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Helicopter

YRR g

helicopters.

I Parsa Razavian N

Products:

R66

The five-seatR66 Turbinehelicopter is reliable,
economical and easy to maintain. R66s have a two-
bladed rotor system, T-bar cyclic and the latest in
Robinson technology including streamlined instrument
panels, energy absorbing seats and crashworthy bladder
fuel tanks. What distinguishes the R66 is a spacious 300
Ib capacity baggage compartment and the Rolls Royce
300 turbo shaft engine. The RR300 engine operates
on readily available Jet A fuel and offers increased
reserve power,additional payload and improved altitude
performance. Hydraulic controls eliminate feedback forces
and provide responsive handling.

Outfitted ~ with ~ pop-out  floats,theR66  Turbine
Marine offers an additional level of safety for over-water
travel. Designed for emergencies, the six-chamber floats
inflate within 2-3 seconds of activation. The installation
adds approximately 65 pounds to the helicopter’s empty
weight. When not in use, floats roll-up and stow in
protective covers along the aircraft’s landing skids.
The streamlined, low profile design minimizes drag and
allows for easy entry and exit of the cabin.

With continued focus on safety, the R66 meets the latest
FAA crashworthiness regulations.

R22

The two-seat R22 Beta IT helicopter is a proven workhorse
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The Robinson Helicopter Company, based at Zamperini Field in Torrance, California,
is a manufacturer of civil helicopters. Robinson produces three models the two -seat
R22,the four -seat R44 and the five -seat R66, which uses a turbine engine..

Robinson also produces the Robinson Helipad, a modular helipad designed for light

that has delivered exceptional performance in a variety
of applications for over thirty years. The R22 has a two-
bladed rotor system, T -bar cyclic and the latest in Robinson
technology including crashworthy bladder fuel tanks.

A powder—coated steel tube structure provides a light yet
rigid airframe while the aircraft’s aerodynamic fuselage
optimizes airspeed and fuel economy. The R22 is powered
by Lycoming’s proven 0-360 engine that is derated to
provide reserve power and better performance at high
altitudes and in hot weather-.

R44:
Four-seat RobinsonR44 Raven IlandClipper 1I
helicopters are high performing, reliable and easy to
maintain. R44s have a two-bladed rotor system, T-bar
cyclic and the latest in Robinson technology including
streamlined instrument panels and crashworthy bladder
fuel tanks.

The R44’s acrodynamic fuselage optimizes airspeed and
fuel economy. Hydraulic controls eliminate feedback
forces and provide responsive handling. A low tail -rotor
tip speed, newly designed muftler and large cambered tail
reduce flyover noise.

Raven II and Clipper II helicopters are powered by
Lycoming’s 10-540 fuel injected engine. The 10-540
delivers better altitude performance, increased payload and
eliminates the need for carburetor heat.



Hydrogen

Fuel cells or combustion?
Hydrogen combustion aircraft and hydrogen fuel cell aircraft are the two broad hydrogen
’1 - l < propulsion systems under consideration. Seven publicly known hydrogen -propelled aircraft are
R X currently in development, all of which employ fuel cells. These are informed by older feasibility
) o studies, such as those by Airbus and NASA. Just one of these aircraft has already flown using
h fuel, while the oth i i . i
N Armir Maleki ydrogen fuel, while the <? ers remain at lower technology readiness levels. Below diagram
shows Current hydrogen aircraft developments.
YEAR POWER DESCRIPTION STORAGE RANGE  STATUS
ANNOUNCED SYSTEM  [KM]
Hydrogen fuel cells  Four seat fixed wing aircraft,
HY4 2015 and electric batteri inal ller, twin fusel Gas 1,000
HES Element Four seat, fixed wing aircraft, o
One 2018 Hydrogen fuelcells 0 ters Gasfliguid  500-5000
Five seat futuristic “air-taxi™ -
Alakai Skal 2019 Hydrogen fuel cells . six Liquid 640
Apus i-2 2019 Hydrogen fuel cells :"':‘“"i'l edwingircrsh, o, 1000
CHEETA 2019 Hydrogen fuel cells ial aircraf Liquid nfa
E-I'ml’"'l 2019 Hydrogen fuel cells 19 sear, fixed wing aircraft nla nfa
| 10-20 seat fixed wing
ZeroAvia 2019 Hydrogen fuelcels Lo el Gas 800
Cryop 2003 ; Large commercial aircraft Liquid nfa
ConceptB 2004 Hydrogen fuel cells ial sircraf Liquid 6,500

HYDROGEN COMBUSTION AIRCRAFT

Thrust is generated through the combustion of
hydrogen in a modified jet engine. This process
eliminates the CO2, CO, SOX and the majority of
soot emissions generated by conventional jet engines.
NOX and water vapor are still emitted, representing
some contribution to atmospheric GHG levels. With
respect to NOX, two different combustor designs are
under consideration to manage its production: Lean
Direct Injection (LDI), which has been shown to limit
NOX emissions to the same level as modern kerosene
engines, and Micro-Mix Combustors (MMC), which
could produce lower levels of NOX than modern
kerosene engines. Crucially, contrails and Aviation
Induced Cloudiness (AIC) may still be produced due to
the release of water vapor, though there is an ongoing
debate as to whether these would be better or worse than
those created by conventionally fueled gas turbines.
With conventional gas turbines, soot particles in the

exhaust behave as nucleation points for water vapor,
leading to longer-lasting contrails and the potential
formation of cirrus clouds. With hydrogen, if any fuel
impurities can be eliminated, this nucleation could be
reduced significantly, leading to lower optical density
and thus less impact due to contrails formed, although
contrail lifetime may be increased due to higher water
vapor emission levels. The relative impact of these two
factors remains unclear, and thus the debate on this
topic is expected to continue.

Conversion to hydrogen combustion would require
changes to the engine, fuel storage and fuel delivery
elements of conventional aircraft. Whilst this would
necessitate new designs and a lengthy certification
process, the transition would require much less redesign
than hydrogen fuel cell or other electric aircraft options.
As the result, a move to hydrogen combustion could be
less disruptive to the current setup of the aerospace
industry relative to alternatives.
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HYDROGEN FUEL CELL (HFC) AIRCRAFT
HFC aircraft could potentially offer a "true zero" solution

for GHG emissions. The only output of fuel cells is water,
which eliminates CO2, NOX, SOX, CO, HC and soot
emissions. However, the water produced — around nine
kilograms for every one kilogram of hydrogen reacted —
would have to be released, and water vapor is also a GHG
with the potential to cause contrails and Aviation Induced
Cloudiness (AIC).

This is critical as hydrogen fuel cell aircraft can only
be considered 'true zero" solutions if they eliminate
contrail /AIC emissions. Research suggests that due to
the pure nature of the hydrogen and oxygen electrolysis
reaction in a fuel cell, any impurities are likely to be
minimal, significantly reducing the density of nucleation
points and thus the impact of contrail /AIC formation.
Furthermore, flying at lower altitudes could make the
impact of the water vapor on global radiative forcing
less significant, by constraining flights to remain within
the troposphere where water vapor emissions are much
less harmful (below 8-12 kilometers in altitude, varying
by latitude and time of year). Additionally, unlike
hydrogen combustion aircraft, HFC aircraft could be
designed to store some of the water produced and release
itin conditions conducive to low contrail /AIC formation
(though this is not yet fully understood). Nevertheless,
though there are proposed solutions, further research is
required to prove contrail /AIC elimination.

Experts also believe that hydrogen fuel cell aircraft would
be more efficient than hydrogen combustion designs,
needing to carry 20-40 percent less fuel, driven by two
factors. First, fuel cell propulsion can provide more
efficient energy conversion — around 45-50 percent due
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to the combination of fuel cell efficiency (55 percent)
and electric powertrain efficiency (90 percent) — versus
around 40 percent for hydrogen combustion efficiency.
Second, by virtue of being electric, fuel cell aircraft can
benefit from distributed propulsion, which could deliver
an extra 20-30 percent in fuel savings, considering
improvements like boundary layer ingestion and flow
control technologies.

Fuel cell aircraft would also share many other attributes
with electric aircraft, including a need for high-voltage /
high-power cabling, power electronics and an electric
motor. The system therefore benefits from compatibility
with the rapidly developing electric powertrain supply
chain in both the automotive and aerospace sectors,
as well as advancing design thinking on how best to
maximize the benefits of distributed propulsion. As
with electric aircraft, hydrogen fuel cell aircraft could
also be less noisy than both conventional and hydrogen
combustion designs.

Fivekey barriers / Where do the challenges lie?
For hydrogen technology to become a viable solution
for aviation, the industry needs to overcome five key
barriers. Two of these relate to acrospace design, namely
aircraft and engine redesign, and hydrogen storage. The
remaining three relate to factors in the hydrogen supply
chain: sustainable production, infrastructure and cost.

#1 AIRCRAFT AND ENGINE REDESIGN

To exploit the full benefits of hydrogen, aircraft must
change substantially. This could amount to a redesign
of almost all the components of the aircraft, from the
propulsion system and the form of the fuselage to the fuel
storage. Hydrogen combustion requires a partial redesign
of the aircraft, while fuel cells require a complete



redesign.

Hydrogen combustion aircraft will rely on modified
conventional thrust systems. Major changes will result
from fuel delivery and storage, and additional fuel
storage volume in the fuselage will be required given
the reduced volumetric density relative to jet fuel. This
will necessitate an increased fuselage size, generating
additional drag, or a complete redesign of the aircraft
structure, such as a move to blended wing bodies, with
significant enclosed storage volume.

In addition to storage considerations, hydrogen fuel cell
propulsion will require a redesign of the thrust systems to
integrate distributed electrical propulsion, involving high
voltage /high power electrical systems. The form and
function of such aircraft will require a complete change
from contemporary tube and wings architecture, and
mirrors the design shift required for series hybrid or all-
electric flight at the aircraft level.

#2 HYDROGEN STORAGE

Effective storage solutions are key to unlocking
hydrogen's high gravimetric energy density and will
need to be refined to address the issue of low volumetric
energy density. Storage in the liquid state is currently the
most promising option, offering high volumetric density
relative to the gaseous alternative. The drawback of
liquid storage is the requirement for cryogenic cooling
(below -253 degrees Celsius). Cooling uses as much as
45 percent of the stored energy content, meaning there
is a significant loss of energy between energy stored
and delivered for thrust (tank -to-wing efficiency). This
demonstrates the trade-off that must be made between
maintaining high volumetric density alongside high
tank -to-wing efficiency.

#3 SUSTAINABLE HYDROGEN PRODUCTION

A significant ramp -up in "green"hydrogen production or
Carbon Capture and Storage (CCS) for "blue" hydrogen
production will be necessary to produce volumes
sufficient for the aviation industry in a sustainable
manner. Current production is dominated by 'gray"
hydrogen processes, with 96 percent of hydrogen
produced directly from CO2-emitting processes such
as steam methane reforming or coal gasification. The
remaining four percent is generated via electrolysis,
which only produces "green" hydrogen if renewables are
used. Of the 70 million tons of hydrogen produced today,
only around one million tons is currently "green".

#4 INFRASTRUCTURE

Hydrogen infrastructure improvements will need to

move in lockstep with technology to enable exploitation
of hydrogen by aviation. Two key areas here are fuel
delivery to airports and airport refueling infrastructure.
One option for fuel delivery will be via existing gas
networks. A good example of this is the Leeds City Gate
study, which shows that it will be possible to convert
existing natural gas networks for the transportation of
hydrogen gas. This is promising for the basic building
blocks of hydrogen infrastructure, but significant
investment will be needed by all sectors involved. The
long -distance transportation of hydrogen must also be
considered, especially given the disconnect between
where hydrogen is produced (renewable energy plants
with excess capacity and hydrogen production sites) and
where it will be used (irports).

At airports, there could be an additional requirement to
liquefy hydrogen on site, assuming that the infrastructure
will be in place to deliver hydrogen gas. This will require
local electricity generation or areliable grid connection to
ensure no network disruption costs arise.

#5COST

Hydrogen is more expensive than kerosene on a kWh
basis: excluding storage costs, average production costs
are 0.14 USD/kWh for "green" hydrogen and 0.05
USD /kWh for "gray " hydrogen. The latter is on par with
kerosene, but as "green"hydrogen would be necessary for
"true zero " or "zero carbon " sustainable aviation, the price
of these production methods must fall to compete on a
cost basis.

Looking ahead / What does the future hold?

Keeping in mind the competitive advantages and
constraints of the various sustainable solutions available,
we expect to see the emergence of three different
technological segments of aircraft with different sizes
and ranges.

First, smaller aircraft with shorter ranges will likely
become all-electric, with battery gravimetric densities
expected to achieve the minimum thresholds to cater for
these missions.

Second, larger, long-haul aircraft can be expected to
have to rely upon Sustainable Aviation Fuels (SAFs),
as all-electric, hybrid-electric or hydrogen solutions
will face gravimetric and volumetric power density
challenges at the required weights and ranges .

Third, and in between these two extremes, regional and
narrow body /Middle -of -the -Market aircraft will likely
be the battleground where hydrogen will compete against
hybrid -electric.
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