky-rocket augmentation
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that you are aware with all the systems at the end of this course.
(Refer Slide Time: 11:21)

So these are the another requirements to handle such a fragile vehicle near to the ground that

is obvious.

Ground Handling (contd.)

= Seldom ground-handling opportunities
» In early stage of commercialization, only few ground
handling operations need to be done
» Later, for periodical checks and for emergency maintenan
recoveries may be required every once or twice in a year
»Ground handling support rigs

» Specific ground handling operations are required without
nose cone and with minimum reinforcements to the hull f
handling °

» To handle such a fragile vehicle near to the ground,
supporting vehicles like an omni-directional dolly and he
mules will be required
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you can see how big is the actual requirement to handle systems.
(Refer Slide Time: 11:46)

Zeppelin Hanger F
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And for Zeppelin hangar you can see the height of mens available with actually the system's

size, you can compare how big is that. No, you can see the height and the height to mast.



