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Abstract

Aircrafts of the 21 century are fast, and reliable. But the development in the field of tilt rotor
aircraft is still in its inpient stages. The Silver is an aircraft designed to overcome some of the
difficulties that the present tilt rotor aircraft have to facéhe Silver has an external structure
based on the famouslt rotor, the \(22 Osprey. The Silver incorporates 2 medifiurbofan
engines for propulsion. The engine has a fan followed by a set of axial compressors and
turbines. The engine has incorporated a mechanism whes@caum cylinder is incorporated

into the principal shaft of the engine. Due to the heat developgdhe combustion of fuel,
thermal emission takes place from the cathode. The electrons thus emitted travel towards the
positive anode with high velocities. Due to the high velocity of the electron current, a large
current is created. Because of this curtea mechanical force is experienced by the shaft

virtue of the electron interaction with the magnetic engine case. Due to this the shaft
experiences rotational motion which drives the propeller fan. This technology is used as a
starting mechanism fathe engine and also for thrust augmentation. It is also used as a power
savingmechanism when the aircraft is in hover mode.

The Combustion chamber and the fuel injector have been modified in the Silver. Here the fuel
injector is made to ejectmall quanities of a dil. HCI and powder of magnesium. These two
combine to liberate hydrogen which has a very high calorific vdloe.hydrogen is created at

the sight of combustion and is used as primary fuel for jet propulsion. This avoids the hassles
and the dangers involved in storing and transporting hydrogen gas. This mechanism is
employed as a starting mechanism for the flight.

When the aircraft runs for a certain period of tirmehigh amount of heat is generated. The fuel
dissociation chamber consists o&ter containing a definite a quantity of electrolytéhe heat
generated dissociates the water molecules into hydrogen and oxygen. This is recombined again
to generate energy. This wilbmprise about 50% of the energy required for operation. The rest
isprovided by the acidmetal method mentioned above. This mechanism also serves the
purpose of engine cooling.

The Silver also incorporates an air friction resisting mechanism where diamagnets comprising
of superconducting electromagnets are placed at @upgoints on the external surface of the
aircraft. This helps in saving power and also adds to propulsion.

The aircraft also employs an innovative auxiliary power unit which stores the excess power
from the turbofan engines and uses them during the tdtiof the engines anfbr sucking water
into the internal tank




Introduction

Sincethe advent of flight the technology involved in the design of aircrafts has
changed radically. But the pripde of flightremains the sameAircrafts today are very efficient
and reliable. But they are faced with the challenge of landing on short runways. Helicopters can
achieve vertical landing in almost any area, but are constrained to a large extent by their speed
and rarge. To take an intermediate approach, the tilt rotor crafts are designed. The Silver is an
attempt to solve theexisting problems and constraints faced by the present tilt rotor crafts. It
also aims to expand its capabilities by enabling it to land on vatier and land.

Today, the tilt rotor crafts are the most efficient and economically viable method of
obtaining vertical takeoff and landing. These aircrafts are of extreméum®as of rescue
operations. They are also helpful maching remote areas where conventional aircrafts cannot
land. But these rotorcrafts are limited in their capabilities as they cannot land in water. Many
rotorcrafts are constrained to low cruise speeds and are short ralgeping all the above
factors n mind, the Silver has been designed to deliver the best performance.

Current Rotorcrafts

When we speak of rotorcrafts, the earliest attempts of tiyise would be the helicopters. Then
variants such as the auto gyro and the gyro dyne crafts weyated. The idea oWertical lift

by the use of tiliable rotorswas first suggested by George Lehberger in 198@.first attempt
in this direction was the Baynes heliplane in 1938. This tradition of the tilt rotor propwsisn
continued by theFockeAchgelis Fa 26#avilland PlattBell XV¥3, Doak VA4 , CurtissWright %
19, EWR VJ 10Bell X22, AerospatialedN 500,Bell XV15, V-22 Osprey, Bell Eagle Eyand the
Bell/AugustaBA609

The most popular among these tilt rotor aircrafts are tBell XV15, V-22 Osprey, Bell Eagle
Eyeand theBell/Augusta BA6Q9 he basic advantage of a tilt rotor over a helicopter is that it
has a higher speed and a greater rangjlee maximum speed achieved by a helicopter is given
by the turn speed of the rotor. IF this speed exceeds a particular limit, then the helicopter
would stall They are alsoestrictedto speeds of about 150 knots. Tititors can achieve speeds
of about 300 knots and also achieve altitudes of al@@@0m. These types of aircrafts are also
less noisy in forward flight when compared to helicopters.
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External design

The external fuselage design of any aircraft is done after hours of testing in wind tunnels. The
external design cannot beccurately deduced from theoretical calculations. Hence the Silver is designed
based on the tilt rotor, the \22 Osprey. The-22is a variant derived from the Bell fprogram. It is
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V-22 Osprey (image: Wikipedia

Silver (transition from normal flight thovermode)

(Backgroundand engine texture source mentioned after References section)
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Air Frame Views

Top View

Side view

The Silver uses a modified fuselage based on tB2 ®esign to meet its requirementshe lengthof the
aircraft islp ¢ ¥ {, he widihéof the fuselage iSF i H ¢ Yy R ( KS iaftiadiufingthé R G K
wingspan is 1@ft. The dimensions are based on the conceptudP\esigrdimensionsand are
proportionately increased to increase load bearing capadihe two modified turbofan engines are

placed &the ends of the two wings similar to the22. There is an auxiliary power plant located inside

the aircraft which provides thpower fortilting the engines.

It also has avater storagdacility indicated in blue color as shown in the figure abdwee
aerodynamically sensitive areas are installed with an air friction reduction mechanism.
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The aircrafis made up of aluminum alloys. Some sensitive areas on the external surface of the aircraft
are made up of composite materials.

The aerodynamics of an araft is based on the following mathematical relations:
¢CKS FTANF2Af A4 RSaA3daIySR 2y GKS olaraa 2F (GKS
P+ (0?)/ 2 +} gh = constant

The air flow through the external surface of the aircraft is given by the equation of continuity
given by:

1AL = WAL

Differentiating the above equation;

d

a(puﬁl) =0

dp | du | aLfl_U
P u A

Ais the density of the air
U is the internakenergy per unit mass of air
A'is the crosssectional Area

The aircraft has the basic shape of th22V/ It has two wings swept at a small angléhim
forward direction. It has two tail fins for maneuvering the aircraft. Mogtefircraft fuselage is
made up of aluminum alloys as they are inexpensive, light weight and can withstand large
amounts of stress.

There araair friction resisting apparatus (AFRA) installed at aerodynamically gooais on the

external surface oftte aircraft. These are super conducting electromagnets. These behave as perfect
diamagnets during their operation and repel the diamagnetic nitrogen molecthesthey reducethe
collision of air molecules on the surface of the aircraft and subsequesdlyce the air friction.

The floats are required for water landing. But the conventional placement of these floats below the
wings adds to the drag of the aircraft and reduces efficiency significantly. Hens#évirehadeen

designed to incorporate th8oats with the landing gears and thereby unify both into a single apparatus.
According to the desigmhe landing gears are retractable. The aircraft has a single landing gear located
at the nose of the aircraft an8 pairs of landing gears at a distarafeevery 10ft. Hencanarrangement
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wherelanding gears are provided uniformitythe horizontal part of the base is achieved. These gears
serve 2purposesOne, it serves in uniformly distributing the load of impact during vertical landing
among the seen gears and thus reducing the impulse on each gear. Secahaligg water landings,
these landinggears are bent at an angbé 90 degrees such that 1 face of the wheel touches the lower
surface of the fuselage. The front gear is bent backwards andthgdars are bent towards the right
and the gears on the right side are bent towards the left. Each wheel datiting geais fitted with a
floatabledevice at its centre. Whethe aircraft has to perform a water landindnese devices help the
aircrat afloat.




Fuels

In conventional aircrafts, the fuel used is manufactufieain crudeoil. They consist of a great number

of hydrocarbonsA pound of typical fuel might be composed of 16% hydrogen atoms, 84%carbon atoms
and a small amount of impuritiessuchas sulfurnitrogen, water an d sediments and other particulate
matter. The mosttommonijet fuels arethe JPseries (JP ¢JP 8) and th JetA, jetAl and Jet B fuels.

Jet A and Jet Al are the most commonly used jet fuels for commercial aircrafts. Both are kéypsene
fuels.Jet A has a freezing point belowt0°F and Jet Al has a freezing pdirtow-58°F. Jet B fuel and

JR4 ae basically alike. They are wide boiling range fuels. They have an initial boiling point below that of
kerosene. They also have a lower specific gravity.

But the common drawback of all the above mentioned fuels is that they are cartsmu lzend the main

exhausts due to these fuels are carbon monoxide and carbon dioxide. Both of these are harmful to the
environment. They cause the green house effect which leads to global warming.

Heating value of different fuels
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Hence the silver is designed to use hydrogkmg with magnesium powdexs its primary fuel.

Hydrogen has a very high calorific value when compared to traditional fuels. It is also environmentally
friendly ina sense that th@roduct of combustion of hydrogenvgater vapor which is harmless to the
environment.

But the major problem in the use of hydrogen as a fuel is the production of hydrogen gas. Traditionally,
hydrogen gas is extracted from hydrocarbasbd chemicals. This is a very expensive process. The
storage and the transport of hydrogen gas is also a major concern. Hydrogen is a very volatile gas and
undergoescombustion very easily.

Hence the silver is designed to produce the hydrogen gas aitd@f combustion. This avoids the
hassles involved in the manufacture, storage and transportation of hydrogeritfatdo significantly
reduces the costs involved in using hydrogen as a fuel. It also reduces the dangers involved in using
hydrogen as ydrogen is evolved at the site of combustion. Hence, this avoids the need of a storage
mechanism required to store the volatile hydrogen fuel.

In Silverthe production of hydrogen gas takes place by the reaction of a dilute acid with an alkaline
earth metal. Hee dil.HCI is made to react with magnesium powder. As a result of this reaction,
hydrogen gas and a salt of magnesium sulfaprasluced.

This in accordance with the equation:
Mg + 2HC| — MgCb+H,

According to this chemical equan 1 mole or 24.3 grams of magnesium reacts with 2 molé&or

grams of dilute HCI to give 1 mole or 94 grams of magnesium sulfate and 2 grams of hydrogen gas. 2
grams of hydrogen gas occupies 22.4 liters afiv@ at 273 K at 1atm pressure. Hence a large amount
of hydrogen gas is created by relatively small amounts of the raw materials.

The salt, magnesium sulfate would bevaporform dueto the heat produced in the engine. This is let
off to the exhaust. Theélydrogen gas is made to flow into the combustion chamber where it is made to
react with the oxygen molecules of the incoming air to produce water vapors along with the liberation
of an enormous amount of energy.

2H,(g) +O, (3 0  HE O + 572J (28&JI/mol)
According to this equation 2 moles #mgrams of hydrogen gas react with 1mole or 32 grams of oxygen

gas and liberate 2 moles or 36 grams of water along with the liberation of 572 Kilo joules of energy. This
high amoun of energy is utilized to so thermal work on the incoming air.




The energy liberated imade to expand the incoming air in accordance with the gas laws. Due to this a
large amount of pressure is created. This pressurized jet of gas is made to exittitineugxhaust
creating forward thrust.

The Silver also incorporates a secondary method of production of hydrogen gas by utilizing the heat
generated at the engine turbines. In this procester containing a particular quantity efectrolytesis
passed hough tubes along the walls of the engine lining the turbines. The water gets heated up and is
converted into steam. As the temperature of the turbines is in the ord@200° C, the steam is
dissociated into hydrogen and oxygen gases. These gaseax decombine until the temperature is
maintained and exist in the form of ions. These gases then flow into the combustion chamber; they
gradually cool and form into gas molecules. The hydrogen gas again reacts with oxygen in the
combustion chamber and libates the amount of heat it had absorbed to break up which is then used
to propel the aircraft. This process is in accordance with the first law of thermodynamics.

The above process is based on thermo chemicakquation:Y'0= YO "¥'Y

"G free energyxhange

H= Enthalpy of the reaction

T= Temperature

S= Entropy

The quantityy represents the change in the above quantities. IN other words, it gives the difference of
the quantity between the product side and the reactant side.

Consider the equation

2H(g)+Q6 30 L) 57XJ (286JI/mol)

Whenwater issubjected to heat the reverse of the above reaction takes place as follows

2 HO (I)—> 2 K (9) + Q(9)-572KJ
Hence energy of 572 KJ is required to split to moles of waternptirogen and oxygen.

For a reaction to takplacethe free energy chage must be negativé.e. the free energy of the

products must be less than the free energy of the reactants. According tedirtion Y'O= YO

"W"Y the value of the free energy chge depends on thEnthalpy change of the reaction, the
temperatureand the net entropy change. For the above chemical reaction the enthalpy change and the
entropy change is constant. Hence the directiomezfctiondepends only on théemperature.As the
temperature increases the value &fOgradually decreases and finally becomes negative for the
dissociatiorreaction. Hence the dissociation reaction takes place.

The quantity of heat absorbed is givey: Q=mSdT
Q= heatabsorbed

m=mass of water

S=specific heat of water =42D8g/k

dT= @ange in temperature




1 mole of water weighs 18 gram8.018Kg

When the water is made tflow, it absorbs the heat of the turbines and the temperature can rise as

high as 1900 degrees considering that the temperature of the turbine would be about 220@&degre
Substituting the above values in the abaguation,

Q=0.018x4200x1900=143640 Joules =143.64 KJ

It is known that 286 KJ of energy is required for the dissociation reaction to produce 1 mole or 2grams or
22 .4 liters of hydrogen gas. Therefore 143.64fehergy will produce =22x443.64/286=11.25 liters of
hydrogen gas.

The addition of catalysts further enhances the rate of the reaction and makes this process more
efficient.

This process serves 2 purposes. It helps in cooling the turbines, thuasimgdétsefficiency andt also
acts as a mechanism to recycle excess heat which would otherwise be left unutilized. This increases the
total efficiency of the aircraft enormously and reduces the cost of operation.




Engines

The engines of the Silver are modifi2dpool turbofarengines.

Turbofan
(2 spool)

T = LP & fan shaft
= =7 HP shaft

Nacelle LP HP Combustion Fan HP LP Core
Compressor Compressor chamber Nozzle Turbine Turbine Nozzle

2 Spool Turbofan engine (image: Wikipedia)
The conventional turb@in engine is as shown above. It consists of an inafan, nacelle, Low

pressure and high pressure compressor, combustion chamber, fan nozzle, high and low pressure turbine
and an outlet nozzleThe main advantage of this type of engine is its higicieficy.

Current Turbofan technoloqy:

The turbofan engine has a fan enclosed in the duct which is mounted at the front of the engine. The fan
runs at the same speed as that of the compressor or is geared down to reduce its speed .The air coming
from thefan can be made to exit separately from that of the engine air or it can be ducted to mix with
the air of the primaryengine. Thewo gas streams may be kept separétbe the entire length of the

engine.

Working: The inlet duct of the engine contains afashich sucks air in. The diameter of the intake duct

is greater than that of the primary engine. So there are two air flows created in the engine. The primary
air flow whichpasseghroughthe engine core and is compressed by a setashpressors .The

semndary airflow directlcomes out of the fan. The ratio of the secondary airflow to the primary airflow
is knownas bypassatio. Thetotal thrust created by the engine is the sum of the primary and secondary
airflow. The primary airflow would be higherdmuse the air flowinghroughthe engine core would be




compressed and subjected to a high amount of heat in the combustion chambers and then expanded in
the turbines where useful work is done. Thases arg¢hen liberated from the exhaust.

The bypass ratiin the first generation of turbofan engines such as the Ri#titney JT3D

Enginewas 1:1. But the secorgknerations of turbofan engines likiee general electric CE-éhe Pratt
& WhitneyJT9D have a bypass ratio 5:1 or 6:1.

Reason for selectionfahe Turbofan engine:

The efficiencyf the turbofan engine is higher than those of thebojet engines. This is due to the fact
that the fuel energy obtained is largely converted into pressure energy rather than the kinetic energy of
the exhaust gase§he Fan engines have a defiratdvantage over pure jet engines in speed ranges
below mach 1. Due to the development of the tresmnic blade, theéurbo fan engine can be made to
reach speeds that are near to Math

The noise levels of the turbofan gime are about 20% less than other engine of comparable
performance. The weight of this engine lies between that of a turbojet and a turboprop eAgirteo

fan engine is capable of two kinds of exhausts. Hence the secondary exhaust can be used digaig vert
hover situations while the combination of primary and secondary thrust can be used in normal flight
conditions. Due to this arrangement the engine is less susceptible to stalling.

The turbofan engine, unlike thierboprop engine does not experiencalf in thrust due to increasing
airspeeds. Hence this is a better engine over the turboprop engine.

The turbofan engine can operate in a wide range of climatic conditions and under a wide range of
temperatures. Th& SFC and the specific weight are lesisen that of the turbojet engine. This results
in operating economy and aircraft range. The ground clearances lie betwedunrboget and the
turboprop engines.

These features show that the turbofan engine is suitable for long range and high speex Tlight
Turbofan engine is a fine optimized blend of efficiency and performance. But there are several
drawbacks that hinder high performance. Hence a modified turbofan engine is used.
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The above image shows that the turbofan engine hasha& net thrust versus airspeed ratio.
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Propulsion Performance
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The specific Impulse is high in Turbofan Engines. Hence the fuel efficiency is high and the opestting

arelow.
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Componentof the Modified Turbofan Engine:

Inlet duct:

The inlet dutis the entrance point to the primary engine core. It plays a vital role in deciding the
capabilities of thaaircraft. Thethrust generated can be high only if the inlet duct provides enough

airflow at the highest possible pressure. The Silver is dedigneperate at subsonic speeds nearing

mach 1. Hence the inlet duct is desigrsmdthat it does not produce shogkbrationsand is of the

minimum possible weight. The inlet ducigizen a bell mouth shape so that it meets the requirements

of subsonic fght. Such a design has a high potential of converting the kinetic or dynamic pressure of the
incoming air into static pressure and feed it to the compresgbe bell mouth design eliminates

contraction and allows the maximum possible quantity of air thiwengine. It practically offers zero air
resistanceThe inlet duct is also incorporated with a filter that screens undesired materials from

entering into the engine.

The mass flow of air per unit area is given by

17




2 A —1 —1
m:Alel(u ’ Mﬂ] v
;-

Fans:

The fan blades are made oof titanium. The main function of the fan blades is to compress the air and
send it into the primary and secondary gas paths. Each of these fan bladesrtidspan support. The
blades are replagable in pairs and are held blpts and split ring bladeotk.

The fanis enclosed by a fan case. It consists of the front fan case and the fahhexitconstitute the
engine structure that the supports the nacelle inlet. The front fan case consists of the farrittade
stripsand also prevents th&an bladedrom flying offraciallyin case they break.

The fan exit contains 84 guide vanes. These are made of composite material with the leading edges
made ofmetal. The fan exit also straightens the discharge air before it moves into the thrust reverser.
The bleed valve connects the fan exit to the low pressure compressor and assists in the flow of primary
air into the compressor.

Isentropic Nozzle Flow
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Nozzle flow relation (Image: Wiki books)
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Compressor:

The compressor stages are placed in the front portion of the engine after the inlet duct. The function of
the compressors is to compress timeoming airflow to high pressures. They convert the kinetic energy
of the incoming air into static pressuréhe compressors are of two typeghe low pressure

compressors (LPC) and the high pressure compressors (HPC). Based on their design they are also
classified as axial and centrifugal compressors. The engine of the Silver incorpotatespool axial

flow compressors. The engine has 16 comprestagesThe low pressurgystem has 5 low pressure
compressor stages and the high pressure system hasghlpressure compressor stages. Here the first
stage of the LPC is the fan. The fan is larger in diameter when compared to theathgressostages.

The HPC and LPC are designed to work independent of each other.

The total compression ratio is 30The bypass ratio, which is the ratio of the secondary airflow to the
primaryairflow, is kept at 5:1. Hence secondary airflow contributes 78% of the total thrust while the
primary airflow contributes 22%. The above features are designed in line with alte8PWhitney 4000
series engines whiclre considered to be the representative of the standard turbofan engine.

Eachstageof the compressoconsistf an inlet guide vanea statorand rotor. The inlet guide vane

guides the incoming air towards the sta There is no change in velocity during thiscessThe stator
refers to the stationary @mponent of the compressor stage. The stator compresses the incoming air so
that it incurs a loss in velocity that turn translates into a gain in static presswf the air. This air at

high pressure is guided towards the rotor. The rotor is the rotatable component of the compressor
stage. The air flowing into the rotor rotates it.

There is a gradual decrease in the diameter of the compressor stages. Heneéstan increase in the
static pressure of the air flowing through it. In effect, the air undergoes a high degree of compression
which is given by the compression ratio.

Compressors (image: Wikipedia)
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Combustion chamber

The combustion chamber is located in between thenpoessor and the turbined.he combustion

chamber in the Silver is an improvised annular type design based on the Prdtit@&eW3TD

combustion chamber. Here, the fuel is injected at the upstream of the primary combustion Ebise.
allowsefficientmixing of the fuel air mixture. This design also incorporates a low surface area to volume
ratio whichleads toa faster rateof cooling.

The fuelinjector: It consists of two concentrisets of emitters embedded inteemisphere The two
concentric set®f emitters are closely spaced. Témitters in a circle of smaller radius erditoplets of
concentrated HCI. Theskoplets ae of a specific size and are emitted at a specified divergent angle.

The outerring of emitters emitgpowdered magnesium in a direction perpendicular to the axis of the
hemisphere. Due to the angular arrangement, the liberated conc. HCI ambthdered magnesium

reactto form magnesium chloride and hydrogen gas. The Magnesium chloride is a liquid and collects at
the bottom of the combustion chamber andilemediately removed through openings so that they

R2y Qi NBRdzOS (KS ST T AoGeh §ag aves2ofward, Witre Big ignited Bydhe ¢ K S
spark plug.

Spark PlugThe spark plug is a high voltage device which derives its power froauttikarypower
plant. Itgives a single spark only while starting the combustion of fuel. Once thes figeiited, it is a
self sustaining process and the high temperature maintaorgtinuouscombustion of the fuel.

Construction:The combustion chamber consists of fuel injector at the upstream of the primary
combustion zone. There is a spark plug locatetthe lower region of the chambehe can of the
chamber is surrounded kn air duct. This has several openings throughout the length of chamber. This
provides the air necessary for the combustion of the fuel.

Working: The fueingredientsare emitted by the fuel injector combines to fim the fuel. This fuel is
ignited by the sparks form thigniter. Dueto this thefuel burns and produces heat. The incoming air is
heated by the direct application of thiheat. The air is thus set to a high temperatand pressureThis
air is then expanded at the turbines.

But the fuel may not be completely burnt in the primary combustone.The incomplete combustion

of the fuel leads to excedsel consumption.This leads to the decrease in the efficiency & #ircraft.
Moreoverthe fuel used is hydrogen gas. Hence the incomplete combustion of hydrogen gas leads to the
passage of this gas along with the air. Due toghevalenttemperatures inthe engine core, the highly
inflammable hydrogen gas may undergmtbustion elsewhere in the engine where oxygen is present.
This is highly dangerous to the engine.




Hence to prevent such a phenomenon, secondarytarthry inlets are provided along the length of
the combustion chamber.

Igniter Dome Liner
_ Snout T
Diffuser Fuel Injector > I / \

Dilution holes

Intermediate holes

Primary Holes

Combustion chamber Construction (image: Wikipgdia

Fuel

Dilution air

Cooling air -

’ Primary air

Combustion Chamber Working (image: Wikipgdia

Cooling mechanism and fuel recycling:

Hydrogen has a very high calorific value. Hence the cotidvusf small quantities of hydrogen gas
produces very large amounts of heat energy. This leads to very high temperataiesut8000
degreesBut the blades of the turbines can withstand tempenatsionly up to 1200 degreesBut the
excessivéemperature that the turbine generates due to ifsinctioningadds to the alreadyexisting
temperature created by hydrogen combustion and exceeds the limit. Hence a cooling mechanism is
provided to reduce the temperature of the turbines.

But, in order to increasthe efficiency of the aircraft andtreduce fuel consumption, the heat must be
re-utilized to do work. This can lehievedoy the following mechanism:




The entire turbine section is surrounded by tubes. Water mixed with a catalyst fed into these tbhbes. T
catalyst used for this processhitgs ALOs (OH)

Since it is a catalyst, smgliantitieswould suffice. This water is made to flow into the tubes. It then
absorbs the excess heat from the turbines and acts@wéant Due to the etteme temperatureof the
turbine section, the water undergoes thermolytic dissociation to form hydrogen and oxygen gases. The
addition of the catalyst further increases the rate at which these gases are foithedcatalyst is not
consumed by the reactio.he catalyst re@yenerates itself at the end of the reaction. Hence this can be
again reused.

The hydrogen and oxygen formed exist as separate gases as long as the temperatsgoootire to

the free energy change is maintained .once these gases apeti@ito the combustion chamber

through separate fuel injection inlets known as the secondary fuel injection inlet, they are expanded.

Due to the expansiarthe pressuralecreasesyolume increases and the temperature of the gas mixture
decreasesn accodance with the Charles Law of gases. Due to this, the hydrogen and oxygen gases

again combine to form water.

Hence the heat of the tine is effectively utilizety thisprocess The overaléfficiencyof working o f
the engine is also increases. Thaswmption of the primary fuel also decreases.

Turbines:

The combustionttamber is followed by a set ofgéages of turbinesThe primary function of the
turbines is toexpand the incoming air and to extract useful wotk of it. There are two basikypes of
turbines the impulse turbine and the reaction turbine. The turbines used in aircrafts are reaction
turbines. It uses theeactionforce generated by the air to rotate the turbine.

The engineonsists of a four stage low pressure turbine andsta@e high pressure turbine system.

High pressurdurbine (HPT) The force required to rotate the high pressure compressors is provided by
the 2 stage high pressure turbine. It consists of 60 blades rasithga single crystal material and 82
blades usig directionally solidified material.lhe HPT includes the case and the vasgsemblyfwo

rotor disks and blade assembly, rotating inadérseal

The cooling systemoolsthe first and second stage disk and blade assep#dgecond stage clusters
and the innerair seal




Low pressurdurbine (LPT) The LPT provides the necesstmce for the rotation of the LPC including
the fan by means of the drive shaft. The stage3 consists of 39 nozzle guide vanes and 12®ladbme
Staged, 5 and 6 consistsf 44, 38 and 36 vane clusters and 130,118 and 128 turbine blades respectively.

Turbine (sourcenature.con)
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Air Flow through the inlet guideanes(iImage Wikipedia)

EngineStarter.

Aconventional engine may use starters such as an electric motor, sgeterator,air turbine starter,
cartridge starter, hydaulic starteretc. All these methods require additional mechanisms for its
functioning and hence are not very efficient.

Hence thesilver incorporates an electromagnetic starter to increase the efficiency of the process. The
starter is built inside theentral shaft of the engine. Hence it is integrated with the engine itself.
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Here the shaft is made up of a material of high magnetic permittivity. Hence the shaft also serves as the
enginestarter. The end of the shaft toward the exhaust is fitted witthartmal electron emitter

material. This material imegativelycharged due to the presence of electrons. The material used can be
CsRydberg matter which has a very low work function and hence can emit electrons very Hasily.

side of the shaft near thanlet valve is fitted with a positively charged material. The positive charge can
also be attained be connecting a conducting material to the positive terminal of a battery.

Here theelectron emitter emits the electron and acts as the cathode and the ipesitcharged material
attracts theelectronsand acts as the anodé vacuumis created inside the shaft tube to aid the flow of
electrons.Theelectronemitter starts to emit electrons when the temperature increases. This
phenomenon is known is thermianemission. When the combustion of the fuels takes place the
temperature of the engine core rises and thus the emitter starts to emit electrons. The egetsdons
are attracts towards the anode. The electrons also ravejection velocity which aidsiithe amount of
current produced.

The Thermal ejection of electrons is governed by the RicharBsmmman equation

J = AcT2e 7

J=Current density

T=Temperature

W=Work function of the emitter material. For the-Rgdberg material it is about 0.7eV.
K=Boltzmann castant

.‘1(3 - )kR.‘lﬂ
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m= mass of the electron

e=charge of the electron

The current density J is also given by the relation

J=na&g

n= the number of electrons
e=charge of each electron
Uo=drift velocity of the electrons

The drift velocity of the electrons is the velocity with which the electrons travel from the cathode to the
anode. This depends on the medium between thelectrodesHence the vacuum between the
electrodes helps increasing the current flow by maintaining high drift velocity.




The emission of electrons is also given by the equation

E =W m0?)/2

E=applied energy

W=work function

V= velocity of ejectio of electrons.

This velocity is further increased by the potential created by the anode

A small amount of emitter material can emit abdl@?® electronsat velocities of about0® m/s by the
above processThis produces a very high current of aba0® amperes. This is also due to the fact that
the vacuumhelps in avoiding the current losses due to resistance.

The outer case of the engine is coated with a magnetic material. When there is an electron flow inside
the shaft, due to the interactio of the magnetic field of the moving electrons with the magnetic field of
the external magnets thehaft experiences a rotating force due to which it rotates. The direction of the
different components is shown below:

Right hand Grip rule (Image: Wikipedia)
The right hand grip rule which is the principle behind wWarking of the enginetarter is shown in the
above image. The current through the conductor | produces a magnetic field B around itself.

—

T F

N

< V\}q E

!

25



http://en.wikipedia.org/wiki/File:Manoderecha.svg

The Right hand Ru{égmage:Wikipedia)
CKAA A& Ay | OO2NRI gw@Benay:A 6K GKS . A2G {I @K NIQa [

po Idl x ¢
) Ar 2
B=magnetic field.
I= Current through the conductor
r= distance

>, =Magneticpermittivity of free space
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This mechanism is only used when the engimeqgsiiredto start and when the aircratft is in vertical
takeoff/landing/ hover modeThis mechanism must be shut dowuaring normalflight. But the high
temperaturesproduced in the engine core even during norrfight. This triggers the emission of
electrons. To preverthis emitter material is kept below another similar material with a small gap
between the 2 materials. The electromagnetic repulsion between thdaimiaterials prevents the
emission of the electrons when not required.

Exhaust Valve:

The exhaust nozzle is the final component of the engine. It helps in the removal of exhaust gases form
the engine and provides thrust for the forward movement of thetft. A convergent type of nozzle is
provided for the silverThis helps to maintain a constant internal pressure.

Noise pollution has also become a major concern and it appropriate to take measures to reduce the
effects o fthe same while dsigning tle aircraft.

Thesourceof sound in any aircraft is the turbulence created when the air from the engine of the aircraft
at high pressure and temperature exits into the surrounding ambient atmosphere. The turbulence
increases as the speed of the aircraftieasesBut the noise is also created due to the compressor. The
noise from the compressor is of high frequency and hence hiifdgtional andt tends to deteriorate
dueto contactwith obstructions. Hence it is not bound to cause anticeablenoise pollution.But the
sound from the jet exhaust stream is of low frequency and is non directional. Hence this is the major
cause of the noise produced due to the functioning of the aircraft.

Thenoise produced by ordinary jet enginesashigh as 140 ddels. The suppression of this salis

achieved by selecting the turbofan engine. A turbofan engine produces much less noisduhaojet

of comparable performance. Having a high bypass ratio for the turbofan engine also reduces the amount
of noise crated from the exhaust. The passage of the engine is also linextbysticadampeners

which absorb the sound createdPortablenoisesuppressorare also installed in the exhaust which

reduce the noise levels to as low as 25 decibels.




Auxiliary PowerUnit (APU

The auxiliarypower unit is used for various purposes during the operation of the aircraft. It is used to
supply power for internal lighting, aionditioning, for running the onboard computer systerflight
control systems, engaging the landing gears etc. But the most important use afixii@rypower unit

is the tiltingof the two turbofan enginesluring vertical flight.

Theauxiliarypower unit is located at the center of the aircrddiselagein alignment with the two
turbofan engines. It is connected to the two engines by means of a rotatable connecting rod.

The APU is a type of an electric generator cum motor. It acts as a generator tpetaeeanduses the
same when required. Th&PU is annected to the engines by means of a connecting rod. This rod is
geared to the central engine shaft. When the APtédgiiredto charge, the gears are brought into
contact and the rotation of the central shaft of the turbofan engines results in the ootatf the
connecting rod.

The connecting rod is inserted inside the APkl rod is connected to the generator which converts its

rotary motion into electricity. This electricity is then stored inside the ARk electricity is then
supplied to the vadus parts of the aircraft.

Tilting Mechanism through APU:

During vertical lift off andanding the two turbofan engines must be tilted by an angle ofi®greesand
then must be brought back to its original position for notrflight. The APU is used for this purpose.
The electric energgtored in the APU is used here. During the tilting of the engines, the connecting rod
is removed from its geared position with the central shaft. It is then made to fix rigidly with thedfody
the engine. Once it is rigidly connected, the connecting rod rotateclockwise direction with the help

of the electric motor in the APU. This rotation stops oncedhgineshave been placed at the desired
angle. In this way, the tilting of the eimgs isachieved

When the engines are required to be brought back to the originaltion,the connecting rod is made
to rotate in the anti clockwise direction by the same angle by means of the electric motor.

Theconnectingrod is again geared back tiee central shafts of the turbofan engines on either side and
the APU again functions a generator. The connecting rod rotates and produces electricity.




Air Friction Reduction Mechanism
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It is a type of frictional force which is formed by high speed air particles ingabe aircraft. But the

same air creates the much necessary lift required to keep the aircraft in air. Hence, it is necessary to
design a system which would strike a balance between lift and unnecessary air friction. In this direction,
we have designed Friction shield which would repel air molecules and avoid energy loss due to air
resistance. Air is comprised of 78% of Nitrogen and21% of oxygen. Nitrogen is a predominantly
diamagnetic molecule and Oxygen is a predominantly paramagnetic moleculefdrieethe external
surface of the aircraft has been fabricatiedio a superconductor electromagnat aerodynamically

critical regions Theoretically, electricity flowing through a conductor is associated with a magnetic field
around it. In case of a supeonductor a perpetual magnetic field can be created with a small quantity
of electricity. Many metals behave as super conductors at low temperatures"biyp2 of
superconductors comprising of metal alloys can behave as superconductors at tempeestinigh as
181K 0r-92°C Therefore, it is necessary to uSa Pk 4Ny BaTmMCuy O (Patent Pendingdlloy which

is claimed to behave as a superconductor at 181&rmnBal m,CuOys.alloy which is claimed to behave
as a superconductor at 150K as #lectromagnets. By this procedure, very efficient electromagnets can
be created by using very less amounts of electricity. The above mentioned alloys are brought to their
operational temperature by using liquid Nitrogen. When functioning, these electraptagan repel

the diamagnetic Nitrogen and attract the paramagnetic oxygen and thereby reduces up to 78% air
friction.

A delicate balance can be struck between the lift required and the reduction of air resistance by
controlling the amount of electricitflowing to the electromagnets. Moreover, the paramagnetic oxygen
attracted by the electromagnets, ensures the continuity of the required lift to keep the aircraft at the
desired altitude.

This is an optional feature that can be incorporated to increaseagtrodynamic efficiency of the

aircraft. This feature can also be modified to use the conventional diamagnets if the superconductor
electromagnet is considered to be unfeasible. This feature is installed only at small regions of high
aerodynamic importare in order to increase the overall speed, cost effectiveness and efficiency of the
aircraft.
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Water intake mechanism:

The silver can be used to fight forest fires and other similar situations as it incorporasdsra w
collection and storage mechanisifhe mechanism is brought into effect by means of 4 pairs of
retractable water tubes which can be released from the rear of the aircraft.

The aircraft is brought over a source of water where it goes into verticht figde. The water tubes
are then released into the water source. As soon as the tubes come into contact with the water source,
it sucks water into the storage facility located at the base of the airtuaétlage

The water collection mechanism is algeecated by the power supplied from the APThe electric
power stored in the APU is used to run the electric motor. The motor creates the suction power
necessary for the suction of water from the water source into the storage facility.

When the water is@llected, the tubes are retracted from by the electric motdihen the aircraft has
to release the water from the storage facility, the hatches at the lower surface of the storage facility are
opened and the water is released.

The water storage facilitjasa total of 4 chambers with each chamber having a pair of openings at the
lower surface. This helps in the partial release of the water stored. This also enables the aircraft to
release the water at several different places at different points of time.




Mode of Operation

The silver is a multi functional and a versatile aircraft. It is capable of carrying about 100 passengers on
board. It can also simultaneously hold up to 100@&0s of waterin the storage facility. The aircraft can
also be modified to holdbout 25000 liters of water without the passengers.

Take Off:The aircraft can take off both from land and water. It can take off from land either
conventionally by means of a runway bcan also perform a vertical takeoff. It can take off from water
only by means of gertical takeoff.

The Silver can take off from a runway of just 300 meters through the conventional takeoff mechanism.
The vertical takeoff is achieved by tilting the ttuwbofan engines to a vertical position. Tsleaft of the
engines is then disconnected from the compressors and turbines by means of a spool and the vertical lift
is achieved only with the help of the fan. This is done as the compressors and the twdnnes run at

such low velocities of the incoming air. The fan is then temporarily yuthd engine starter which is an
electron emitter system surrounded by a magnetic engine case. This mechanism also starts the engine.

Cruise flight:After the vertial takeoff, the engines are brought back to its origipalsitionby means of

the electric motor in the APU. The shatft is reconnected to the sets of compressors and turbines and the
enginestarteris switched off by concealing the electron emitter and tpusventing it from emitting

the electrons Now the forwardthrust of the aircraft is the sum of the thrusts due to the primary and
secondary sir flows through the fan and the engine core.

During this normallight, the hydrogerfuel createdat the site & combustion ignites and produces the
requiredenergy needed to run the engine. The turbofan engines of the silver incorporate the same basic
structure2 ¥ G KS O2YLINB&aA&a2NB YR Gdz2NDAYySa 2F GKS dzyAd
turbofan engineHence the engine is almost of the same dimensions as that of the above mentioned
engine.Hence the engine is approximately 1i88hes long and 97 iacross thdargestdiameter. It

weighs about 4713 kgadprovides a thrust of about @00 Ibsby virtueof increasedefficiencydue to

the modified engine design

Net Thrust:

Fy=m-(Vife = Va)

The aircraft can reachp to speeds of mach 0.8 witihe help of transsonic blades.
V= 0.8x330 (mach= 330 m/s)

V=264 m/s
V= 264/0.5144

(s}
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V=513.22 knots

Vertical HoveringWhenthe aircraftis required to hover over land evater, the two turbofan engines
are again brought back into a right angled position. The shaft is again disconfrectetie
compressors and the turbines and the aircraft is made to hover only with theofighe fan run by the
engine starting mechanism. The thrust crated is equal to the gravitational pull. Hence the aircraft
maintains a constant and stabédtitude. Theaircraft can also be made to move vertically upwards or
downwards by correspondingly ireasing or decreasing the thrust.

The aircraft is again brought barrko normal flight by the same mechanism as mentioned above for the
takeoff.

Landing:The aircraft can be made to landvirater oron land. It can be made to land on a land either
conventionally by means of a runway. A runway of about B@@erswould suffice.It can also be made

to land vertically by again bringing the engines into the right angled position and disconnecting the shaft
form the compressors and turbines. The engine lddae run by the startemechanismThe aircraft is

slowly brought down by gradually reducing the thrust.

The aircraft can also be made to land on water by bending the landing gears at an anglelefE&s

and positioning them such that theye arrangedin rows below the lower surface of tHiaselage The
core of each tyre of the landing gear is fitted with a float which helps in maintaining the aircraft afloat
once it has landed on water. The landing mechanism is same as mentioned above.

The aircrafttan also be made to float on water by using the water storage facility as a float when it is
empty.




Cost Estimates

The cost of the aircraft can be divided into three categeflies cost of construction, operation and
maintenance.

Cost Of construction:

The cost of construction depends on several factors. Although the cost of the raw materials used to
construct an aircraft is more or less same in all parts of the world, tteé toist of the final aircraft
depends on the place at which it is built and the techniques used fooitstruction

The construction costs is also largely dependent ondber costs which depends on the country in
which it is built, the quality of matials used and the technigues used. Hence taking all these factors
into account,the cost estimate for the construction sflver is the done taking the basic minimum
requirements required for the operation of the aircraft.

The basiduselageis estimatel to costabout USIB millionwhen using the basic minimum materials at
the lowestavailablemethods ofconstruction

Theauxiliaryunits like the APU, water intaldevices, seating, landing gears and the internal lightings
and other accessories éstimated to cost about USD .
The flight control systems, thebckpit installations, radar installations, external lightening &tc. i
estimated to cost about USDrh
The two modified hydrogen powered turbofan engines is estimated to cost about USD 10mn.
The cost of theair friction reducing devices depends on the choice of usage oflitmagnets The
installation of the mosefficientdiamagnetsat only the most crucial parts of the enginad other
miscellaneougxpenses like the computer and communioatsystems igstimated to cosaibout USD
Imn.

Hence the total estimated cost of the construction of the Silver is about318ID

Cost of operation:

The cost of operation of the Silvisrmuch less than other aircrafts gimilarperformance. The costfo
operation depends upon the type of mission that the Silver is expected to accomplish. Hence the cost of
operation can only be compared with standard aircrafts.

Thecostof operation of the engine is just about 5% of a standard conventional turbofanewogi

similar performane. This is due to the fact that several improvisations are done to the engine to
improveefficiency




The air friction reducing devices saves ftmhsumptionby about 20% and reduces cost of operation.

The fuel used is obtainedaim magnesium powder and cortdCl;hence the cost of the fuel is also very

low and is only about 10% of the conventional jet fuel. Moreover 50% of the fuel required in cruise flight
is obtained byhydrogen dissociated from water by reutilizing the excesat lof the engine. This reduces

the cost of operation.

The Hydrogen gas which is used as a fuel hasyahigh calorific value. Hence taemount to fuel
requiredfor the production of particular amount of heat energy is very less. This saves operatisn co
enormously.

In total, the cost of operation of th8ilveris only about 10% of the cost required for the operation of a
conventional aircraft with similar capabilities.

Cost Ofmaintenance

The cost ofmaintenanceof the Silver is about 20% less thidne cost ofmaintenanceof any other
conventional aircrafof comparableperformance. This is due to the fact that the friction reduced
helps in preventing the wear and tear caused to the various parts of the aircraft due to continuous
usage.




Couplingof Two Aircraft

The design of the silver has been described in the previous sectionstiNewsection tries to explain
the mechanism by which two such aircrafts can used to caagslovhich is about twicthe load that
each individual aircraft can carry.

Advantagesnvolved in coupling:

The copling of two aircraft increases the efficiency with which a certain task can be perfotesdy

loads which cannot be lifted by a singlecaaft can be lifted by two aircrafts working in coordination

with each otherSome loads cannot be dismantled to be carried on different aircrafts separately. Hence
the coupling of aircrafts would help resolve such a situation.

Problemsinvolved in cowpling of aircrafts:

There are several technical difficulties involved in the coupling of aircrafts. Some of them are listed
below:
1. The load to be carried must be p&am such a way that they apply equal load on both aircraft
and thus must be balanced.
2. The aircrafts used must have enough lifting capabilities to meet the requirements.
The aircrafts carrying the load must be well coordinated during their flight.
4. The aircrafts must land with utmost care.

w

Why a Tilt Rotor craft is better suited for this opation than a conventional
helicopter:

A tilt rotor craft like the silver can operate in two modes: the aircraft mode and the helicopter mode. In
the aircraft mode, the engines of the silver galaced in a horizontal position and hence, the twin
turbofan engines propel the aircraft to speeds has high as mach 0.8. At cruise speed, the fuel
consumption of the silver would be less than a conventional helicopter of comparable load bearing
capacity. Inthe helicopter mode, the silver can perform vertaiedoff and landing. Hence it is capable
of landingand taking off fromalmostany type of terrain.

The load bearing capacity of the silver is far greater than most of the conventional helicopters. This is
due to the high power modified turbo fan enginesedsn the aircraft. Thus two such aircraft working in
tandem can carry a far greater load than two conventidreicopters working together.




Aconventional helicoptecan perform verticalakeoffand landing, but it comes at the cost of speed
andefficiency. The helicoptersonsumegreater fuels and travel at lower speeds and can be stalled
easily. Hence it is far lesfficientthan atilt rotor for this kind of a job.

Mechanism of attachment of the load:

The Tilt rotor craf are separated by a distee which is in proportion to the size of the load. A metallic
platform which exceeds the size of the load by a small margin is plddezplatform is attached to the
lower surface of the fuselage of the two aircrafts by meah8cables, 4 connected teach aircraft. The
load is then placed on the platform and then air lifted.

Principles:

The load carrying process is majorly dependent on the scientific principles of vector resolution:
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A vector is used to describe a physical quantity which has both magnitude and direction. The magnitude
of the physical quantity is given liye length of the vector and the sense gives the direction along which
the given physical quantity is acting. The Initial point is the point at which the physical quantity
originates.
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a
Vector (image: Wikipedia)
The physical quantity considered here is force. There are only two forces involved during takeoff and
landing. This is considering the fact that the takeoff and landing is done \igrtidance there are only

vertical components involvedThe two forcesnvolvedare the upward lift provided by the engines and
the downward pulcausedby the force of gravity acting on the load.
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The upward lift must be gradually increased to a level greater than the downward pull during takeoff
and the upward lift must be made equal to the downward pull when travelling at noreiatity. The
upward Ift must be gradually decreased to levels below the downward pull when landing.

When the aircraft imcceleratecor when there is the flow of wind, there is swinging of the platform
holding the load. At this point of time there are two components to theé acting on the loadlhey
arethe horizontal component and the vertical components. These components are obtained by the
vector resolution of the single force.




Changed position of the
cable due to swing

Original position
of the cable

Load bearing platform load

Position of load during accelaration

39




Component of force along each of tages (image: Wikipedia)
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Vectorsum of the coplanar forcégnage: Wikipedia)

The totalforce acting on the load is the vector sum of their components as shown abbgee forces
must be adequately compeated to maintain the system in equilibrium.
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Flight Stabilization:
Mechanism To detect the amount of swing and compensate it with the appropriate change in thrust:

The external carried by the aircraft can swing by a certain angle when subjecedeleration or due

to the flow of wind. This swinging can cause instabilities in the aircraft and may also lead to the snapping
of the connecting cables. Hence the thrust of the engines must be appropriately adjusted to
accommodate such factors.

The angle of the swing must first be determined continuously in order to make effective and immediate
adjustments to maintain the system in equilibrium. The silver incorporates an adjustment device which
meets the requirements of such a job.

The device condis of a chamber filled with water with a certain amount of electrolytes dissolved in it.
Thewalls of the chamber consief a number of very thin strips made of a hydrophobic material placed
close to each other. The opposite ends of these staileconnected to an external electric circuit which
comprises of a battery and a current measurement delikeeanammeter.The hydrophobic material is
non-conducting and does not allow the flow @lectricity. But when it is wetted by the electrolytic

water, theions in the water allow for the passage of electricity through the external circuit. As soon as
The water is out of contact with the hydrophobic material, there would be no water present in the
material due to its hydrophobic nature and there is no floffvelectricity through it.

When there is a change in the angle of the load bearing platform with respect to the normal, there is an
equal change in thangleof the surface of water in the chamber with respect to the normal. Due to this
there is an incrase in the level of water on 1 side of the chamber and a decrease laviékinthe

opposite side of the chambeDue to the rise in water level, a definite number of hydrophaigs

which is in proportion to the angle of swing gets wetted and cokslatectricity which is measured by

the current measuringlevice Hence the number of strips wetted is directly proportional to the angle of
swing.This device then sends signals to the central processor which adjusts the thrust of the engines
with a magniude in proportion with the angle of swing.

Controlof the Aircrafts:

The two aircrafts have a pilot each wivould maneuverthe flight duringtakeoffand landing. The two
aircraft are maintained in proper position with respect to each other by tigatfstabilization
mechanism mentioned abov&/hen any one of the aircrafts accelerates with respect to the other,
there is the swing in the angle of the platform with respect to the normal. Due to this, the flight
stabilization takes place as mentioned a&baand thevelocity of the two aircrafts imxade equal to each
other bythrust compensation




Mode of Operation:

Take off When the load is attached to the two air craft by the means mentioned above, they are ready
to be lifted. The aircraft areplaced with the load in between theniThe vertical takeoff is achieved by
tilting the two turbofan engines to a vertical position. The shaft of the engines is then disconnected from
the compressors and turbines by means of a spool and the vertical lift isradrialy with the help of

the fan. This is done as the compressors and the turbines cannot run at such low velocities of the
incoming air. The fan is then temporarily run by the engine starter which is an electron emitter system
surrounded by a magnetic gine case. This mechanism also starts the engine.

During takeoff there are only two forces acting on the aircrafts and the load. The upward force
generated by the engines and the downward force on the load due to gravity. These forces have an
angle of 18@egrees between them. The upward lift must be gradually increased to a level greater than
the downward pull during takeoff.

Normal flight After the vertical takeoff, the engines are brought back to its original position by means
of the electric motorm the APU. The shaft is reconnected to the sets of compressors and turbines and
the engine starter is switched off by concealing the electron emitter and thus preventing it from
emitting the electrons. Now the forward thrust of the aircraft is the sumhef thrusts due to the

primary and secondary sir flows through the fan and the engine core.

During this normal flight, the hydrogen fuel created at the site of combustion ignites and produces the
required energy needed to run the engine. The turbofan eegjiof the silver incorporate the same basic
A0NHZOGdzNE 2F (GKS O2YLINBaaz2NBE FyR (dz2NDAySa 2F (K
turbofan engine. Hence the engine is almost of the same dimensions as that of the above mentioned
engine. Hence th engine is approximately 133 inches long and 97 in across the largest diameter. It
weighs about 4713 kgs and provides a thrust of about 100000 Ibs by virtue of increased efficiency due to
the modified engine design.

During normal flight, the aircraftsdvel at constant velocity and there apaly two opposite forces
acting on the load as mentioned. The upward lift must be made equal to the downward pull when
travelling at constant velocity.

Accelerated Flightwhen the aircraft is accelerated or whemete is the flow of wind, there is swinging

of the platform holding the load. At this point of time there are two components to the force acting on
the load. They are the horizontal component and the vertical components. These components are
obtained by tle vector resolution of the single forcéhe computer systems in each of the aircrafts

sense this and adjust their engines so that these forces are compensated and the flight is in equilibrium.




Vertical HoveringWhen the aircraft is required to hover oviand,the two turbofan engines are again
brought back into a right angled position. The shaft is again disconnected from the compressors and the
turbines and the aircraft is made to hover only with the help of the fan run by the engine starting
mechanism The thrust crated is equal to the gravitational pull. Hence the aircraft maintains a constant
and stable altitude. The aircraft can also be made to move vertically upwards or downwards by
correspondingly increasing or decreasing the thrust.

The aircrafis again brought back into normal flight by the same mechanism as mentioned above for the
takeoff.

Even during hovering and there are only two opposite forces acting on the load and upward lift must be
made equal to the downward pull

Landing: The aicrafts can be made to land vertically by again bringing the engines into the right angled
position and disconnecting the shaft form the compressors and turbines. The engine would be run by
the starter mechanism. The aircraft is slowly brought down by gatiglueducing the thrust.

The aircrafts are separated by a distance which is slightly greatethieagize of the load carrying
platform when landing. The load touches the ground first and then followed by the 2 aircrahts.

upward lift must be gradaily decreased to levels below the downward pull when landing.

The platform is then detached from the two aircrafts and the load is removed.

Amount of load carried:

Each aircraft, by virtue of the powerful engines used is capable of easily carryd@lbeGs an
externally attachedoad.Hence 2 of them working together can carry at least 18000Ibs. Hence the
minimum loadof about 7000lbs of ISO containers can easily be carried by the aircrafts.




Executive Summaryriefing:

Introduction:

The Silver is an aircraft designed to overcome some of the difficulties that the present tilt rotor
aircraft have to face. The Silver has an external structure based on the famous tilt rotor, the V
22 Osprey. The Silver incorporat2 modified turbofan engines for propulsion. The engine has a
fan followed by a set of axial compressors and turbines. The engine has incorporated a
mechanism where a vacuum cylinder is incorporated into the principal shaft of the engine. Due
to the heatdeveloped by the combustion of fuel, thermal emission takes place from the
cathode. The electrons thus emitted travel towards the positive anode with high velocities. Due
to the high velocity of the electron current, a large current is created. Becaubéafurrent, a
mechanical force is experienced by the shaft by virtue of the electron interaction with the
magnetic engine case. Due to this the shaft experiences rotational motion which drives the
propeller fan. This technology is used as a starting raeism for the engine and also for thrust
augmentation. It is also used as a power saving mechanism when the aircraft is in hover mode.

The Combustion chamber and the fuel injector have been modified in the Silver. Here the fuel
injector is made to ejectrsall quantities of a dil. HCI and powder of magnesium. These two
combine to liberate hydrogen which has a very high calorific value. The hydrogen is created at
the sight of combustion and is used as primary fuel for jet propulsion. This avoids the hassles
and the dangers involved in storing and transporting hydrogen gas. This mechanism is
employed as a starting mechanism for the flight.

When the aircraft runs for a certain period of time a high amount of heat is generated. The fuel
dissociation chamber caists of water containing a definite a quantity of electrolytes. The heat
generated dissociates the water molecules into hydrogen and oxygen. This is recombined again
to generate energy. This will comprise about 50% of the energy required for operatimedth

is provided by the acidnetal method mentioned above. This mechanism also serves the
purpose of engine cooling.

The Silver also incorporates an air friction resisting mechanism where diamagnets comprising
of superconducting electromagnets are pdacat crucial points on the external surface of the
aircraft. This helps in saving power and also adds to propulsion.




The aircraft also employs an innovative auxiliary power unit which stores the excess power
from the turbofan engines and uses them durtheg tilting of the engines and for sucking water
into the internal tank.

Tilt Rotor:

The silver has been designed as a versatile tilt rotor aircraft. The tilt rotor aircrafts are more
advantageous than a conventional rotor craft helicopter in many etspe

The basic advantage of a tilt rotor over a helicopter is that it has a higher speed and a greater
range. The maximum speed achieved by a helicopter is given by the turn speed of the rotor. If
this speed exceeds a particular limit, then the helicopteuld stall .They are also restricted to
speeds of about 150 knots. Tilt rotors can easily achieve speeds of about 300 knots and also
achieve altitudes of about 6000m. These types of aircrafts are also less noisy in forward flight
when compared to helicdprs.

The best of heavy load carrying helicopters can lift only about 20000 to 30000 Ibs. Buotikircrafts
can carry much morad; hence it is more economically viable. The silver with its modified design can
easily carry about 100000Ibs of tha

The silver has a water storage facility with an appropriate water collection mechanism. Hence it can
collect liquid loads also. Therefore it can also be used for fighting forest fires.




Fuel Used:

Hydrogen gas is used as the primary fuel far fimnctioning of Silver. Using hydrogen as a fuel has many
advantages when compared to other conventional fuels.

Heating value of different fuels
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Asdisplayed bythe graph the calorific valu®f hydrogen gas isrery high when compared tilne other
conventional fuels commonly used. Hence burning 1 gram of hydrogenldivasJ of heat when

compared to just 40KJ given by conventional gasoline. Hence using hydrogen gas as a fuel in the Silver
has exponentilty increased its fuel efficiency and thereby significantly decreased its operating costs.
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The storagef hydrogen gas is very difficult. Hence the use of industrially manufactured hydrogen gas as
a fuel is dangerous since hydrogen can easily undergo ignition and can even explode. This problem is
solved by creating the hydrogen gas at the site of combudiiothe metal displacement method. Hence
there is no problem with regard to the safety of using hydrogen gas as a fuel in silver.

Turbofan

The Silver has been incorporated with 2 modified turbofan engines based on the Pratt & Whitney 4000
series turbofa engines.

There are many advantages in using turbofan enginegppesedto other jetengines:
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Flight Mach number, M,
Propulsive efficiencgimage:www.ligoeleos.com)

As seen from the above figure the turbofan engisian optimum combination of speed and efficiency
when compared to other jet engines.
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The efficiencyf the turbofan engine is higher than those of the turbojet engines. This is due to the fact
that the fuel energy obtained is largely converted integsure energy rather than the kinetic energy of
the exhaust gases. The Fan engines have a definite advantage over pure jet engines in speed ranges
below mach 1. Due to the development of the trasmic blade, the turbo fan engine can be made to
reach speds that are near to Mach 1.

The noise levels of the turbofan engine are about 20% less than other engine of comparable
performance. The weight of this engine lies between that of a turbojet and a turboprop engine. Turbo
fan engine is capable of two kisdf exhausts. Hence the secondary exhaust can be used during vertical
hover situations while the combination of primary and secondary thrust can be used in normal flight
conditions. Due to this arrangement the engine is less susceptible to stalling.

Theturbofan engine, unlike the turboprop engine does not experience fall in thrust due to increasing
airspeeds. Hence this is a better engine over the turboprop engine.

The turbofan engine can operate in a wide range of climatic conditions and under aangke of
temperatures. The TSFC and the specific weight are lesser than that of the turbojet engine. This results
in operating economy and aircraft range. The ground clearances lie between the turbojet and the
turboprop engines.

These features show that éhturbofan engine is suitable for long range and high speed flights. The
Turbofan engine is a fine optimized blend of efficiency and performance. But there are several
drawbacks that hinder high performance. Hence a modified turbofan engine is used.




'\ 1 Iﬁ #
2 | E'Ir‘
ke
1 "'\1_‘1 '?f
™ ‘H'\-\. .
h:.u- HHL"“--—.E: Q i'
-.IE .."‘-1.. FEE?"--.‘ ’J
ot Bsa
E '--.‘ T e
E 2 -\..__|_ —
5 it
E ’ll" =5
o
'r'
o
/™ ]
"'I .|"F
|" = i

Airspeed
Net thrust v/s Airspeed (imagaww.flightlearnings.com

The above image shows that the turbofan engine hadha& net thrust versus airspeed ratio.
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Propulsion Performance
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The specific Impulse is high in Turbofan Engines. Hence the fuel efficiency is high and the opestting

arelow.

EngineStarter.

A conventional engine may use starterglsuas an electric motor, starter generator, air turbine starter,
cartridge starter, hydraulic starter etc. All these methods require additional mechanisms for its

functioning and hence are not very efficient.

Hence the silver incorporates an electromagiastarter to increase the efficiency of the process. The
starter is built inside the central shaft of the engine. Hence it is integrated with the engine itself.
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Here the shaft is made up of a material of high magnetic permittivity. Hence the shaffemlas as the
engine starter. This helps in providing an effective and economic means of starting the engines as well as
sustaining vertical flight.

Energy recycling:

The excess energy the form of heat in the engine is recycled and reused in therSHence the fuel
efficiencyof the silver is very high and thperformance is also high when compared to other rotor
crafts. This mechanism also serves the purpose of cooling the engine.

Air Friction Protection:

The silver also provides an option widlementation of ordinary or superconductor diamagnets at
aerodynamically crucial points on the aircraft to reduce to a large effect, air friction might have on the
performance of the aircraft. This feature increases the overall efficiency of the aircraft.

Speed Range and Performance:

Due to itspowerful modified turbofan engines and the use of hydrogen gas as fuel, the silver can easily
travel at velocities of mach 0.8. It has a large range of about 2500 nm and it can carry a load of about
100000Ibs by ivtue of its engines each of which can produce a thrust of 100000HwEs Silver is also
capable of taking off, landing and hovering owexter, which indeed is a huge advantage over other
aircrafts.

Auxiliary PowerUnit:

The Silver also incorporates amovativeauxiliarypower unit whichstoresthe excess power supplied
from the engine andises it for running the in flight systems. It also provides the energy required to tilt
the engines during vertical flight.

Flight Stabilization:

The Silver inaporates the flight stabilization mechanism which provides for the maintenance of flight
equilibrium when two aircrafts are coupled to carry load.




Additional Features

It is recognized that the rotorcrafts of today might not be required just for cagrgolid

container loads but they might also be required to carry people during rescue operations where
conventional aircrafts might not be able to reach. It may also be required to carry water for
fighting forest fires.

Keeping theseequirementsin mind, the Silver has beeatesigned to carry passengers and also
collect,transport and dispose water wherever required.

Efficiency Due the energy recycling and power saving mechanisms mentioned above, the aircraft has
very high fuelefficiency Due to histhe overall operating efficiezyis very high.

Cost:The cost of construaion is estimated to be about USD 32mn which is much less than other
aircraftsthat deliverssimilarperformance.

The cost of operation of the engine is just about 5% of a stanctamdentional turbofan engine of
similar performance. This is due to the fact that several improvisations are done to the engine to
improve efficiency.

The air friction reducing devices saves fuel consumption by about 20% and reduces cost of operation.

The fuel used is obtained from magnesium powder and conc. HCI; hence the cost of the fuel is also very
low and is only about 10% of the conventional jet fuel. Moreover 50% of the fuel required in cruise flight
is obtained by hydrogen dissociated from walbgrreutilizing the excess heat of the engine. This reduces
the cost of operation.

The Hydrogen gas which is used as a fuel has a very high calorific value. Hence the amount to fuel
required for the production of particular amount of heat energy is vesg.|& his saves operation costs
enormously.

In total, the cost of operation of the Silver is only about 10% of the cost required for the operation of a
conventional aircraft with similar capabilities.

The cost of maintenance of the Silver is about 20%tlesn the cost of maintenance of any other
conventional aircraft of comparable performance. This is due to the fact that the air friction reduced
helps in preventing the wear and tear caused to the various parts of the aircraft due to continuous
usage.




Environmental Effects:

The primary exhaust from the engines of the Silver during normal flight is in the form of water vapor
which is totallyharmlesgo the environment. The Vertical flight mechanism usesédfigientengine

starter which utilizes th velocity of electrons to sustain vertical flight. This mechanism has no exhausts
and is environmentally harmless.

The noise levels from the engine are reduced by the noise suppressors installed in the exhaust outlet.
Hence noise pollution is also redute

Results and conclusions:

10.

11.

The Silver can reach cruise speeds of up to mach 0.8 and a maximum speed of up to mach 0.9
due to its fuel efficiency, air friction reduction and the usage of transonic blades.
The Silver is capable of landing and takingrofh both water and land.

It is able vertically take off and land on both land and water. It can also be used to land and
takeoff conventionally from runways as short as 300 meters. This is due to the fact that the
Silver employs a very efficient start@hich is used for aircraft takeoff. The power generated by
this mechanism is enormous due to the high amounts of current produced.

The Silver is capable of hovering over both land and water for comparatively long periods of
time.

It is also capable of gereting about 200000 Ibs of thrust and hence can carry about 150000 Ibs
of load. This implies that it easily carry about 100 to 150 passengers and also about 10000 liters
of water.

The water intake mechanism enables the silver to collect water from angrwsatirce and

release it in the region required. Hence it may be used to fight forest fires. The storage
mechanism also enables the aircraft to release the water partially at different regions if
required.

The hydrogen fuel based engines of the silver fiipreducing the cost of operation and
increasing the efficiency of the aircraft enormously.

The water dissociation process used in the engine helps in reducing the heat of the engine and
increasing efficiency by reutilizing the excess heat of the engine.

Since the exhaust from the engine is water in the form of water vapors, it is absolutely
environmental friendly and does not cause air pollution.

The noise levels from the engine are reduced by the noise suppressors installed in the exhaust
outlet. Hencenoise pollution is also reduced.

The effective engine starter employs new mechanisms for the starting of the engine. It also
provides an efficient take off and landing mechanism along with the hover mechanism.




12. The auxiliary power unit utilizes the excessver from the shaft of the engines to generate
electricity and supplies the same for different operations of the aircraft. Hence it increases the
efficiency of operation.

13. The hover mechanism enables the aircraft to carry out rescue operations in caseds Where
other aircraft cannot be utilized.

The silver utilizes many ground breaking technologies and mechanisms mentioned above. It is a VTOL
aircraft designed for the future aimed at meeting not just the needs of transportingtterials to
inaccesible places but also at meeting the larger needs of being to land and take off from almost
anywhere on earth.

Silver is a highly efficient, versatile and technologically innovative aircraft that is capable of performing
several taskas mentioned aboveNO other aircraft is capable of performing such a wide range of tasks
at the presentAsmany ofthese are optionaleatures and are not necessary for the functioning of the
aircraft, they can be removed when not in use and the aircraft can be built fordlhd of the mission to

be performed..This in effect reduces the cost of construction, operation and maintenance even further.

Proposal for future research:

With the increasing prices of petroleum the prices of jet fuel which is created from a petrdiasge is

also bound to increase. Hence it is important to develop alternative sources of energy. This proposal
tries to outline the conceptually the technical specifications for the viable usage of hydrogen as a fuel in
vehicles. It is suggested that reseh must be done into this topic and economically feasible methods of
production of hydrogen gas must be studied. Hydrogen is quite literally the future energy source since it
has the capabilities to meet all our existing energy requirements.

Air friction is a major dissipater of energy. Theoretically, all moving objects continue to move at the
alkYS aLISSR I OO0O2NRAYy3 (G2 bSgli2yQa FANRG fl1 g 2F Y
just to maintain constant velocity. The reason for thisiifin. In case of airborne vehicles, it is air

friction. Hence methods of overcoming this problem must be looked into. This proposal tries to
conceptually solve this problem by using diamagnetic substances or super conducting diamagnets. This
prospect ofreducing air friction must be studied.

Feasibilily

A first glance at the design of the Silver may bring about a notion of non feasibility due to its non
conventional approach. But taking into account the theoretical feasibility, it is possible to beiicaa
aircraft. The current technologies are sufficient to accomplish this task.
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The doubt about the feasibility of a certain undertaking is just a frame of mind. As the proverb goes
G KSNBE GKSNB A& | gAff 3z (K SddBlishittie constrictiod of stichlasy O S
undertaking will bear fruit.

Historically speaking, the amount of scientific and technological advancement that has taken place in

the past 150 years is beyond imagination. Within 50 years of the flight of the figstNalir TG X G KS &
KFrgl1ésx AG ola LRaarotsS (2 odAfR FANONFYTFOGa GKI G
within a few years man was able to land on the moon. Hence there exist no limits to the things that can
be achieved in the field of sciem@and technology.

As it issaid,the passion for flight is driven by dreams and inspired by freedom. This proposal for Silver
dares to break the conventional methods of aircraft functioning and introduces mangamrentional
approaches taealizingflight. These proposals may seem impractical, but are quite withimetalken of

the capabilities of currenechnologies.

Therefore, it is absolutely imperative that all efforts must be made to undertake research about the
above mentioned topics for it icdon that defines the future and not just thought.
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