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JET PROPULSION

It is the propulsion of jet aircraft or other missiles by the reaction of jet coming out

with a high velocity. The term jet propulsion is used where the oxygen is obtained from the

surrounding atmosphere.

We know that when a fluid is to be accelerated, a force is required to produce this

acceleration in the fluid. At the same time, there is an equal and opposite reaction force acting

on this fluid. This opposite reaction force of the fluid on the engine is known as thrust. Hence

it may be stated that the principle of jet propulsion is based on the reaction principle.

CLASSIFICATION OF JET PROPULSION:

Jet propulsion engines may be classified broadly into two groups.

(a) Air breathing engines combustion takes place by using atmospheric air

(b) Rocket engines combustion takes place by using its own oxygen

supply.

CLASSIFICATION OF AIR BREATHING ENGINES:

l. Turbojet Engine

2. Turbo Prop Engine

3. Turbo Fan Engine

4. Ramjet Engine

5. Pulse Jet Engine

1.TURBOJET ENGINE:

WORKING:

®

Gus
Turbine

Compressor

Combustion
Chamber

Nozzle._ - _. __ ._._ - - _._._ - _._._._._._._ - - - _._ -

This engine consists of inlet diffuser, compressor, combustion chamber, turbine and

an exhaust nozzle. The function of the diffuser is to convert the kinetic energy of the entering

air into a static pressure rise. After this air enters to the compressor,(axial or centrifugal)
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•
which further compresses the air to a very high pressure and delivers it to the combustion

chamber. Then fuel nozzle supplies fuel continuously and continuous combustion takes place

at constant pressure. The high pressure and high temperature gases then enters the turbine,

where they expand partially to provide drive power for the turbine. The turbine is directly

connected to the compressor and all the power developed by the turbine is to drive the

compressor and the auxiliary device. After the gases leave the turbine, they expand further in

the exhaust nozzle and are ejected with a very high velocity than the flight velocity to
produce a thrust for propulsion.

...

ADVANTAGES OF TURBOJET ENGINE:

1. Lower frontal area due to the absence of fan. Therefore the drag is less.

2. Suitable for long distance flights at higher altitudes and speeds.

3. Since this engine has a compressor, it is capable of operating under static conditions.

4. Reheat can be possible to increase the thrust.

5. Lower weight per unit thrust at design speed and altitude.

6. Since a diffuser is at the inlet, part of the compression is done by it without any work

input.

DISADVANTAGES OF TURBOJET ENGINE:

1. Propulsive efficiency and thrust are lower at lower speeds.

2. Thrust specific fuel consumption is high at low speeds and altitudes.

3. It is not economical for short distance flights.

4. Long runway is required due to slower acceleration.

5. Sudden decrease of speed is difficult to achieve.

..

APPLICATIONS OF TURBOJET ENGINE:

Turbo jet engines are used in military aircrafts, guided missiles and piloted aircrafts,

etc.
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2. TURBO PROP ENGINE

WORKING:

G:lS

Turbine

Comhustion
Chamber

Compressor I-------j Nozzle

•

It is very similar to turbo jet engine, the major difference being that the turbine is
designed so that it develops shaft power for driving a propeller to provide most of the
propulsive thrust (90%) and only a small amount jet thrust is produced in the nozzle.

The engine consists of a diffuser, compressor, combustion chamber, turbine, exhaust
nozzle, reduction gear and a propeller. The diffuse, compressor and combustion chamber
functions are as same as the turbo jet engine. However, in the turbo prop engine, the turbine
extracts much more power than the turbo-jet engine, because the turbine provides power for
both the compressor and the propeller. When all of this energy is extracted from the high
temperature gases, only little energy is left out for producing jet thrust. Thus the turbo-prop
engine drives most of its propulsive thrust from the propeller and drives only a small portion
(10 to 25%) from the exhaust nozzle.

Since the shaft rotation speed of gas turbine engine is very high, a reduction gear must
be placed between the turbine shaft and the propeller to enable the propeller to operate

efficiently.

ADVANTAGES OF TURBO PROP ENGINE:

I. Propulsive efficiency is very high.
2. The TSFC based on thrust is low.
3. High acceleration at lower speed enables to a shorter run way.
4. Thrust reversal is possible by varying the blade angle, this gives the advantage of

decreasing the speed drastically.
5. Used for shorter distance travels.(C < 600 Kmph)
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DISADVANTAGES OF TURBO PROP ENGINE:

1. Heavier propeller, compressor and turbine decreases pay load capacity.

2. A reduction gear is required to transmit the power from the turbine shaft to the propeller

shaft.

3. If the speed of the engine increases above 600 Kmph, the efficiency drastically decreases.

4. The frontal area is being blocked on account of large diameter propeller which increases
the co-efficient of drag.

5. Engine is heavier and more complicated.

3. TURBOFAN ENGINE

•

Air

Combustion
Chamber Gas

Turbine

The turbofan engine is a combination of the turbo prop and the turbojet engines

combings the advantages of both.

ADVANTAGES OF TURBOFAN ENGINE:

1. Thrust developed is higher than turbojet engine.

2. Weight per unit thrust is lower than turbo prop engine.

3. Less noise.

4. High take-off thrust.

DISADVANTAGES OF TURBOFAN ENGINE:

1. Increased frontal area.

2. Fuel consumption is high compared to turbo prop engine.

3. Construction is complicated compared to turbojet engine.

4. Lower speed limit than turbojet engine.
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4. RAMJET ENGINE

WORKING:
A---- Oblique Shock

---

Central body housing accessories

---
Air---.M »1

Inlet + +- ~and . Subsonic diffuser Combustion Chamber. Supersonic nuzzlesupersonic
diffuser

The simplest type of air-breathing engine is the Ram jet engine. The engine consists
of a supersonic diffuser, subsonic diffuser section, combustion chamber and a discharge
nozzle section. The function of a supersonic and subsonic diffuser is to convert the kinetic
energy of the entering air into a pressure rise, called the "Ram pressure".

Air from the atmosphere enters the supersonic diffuser where in its static pressure
increased and the velocity of air is reduced. Then the air enters the subsonic diffuser it is
compressed further. The air then flows into the combustion chamber, where the fuel burners
are located and here the air is heated to a high temperature (l600oC to 2000°C) by the
continuous combustion of fuel. The highly heated products of combustion are then allowed
to expand in the exhaust nozzle section and are discharged from the engine with a speed
greater than that of entering air. Because of the rate of increase in momentum of the working
fluid flowing through the engine, a thrust 'F' is developed in the direction of flight.

The cycle pressure ratio of ram jet engine depends upon its flight velocity; the higher
the flight velocity, the larger the ram pressure and consequently larger the thrust. Since the
flight speed is very high, the pressure rise in the diffuser (ram pressure) is very high and this
eliminates the compressor. Consequently the turbine is also eliminated, because the function
of a turbine is just to run the compressor. Since the ramjet engine cannot operate understatic
conditions as there will be no pressure rise in the diffuser, it is not self-operating at zero
flight velocity. Therefore to attain the required flight speed some kind of starting device must
be required such as launching rockets.
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ADVANTAGES OF RAM JET ENGINE:

1. Pay load capacity is very high due to the absence of fan, compressor and turbine.

2. Its fuel consumption decreases the flight speed and approaches reasonable values when

the flight Mach number is between 2 to 4, and therefore it is suitable for propelling

supersonic missiles.

3. Since the frontal area is less, the co-efficient of drag is low.
4. It increases the mechanical efficiency due to the absence of sliding and moving parts.

5. High temperature and pressure can be employed.

DISADVANTAGES OF RAM JET ENGINE:

1. A starting device is required to propel ram jet up to supersonic speed.

2. Altitude limitation is there.

3. It has low thermal efficiency and high TSFC.

4. Due to high temperature of gas coming out from the nozzle, erosion occurs at the exit of

the nozzle.

APPLICATIONS OF RAMJET ENGINE:

Used as guided missiles and high supersonic speed aircrafts.

5. PULSE JET OR FLYING BOMB

WORKING:
Fuel

Shutter Valve Grid

Pulse jet engine consists of an inlet diffuser, valve grid (contains springs that close on

their own spring pressure), combustion chamber, spark plug and a discharge nozzle.

The function of a diffuser is to change the kinetic energy of the entering air into static

pressure rise by slowing down the air velocity. When a certain pressure drop exits across the

valve grid, the valves will open and allow the fresh air to enter the combustion chamber,
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where fuel is injected and mixed with air. Hence combustion takes place with spark ignition.
There is a rapid increase in pressure, which causes the valve to close rapidly and surges the
products of combustion rearward into the nozzle, where they expand and escape with higher
velocity than the entrance velocity. Thus the thrust is produced at the nozzle exit.

Since firing in the combustor is intermittent and therefore intermittent thrust is
produced. The pulse-jet engine is a simple, cheap for subsonic flights and well adopted to

pilotless aircraft.

ADVANTAGES OF PULSE JET ENGINE:

1. It gives higher pay load capacity due to the absence of compressor, propeller and

turbine.
2. It is simple in construction and cheap. It is suitable for subsonic flights.
3. Drag co-efficient is less due to smaller frontal area.
4. Due to the absence of sliding and moving parts mechanical efficiency is very high.

DISADVANTAGES OF PULSE JET ENGINE:

1. Limited flight speed and altitude.
2. Severe vibrations and high intensity of noise due to intermittent combustion.
3. Nozzle erosion occurs, due to the high temperature of gases coming out from the

nozzle.

THRUST AUGMENTATION

The poor take of characteristics of a turbojet engine can be improved by augmenting
the thrust. The thrust is given by

F = ma[Cj - u]
From the above equation the thrust can be increased either by increasing jet velocity

or by increasing the mass flow rate of air. Thrust augmentation will improve
(a) Short take off distance
(b) High climb rate to very high altitude.

The methods of thrust augmentation are as follows:
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(1) After burning:

Burning of additional fuel in the tail pipe between the turbine and the exhaust nozzle
as shown in Fig:

Combustion
Chamber

Compressor
Exhaust (;'IS

After burning

This method of thrust augmentation increases the jet velocity and it is known as after
burning. The device is called after burner. A stable combustion of fuel in tail pipe would
require sufficiently low velocity and to avoid excessive pressure loss, a diffuser is provided
between the turbine outlet and the tail pipe burner inlet. By this method the thrust can be
increased by 20 to 25% but the specific fuel consumption is increased. An aircraft will have
to carry extra fuel for after burning is a disadvantage.

(b)Increasing mass flow rate of air

The thrust produced is also directly proportional to mass flow rate and therefore the
density of the incoming air can be substantially increased by cooling, Water, alcohol or a
mixture of water and alcohol is sprayed over the incoming air.·The evaporation of liquid
extracts heat from incoming air. This cooling gives an increase in both pressure ratio and the
mass flow rate. This result in a thrust increase by about 20%, but that will depend upon the
coolant used. And this method is used only during the take-off period.
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(cl Bleed burn cycle

Fig: shows the schematic arrangement of a bleed burn cycle.
AuxilliaryCombustion Chamber

---+Jet

---Exhaust GIISAir---+

A small fraction of compressed air is bled off from the compressor and enters in an
auxiliary combustion chamber. Additional fuel is injected for burning and hot gases coming
out are allowed to expand through secondary nozzle to produce additional thrust. In order to
compensate for mass of air extracted from the compressor, water is injected into main
combustion chamber. This maintains the usual mass flow rate of hot gases through the main
nozzle and this system is used to increase the thrust during the take off period.
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ROCKET PROPULSION
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1. The functioning of the air breathing propulsivedevice is dependent on the ambient
air.

2. Air breathing propulsivedevices cannotoperate in vacuum.

3. Air breathing propulsive device's operation and performance depends on the
altitude.

4. The thrust of air breathing engine depends on flight speed since ambient air is

admitted at the front of the engineat this speed.

Jet

( ombustu-n ~h~Hlib;_·r, n~r.\~~dl,-){l;ji ••:q >.,t~

-tot+--------- -- -~~----------~----~----~--~

--+ "i ili ,:

5. Turbo Jet and RamJet canoperate at supersonicspeeds.

6. The RamJet engineachievesa maximumspeedof about Mach no.4.

7. For very high speeds in the hypersonic range rockets are employed which carry

their own fuel and oxidizer supply. Therefore, their operation and performance do

not dependon the ambient air and altitude.

8. Rocket enginescanoperate in vacuumand achieveanyaltitude.

9. The thrust of rocket engineis independentof the flight speed.

Working principle of a Liquid Propellant Rocket:

1. A rocket 'engineconsists of a container or containers for propellants, combustion

chamber (Thrust chamber) and a propulsion or exhaust nozzle besides control and

navigationalequipment,payloadetc.

2. The fuel and the oxidizer (known as propellants) are introduced into the thrust

chamber for chemical reaction (combustion)at high pressure and temperature.

3. The products of combustion expand through the propelling nozzle to very high
velocities.
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4. High flow rate of exhaust gases of high velocities gives very high value of thrust.

This is due to a large change in the momentum flux as well as the difference

between the nozzle exhaust pressure and ambient pressure.

5. Both liquid and solid propellants can be used in rocket engines.

• Larger and long range rockets use liquid propellants.

• Smaller and short range rockets us solid propellants.

6. In a hybrid type, solid fuel is used with a liquid oxidizer or vice - versa.

7. A mono propellant engine uses only one chemical (propellant) which dissociates after

ignition.

• Liquid propellant rockets - Known as ' , Engines"

• Solid propellant rockets - known as ' , Motors"

8. On account of limited quantity of the propellants stored in the rockets, the

exhaust jet velocities must be very high (of the order of 3000 m/s) for given

operation time and targeted altitude. This requires very high pressures and

temperatures of gases in the thrust chamber; their maximumvalues are over 200

bar and 400 K respectively.

Rockets Classification:

1. Basedon Source of Energy

>- ChemicalRockets

>- Solar Rockets

>- Nuclear Rockets

>- Electrical Rockets

2. Basedon Propellants

>- Liquid Propellant Rockets

>- Solid Propellant Rockets

,. Hybrid Propellant Rockets

3. Basedon Application

>- SpaceRockets

>- Military Rockets (missiles)

>- Weather or soundRockets
>- Air craft propulsion,Turbojet rocket engines,Ramjet rocket engines

>- Booster Rockets

>- Sustainer Rockets

>- Retro Rockets

4. Basedon Number of Stages
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~ Single Stage Rockets

~ Multi Stage Rockets

5. Based on Size and Range

~ Short range small Rockets

~ Long Range large Rockets

1. Liquid Propellant Rockets:

1. Rocket engines in which liquid fuels and oxidizers are used are knownas liquid

propellant Rocket engines.

2. The propellant is fed into the thrust chamber (combustion chamber or

combustor) from their containers for combustionor chemical reaction.

3. For better mixing and efficient combustion, the fuel and the oxidizer are

atomized through the injector. The feed system regulates the optimum mixture

ratio for a given set of propellants.

4. Somecommonlyused liquid fuels are liquid hydrogen, hydrazine, alcoholetc.

The oxidizers are liquid oxygen, red fuming nitric acid (RFNA), liquid fluorine,

WFNA etc.

5. Most of the liquid propellants are toxic and require very high combustion

temperatures. This demandsspecial material and handling systems. One of the

propellants is circulated through the outer shell of the exhaust nozzle and the

inner walls of the thrust chamber before injection for combustion.

6. This circulation cools the high temperature componentsand also increases the

temperature of the propellant, thus increasingthe thermal efficiency.

7. Beside the propellant tanks, thrust chamber and exhaust nozzle which occupya

large proportion of rocket space, there are several other things that a rocket

engine carries such as the propellant pumpingand control system, navigational

equipment,auxiliary power unit and the payload.
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2. Solid Propellant Rockets:
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1. Rockets which use solid fuels and oxidizers (solid propellants) are knownas solid

propellant rocket enginesor motors.

2. Solid fuel (plastic or resin material) and oxidizer (nitrates, perchlorates etc.)

are mixed in a single propellant grain and packed into the steel shell or caseof

the rocket.

3. The method of casting the fuel and the oxidizer mixture in fluid state into the

rocket shell is widely employed.

4. A cylindrical star shaped cavity is provided for combustion in the centre along

the axis of the shell. A variety of shapesare also employed.

5. A liner is provided between the case and the propellant to protect the case

from high temperature developinginside the propellant layers.

6. The igniter is located at the top to start the combustion or chemical reaction

between the fuel and the oxidizer.

7. Oncethe flame front is established, combustionis self - sustaining.

8. Excessive pressures which are serious problems in solid propellant rockets can

be kept lower by suitably choosingthe fuel and oxidizer combinations.

9. Solid propellent rockets are comparatively simpler and lighter: They are widely

used in small sizes, however recent developments have made it possible to

design large size solid propellant rockets also for spacevehicles.

3. Hybrid Propellant Rockets:
1. Hybrid rockets employa combinationof liquid and solid propellants.

2. A hybrid rocket combines advantages of both the liquid and solid propellant

rockets.
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3. The liquid oxidizer is injected into the solid fuel shell where the chemical

reaction betweenthe two propellantstakes place.

4. For somecombinations,ignition is not required to start the reaction; merelya

contact between the fuel and the oxidizer starts the required reaction. Such

propellants are known as hypergolic. Such fuel - oxidizer combinationsfor

hybrid propellant rockets are

• BerylliumHydride (Be-H2)- Fluorine(F2)

• Lithium Hydride (LiH) - ChlorineTrifluoride (CIF3)

• Lithium Hydride (LiH) - Nitrogen Tetroxide (N204)

• Hydrocarbon(CH2)- Nitrogen Tetroxide (N204)

Advantages of Hybrid Rockets:

1. Thrust control is comparativelyeasier becauseonly the flow of the liquid oxidizer

needsto be regulated.
2. Sincethe fuel and the oxidizer are kept separate,the deterioration that occurs in

solid propellant rockets is absenthere.

3. Hybrid rockets are lighter comparedto the correspondingliquid propellant type on

accountof lesselaborate propellantpumpingequipmentandhigher fuel density.

4. Greater choicein the selectionof fuel grain configuration.

5. In caseof an accident or crash, the explosion(if any) is lessdestructive compared

to the liquid rocket engines.
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4. Nuclear Rockets:
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1. In a nuclear rocket, nuclear energy is used to heat the propellant (on the working

fluid) to obtain high stagnation temperature in the thrust chamber).

2. Liquid hydrogen is widely used in such rockets. A nuclear reaction takes place in a

reactor which is placed in place of combustor in the thrust chamber.

3. A nuclear rocket with nuclear fission of the uraniumfuel consist of the conventional

componentssuch as the fuel, moderator, reflector, shield, control rods etc.

4. Liquid hydrogen is pumpedfrom its tank to the reactor through the shell jacketing

the exhaust nozzle as shown.

5. A small portion of the heated gas (propellant) is tapped out for .driving the turbine

which in turn drives the propellant pump.The turbine exhaust is also expandedin a

small nozzle providing a fraction of the total thrust.

6. Temperature produced in thrust chamber is 2000·C.

Page 6 of24



5. Solar Rockets:

Electrical Rockets.

6. Electrical Rockets:
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1. Electrical energy is used to generate thrust in the rockets by different
methods.

2. In an electro - thermal rocket, the propellant is heated by an electric arc

struck between the central anode and an annular housed in the thrust chamber.

3. Very high temperatures of the propellant in the thrust chamber can be obtained
in this type.

4. This arrangement gives low values of mass ratio with very high specific impulse
(20000 sec)
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Liquid Propellan'ts:

1. MonoPropellants

.:. Liquid propellant rocket engines are considerably simpler compared to the

bipropellant engines as they require only one turbo pump(on gas pressure)

feed system.

Example:
• Hydrogen Peroxide (H202)

• Hydrazine (N2H4)

• Nitroglycerine [CH (0 No)]

• Nitromethane[CH N02]

.:. Monopropellant enginesare generally small. They are more suitable for

auxiliary and turbo pumppower plants in rocket engine.

2. Bipropellants:

Somepropellants combinationswhich are widely used in liquid propellant rockets

enginesare given below:

Oxidizer Fuel Mixture Ratio Combustion

Temperature (K)

Liquid Oxygen (Lox) Gasoline 2.50 3294

Hydrazine 0.92 3400

UDMH 1.65 3600

Liquid Hydrogen 4.00 3922

Ethyl Alcohol 1.80 3422
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HydrogenPeroxide Gasoline - -
(H202)

Ethanol - -

Hydrazine 1.84 2817

UDMH 4.54 2922

Organic fuel - -

Nitrogen Tetraoxide Hydrogen 5.20 2661

(N204)
UDMH 2.50 3355

Hydrazine 1.33 3246

Ehtanol 2.80 3242

Nitric Acid (RFNA) Aniline 3.00 3045

Gasoline 4.80 -

Hydrazine 1.47 3083

Alcohol 1.90 3045

UDMH (50%) 1.73 2997

Oxidizers:

A. Liquid Oxygen (Lox)

../ Cryogenic Propellant (Boiling Point = 90 K)

../ Requires proper insulation to prevent evaporation

../ Non - corrosive but harmful to personnel .

../ It can explode under impact when mixed with oil and organic substances

B. Hydrogen Peroxide

../ Highly reactive liquid requiring special material for handling system
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./ Highly concentrated solution of hydrogen peroxide is used in rocket

engines

./ Harmful to the skin of the personnel and suffers from hazards of fire and

explosion

C. Nitrogen Tetroxide

./ Storable propellant (Boiling point = 294.4 K)used in combinationwith rocket

fuel such as dimethyl hydrazine etc.

./ It is easiIy ignitable

D. Nitric Acid

./ RFNA- RedFumingNitric Acid

./ WFNA - White FumingNitric Acid

./ Nitric Acid is preferred in manyapplicationson account of high specific

gravity

FUELS

1. Liquid Hydrogen:

.:. CryogenicPropellant (Boiling point = 20 K) Lowspecific gravity = 0.07

.:. Larger and well insulated storage tanks are required

.:. Its mixture with air (due to leakage)cancauseexplosion

2. Ethyl Alcohol or Ethanol

.:. Usedwith several oxidizers such as Lox, HzOz, NZ04, RFNA etc .

•:. Giveslower combustion temperature with slightly lower performance

.:. Ethanol candissolve a number of lubricants. Therefore, they are selected

for ethanol engines.

Page 10 of24



Air
rurhl t.:

Ro(L:! i I Fuel
COT11hllSWI,

I
:\lr

Compressor

.:. "Rocket - assisted take off" planes can employ much lighter engines; this

mode of take - off is frequently referred to as "RATa" or "JATO" .

•:. Solid fuel rocket motors are generally used for this purpose on account

of their smaller size and simplicity .

•:. It is the combination of a rocket and turbo jet engine. The engine starts

with the supply of hot gases from the rocket combustor, which drives

the turbine and air compressor .

•:. The compressor supplies combustion air directly to a reheater located

upstream of the propulsion nozzle .

•:. Military aircrafts can take - off with the conventional turbojet and

achieve high rate of climb with rocket propulsion.
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Ram - Jet Rocket Engine:

...

•:. Ramjet enginesare also launchedat supersonicspeedsby rockets .

•:. The operation of the rocket engineupstream of the mainnozzle produces the

thrust required for launchingthe ram jet engine.

•:. After achievingthe desired Mach number (M > 1) the ram jet engineflies on its own

thrust.

3. Military Applications

In addition to V -2 bombs,manytypes of missileswith war heads havebeenused.

They are propelled by both solid and liquid fuel in short range and long range operations.

Someimportant missilesare

I. Surface to air missile

II. Surface to surface missile

III. Air to air missile

IV. Inter - continental Ballistic Missile

V. Intermediate RangeBallistic Missile

VI. GuidedAir Missile

The inter - continental ballistic missiles can travel a maximumdistance equalto about 0.25

of earth's circumference.
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1. Space Applications:

s.ARUMUGAM, M.E.,
Assistant Professor.

Sri Venkateswara College of Engg..
pennalur,Sriperumbudur-602105

'il

.:. Both solid and liquid propellant multi - stage rockets have been used to propel

space vehicles.

•:. All space vehicles (on satellites have pass through the atmosphere over coming

forces due to drag and gravity)

.:. To avoid very high drag losses and prevent excessive skin temperatures space

vehicles rise as a slower rate through the atmosphere

i ,:•. r : .: • ~~, :," -. " •. \

.:. The first stage lifts off the entire rocket - vehicles system; therefore, it is the
most powerful stage often knownas the "booster" or "booster stage". It can employ
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a single large liquid propellant rocket or a number of smaller rocket operates

simultaneously in parallel as shown.

•:. The last stage or the "sustainer" is generally the smallest. The thrust required for

propulsion along the inter planetary trajectory is much smaller. Small rockets are

used on the way for various minor operations such as trajectory correction, altitude

control and stage separation .

•:. Retro rockets are small rockets fired in the direction of motion of the space

vehicle to achieve braking or deceleration .

•:. A rocket - vehicle system may have as many as 50 to 100 big and small rockets

.:. Several types of space crafts are launched and propelled by rockets such as Earth

satellites, Lunar satellites, inter planetary satellites, manned and unmanned

satellites .

•:. Fig 2. Shows an inter planetary flight of a rocket vehicle between the earth and a

given planet. The take - off begins on earth surface with the operation of a booster

rocket

.:. After the powered flight for some time, the vehicle coasts in earth orbit before

accelerating to the inter planetary orbit .

•:. On account of the absence of atmospheric drag and gravity, the thrust required in

the interplanetary trajectory is small and the vehicle to jet - velocity ratio is very

high.

•:. Small rockets are fired only for trajectory correction .

•:. When the vehicle approaches the targeted planetary orbit, it is decelerated by the

action of retro - rockets. Retro - rockets are also employed for de - orbiting and

landing on the planet's surface .

•:. Re - fuelling of rocket engines in transit at other planets can make them much

lighter and Simpler in design .

•:. Re - fuelling can be attempted at the moon surface and other distant planets for

return and long journey through space; many planets have hostile environment

preventing such facility. Some of them have either too high or too low ambient

temperatures. Others are enveloped by a thick layer of opaque and dense gases.
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·:. Gravitational force of other planets in addition to rocket thrust can also be

employed for accelerating space vehicles during long journeys. This would require

comparatively smaller rocket engines.

•:. It is estimated that a rocket must be launched at a velocity of 16,616 m/s (54,500

fps) in the direction of earth's rotation for escapingfrom the solar system. By

employing"Jupiter fly by" the launchvelocity canbe reducedconsiderably.

PROPELLANT FEED SYSTEM:

Liquidpropellantsare required to be injected at a pressureslightly abovethe

combustorpressure.

Typesof feed systems:

1. Gaspressurefeed system- usedfor lowthrust andshort rangeoperations

2. The pumpfeed system-usedfor largeengines.

Gas Pressure Feed System:

An inert gas is separately carried at a pressure much higher than the injection

pressure; this is usedto exert the required pressure in the propellant tanks. The

pressurizinggas is chosenon the basisof its chemicalproperties, density, pressure

andthe total weight of the gasandthe tank. A gaswhich is ideal for onepropellant

maybe quite unsuitablefor another. Nitrogen, Heliumand air havebeenusedfor

pressurization. The propellants under high pressure are forced to flow into the

thrust chamber through valves, feed lines and injectors. Several regulating and

check valves are used for filling, draining, starting and checking the flow of

propellants.
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In this method no movingparts such as pumpand turbines are used. Therefore, the

system is considerably simpler. However, the pressurization of the propellant tanks

requires them to be comparatively much heavier and introduces a weight penalty

besides other problems. Therefore, this system is unsuitable for large rocket

enginesand longrange missions.

Pressure for the injection can also be generated within the propellant tank or tanks

by introducing a small quantity of a gas which reacts exothermically with the

propellant; this produces the high pressure gas required to force the propellant

into the combustor.

Turbo Pump Feed System:

In this system propellants from the tanks are pumpedinto the combustor by

gas turbine driven centrifugal pumps.The turbine or turbines work on high pressure

and temperature gas generated separately or tapped out from maincombustor. Fig:

1 shows the general arrangement of a turbo pumpsystem. Here both the fuel and

oxidizer pumps are driven by a single turbine. In order to achieve flexibility in

choOSingthe design and operating parameter the fuel and oxidizer pumpscan be

driven separately by their turbines.
Page 18 of 24
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upstream of the exhaust nozzle is at low Mach numbers and the equilibrium

combustion pressure can be assumedto be identical with the stagnation pressure.

Linear BurningRate

A solid propellant grain burns at its exposed surface (area = Ac). As a result

of the combustion the grain surface recedes in the direction perpendicular to

itself. The rate at which it recedes is known as the "Linear burning rate"®

expressed in millimeters or centimeters per second. Linear burning rate mainly

depends on the combustion pressure (Pc) and the propellant grain temperature (Tp)

before combustion; the velocity of combustion gases and the elapsed time can be

assumedto have only slight effect. The linear burning rate is given by

The coefficient K1and the exponent n1 depend on the chemical composition

and the pressure range; the value of the exponent n1 is approximately between 0.2

and O.B. The coefficient K1also depends on the propellant grain temperature. (Tp)

Restricted Burning:

Several grain configurations (shown in figure) are employed to obtain

restricted burning of the solid fuel oxidizer mixture at the desired rate. The

inhibiting material or restrictions prevents the propellant grain from burning in all

directions. Very often the restrictions assume the form of linear between the

propellant grain and the thrust chamber case or shell. The inhibiting material should

not start burning along with the grain or before.
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Cigarette Burning:

An older practice employs 'cigarette burning' pattern as shown in figure;

here the grain is ignited at one end upstream of the nozzle from where the

combustion starts and proceeds in the direction shown. The burning surface

progressively recedes leftward. In this pattern of burning the entire thrist

chamber is heated to a high temperature throughout the operation. This causes

high temperature material and strength problems. Since the burning surface area

remains constant a constant thrust profile is obtained.

Internal Burning:

It is improved method of cigarette burning. Combustion of the propellant

takes place on the surface of the internal passage (of star shape cross section as

shown in figure) or perforation provided along the whole length of the propellant

grain. Different geometrical shapes of the internal passages offer different

surface areas or propellant area ratio (Ae! A) values. Thus several thrust-time

profiles can be obtained.

Neutral Burning:

A propellant grain with the configuration of a cross in the middle of the

annular void space is shown in figure. Here the burning takes place only at the

cylindrical surface of the grain. The gas pressure is same all around the grain. This

can also give neutral burning.
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In restricted burning rockets, particularly in cigarette burning pattern a

larger quantity of propellants can be packed into a given volume of the combustion

chamber. This offers better utilization of the available space.

Unrestricted Burning:

If the propellant grain surface is not restricted from burning and all surface

except those with supports are exposed to the flame or hot gases the mode of

combustion is known as "Unrestricted Burning". This requires perforations and

hollow spaces running along the length of the propellant grain as shown in figure.

This arrangement requires larger volume of empty spaces to permit the flow of

combustion gases and provision of supports. Therefore, the quantity of propellant

that can be packed into a given volume of the combustion chamber is considerably

reduced; however, large values of the propellant burning surface area can be

obtained by employing a number of grain configurations.

~~~--~-~------------

Figure (a) shows a tubular grain shape; the hollow cylindrical grain is

supported within the shell on three or more sufficiently strong webs. During

combustion the outer cylindrical surface area of the grain decreases while the area
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of the inner surface increases. Neutral burning can be obtained if the overall area

of the burning surfaces remains constant.

Figure (b) shows a multiple hole grain. Burning takes place at both the outer

and inner surfaces of the grain. In this configuration also burning surface area can

be kept constant to obtain constant thrust.

The aforementioned configurations suffer from a serious problem of

differential combustion pressure. The combustion pressure and hence the burning

rate on the outer and inner surfaces are different. If the pressure difference is

large the grain may crack or break. In order to avoid this the pressure on different

surfaces is equalized by providing holes through the grain thickness.

The rod and tube type grain shown in figure (c) ever comes this problem.

Burning takes place at the inner surface of the tube and outer surface of the rod.

The combustion pressure in the annular space is same. Thus the burning rate is

same. Since the surface area of the tube increases and that of the rod decreases

during burning may desired thrust profile is obtained by choosing different sizes

and the propellants for the tube and the rod.

Ref: Fundamentals of Compressible Flow with Aircraft and Rocket Propulsion

By: S.M.Yahya
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