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| INTRODUCTION

The purpose of a steam turbine is to convert heat
energy contained in high pressure and high
temperature steam into mechanical energy. The
source of the high pressure / temperature steam
is a boiler, usually in a power station. Fossil fuel
(i.e. coal or oil) or nuclear energy is consumed to
provide the heat energy in the boiler. The first
turbine of which there is any record was made by
Hero of Alexandria, 2,000 years ago.

It may be interesting to mention that the work
was initially commenced because calculation
showed that, from the known data, a successful
steam turbine ought to be capable of
construction,

It is obvious that some power can be obtained
from a jet of steam either by the reaction of the
jet itself, like a rocket or by its impact on some
kind of paddle wheel. About the year 1837
several reaction steam wheels were made by
Avery at Syracuse, New York, and by Wilson at

Fig.1 - An old condensing steam turbine with synchronous generator at a power plant |

Greenock, for driving circular saws and cotton
gins. Fig. 2 shows the rotor of Avery's machine:
steam is introduced into it through a hollow
shaft, and, by the reaction of the jets at the
extremities, causes rotation. The rotor was 1.52
m across, and the speed 270 meter per second.

||L_ig:i'2"‘- Rotor anvery’STmEm;'_ |




In the year 1888 Dr de Laval of Stockholm
undertook the problem with a considerable
measure of success (Fig. 3).

He caused the steam to issue from a trumpet-
shaped jet, so that The energy of expansion
might be utilized in giving velocity to the steam.
Recent experiments have shown that in such
jets, about 80 per cent of the whole available
energy in the steam is converted into kinetic
energy of velocity in a straight line, the velocity
attained into a vacuum being about 1220 meter
per second.

Dr de Laval caused the steam to impinge on a
paddle wheel made of the strongest steel, which
revolved at the highest speed consistent with
safety, or about half the velocities of the modern
rifle bullet, for the centrifugal forces are
enormous.

Unfortunately, materials are not strong enough
for the purpose, and the permissible speed of the
wheel can only reach about two-thirds of that
necessary for good economy.

The practical development of steam turbine was
commenced chiefly on the basis of the data of
physicists, and as giving some idea of the work
involved in the investigation of the problem of
marine propulsion by turbines.

Maybe about 24,000 £ was spent before an order
was received. Had the system been a failure or
unsatisfactory, nearly the whole of this sum
would have been lost. further, in order to prove
the advantage of mechanical gearing of turbines
in mercantile and war vessels about 20,000 £ has
been recently expended, and considerable
financial risks have been undertaken in relation
to the first contracts.

Steam turbines are used for driving various
machinery namely generators, pumps,
compressors and ship propellers. So many other
industrial applications can be pictured for steam
turbines which are far beyond the context of this
pamphlet.

The broad range of applicable speeds makes
them suitable for many industrial
implementations. The magnitude of the power
provided by a steam turbine usually ranges from
low powers up to relatively higher ones, such as
1300MW.

After being expanded and resultant energy
produced the steam enters a condenser and alters
into saturated liquid form. then re-enters into the
working cycle.




Steam Turbines are categorized in different
ways:

[1 Steam condition when entering and leaving
the machine.
2 Chamberand shaft placement:

a. Single chamber

b. Turbines with 2 or more chambers and
shafts in which shafts are coupled to each other.
8 Number of stages; each stage comprises of a
row of fixed blades (stator) and a row of moving
blades (rotor)
|4 Designing type of the stage (Impulse /
Reaction)
|5 Startup procedure ( either it is started by a
generator or mechanically or after the ship
began moving forward )

6 Steam production method ( either it is
supplied via boilers using fossil fuels or a reactor
using soft water)

It's common that a specific steam turbine can be
put into more than just one category: e.g. a
turbine may be single casing, condensing
regenerative extraction fossil unit or three-
casing, four-flow steam-reheat nuclear unit
tandem compound.

| Fig.4




_DESIGN

As mentioned before each stage of turbine
comprises a series of fixed blades (Nozzles) and
anther series of moving blades which are located
on rotor disks in immediate vicinity of stator s
commonly referred to as buckets. The blade
aerodynamic falls in one of the following two

types:

|- Impulse type stage

In impulse type the overall pressure drop occurs
in the nozzles and the vapor pressure remains
constant when passing through moving blades.
A simple impulse turbine can be
diagrammatically represented below. The
uppermost portion of the diagram shows a
longitudinal section through the upper half of
the turbine, the middle portion shows the actual
shape of the nozzle and balding, and the bottom
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portion shows the variation of absolute velocity
and absolute pressure during the flow of steam
through passage of nozzles and blades.
Example: de-Laval turbine. Fig.5 depicts the
pressure variation in this type of turbine.

2- Reaction type stage

In this type, the drop in pressure takes place in
fixed nozzles as well as moving blades. The
pressure drop suffered by steam while passing
through the moving blades causes a further
generation of kinetic energy within these blades,
giving rise to reaction and adds to the propelling
force, which is applied through the rotor to the
turbine shaft.

Fig.6 shows a schematic view of a reaction type
turbine. Generally speaking, the steam can reach
higher velocities when it passes through both
blades, so the reaction type turbines offer much
higher vapor velocities.
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 Fig.5- A simple impulse turbine
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| Fig.6- A reaction type Turbine |




Guide vanes are required to straighten the steam path, so that it impinges on the proceeding turbine
blade correctly. The steam path through one row of turbine blades (grey in the figure) and one row of
guide vanes (purple in color) is shown in the fig.7.

Fig.7 Onerow ofturbineblades (greyinthefigure)
and one row of guide vanes (purplein color)

#ADVANTAGES

When compared with reciprocating engines the
steam turbine occupies less space, it has lighter
structure and it needs less maintenance. The
amount of oil being used for lubricating
purposes is quite small and yet the internal parts
need no lubrication at all. Oil contamination has
been ever traced in output steam. Moreover high
load capacity along with a high degree of
reliability and also the least maintenance costs
are among the most marked advantages.
Respecting efficiency they resemble steam
engines when low power is supposed to be
achieved; but when talking higher power
magnitudes, the steam turbines are much
efficient. Yet they cost much very lower
comparatively. Thus can be applied in producing
high power magnitudes.

Gas turbines also can be of comparable
advantages but they can't be employed for the
power magnitudes exceeding 225 MW.




Respecting efficiency they resemble steam
engines when low power is supposed to be
achieved; but when talking higher power
magnitudes, the steam turbines are much
efficient. Yet they cost much very lower
comparatively. Thus can be applied in producing
high power magnitudes.

Gas turbines also can be of comparable
advantages but they can't be employed for the
power magnitudes exceeding 225 MW.

| BASIC COMPONENTS

A gas turbine is composed of various parts. It's
equipped with a casing on which there is a row of
fixed blades (nozzles) Inside the casing a rotor
lies which is covered by rows of moving blades

putting together all these parts, they provide 3
distinct portions in a turbine:

I turbine high pressure portion
12 turbine intermediate pressure portion
38 turbine low pressure portion

Turbine Flowpath #

Generator

Turbine- Generator
Rotor Bearing

LP Turbine

Turbine Rotor/Disk IPTwkire

HFP Turbine

Fig.9-Large Steam Turbine with High-Pressure, Intermediate-Pressure
and (double flow) Low-Pressure Yurbine




The casing itself 1s divided into 2 or more, each portion has two halves usually known as turbine casing
upper halfand lower half. (Fig.10)




In practice if all portions were lined successively, the overall turbine length would be exceeded 30

meters (fig.11). The overall construction of a typical steam turbine is well shown in the figure below.
The HP section of the steam turbine is the extreme bottom, while the LP sections extend from the HP

section upwards.
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| Fig.11-Notice the scale of steam tyrbine-compare to one of the working engineers




In order to avoid this, two or more parts are put
into a single casing. Such a design culminates in
various possible states namely high-low
pressure integrated type turbine or high-
intermediate pressure integrated turbine or high-
intermediate-low pressure integrated turbine.

In each case, rotor is in severe condition, it
sustains high pressure, high temperature steam
and loads it through. Different stresses are
applied to different sections of'the rotor.

And this induces manufacturing process to
become a big trouble. Thus to eschew the
undesirable effects of steam on rotor, it has to be
designed in a way to be fully compatible with the
turbine operational conditions. Recently rotors
of very special design have been mtroduced.
High-Low integrated type turbine rotor and
high-intermediate integrated type turbine rotor
are among the most widely known.
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The unfavorable resonance phenomenon can
cause severe fatigue in blades. It occurs as the
effect of steam pressure fluctuations, shock
formation and also rotor vibrations. The
interested reader is recommended to consult
other readily available references for detailed
information.

Different alloys used in blade manufacturing;
stainless steel is the most commonly used alloy
of which detailed composition ranges are:

Cr: 12%-14%

Co: 0.1%-0.12%
Mn:upto 0.08%
P: upto0.03%
S: upto0.05%
Si: upto0.25%

An Introduction to
Steam Turbines

The alloy should have the following heat treated
mechanical properties.

Tensile strength 10000 1b/in? (690 MPa)

Yield strength 80000 lb/in* (550 Mpa)
Elongation 21%

Reduction of area 60%

With the small quantities of chromium being
introduced into steel a high resistance to heat,
corrosion and oxidation can be achieved.



| ROTOR MATERIALS

Materials used for steam turbine rotor have enough strength and density, so as to endure on high RPM
rates which they work. Generally the materials should reserve its hardness in working temperatures.
This property can be achieved via mechanical testing in numerous temperatures.

The steel which is used in rotors 1s manufactured in electric furnaces under vacuum conditions. Such a
method ensures all the voids inside, to be removed effectively so the resulting product will be of
extremely low porosity. Then it bears forging and metal working operations to make rotors of different
sizes and designs. The alloy itself may contain Ni, Cr, V and Mo elements to satisfy the desired
properties.
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Casings are usually made by casting methods. It's mainly because of their geometrical complexities
which make other methods impossible to be used.

The alloy also shows good welding properties and can be properly cast. The parts of casing which work
under relatively lower operational temperatures and pressures are made of welded steel plates. A forged
metal of high heat receptivity is used as a material of construction for nuts and bolts.

An Introduction to
.Steam Turbines . ..




