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T55 TURBOSHAFT ENGINE

ALLIEDSIGNAL ENGINES

A turboshaft engine is a form of gas turbine which is optimized to produce

shaft power, rather than jet thrust.

In concept, turboshaft engines are very similar to turbojets, with additional
turbine expansion to extract heat energy from the exhaust and convert it into
output shaft power. They are even more similar to turboprops, with only

minor differences and often a single engine is sold in both forms.
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Turboshaft engines are commonly used in applications which require a
sustained high power output, high reliability, small size, and light weight.
These include helicopters, auxiliary power units, boats and ships, tanks,

hovercraft, and stationary equipment.

Overview

A turboshaft engine may be made up of two major parts assemblies: the ‘gas
generator' and the "power section'. The gas generator consists of the
compressor, combustion chambers with ignitors and fuel nozzles, and one or
more stages of turbine. The power section consists of additional stages of
turbines, a gear reduction system, and the shaft output. The gas generator
creates the hot expanding gases to drive the power section. Depending on the
design, the engine accessories may be driven either by the gas generator or by

the power section.

In most designs, the gas generator and power section are mechanically
separate so they can each rotate at different speeds appropriate for the
conditions, referred to as a 'free power turbine'. A free power turbine can be
an extremely useful design feature for vehicles, as it allows the design to
forego the weight and cost of complex multiple-ratio transmissions and
clutches.

The general layout of a turboshaft is similar to that of a turboprop. The main
difference is a turboprop is structurally designed to support the loads created
by a rotating propeller, as the propeller is not attached to anything but the

17
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engine itself. In contrast, turboshaft engines usually drive a transmission
which is not structurally attached to the engine. The transmission is attached

to the vehicle structure and supports the loads created instead of the engine.

In practice, though, many of the same engines are built in both turboprop and

turboshaft versions, with only minor differences.

An unusual example of the turboshaft principle is the Pratt & Whitney F135-
PW-600 engine for the STOVL F-35B - in conventional mode it operates as a
turbofan, but when powering the LiftFan, it switches partially to turboshaft
mode to send power forward through a shaft (like a turboprop) and partially

to turbojet mode to continue to send thrust to the rear nozzle.

Early turboshaft engines were adaptations of turboprop engines, delivering
power through a shaft driven directly from the gas generator shafts, via a
reduction gearbox. Examples of direct-drive turboshafts include marinised or
industrial Rolls-Royce Dart engines.

History

The first gas turbine engines used for armoured fighting vehicle GT 101 were
installed in Panther tanks in mid-1944." The first true turboshaft engine for
helicopters was built by the French engine firm Turbomeca, led by the
founder, Joseph Szydlowski. In 1948, they built the first French-designed
turbine engine, the 100-shp 782. Originally conceived as an auxiliary power
unit, it was soon adapted to aircraft propulsion, and found a niche as a
powerplant for turboshaft-driven helicopters in the 1950s. In 1950, this work
was used to develop the larger 280-shp Artouste, which was widely used on

the Aérospatiale Alouette 11 and other helicopters.
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Basics

A jet engine can be divided into several distinct sections: intake, compressor,
diffuser, combustion chamber, turbine, and exhaust. These sections are much
like the different cycles in a four-stroke reciprocating engine: intake,
compression, power and exhaust. In a four-stroke engine a fuel/air mixture is
Is brought into the engine (intake), compressed (compression), and finally
ignited and pushed out the exhaust (power and exhaust). In it's most basic

form, a jet engine works in much the same way.

* Air comes in the front of the engine where it enters the compressor. The air
Is compressed by a series of small spinning blades aptly named compressor
blades and leaves at a high pressure. The pressure ratio between the
beginning and end of the compressor can be as much as 48:1, but almost
always 12:1 or more.

* The air now enters the diffuser, which is nothing more than an area where
the air can expand and lower it's velocity, thus increasing its pressure a little
bit more.

* The high pressure air at the end of the diffuser now enters the combustion
chamber where it is mixed with fuel, ignited and burned.

* When the fuel/air mixture burns, the temperature increases (obviously)
which makes the air expand.

* This expanding gas drives a set of turbine blades located aft of the
combustion chamber. At least some of these turbine blades are connected by a

shaft to the compressor blades to drive them. Depending on the type of engine,
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there may be another set of turbine blades used to drive another shaft to do
other things, such as turn a propeller or generator.

* The left over energy not extracted by the turbine blades is pushed out the

back of the engine (exhaust section) and creates thrust, usually used to drive

an airplane forward.

The types of jet engines include:

* Turbojet
* Turbofan
* Turboprop
* Turbo shaft

Turbojet

The turbojet is the simplest of them all, it is just as described in *"The basics"
section. This style was the first type of jet engine to be used in aircraft. It is a
pretty primitive style used mostly in early military jet fighters such as the F-
86. Its use was discontinued, for the most part, in favor of the more efficient
turbofans. Actually, I should clarify that. Each type of engine is most efficient
under certain conditions. Turbojets are most efficient at high altitudes and
speeds above the speed of sound. See the diagram at the end of this page for

relative efficiencies of each style engine.

Turbofan
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Turbofans make up the majority of jet engines being produced and used
today. A turbofan engine uses an extra set of turbine blades to drive a large
fan, typically on the front of the engine. This fan differs from a propeller in
that there are many small blades and they are inside of a duct. The fan sits

just in front of the normal intake, some of the air driven by this fan will enter
the engine, while the rest will go around the outside. The amount of air that
bypasses the engine is different for each type of airplane. The different styles
are called high and low bypass engines. Bypass ratio is the ratio of how much
air goes through the fan, to how much goes through the engine. Typical
bypass ratios would be 1:1 for a low bypass and 5:1 or more for a high bypass.

Low bypass engines are more efficient at higher speeds, and are used on

planes such as military aircraft, while high bypass engines are used in

commercial airliners.

Turboprop

Turboprops are similar to turbofans in that they incorporate an extra set of
turbine blades used to drive the propeller. Unlike the turbofan engines, nearly
all the thrust produced by a turboprop is from the propellor, hardly any
thrust comes from the exhaust. These engines are used mostly on smaller and
slower planes such as commuter aircraft that fly to the smaller airports. As
you can see from the efficiency chart below, turboprops are very efficient over
a fairly wide range of speeds. They would probably be used more often on
large transport aircraft, except for one problem: they have propellors. The
general public does not like propellors, as they appear to be old-fashioned and

unsafe. However, the military knows better and uses them on several large
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transport aircraft.

Turbo shaft

Turbo shaft engines are very similar to turboprop engines, but instead of
driving a propellor, they are used to drive something else. Many helicopters
use them to drive their rotors, and airliners and other large jets use them to
generate electricity. Also, the Alaska Pipeline uses them at the pump stations

to pump oil.

Overall

Overall the big difference between these engines is how they take a chunk of
air and move it. Newton's third law states that Force equals mass times
acceleration. Applying this to turbine engines: the turboprop takes a large
chunk and accelerates it a little bit, while the turbojet takes a small chunk and
accelerates the heck out of it, and the turbofan is somewhere in between these
two.

These different methods of moving air also have to do with how much noise
each engine makes. The turbojet makes the most noise because there is a large
difference in velocities of the blast of air coming out the exhaust and the
surrounding air. The air from the fan on a turbofan engine "'shields" the blast
in the center by having the slower moving air from the fan surround it. Then
the turboprop is the quietest of all because the air it's moving is relatively

slow.
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A pressure - volume diagram (or a P-V diagram) is a useful tool in
thermodynamics. In this case, it relates the pressure and volume of the gas
moving through the engine at different stages. A P-V diagram can also be
helpful in finding the work output of an engine. Work equals the integral of
pressure with respect to volume. Or is simpler form, work equals the area
enclosed in the diagram above. The above cycle is the Brayton cycle, or the

cycle used by aircraft gas turbine engines.

Explanation of the above cycle:

* Air enters the inlet at point 1 at atmospheric pressure.
* As this air passes through the compressor (from point 1 to 2), the pressure
rises adiabatically (no heat enters or leaves the system).
* Now the air enters the combustion chamber (from point 2 to 3), is mixed
with fuel, and burned at a constant pressure.
* Finally, the air goes through the turbine and out the exhaust (point 3 to 4)
where the gases expand and do work. Thus, the pressure drops and the

volume increases.

The Compressor

There are two main styles for turbine compressors: the axial and the

centrifugal.

The Axial Compressor
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* The axial type compressor is made up of many small blades, called rotor
vanes, arranged in rows on a cylinder whose radius gets larger towards the
back (as can be seen from the above picture). These blades act much like small
propellors.

* In between these rotor vanes are stator vanes which stay in a fixed spot and
straighten the air coming out of the previous stage of rotor vanes before it
enters the next stage.

* On some newer engines, the angle of these stator vanes can be adjusted for
optimum efficiency.

* Each stage (1 row of rotor and stator vanes) generally provides for a
pressure rise of about 1.3:1 (so after the first stage, the pressure would be 1.3

above atmospheric, after the second it would be 1.69, 2.2, etc...).
The Centrifugal Compressor

* Air enters the centrifugal compressor at the front and center. The blades
then sling the air radially outwards where it is once again collected (at a
higher pressure) before it enters the diffuser.

* Pressure rise per stage is usually about 4 to 8:1 (higher than axial). These

can be sombined in series (that is the exit of the first leads to the entrance of

the next) to produce a greater pressure rise. But more than two stages is not
practical.

Misc. Compressor Stuff

* The axial and centrifugal compressor described above can be combined

together with the axial compressor in front.
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* The horsepower required to drive a compressor is very large. The formula

for figuring this out is:

HP =Cp x (T2-T1) x Wa x 1.414
Where Cp is the specific heat of air, (T2-T1) is the change in temperature
across the compressor, and Wa is the airflow through the compressor in
pounds /sec.
A typical example is the JT-9 used on 747's.
HP = .24 x 670(deg F) x 247(Ibs/sec) x 1.414

HP = 56160 horsepower, assuming 100 percent efficiency

* The compressor can be tapped near the end to provide pressurized heated
air to other systems of the airplane. Most planes use this "*bleed air** for
pressurizing and heating the cabin. Also, many pump it through the leading
edge of the wings to melt ice during icing conditions. This reduces the
efficiency of the compressor some, but is usually not much of a factor.

* An engine running at take off power can consume more than 2000 pounds of
air per second. That's about 27000 cubic feet of air/second (at atmospheric
pressure and 70 deg F). PV = mRT =>V = mRT / P = (2000lbm x 0.3704(psia
x ft3/lbm x R) x (70 + 460)deg R ) / (14.7 psia) = 26709 ft3.

Miscellaneous

- Jet engines are rated in ""pounds of thrust," while turboprops and turboshaft
engines are rated in "'shaft horsepower' (SHP). This is because it is difficult to
hook up a dynamometer (power measuring device) to the column of air

coming out of a jet engine, while it is easy to hook one to the shaft of a
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turboprop.

- An equivalent measure to horsepower is thrust horsepower (THP). THP =
(Thrust x MPH) / 375. or THP = SHP x 80% in the case of turboprop engines
(the 80% is because the propeller "slips™ a little in flight).

- Exhaust gases exit the exhaust at upwards of 1000 mph or more and can use

1000 gallons of fuel/hour or more.

- Turbine engines run lean. Unlike gasoline engines, turbines take in more air

than they need for combustion.

- Fuel can be injected into the exhaust section to burn with this unused air for

extra thrust. This is called an afterburner.

- A water/methanol mixture can be injected into the intake to increase the air

density, and thus increase thrust.

- Turbine engines can be built on a small scale as well. The turbine pictured
below has a diameter of 4mm and runs at 500,000 rpm. It was built by at MIT
for purposes of powering an aircraft with a wing span of about 5 inches that
was projected to fly about 35 - 70 mph with a range of about 40 - 70 miles.

micro turbine

- The ignition system on turbine engines is only necessary for starting,

afterwards it is self sustaining. In jets, the ignition system is also turned on for
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added saftey in "'critical stages of flight, such as takeoff and landing.

- A device similar to a spark plug is used for the ignition process, but it has a
larger gap. The spark is about 4 to 20 Joules (watts/second) at about 25000

volts and occurs between 1 and 2 times per second.

- Turbine engines will run on just about anything, they prefer Jet-A (AKA
diesel, kerosene, or home heating oil), but can burn unleaded, burbon, or even

very finely powdered coal!

- The above snowmachine uses an Allison turbine engine, a very common
engine in helicopters (such as the Bell 206 Jet Ranger shown below). A lot of
horsepower can be put into a small package! Note the intake and compressor
are at the front of the engine, then the two side tubes take the compressed air

and bring it around back to the combustion chamber and turbine and the
exhaust exits out the middle. There are many engines out there with strange

configurations like this.

Not only connected to the compressor turbine .Like turboprop engines, the

most turboprop several distinct classes of turbines, compressors, which are

more energy through separate Shfty gear to change to the proper torque is

transferred will then be used .For example, the helicopter rotor blades rotate.
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Helicopters or other aircraft at much lower altitudes where dust, sand and
other small garbage can easily be sucked into the engine, will work. To resolve
this problem, most Turboprop engines to parse an incoming stream of

particles that are smooth and before the compressor, dust pours out, equipped

Pump torque transfer during launch and during the creation and
implementation support for the propeller shaft is rotating pump shaft pump
of the main tasks is detrimental affect 5 factors:

1 - tension, torsion (torsion stress)

2 - bending stress (bending stress)

3 - axial stress (axial stress)

4 - vibration (vibration)

5 - critical speed (critical speed)

To counteract the damaging factors, different methods are adopted. The axial
force Brshaft example using the License balancing holes, using impeller blades
on the back plate, balance, and balance piston is removed. Also listed
Brrvshhay to eliminate axial force Drpmp Rotary bearings are always round
or trust bearing is used as the primary purpose of using these bearings is to

protect the shaft against axial loads.

Crust
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Bolts are closed.

A) dividing the shell geometry:

Conch shell forms (volute)

The shell of the snail-shaped cross-section so that the tab to pipe output
increases. Syalps exit permit to be discharged into the shell.pressure is created
around the propeller. Again, in the form of snail shells, a somewhat reduced
rate, even pressure distribution around the impeller optimize Drrandman not
uniform. So we can say that the percentage of the pressure generated by the
pumps helix-shaped shell is created. The radial force due to the uneven
distribution of pressure Crust Radial force is called the butterfly comes
around. There radial force may lead to erosion Vpvsth propeller, bearings

and mechanical seal failure or some other problem is the pump.

In some cases, radial or radial force to counteract the force of the larger
bearings withstand higher radial load can be injection molded, are used.
Methods for radial force to thwart the use of double hull or double volute are
two Volute Double Snail Tshktl 180 degree arc from the starting point of the

second helix, 180 degrees from the original starting point Asht snails.

Inkjet shell

a. spokes radial flow jet Drpmp rarely used and most widely used of a class in

a class of high-pressure pumps are vertical turbine pumps.
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B) divided by the number of shell sections:

Crustal accretion

Crust
Centrifugal pumps are often integrated into the main body of a floor is
poured. In order to mount the pump impeller and internal parts, usually at
least two sides or one side of the shell is covered by the front and rear by the
bolt is Mhrhbsth.

Some shell fragments

pressing bearings and tubes can be removed., if the shear plane, the vertical
Antdad is called vertical skin incision. though shell by shell radii along two

cross-sections down to it, say an oblique incision.

Bush shaft (shaft sleeve)

Component of the pump shaft is expensive and therefore the failure to prevent
the shaft to protect against wear, rust and corrosion, part of a replaceable
shaft seal and bearings from Bush is to use. Therefore remain healthy shaft

Vkhraby created will only impact Rabrrvy Bush shaft.

Impeller and casing wear rings (wear ring)
The possibility of direct contact between the impeller and casing wear Azryng
areas are used together. If erosion surfaces, Batvyz rings can solve your

problem and will need to replace the impeller and casing wear rings and
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impeller main application shell, to avoid direct ablation of the two pieces.

Impeller wear rings are used on the front allowing the fluid to discharge from
the mouth to the mouth of the suction phenomena back to minimize the
discharge of fluid from the mouth of the bay recirculation, suction say. Such
as discharge pressure, suction pressure is higher, the distance between the

impeller and casing fluid tends to flow into the suction nozzle.

Clearance between the impeller and the casing behind the impeller discharge

flow of fluid from the back of the license. Fluid accumulation behind impeller,

the impeller back pressure (pressure (discharge Azfsharvard the front fan
(pressure (suction will be greater and so the axial force on it. Matter what the
gap is less than the amount of fluid accumulation., For the In some cases, used
to wear back Azryng-hay butterflies. so another reason to wear the ring,

minimizing the gap between the impeller and the casing is.

Impeller and casing wear rings (wear ring)

Wear rings the shape are divided into three categories:
1 - the simple fricative rings: the ring for the pump working pressure is low.
2 - L-shaped wear rings for pump with pressure medium used.

3 - Step-wear rings for pump with high pressure is used
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Turboshaft and Turboprop

This question makes reference to two past articles discussing the types of jet
engines and the turboprop. We have seen that both the turboprop and the
turboshaft are types of jet engines because they use the gas turbine cycle. A
gas turbine engine works by combusting a mixture of air and fuel to generate
a high-speed exhaust. As this exhaust escapes, it passes through a series of
blades called a turbine causing the blades to rotate. This rotation converts the

thermal energy of the exhaust gases into mechanical energy.
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Schematic of a turboshaft engine

The turboshaft engine receives its name from the fact that this rotation is used
to turn a shaft of some kind. In the aerospace field, the turboshaft engine is
used on helicopters. The rotating shaft of the engine is used to turn the rotor

blades that provide lift and forward motion of the vehicle. However, this
application is only one of many to which the turboshaft has been applied. The
power industry also makes use of turboshaft engines to generate electricity. In
this case, the rotating shaft is used to rotate a coil through a magnetic field to

generate electrical current. Turboshafts are also used in ships and boats
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where the rotating shaft turns the vehicle's propeller. Turboshafts can even be

used on ground vehicles, particularly military tanks and some racecars.

Rotating
Shaft

Rotating Coil
Generating Current

Schematic of an electrical generator

You are correct that there is a strong relationship between the turboshaft and
another type of jet engine called the turboprop. The turboprop also uses a gas
turbine core to turn a shaft. However, the turboprop gets its name from the
fact that the shaft is connected to an aircraft propeller causing it to turn.
Nevertheless, you are incorrect in saying that a turboprop must have a direct
connection to the propeller. Perhaps your confusion is based on the following
example provided in one of our previous explanations about this subject. This
particular design does indeed illustrate a propeller that is directly connected

to the engine shaft.
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Schematic of a turboprop engine

However, most turboprops, like that below, are not directly connected. The
engine shaft is instead attached to a gearbox that is connected to the propeller.
This system includes reduction gears that allow the engine shaft and propeller

to spin at different rates.
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Schematic of a turboprop engine with a gearbox

It would be incorrect to call these engines turboshafts just because of how the

engine shaft and propeller are connected. Any jet engine that turns a
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propeller is called a turboprop for that reason. However, it is correct to say
that the turboprop is a subcategory or variant of the more generic class of
engines known as turboshafts. In fact, a turboshaft is defined as any type of
gas turbine engine that turns a shaft connected to something other than an

aircraft propeller.

Jet Engine Types

Can you explain how various jet engines work, including the turbojet,

turbofan, turboprop, and turboshaft?

In particular, what is the difference between a turbojet and a turbofan

and which is more efficient?

The term "'jet engine'" is often used as a generic name for a variety of engines,
including the turbojet, turbofan, turboprop, and ramjet. These engines all
operate by the same basic principles, but each has its own distinct advantages
and disadvantages. All jet engines operate by forcing incoming air into a tube
where the air is compressed, mixed with fuel, burned, and exhausted at high

speed to generate thrust.

The key to making a jet engine work is the compression of the incoming air. If
uncompressed, the air-fuel mixture won't burn and the engine can't generate
any thrust. Most members of the jet family employ a section of compressors,
consisting of rotating blades, that slow the incoming air to create a high
pressure. This compressed air is then forced into a combustion section where
it is mixed with fuel and burned. As the high-pressure gases are exhausted,
they are passed through a turbine section consisting of more rotating blades.

In this region, the exhausting gases turn the turbine blades which are
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connected by a shaft to the compressor blades at the front of the engine. Thus,
the exhaust turns the turbines which turn the compressors to bring in more
air and keep the engine going. The combustion gases then continue to expand
out through the nozzle creating a forward thrust. The above explanation

describes a simple turbojet, as illustrated below.

Diagram of an axial-flow turbojet

The turbojet (and the turbofan) can also be fitted with an afterburner. An
afterburner is simply a long tube placed in between the turbine and the nozzle
in which additional fuel is added and burned to provide a significant boost in
thrust. However, afterburners greatly increase fuel consumption, so aircraft

can only use them for brief periods.

Comparison of a turbojet and a turbojet with an afterburner

A further variation on the turbojet is the turbofan. Although most
components remain the same, the turbofan introduces a fan section in front of
the compressors. The fan, another rotating series of blades, is also driven by
the turbine, but its primary purpose is to force a large volume of air through
outer ducts that go around the engine core. Although this "*bypassed™ air flow
travels at much lower speeds, the large mass of air that is accelerated by the
fan produces a significant thrust (in addition to that created by the turbojet
core) without burning any additional fuel. Thus, the turbofan is much more
fuel efficient than the turbojet. In addition, the low-speed air helps to cushion

the noise of the jet core making the engine much quieter.
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Comparison of a low-bypass turbofan with long ducts and a high-bypass

turbofan with short ducts

Turbofans are typically broken into one of two categories--low-bypass ratio
and high-bypass ratio--as illustrated above. The bypass ratio refers to the
ratio of incoming air that passes through the fan ducts compared to the
Incoming air passing through the jet core. In a low-bypass turbofan, only a

small amount of air passes through the fan ducts and the fan is of very small

diameter. The fan in a high-bypass turbofan is much larger to force a large

volume of air through the ducts. The low-bypass turbofan is more compact,
but the high-bypass turbofan can produce much greater thrust, is more fuel

efficient, and is much quieter.

A concept similar to the turbofan is the turboprop. However, instead of the
turbine driving a ducted fan, it drives a completely external propeller.
Turboprops are commonly used on commuter aircraft and long-range planes

that require great endurance like the P-3 Orion and Tu-95.

Schematic of a turboprop engine

The turboprop is attractive in these applications because of its high fuel
efficiency, even greater than the turbofan. However, the noise and vibration
produced by the propeller is a significant drawback, and the turboprop is
limited to subsonic flight only. In a typical turboprop, the jet core produces
about 15% of the thrust while the propeller generates the remaining 85%.
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Another noteworthy variation on the turbojet is the ramjet. The idea behind
this type of engine is to remove all the rotary components of the engine (i.e.
fans, compressors, and turbines) and allow the motion of the engine itself to

compress incoming air for combustion.

Simple schematic of a ramjet

However, the price of this simplicity is that the ramjet can only produce
thrust when it is already in motion. Instead of using a compressor to draw in
air and compress it for combustion, the ramjet relies on the motion of the
aircraft to ram air into the engine at high enough speed that it is already
sufficiently compressed for combustion to occur. Since ramjets typically
cannot function until reaching about 300 mph (485 km/h) at sea level, they
have been rarely used on manned aircraft. However, the ramjet is more fuel
efficient than turbojets or turbofans starting at about Mach 3 making them
very attractive for use on missiles. Such missiles are typically launched using
rocket motors that accelerate the vehicle to high-subsonic or low-supersonic

speeds where the ramjet is engaged.

Finally, let us talk briefly about the turboshaft, a version of the jet engine that
powers nearly every helicopter built today. As the below image illustrates, the

turboshaft utilizes many of the same components as a turbojet.
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Schematic of a turboshaft engine

Air is drawn in through an inlet, compressed by low- and high-pressure
compressor blades, mixed with fuel and burned in a combustion chamber,
passed through turbine blades, and exhausted through a nozzle. The key
difference between the turboshaft and previously discussed engines is that the
turbine not only drives the compressors, but the shaft is also connected to a
gear box that drives a helicopter's rotor blades. Although the engine shaft
rotates about the horizontal, the gear box contains a sequence of gears that
transform that motion to a rotation about the vertical axis as required by a
helicopter main rotor. Helicopters also typically operate at much lower
altitudes than aircraft where dust, sand, and other debris can easily be sucked
into the engine. To address this problem, most turboshaft engines are
equipped with a particle separator that filters out and expels the unwanted

dust before the air flow reaches the compressor.

Schematic of a turboshaft engine particle separator

While the turboprop is still popular on aircraft where low fuel consumption is

vital, nearly all aircraft today employ some version of the turbofan, usually

high-bypass turbofans. The high thrust, low fuel consumption, and low noise

levels of these engines make them well-suited to both military and commercial
applications. Today, about the only use for turbojets and ramjets is in

missiles. Air-breathing, long-range, subsonic missiles like the Tomahawk use

turbojets since these are small, relatively low-cost systems that provide much

greater range than is possible with a rocket of comparable size. Ramjets find
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applications on air-breathing, long-range, supersonic missiles for similar
reasons. Turboshafts, of course, have displaced the piston engine as the
primary powerplant used on helicopters. To continue learning more about
aircraft propulsion, be sure to check out NASA's Learning Guide on
Propulsion for a wealth of information, animations, and interactive applets

about rockets, propellers, ramjets, and gas turbine engines.

The End






