WX

s




POWER PLANT PRIMER
by
Andrew W. Kramer

Copyright 1954

Revised October 1972

Revised Januvary 1979
Reprinted 1983
Reprinted 1987
Reprinted 1988
Reprinted 1990
Reprinted 1993

POWER ENGINEERING Magazine
¢ Copyright 1988 by PennWell Publishing Company

To order, contact the Reprint Department.

Reprint Department

POWER ENGINEERING Magazine
P.O. Box 1260

Tulsa, OK 74101

(918) 832-9363



Power Plant Primer

A steam power plant is a means for converting the potential
chemical energy of fuel into electrical energy. In its sim-
plest form it consists of a boiler and a turbine driving an
electric generator.

The boiler is a device for turning water into steam. The
steam jet issuing from the spout spins the fan (turbine) and
also the generator. In the sketch the very simplest kind of
boiler and turbine are shown. The boiler is a tea kettle, and
the turbine is nothing more than a little windmill. Actual
turbines are more complicated but the principle is the same.
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A word about the generator shown in the sketch. To most
people the process of generating electricity is very myste-
rious, yet the actual process is easy to understand. As
shown, the generator consists of a little bar magnet spinning
inside a stationary coil of wire. This may seem an absurdly
simple affair, yet that is exactly what a real generator
consists of—a magnet rotating inside of a coil of wire. As
the magnetic field issuing from the ends of the magnet
moves across the turns of wire in the stationary coil an
electric current is set up in the wire. By winding a large
number of turns of wire into a ring or doughnut, the
current set up in each turn is added to the current set up
in the other turns of wire, and so a much more powerful
current is produced.

This is all you need to know about an electric generator
now—just think of it as a rapidly rotating magnet inside of
a coil of wire; this produces an electric current in the wire.
Later we will elaborate on this simple description.

You may wonder, if a power plant is basically as simple as
this, why we build the complex plants we see described in
POWER ENGINEERING Magazine? The answer is quite
simple: the plant shown in the sketch is not very efficient—
indeed its efficiency is close to zero—and since we want to
get as much power as possible out of a given quantity of fuel
it is necessary to make our plants as efficient as possible.

Until the early 1920s, the electric powser plants of the
nation used over 3 pounds of good coal to produce a
kilowatthour of electricity. Today, the national average
is less than 1 pound of coal per kilowatthour. In other
words, plants built at that time used three times as much
coal to produce a kilowatthour as we use today. In 1977,
the electric utilities of this country produced over 985
billion kilowatthours by means of coal-fired plants. This
required the burning of 447.2 million tons of coal. If,
however, we had had to produce this amount of electrical
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energy by means of the type of plants we had about 60
years ago, we would have needed three times the coal, or
over 1.34 billion tons. Coal-fired plants supplied 46.4% of
total electricity production by electric utility companies
in 1977. Oil-fired plants supplied 16.8%, gas-fired 14.4%,
nuclear 11.8%, hydro 10.4%, and all other 0.2%.

The reason for the great decrease in the consumption of
coal lies in the gradual improvement of our power systems,
both with respect to the individual pieces of equipment and
in the system as a whole. Just how do we go about improv-
ing the system shown in the sketch?

Boiler components

Looking at it again, it is obvious that it can be broken
down into several divisions. First, there is the fire under
the boiler. This involves not only the fuel itself but also
the method of placing the fuel under the boiler and the
arrangement for burning it properly.

So let us extend the diagram to look like this:
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Here, we see a belt conveyor transporting coal to the
furnace where it is burned on a traveling grate stoker. Air
for combustion is supplied by a bellows.

Remember, when you burn coal you are really promoting
a chemical reaction—a chain reaction. When coal is heated
to a high enough temperature in the presence of air, the
carbon in the coal combines with the oxygen of the air to
form either carbon dioxide (CO5) or carbon monoxide
(CO). These, of course, are both gases. Which gas is formed
depends upon the quantity of oxygen present. The CO
means that the coal is only partially burned, indeed, the
CO can be combined with more oxygen to form CO5.

In burning coal we do not want CO because that means the
coal is only partially burned: there is still energy left in the
gas, energy that we can recover if we can burn it to CO5.
It is desirable, in the operation of our boiler furnaces,
always to get as much CO, as we can because in that way
we get all the heat out of the fuel.

We can obtain the CO5 by supplying more air to the fuel
as it is burning. But we do not want to supply too much air,
because if we do we will be supplying more oxygen than
is actually needed to combine with the carbon, and this
excess oxygen will play no part in the combustion process.
Not only will it play no part but it will actually detract
from the efficiency by absorbing heat that otherwise could
be used to heat the water in the boiler. In actual practice it
is not possible to supply exactly the required amount of air,
so somewhat more than enough is supplied. This is com-
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monly referred to as excess air.

So, in.the process of combustion, we are dealing with chem-
istry. It involves a knowledge of the composition of the
coal, its physical condition, its behavior under various con-
ditions of temperature, moisture, etc. Actually, the com-
bustion of coal is a very complex process requiring a good
knowledge of both physics and chemistry. In a large plant
it involves a major problem in materials handling—fuel,
ashes, air and flue gas. Remember, to burn coal, you have
to supply about 11 pounds of dry air for each pound of
dry coal used. Because of widely varying coal compositions,
and allowing for excess air and moisture, the actual amount
required is usually somewhat more than this.

So far, we have merely mentioned ashes and flue gas. These
have to be removed continuously. In the days of hand
firing the removal of ash was simple, though laborious. The
fireman merely raked the ash out of the ashpit and carried
it away in wheelbarrows. Today, in large plants, the re-
moval of ash is a complicated process requiring rather
elaborate equipment. So, we must add ash removal equip-
ment to our diagram; also a chimney for the removal of
flue gas.

Furthermore, the process of combustion is stimulated by
heat; indeed, the process will not start until the fuel is
brought to the kindling temperature. Everything must be
done, therefore, to maintain a high temperature in the
furnace. This makes it desirable to heat the air for com-
bustion before it is delivered to the furnace. This aids
combustion and increases the efficiency.

With these facts in mind, let us redraw our diagram to in-
corporate these improvements. This way:

the bellows will be blowing warm air into the fire as shown
in the sketch.
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As you see, it is becoming more complicated. Now, we have
a chimney or stack to remove the gas of combustion and
a heater to heat the air from the bellows before it is blown
into the furnace. Also, we have put in an ash conveyor.

Now, if you are of an analytical mind, you will see that it
takes additional heat to heat the air. We have shown a
candle. Since candles cost money, it is obvious that we are
not going to save much money that way. Why can‘t we use
some of the heat from the fire under the boiler itself to heat
the air? Maybe that would be cheaper than buying candles?

Well, it is, and moreover, there is heat going to waste up the
stack. You know from experience that if you hold your
hand above 2 tea kettle on a stove that there is a lot of heat
being wasted. So, let us put 3 heating coil in the stack so
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All this probably seems absurdly simple, and it is. The
reason for explaining it in this way, however, is 10 show,
by means of the simplest kind of equipment, how engineers
go about improving the efficiency of any system. Step by
step, adding something here, saving something there,
establishing closer supervision over everything gradually
improves the effectiveness and the efficiency of almost any
kind of system. These are the kinds of things engineers are
concerned with, Nearly all of them are more or less com-
plex and require a great deal of specific as well as general
knowledge. In the example just described, for example,
just how much surface should the heater in the stack have
to heat the air to a certain temperature? How hot should
the air be for best combustion, how much air should be
supplied, how much power will it take to run the bellows,
what happens to the flue gases if too much heat is ex-
tracted from the gases, what happens to the stack? None
of these is a foolish question. '

Consider the last question, for example, that of cooling the
flue gases too much. What happens? Well, there is always a
certain amount of water vapor in the flue gases; from the
air and from the hydrogen in the ‘fuel. As the temperature
of the gases is lowered, there comes a time when the
saturation point is reached and the moisture condenses. If,
‘at the same time, there happens to be any sulfur in the gas
(and there usually is), sulfuric acid will be formed, resulting
in the spread of a thin but extremely corrosive layer of
liquid on the inside surfaces of the flues.

This single example, then, shows what the engineer runs
into when he begins to refine the simple system we began
with. He may add something to improve it but he may find
that the improvement is not an unmixed blessing; it may
also have deleterious effects. These he must guard against.

But let’s get on with our power system. The tea kettle
representing the boiler is not a very efficient generator of
steam. Let’s see if we cannot design a better one. Look at
the sketch on the next page. Here we have a boiler consist-
ing of two steel drums connected by a number of steel
tubes, and arranged in a furnace so that the hot gases have
to pass through the bank of tubes on their way to the stack.
The total surface of the tubes is large, making it possible to
absorb a great deal of heat. The steam bubbles formed in
the tubes rise to the upper drum (called the steam drum)
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where the steam collects before it flows into the pipe lead-
ing to the turbine.

This is the basic principle of the modern water tube boiler.
Note that a bo_iler feed pump has been included in the
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diagram. Since steam flows out of the boiler it obviously
becomes necessary to replenish the water that is evaporated.
For this reason a boiler feed pump is necessary. This pump
must operate at a pressure high enough so that it can over-
come the pressure in the boiler.

In the operation of any boiler, even a tea kettle, it is
essential always to keep enough water in the boiler. If it
should run dry the metal would become red hot, soften,
and rupture. At the same time it should not be filled to a

point where there is no room for the steam to collect. To

check the water level a water gage is fitted to the steam
drum. This shows the water level in the boiler at all times.

Now, it is obvious that if the amount of steam leaving the
boiler was always the same as the amount of water entering,
the water level would remain the same. This state of affairs
seldom occurs. Variations in load causes variations in steam
flow; variations in the fuel supply and air supply cause
variations in the rate of combustion, which in turn results
in variations in the rate of evaporation, and all of these
cause changes in the water level. This makes it necessary
for the operator to maintain a continual watch on the water
level. If it drops, he increases the water supply; if it rises,
he decreases it.

POWER ENGINEERING

This constant vigilance on the part of operators was a prob-
lem, so feedwater regulators were developed which control
the flow automatically as the water in the boiler drum rises
and falls. These are very helpful even with small boilers,

FEEDWATER
CONTROL VALVE

but in the case of modern high-pressure boilers they are
almost imperative. A large high-pressure boiler, evaporating
in the neighborhood of a million pounds of water per hour,
would run dry in about 90 seconds if the water supply was
suddenly cut off.

Now, getting back to our water supply to the boiler, so far
nothing has been said about the temperature of the water
being delivered to the boiler. 1t should be obvious, however,
that it would not be wise to pump cold water into a boiler
since that would decrease the temperature of the water
already in the boiler and so reduce the rate at which steam
was being made. Also, the introduction of cold water might
set up strains in the boiler by virtue of the great temper-
ature difference. Therefore, it becomes expedient to heat
the water before pumping it into the boiler. So it is run
through a feedwater heater.

The feedwater heater could be heated by a separate fuel-
fired furnace but, as in the case of the air heater, it would
be much more economical if it could be heated by heat that
would otherwise be wasted. Suppose, for example, that the
boiler feed pump was a steam driven pump, and we could
use the exhaust steam from this pump. This would cost
virtually nothing. So, we add a heater, as shown at left.

After the steam has done its work driving the pump, it is
delivered to the feedwater heater, which, as shown here, is
nothing more than a large tank in which the steam mixes
directly with the water to be heated. It is called an open
heater. As will be shown later, there are other kinds of
feedwater heaters called closed heaters in which the steam
and water do not mix.

So far, so good; we have saved a little by using the heat in
exhaust steam which otherwise would have been wasted.
Let’s look a bit further, however; maybe we can save some
more heat somewhere else. In the boiler, for example,
remember that we picked up some heat in the flue gases
by means of the air heater. Have we got all of it?

An air heater may or may not remove all the heat we want
to remove from the flue gases. But if we want to, we can
modify the boiler and install one section of tubes to heat
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the feedwater before it is delivered to the boiler drum.
Look at this sketch:
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Here we have added a separate bank of tubes through which
the feedwater passes before it goesl into the boiler drum.
This bank of tubes is placed in the path of the gases travel-
ing towards the air heater and the stack. Most of the heat
in these gases has been absorbed in the boiler tubes, but
not all of it. The gases probably still have a temperature
of about 600 degrees Fahrenheit. By making them travel
through this added tube bank, still more of the heat will be
absorbed. Consequently the economy of the boiler as a
whole will be increased. Hence, this bank of tubes is known
as an economizer. With this arrangement, the water is first
heated to a temperature of about 212 F in the feedwater
heater by the exhaust steam from the feed pump, and then,
in the economizer, the temperature is further raised to a
point not very far below the temperature of the water
in the boiler.

Steam turbine and condenser

Our boiler—or steam generator, as it is called—has now
become quite complex, so before we do anything more to it
let’s hook it up to the rest of the system. As already men-
tioned, a turbine is essentially a windmill; not a simple fan
like the one shown but a more complex one with many
hundreds of blades, some stationary and some rotating.
These blades are arranged in groups or stages, so that the
steam is compelled to pass successively through the various
stages. Here is a very simple diagram.
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In this diagram, three fans are shown mounted on a com-
mon shaft, each one in a separate compartment. Steam
issuing from the nozzle in the first stage pushes against the
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fan blades and causes the entire rotor assembly to turn. In
turning the blades in the first stage the steam gives up some
of its energy, resulting in a drop in pressure. Thus, at a
slightly lower pressure, it enters the second stage nozzle
and again it gives up some of its energy in turning the
second stage of this rotor. After passing through the third
stage in this way, practically all of the energy of the steam
has been given up to the rotor and it leaves the turbine
as exhaust steam.

This arrangement, obviously, provides a much more effi-
cient means for spinning the rotor shaft than the simple
little fan shown in the first diagram. Of course, it is still
merely a diagram—no turbine would ever be built this way.
The only step remaining to make this elemental turbine
into a commercial machine is to introduce mu/tiple nozzles
of proper design and change the shape of the inefficient
paddles to an efficient blade having curved entrances and
exits. Here is a detailed drawing of the nozzles and blades
(they are also called buckets) of a modern turbine, and next
to it is a cross-section through a turbine showing how the
elements are arranged on the shaft.
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So, now we have a boiler and a turbine coupled to an elec-
tric generator as shown above.

Here you see steam from the boiler being fed into the
turbine by means of the connecting piping and after passing
through the various stages of the turbine the steam exhausts
through an opening in the bottom of the turbine. The
steam has given up its energy to the turbine rotor and this
in turn spins the generator rotor. The generator rotor,
remember, is simply a magnet.

But what shall we do with the exhaust steam? Is it of any

_use? Well, if you measure the temperature of the exhaust
steam right at the point of the exhaust opening, you will
find that it has a temperature of 212 F. This is the temper-
ature of steam at atmospheric pressure.

Obviously, we can use it to heat the water in the feedwater
heater in the same way that we used the exhaust steam
from the boiler feed pump. However, you would find that
there is far more exhaust steam coming from the turbine
than you could use in the feedwater heater. Remember,
practically the entire boiler output passes through the
turbine and out into the exhaust.

If you want, you can pipe this exhaust steam to radiators
and use it to heat houses and buildings in winter.

Note that part of the exhaust steam goes to the feed-
water heater. Most of it, however, goes to the building .
heating system.

Now, this is fine if you have a building you want to heat or
if you need steam heat for other purposes such as cooking,
heating stills in food or chemical plants or any of scores of
different purposes in industry, and in practice that is how
a great deal of exhaust steam is used. Indeed, this is one
of the reasons it pays the owners of an industrial plant, a
paper mill for example, or a textile mill or a food products
plant, to have their own power plant; they can use prac-
tically all of the exhaust steam from the turbine for heating’
and other purposes.

If they did not have the turbine, they still would need a
boiler to generate steam. By first running the steam through
a turbine they can get the electric power so produced for
a very low cost.

Suppose, however, there is no building to be heated or no
factory process to use up the exhaust steam; what then?
Take a public utility plant for example. A public utility
plant is designed solely to generate electricity to sell. Such
plants usually are far away from buildings where the
exhaust steam might be used for heating. Shall the exhaust
steam be permitted to be wasted to the atmosphere?

This wa .
Y No. There is a much better way of disposing of this exhaust
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steam. That is by using it to create a vacuum at the exhaust
/-—\

A vacuum? Why a vacuum? What good would that do? Well,
remember that the:turbine is surrounded on all sides by the
atmosphere which, at sea level, exerts a pressure of about
15 1b per square inch (psi). In order to get out of the ex-
haust opening, the steam Ras to push against this 15 psi
pressure, and this requires work, just as it does to push the
turbine blades around. But suppose, by some means, we
could remove the atmosphere from around the exhaust
opening so that the steam issuing from the exhaust opening
would encounter no resistance whatever; you would find
that you could develop more power in the turbine, indeed,
it would be equivalent to an increase in steam pressure.

To understand how we can accomplish this (removal of the
atmospheric pressure) it is necessary to know a few facts
about steam. Steam, remember, is evaporated water. When
water is heated to a temperature of 212 F at atmospheric
pressure it turns into steam. If the water is enclosed in a
tightly closed vessel such as a boiler, the temperature at
which the water turns into steam will be higher. In any
case, the volume of the steam produced will be very much
larger than the volume of the water from which it was
produced. At atmospheric pressure, for example, a pound
of steam occupies a volume of 26 cubic feet.

Suppose, now, that you had a pound of steam at atmo-
spheric pressure in a closed vessel with a volume of exactly
26 cu ft. This vessel would be a trifle less than 3 feeton a
side—assuming it to be a cube. It would be full of steam.
There would be no air. If you suddenly placed this vessel
on a large block of ice, or cooled it by spraying cold water
on it, what would happen? The steam would condense—it
would turn back into water—into one pound of water. This
pound of water, however, would occupy only 1/60th of a
cubic foot. It would look about like this

This is very-little water."Most of the interior is now occu-
pied by nothing—99.93% of the total volume. This means
a vacuum.

The total surface of this cube has an area of 7776 sq_in.
Since each square inch has 15 |b of atmosphere pressing
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down on it {and with nothing inside to counteract it) the
total atmospheric pressure on the cube is now 7776 x 15
or about 116,640 Ib.

If you want to see whether this is really true, try it some-
time. Take an ordinary rectangular gallon can with a screw
cap closure, pour in about a half-inch of water, and bring
the water to 3 boil by placing it on a gas burner for a few
minutes. Do this with the screw cap off. Then, when the
water is boiling vigorously, screw the cap on and quickly
place the can under a stream of cold water. The can will
crumple up like so much paper.

15 LB PER SQ. IN.
OUTSIDE.
PRACTICALLY NO
PRESSURE INSIDE
RESULT: CAN
COLLAPSES

GALLON CAN

15 L8 PER SQ. IN.
ATMOSPHERIC
PRESSURE
BALANCED BY
STEAM AND

AIR PRESSURE
INSIOE CAN

This spectacular experiment is one which anybody can do
at home but it is extremely convincing in demonstrating
the production of a vacuum by the condensation of steam.

Remember, we wanted to create a vacuum at the exhaust
end of the turbine. Now that we know how to create a
vacuum, just how can we apply the principle to our turbine?
Well, suppose we attach a large hollow vessel to the exhaust
opening of the turbine and install a bank of small tubes in
the vessel through which we can pump cold water.

In this fashion —

With such an arrangement, the steam issuing from the
turbine will come in contact with the cold tubes and
thereby turn back into water. This will create a vacuum
in the vessel just as it did in the case of the gallon can. The
vessel now, however, is made of heavy. steel, capable of
withstanding the pressure of the atmosphere, and will
not collapse. -
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Since cold water continues to flow through the tubes, the
process is a continuous one. There will be a2 steady con-
. . S —
version of steam into water, and a steady state of vacuum

~wtiexist insioe the vessel.

Technically, such a vessel is called a condenser. Its purpose
is twofold: first, to create a vacuum at the turbine exhaust,
and second, to recover the condensate (the condensed
steam) so that it can be used over again in the boiler. Since
this condensate is really distilled water, it is very pure, and,
therefore, highly desirable for use as boiler feedwater.

So, we build another smaller chamber at the bottom of the
condenser to provide a place where the condensate can
collect and from which it can be pumped back to the
boiler, or rather, first to the boiler feedwater heater. This

~ reservoir is called the hotwell since the water which collects
in it is fairly warm.

Now, our system looks like the drawing above.

Steam produced in the boiler flows through the main steam
header to the turbine. In the turbine it passes, successively,
through the various stages, losing pressure at each stage and
giving up its energy to the blades on the rotor. This turns
the electric generator and produces electricity. Emerging
from the exhaust opening at the bottom of the turbine, the
steam enters the condenser where it condenses on the tubes
through which the cool circulating water flows.

a(VCondensation of the steam creates a vacuum which reduces

“the back pressure which otherwise would impede the flow
of steam 1o a considerable extent. The condensed steam
collects in the hotwell of the condenser and is drawn off
by the condensate pump which pumps the water into the
feedwater heater. Here the water is further heated by the
exhaust steam from the boiler feed pump (or other steam-
driven auxiliaries) and then is pumped back into the boiler
by the boiler feed pump. The latter, it will be noted, is run
by steam from the main high pressure header. We now have
a completely closed system. All the water that is turned
into steam in the boiler is condensed back into water in the
condenser and pumped back into the boiler again. Of
course, .there are slight losses at various points in the
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system, leakage through pump bearings, steam leakage
through valve packing, etc. To make up for this loss a small
quantity of raw:water has to be pumped into the system.
This is known as makeup water or simply makeup. The idea
is to keep the amount of makeup as low as possible.

There is only one additional requirement to make a work-
ing system. Wherever there is 3 vacuum, there will be some

"air leakage into the system, and this air must be removed

or it will gradually build up and destroy the vacuum. If the
vacuum required is not too high, a combination condensate-
air removal pump can be used. For higher vacuums, separate

L oy o p O R . .
air removal equipment is needed. Condenser air pumps

separate the air from the water vapor and return the water
to the condensate system. They generally are of the steam
ejector type. Even these are fitted with heat exchangers to
recover the heat that might otherwise be lost in extracting
the air from the condenser.

If you are interested only in the basic principle of a power
plant, this is all you need to know. True, many more
refinements can be added which will further improve

the efficiency but the system shown in the last diagram
would work.

If this explanation, so far, has made sense to you and if it
has been of interest, maybe you would like to go a little
further and learn something about actual plants as they
are built today.

The boiler plant shown in the diagrams is fired by a chain-
grate stoker. Most people are reasonably familiar with a
stoker. Power plant boilers are also fired by oil or pulver-
ized coal. Where pulverized coal is used, the coal is first:
passed through a pulverizer which grinds the coal to the
consistency of flour and then, by means of a fan, the
powdered coal is blown into the furnace where it burns
very much as a gas flame.

Most of the large coal-fired plants today are fired by pul-
verized coal. One reason for this is that the control of
pulverized coal firing is much more flexible than stoker
firing. With stoker firing there is always a bed of coal on
the grate which contains a considerable amount of heat.
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Simple diagram of pulverized coal firing.

PULVERIZER

Even if the coal supply were cut off completely, the coal
on the grate would continue to burn for an appreciable
length of time. With pulverized coal there is no such reser-
voir of heat and if the coal supply is cut off combustion
ceases instantly. The same is true of oil or gas. Also, the
maximum rating of stokers is limited. With pulverized coal
firing, very much larger boilers can be buiit.

The use of pulverized coal instead of stokers does not
change the basic principle of operation as far as the power
plant as a whole is concerned; it merely involves a different
type of equipment.

Efficiency

Now, what about steam pressure? In one of the foregoing
paragraphs we said something about efficiency being re-
lated to steam pressure. Is this true?

Yes, but largely because steam pressure is related to tem-
perature. The higher the pressure of steam, the higher its
temperature. At atmospheric pressure, that is, 15 psi abso-
lute pressure, steam has a temperature of 212 F. At 500 psi
absolute, the temperature of steam is 449 F.

The efficiency of a turbine, or any other kind of heat
engine such as a steam engine or a gas engine, does not
depend upon the nature of the working medium—steam,
compressed air, ammonia, etc.—but upon the quantity and
the absolute temperature of the heat received and the heat
rejected. This means merely that a turbine supplied with
steam at 400 F and exhausting it at 212 F is more efficient
than one receiving the steam at 300 F and exhausting at
212 F. Also, a turbine receiving steam at 400 F and ex-
hausting at 212 F is /ess efficient than one receiving the
steam at the same temperature (400) but exhausting it at
100 F. This not only explains the value of the condenser
but also that of high steam pressure. Without the condenser,
the lowest temperature at which steam can be exhausted
is 212 F, since that is the temperature of steam at atmo-
spheric pressure. By means of the condenser, however, a
vacuum can be created so that the steam will exhaust at a
pressure of, say, 10 pounds below atmospheric pressure,
that is, at 5 psi (modern turbines exhaust at about 2 psia,
or even lower). At 5 psi absolute, the steam temperature
would be 162 F.

The thing that is important in the operation of a turbine or

in

any other kind of heat engine, then, is the temperature
range through which the heat energy falls in its passage
through the engine. The thermal efficiency of the engine
depends upon this temperature range. This can be ex-
plained very simply by imagining a perfect engine—one in
which there are no heat or friction losses of any kind.
Of course, such a machine could never be built. Assuming
that we had such an engine, however, let us connect it 1o a
source of steam having a temperature of 400 F. Also,
assume that the engine exhausts against atmospheric
pressure. The exhaust steam then would have a temper-
ature of 212 F.

Now the thermal efficiency of such a perfect engine is
easily figured by means of a very simple equation. Here itis:

E =—I1——Tz-x 100
Ty

In this expression, E stands for efficiency in percent, Ty is
the absolute temperature of the steam entering the engine,
and T is the absolute temperature of the steam leaving the
engine. So, with 400 F (860 absolute)” for the entering
steam and 212 F for the exhaust, the efficiency of this
theoretical engine is:

860—-672 188
x ——— | S—
860 860

Instead of letting the steam from this engine exhaust against
atmospheric pressure, suppose we attach a condenser to the
exhaust opening to produce a back pressure of 5 psia. As
explained previously, at this pressure the temperature of
steam is 162 F (162 + 460 = 622 abs). Now the equation
will give us an efficiency of
100 x 2052 _ 28 5y6m

860
So, by the addition of the condenser, we have raised the
efficiency of the engine from 21.8 to 27.5%.

100 = 21.8 percent

This simple example, then, shows why power engineers
have been striving, not only for higher and higher steam
temperatures, but also for lower exhaust temperatures. The
greater the range between the temperature of the steam
entering and leaving the turbine, the higher will be the effi-
ciency of the turbine.

Of course, there is no such thing as a perfect heat engine,
and in practice the efficiencies obtained are much lower
than those considered in this example for similar temper-
ature ranges. By using much higher temperatures, higher
actual efficiencies can be obtained. The most efficient con-
ventional steam power plant in operation has an overall
efficiency of about 40%.

It should be perfectly clear also, that when a condenser is
added to a system, large quantities of cooling water must be
pumped through it. Also, the condensate has to be pumped
out of the condenser. This requires power and this added
power has to be subtracted from that developed by the
turbine when the efficiency of the system as a whole is con-
sidered. We do not get something for nothing in this world.

And this is as it should be; it makes the power engineer’s
job interesting regardless of which branch of the field he

*Temp. Absolute = Temp. F + 460. Absolute zero is 460
degrees below zero F.
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may specialize in. Take this quest for the attainment of
higher steam temperatures and lower exhaust temperatures,
for example. This has led the power engineer into all sorts
of complex things involving chemistry, physics, metallurgy,
techniques of manufacture and construction, and, of course,
economics. High steam temperatures and pressures together
‘with systems of higher and higher capacity necessitate alloy
steels capable of withstanding the high temperatures and
pressures; high rates of evaporation in boilers together with
high pressures and temperatures make elaborate feedwater
treating systems necessary, involving constant, close chem-
ical control; high pressures and temperatures also affect
the character of the piping arrangements, valves, fittings,
and methods of insulation as well as many other things.

With the use of high pressures and temperatures the simple
method of heating the feedwater by exhaust steam from
the boiler feed pump or other steam driven auxiliaries
shown in the last version of our system (on page 9) will no
longer suffice, because the feedwater must be heated to a
far higher temperature before it enters the boilers. Modern
boilers operating at steam pressures of 2500 or 3500 psi
require higher feedwater temperatures to avoid severe
strains. The use of higher temperatures and more heaters
also improves plant efficiency, as explained below.

So we have the problem of increasing the feedwater tem-
perature. What is the best way of doing it? Of course, one
way of doing it would be to use high-pressure, high-tem-
perature live steam from the main header and feed it into
a special feedwater heater capable of withstanding the
high pressure. This, however, would be wasteful. The steam
in the main header is the most valuable commodity we have
in the system, and every pound of it should be delivered
to the main turbine where it can do the most good.

Another method would be to supply the heat required for
feedwater heating from a separately fired water heater but
this would be even less efficient than taking live steam from
the boiler itself.

Suppose, however, that feedwater is heated by steam ex-
tracted from an intermediate stage of the main turbine;
then power will be developed by the steam used for feed-
water heating. Moreover, this additional power generated
by the extracted steam will be produced at a very high
efficiency and this, in turn, will increase the average effi-
ciency at which the total power output of the system
is generated.

Now, why is this so? Why does this extracted steam pro-
duce power at a much lower fuel cost than that of power
produced by steam flowing to the condenser? The answer
to this question lies deep in thermodynamic theory but for
practical purposes it can be explained as follows. In even
the best modern condensing turbine power plants, approx-
imately two-thirds of the heat present in the steam at the
turbine inlet is still in the steam at the exhaust. Even if it
were possible to have a 100% efficient turbine, the amount
of heat thrown away at the exhaust would not be greatly
reduced. Actually, this heat is carried away by the cooling
water flowing through the condenser,

This means, then, that even at best, less than one-third of
the heat in the fuel can be turned into power in a straight
condensing cycle. If however, we extract a portion of the
steam from the turbine before it reaches the condenser, and
use it to heat the feedwater, none of the heat in this steam
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will be wasted because it will all be absorbed in the boiler
feedwater. Thus it decreases, heat unit for heat unit, the
heat which must be supplied to the boiler.

Putting it another way; of the steam flowing from the
throttie to the condenser, over two-thirds of the heat will
be thrown away, while of the steam flowing from the
throttie to an extraction opening, no heat will be wasted.
It follows directly, then, that the more power that can be
generated by extracted steam, the higher will be the average
plant efficiency. Of course, the amount of steam which can
be used for feedwater heating is determined by the amount
of heat needed to raise the temperature of the boiler feed-
water to the required level. This places an upper limit on
the gain in efficiency which can be made in this way.

As in the previous diagrams, steam from the boiler enters
the turbine and flows through the turbine stages, generating
power. Most of the steam passes through the entire turbine
and exhausts into the condenser. A part of the steam,
however, is extracted from an intermediate stage of the
turbine at a pressure and temperature higher than that
at the exhaust.

Here is the way in which we can take advantage of this
scheme.

MAIN STEAM

BGTLER FEED PUMP CONDENSATE PUMP

In order that the temperature of the feedwater be high
enough, it is necessary in this case to extract the steam at
a point in the turbine where the temperature is some-
where in the neighborhood of the temperature of the water
in the boiler. This, of course, limits the amount of power
that can be obtained from this extracted steam. It would
be better if an extraction point could be located closer
to the exhaust end of the turbine in the manner shown
below.

MAIN STEAM

CONDENSED STEAM
DRAINS TO CONDENSER /e

«_

TO BOILER
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In heating water or any other substance to a higher tem-
.perature, however, only a portion of the tqial heat neces-
sary need be at the highest temperature; much of the total
heat is used in heating the water through a lower range of
temperatures. With this fact in mind, it becomes possible
to heat the feedwater successively in two or more stages.

Here we have two feedwater heaters, a low-pressure, low-
temperature open heater receiving extracted steam from a
stage close to the condenser, and another one receiving
steam from an extraction point closer to the throttle. Water
from the hotwell is first pumped to heater Hy where it is
raised to a relatively low temperature. Then it is pumped
through the second heater where it is raised to a temper-
ature close to the temperature of the water in the boiler.
This is a closed heater. The feedwater passes through tubes
and the steam condenses on the outside of the tubes. With
this arrangement, it will be obvious, more power can be
obtained from the total amount of extracted steam. In
other words, by the use of two heaters instead of one, we
have increased the efficiency of the system.

So the question arises, if two heaters are better than one,
why would not three be better than two, or four better
than three? The answer, of course, is that each additional
stage of extraction improves the thermal efficiency. How-
ever, in this instance, as in all engineering projects, there is
a point of diminishing returns beyond which the further
addition of heaters becomes uneconomical. Theoretically
maximum efficiency would be obtained by means of an
infinite number of extraction points and feedwater heaters.
Actually, four or five stages are commonly used and some
of the most modern stations use seven or eight.-

The method of heating the boiler feedwater in this fashion
is known as regenerative feedwater heating; it is used in all
modern steam power generating systems. With such systems
a total of 20 to 30% of the throttle steam may be with-
drawn from the turbine at various points and used to heat
the feedwater.

In the diagram below we have incorporated four stages of
feedwater heating in our system with three open heaters
indicated and one closed heater. At each heater the water

is raised to a higher temperature. Since the pressure in
each open heater is higher than in the one preceding, a
pump is necessary between successive heaters. Finally,
after the water passes through the last open heater, the
boiler feed pump pumps it through the closed heater and
delivers it to the economizer section of the boiler.

It is very evident from this diagram that a steam power
plant can become quite complex when we try to take
advantage of all the methods available to increase its effi-
ciency. Indeed, the diagram, as shown, is still far from
complete. While an air heater is shown, the fans and con-
nection to the air heater have been left out so a5 to keep
the diagram simple. Actually, of course, the air is forced

" through the air heater by means of a fan, and after being

heated it is forced into the furnace; in this manner:
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This shows how the forced draft fan forces cold air through
the air heater and how the warm air is forced through ducts
(which must be insulated) into a plenum chamber under-
neath the stoker. Here it passes through the coal bed and
thus supports combustion. A portion of the warm air is also
admitted above the fuel bed.

The air heater, it will be noted, is placed directly above the
outlet of the furnace. Since it is built of a great many tubes,
it introduces a certain amount of resistance to the flow of
the hot gases of combustion. In older plants where air
heaters were not used, a tall stack or chimney usually pro-
duced sufficient draft to pull the gases out of the furnace;
but where air heaters are used it has become general prac-
tice to place an exhaust fan in the passage to the stack.
Such fans are known as induced draft fans. In some cases,
the forced draft fan is made powerful enough to maintain
flow through the boiler without the need for an induced
draft fan. Since induced draft fans have to operate at com-
paratively high temperatures and handle all the gases of
combustion, they often are very large. Motors as large as
5000 hp, or even larger, may be used, and steam turbine
drives may be used for the largest plants.

The plant as we have now designed it is a fairly good power
plant but it lacks several important elements. One of these
is ‘a superheater. The purpose of a superheater is to heat
steam above the temperature at which it is produced in the
boiler. In practice, the superheater is merely an arrange-
ment of alloy steel tubes placed in the gas path through the
boiler. After the steam collects in the boiler drum it passes
through the superheater tubes and is thus heated to a tem-
perature higher than that associated with the pressure at
which it is produced. For example, saturated steam at
1000 psi absolute pressure has a temperature of 556 F
(remember steam at atmospheric pressure has 2 temper-
ature of 212 F). Now, by passing the 1000 psi steam
through the superheater, it can easily be heated to a tem-
perature of 200 degrees higher, or 756 F. The pressure will
remain the same.

Such superheated steam has two advantages over steam that
is not superheated; first, it increases the thermal range of
the steam cycle, and hence the efficiency; and second,
being drier, it is less likely to condense in the lower stages
of the turbine. In large turbines, the formation of drops of
water on the blades near the exhaust end of the turbine
can be quite damaging. By the use of superheated steam,
however, this condensation can be minimized to a point
where it is harmless. Hence, all modern fossil-fired power
plants use superheated steami; indeed in the most modern
plants, in addition to the superheater, the steam is re-
heated in a second superheater after it has passed through
a portion of the turbine. With such an arrangement, steam
collected in the steam drum of the boiler passes first
through the primary superheater, then through the first
few stages of the turbine, then back to the boiler where
it is reheated in the reheat superheater, and finally is sent
back to the lower pressure stages of the turbine and so to
the condenser.

As a rule, the reheated steam has a temperature only a
little below that of the primary. steam but the pressure is
considerably lower. As an example, the primary steam may
have a pressure of 1400 psi and a temperature of 1050 F.
After this has passed through a number of stages in the
turbine it is extracted at, say, 200 psi where its temper-
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ature will be around 400 F. In the reheat section of the
boiler this steam will then be heated to a temperature of
1000 F. Its pressure, however, will still be nearly 200 psi,
with just a small pressure drop in the piping.

So now we have superheat, reheat, and regenerative feed-
water heating in our system (diagram above) and it is be-
coming very efficient, as steam cycles go. With systems of
this kind, thermal efficiencies of about 32% can be ob-
tained—that is, 32% of the heat energy in the fuel will be
converted into electricity.

You may wonder why this figure is so low. The reason, as
implied earlier in this treatise, lies in the fact that most
of the heat is carried away by the condenser cooling water.
Unfortunately, this low efficiency is a consequence of the
second law of thermodynamics and there is practically
nothing that engineers can do about it. If the temperature
of the steam at the exhaust of the turbine could be brought
down to absolute zero, we could recover almost all of the
heat energy in the fuel, but we live in a.world where the
ambient temperature is some 490 F above absolute zero,
and there is no economical way by which we can reduce the
temperature of the exit steam below ambient temperature.
Of course, we could do it by refrigeration, but the refrigera-
tion system would require power and so we would gain
nothing. Indeed, we would lose efficiency.

We have now incorporated into our system about all the
known methods for improving the efficiency. Further im-
provement can be made in any system by going to still
higher pressures and temperatures, by refinements in the
condensing system, and by the further reduction of heat
losses wherever they occur by improved equipment, insula-
tion, and recovery of minor wastes, but the gains to be
expected by these means are relatively small. In large power
stations, however, each increment, each fraction of a per-
cent in the overall efficiency is worthwhile because such
stations use millions of tons of coal a year, and even small
gains in thermal efficiency reflect large savings in fuel costs.
As indicated at the beginning of this discussion, modern
steam-electric generating stations use less than one-third
the amount of coal for the same kilowatt output that they
did in early years. This saving has been brought about by
continual refinements such as described in these pages.

It is obvious, then, that in the operation of a power station,
every effort has to be made to keep the temperatures, pres-
sures, and the vacuum in the condenser at their optimum
values at all times. A change in any one of these values
affects the efficiency of the system as a.whole. In the con-
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denser, for example, the vacuum must be maintained at its
highest value by the use of the coldest available circulating
water. Since the circulating water usually is drawn from
rivers or lakes, the temperature varies throughout the year,
warming up in summer and becoming cooler in winter. This
means, generally, that a better vacuum can be maintained
in the winter than in the summer, and a somewhat greater
power production is possible.

One element in power station operation that has received
an ever increasing amount of attention in recent years is
that having 10 do with the delivery of pure feedwater to
the boiler. Modern high-pressure boilers evaporate several
million pounds of water per hour, and they do this 24 hours
a day, 365 days a year. With such tremendous rates of
evaporation, it is obvious that if the water delivered to such
boilers contained even small amounts of scale-forming
materials, the internal heating surfaces of the boilers would
soon become so coated with scale that overheating and
subsequent failure would result.

Because of this, elaborate systems of chemical feedwater
treatment have been developed which not only reduce the
scale-forming materials to practically zero but also reduce
the oxygen content to reduce corrosion. Oxygen in hot
water . is an extremely corrosive agent. Sometimes these
feedwater treatment systems involve evaporators in which
raw water is evaporated by steam extracted from the
turbine and then condensed. Other systems use ion ex-
change type demineralizers, or chemical treatment which
precipitates the scale-forming materials in the form of
sludge before the water enters the boiler.

It should be obvious that the amount of water that need be
added 1o the system while it is in operation is small, since
all the steam flowing through the turbine is condensed and
returned to the boiler. There are small losses, however,
which have to be replaced by what is known as makeup
water. This makeup is the water that has to be treated.

Another factor that has become important in the operation
of large power stations is the emission of dust and flyash
from the stacks. In plants where many thousands of tons
of coal are burned a day, the emission of fine ash from the
stacks can become a serious nuisance and in most com-
munities ordinances have been enacted requiring power
stations to reduce the emission of flyash and dust to a min-
imum. This has not been an easy problem to solve and many
millions of dollars have been spent in developing equipment
for collecting such dust before it enters the stacks.

A number of different methods are in use. In one type of
system, the flue gases are passed between electrically
charged plates. The intense electrostatic field charges the
dust particles, causing them to be attracted to the plates.
After the dust has accumulated to a certain thickness on
the plates it is scraped or knocked off. In other systems,
the flue gas is whirled through cyclone separators or passed
through sprays of water. In any case, whatever system is
used, they are expensive and involve high orders of engi-
neering skill in their design.

All new coal-fired boilers will probably also have to be
equipped with flue gas desulfurization systems to remove
sulfur oxides from the flue gases. This is another highly
complex system that increases operating problems.
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The complete plant

So far we have been concerned only with the steam end of
the power system, and have only mentioned the electric
generator in passing. This is due to the fact that most of the
economies that can be achieved in the operation of a steam-
electric generating station lie on the steam side. The modern
electric generator is an extremely reliable and efficient
machine. Modern generators have efficiencies as high as
99% so the additional gains that can be made in the im-
provement of generators is small.

As pointed out at the beginning of this booklet, an electric
generator consists basically of a magnet spinning inside a
group of coils of wire. As the rotating magnetic field cuts
the convolutions of the stationary coils, electric currents
are set up in the coils, and by properly connecting them
currents of almost any required voltage can be produced.
Modern generators produce current anywhere between
13,000 and 26,000 volts. Where the electricity has to be -
transmitted over long distances, the generator voltage is
stepped up by means of transformers. A transformer is a
sort of electrical lever by means of which voltages can be
stepped up or reduced to any desired value. Transformers
are the most efficient large machines man has yet devised;
some of the larger units have efficiencies higher than 99%.

Now, in the light of all this, let us finally redraw the dia-
gram of our power plant (page 15) to incorporate every-
thing we have mentioned. As you see, it has become a
highly complex affair involving many branches of science—
physics, chemistry, metallurgy, thermodynamics, hydrau-
lics, structural engineering, electricity, etc.

Complex as it may seem, this diagram is still only the sim-
plest of schematic diagrams; an actual power plant layout
has in it countless other small and large devices and sub-
systems not shown or only indicated on this drawing. For
example, so far in this treatise we have said nothing about
the combustion control system. It is indicated on this dia-
gram merely in bare detail, showing only the basic devices.

Actually the combustion control system in & large plant
would require a large separate drawing, since it is very im-
portant and the operation of the station would be virtually
impossible without it. In its simplest form, it consists of a
device which is sensitive to slight variations in steam pres-
sure. This device, in turn, controls a variety of relays and
actuating mechanisms which automatically control the flow
of fuel, air, and water to the boiler in accordance with the
varying load conditions.

The diagram also incorporates reheat and both high- and
low-pressure turbines. After the steam has passed through
the high-pressure turbine, it is returned to the boiler and,
after being heated again, it is delivered to the low-pressure
turbine. ‘Also, there are two sets of water heaters, three
low-pressure heaters taking extraction steam from the low-
pressure turbine, and two high-pressure heaters using ex-
traction steam from the high-pressure turbine. Between the
two sets of heaters is a deaerating heater in which the
oxygen in the feedwater is boiled off. Oxygen in boiler
water at high pressures is extremely corrosive and must be
removed before the water is delivered to the boiler. This
is done by the deaerating heater which, in effect, is merely
a large tank of water boiling under atmospheric pressure.
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The necessity for proper feedwater treatment has already
been mentioned. On the diagram, the feedwater treating sys-
tem is merely indicated. It consists of a chemical treating
system feeding into the plant system through an evaporator.
All the makeup into the plant system passes through the
evaporator. Thus the makeup water (the water which has to
be added to the system continually to replenish water lost
by leakage and blowdown) enters the system in the form of
vapor, which is delivered, as shown, to the deaerating feed-
water heater. In the evaporator the incoming water is heated
by exhaust steam from the boiler feed pump turbine or
other steam driven auxiliaries. As already mentioned, a de-
mineralizer may be used instead of an evaporator.

Note that the boiler feed pump turbine receives steam from
the main steam header through a reducing valve and a de-
superheater. It is not usual to use superheated steam for
small auxiliary turbines for several reasons. First, the metals
that must be used with superheated steam are very ex-
pensive; and second, high thermal efficiency is not so im-
portant in an auxiliary turbine since the heat in the exhaust
is returned to the system. It becomes expedient, therefore
to first reduce the high-pressure steam from the main steam
system to a lower pressure by means of a reducing valve
and then to desuperheat the steam by spraying water into
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it. In this way, low-pressure, saturated steam is delivered
to the auxiliary turbines.

The diagram shows a symbol labeled ‘‘continuous blow-
down.” Because of the continual recycling of the water
through the boiler and because of slight leakages in the
system, the boiler water tends to increase its concentration
of impurities—scale-forming salts. To keep this concentra-
tion to a2 minimum, it is necessary to blow down the boiler
periodically or continuously. In small power plants, this is
done periodically by the operator by merely opening a
blowoff valve for a few seconds and blowing out the water
in the lowest part of the boiler where the concentration is
highest. In large plants, the amount of heat lost by such
blowdown practice tends to be rather high, so continuous
blowdown systems are used. With such systems a small
amount of water is withdrawn continuously and run
through a heat exchanger in which the heat from the blow-
down is transferred to the incoming feedwater.

These are some of the thousand and one details of a modern
power plant that make it the complex thing it is. It is not
the intent here to consider all these details but merely to
point out that they exist. Little has been said about contro/
except brief mention of the combustion ¢ontrol. The latter,
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however, constitutes only one element of the station con-
trol as a whole. Today, most power stations are controlled
from a single control room where quantities from all parts of
the plant are measured, indicated, recorded and’integrated.

The modern generating station is one of the most com-
pletely automated systems man has devised; it has to be
because it would be virtually impossible for operators to
watch and accurately control all the varying quantities in-
volved in the operation of the plant. Indeed, it has become
impossible 1o keep track of all the pressures, temperatures,
liquid levels and speeds of all the various machines with-
out some type of automatic monitoring or supervisory
system for recording and announcing all the hundreds of
items involved.

The protective features of the station are complex and in-
volved. In case of trouble due to failure of a piece of
apparatus or an electrical fault on the external electrical
system, events happen rapidly. If the load on a large gen-
erator suddenly dropped and ‘the turbine governors failed
to act, the machine, normally rotating at 3600 rpm, would
suddenly increase its speed and would explode from cen-
trifugal force within just a few seconds. The 40-ton rotor
of a modern electric generator spinning at 3600 rpm has a
rotational energy of 650 million foot-pounds. This is
approximately the same kinetic energy that a 40-ton jet
airliner would have at a speed of 500 miles per hour. On
the boiler side, if the feedwater supply failed, the boiler,
producing, say, a million pounds of steam per hour, would
run dry in 90 seconds.

Since these various types of equipment are valued in terms
of millions of dollars, it is obvious that every possible
measure must be taken to insure their protection. There
are complex instruments which measure not only the speed
of a turbogenerator to a fraction of a revolution, but also
the degree of shaft eccentricity and the vibration charac-
teristics of the machine. An expansion indicator shows the
axial expansion of the turbine casing.

The large diagram shows the generator .somewhat differ-
ently than the early diagrams; here it is shown symbolically.
Also, it is associated with an exciter, a device which, so far,
has not been mentioned. Its purpose is to supply the mag-
netizing current for the rotating magnet.

In an actual electric generator the rotating magnet is not
simply a permanent magnet such as is indicated in the
earlier diagrams. A permanent magnet would not provide
a strong enough magnetic field, so an electromagnet is used.
An electromagnet is magnetized by electricity flowing
through coils wound around the magnet structure. In the
case of a large generator a very powerful direct current is
sent through the coils on the rotor. These windings are
known as the field coils, since they produce the magnetic
field in the generator.

To supply the field coils with current makes it necessary to
provide an arrangement of sliding contacts to conduct the
current from the stationary to the rotating part of the
machine. Also, it becomes necessary to provide a separate
source of current to excite the field coils.

Basically, here is how it is done, though in an actual gen-
erator the shape of the rotor is quite different from the
simple bar magnet shown in this diagram.

Two collector rings are mounted on the main generator
shaft as shown. These rings are connected to the ends of
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the field winding. Stationary brushes mounted on the col-
lector rings conduct the exciting current from the source to
the windings on the rotating member of the generator.

The direct current needed to excite the field winding is
usually supplied by a separate small direct-current generator
mounted on the same shaft as the main rotor. Such a small
d-c generator is called the exciter because it furnishes the
excitation current for the-main generator.

The exciter circuit also provides a means of controlling the
voltage of the main generator. By varying the excitation
current by means of the field rheostat, the voltage of the
generator can be controlled between normal operating
limits. The speed of the generator, however, is controlied
by the steam-turbine governor and this control is ex-
ceedingly close.

In fact, the generator speed is so closely controlled that it
serves as our time standard. Most of us these days measure
our time by means of synchronous electric clocks. These
clocks depend upon the constant speed of the generator.
Means are provided to check this speed in relation to
accurate independent clocks at the National Bureau of
Standards. Temperature recorders measure the temperature
deep in the interiors of the windings of the generator;
differential relays guard against internal electrical failure
of the machine. Elaborate hydrogen cooling systems are
provided to remove heat from the generator and, by means
of hydrogen coolers in the condensate system, this heat is
returned to the feedwater. No heat is lost that possibly can
be saved. Even the heat produced in the bearings is returned
to the feedwater by means of the oil coolers in the con-
densate system.

From all this, it should be clear that a modern power plant
engineer has to be a specialist of a very high order. Although
the system operates automatically, it still needs the guid-
ance of engineers who are thoroughly conversant not only
with details of the equipment but with the basic principles
upon which it operates. Power engineering is a field calling
for the highest engineering talent in both design and opera-
tion. It provides an occupation that is at once stimulating
and challenging, and at the same time affords steady em-

ployment in a rapidly growing field with practically un-

limited opportunity.

Also, despite this rather long treatise on power plant design
and operation, it should be obvious that it is, basically, still
only a primer. -

END
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