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1 The Steam Power Plant

A power plant, of whatever variety, consists of three essential elements: the heat
source,the heat utilizer,and the waste heat reservior or refrigerator. To generate power or
produce useful work 1t 1s required that the heat be supplied to a working fluid, from the
heat source. The utilizer is required to convert a portion of the heat supplied to the working
fluid into useful power. Since,by the second law of thermodynamics,not all the heat can be
converted to useful power,a refrigerator is required to dispose of the remainder of the
heat.

A modern steam plant may be divided into two main halves. One half consists of the
boiler (or heat source) and its auxiliaries ;the other,the turbine cycle,consists of turbine,
generator ,condenser ,pumps and feedwaetr heaters. The turbine cycle includes not only the
heat utilizer but also the refrigerator.

Considering first the boiler half of the cycle, feedwater is supplied through an
economizer to the boiler drum. The economizer reclaims part of the heat in the stack gases
and transfers 1t to the feedwater,thus decreasing the heat to be supplied 1n the boiler while
reducing the temperature of the stack gases. In the boiler drum,the water 1s boiled and
converted to dry and saturated steam, which enters the superheater where the heat of
supérheat 1s added. The major part of the steam leaving the superheater is taken to the
steam turbine. In many plants some of the steam is bled off for use in a steam-jet air-
ejector. Steam passing through the steam turbine produces mechanical power on the
turbine shaft, which drives the alternator, where electrical energy is generated for
distribution. In passing through the turbine in the regenerative cycle,some of the steam is
bled from the turbine at a series of three or four openings (more or less), for use in
feedwatér heaters. Approximately 70% to 759% of the steam supplied to the turbine at the
throttle ,continues all the way through the turbine to the exhaust hood,whence it passes to
the condenser. :

In the condenser, which is a large surface-type heat exchanger, the steam is
condensed, by transferring its latent heat to circulating water taken from a nearby river or
lake. The circulating water is supplied to the condenser by circulating water pumps,either
motor or steam-turbine driven. Since tremendous quantities of steam pass into the
condenser,it 1s unavoidable that a certain proportion of non-condensable gases accompanies

it. In order that a very low pressure,approximating a perfect vacuum,may be maintained in
* s 1



the condenser,these “non-condensables” must be removed from the shell of the condenser.
Usually they are removed by means of a steam-jet air-ejector,consisting principally of a
nozzle through which steam passes at high velocity and in which the non-condensable
vapors are entrained. The steam passing through the nozzle (motive steam) and the non-
condensable gases mechanically entrained in 1t are then taken to a heat-transfer device
known as an after-condenser, where the steam 1s condensed at atmosphere. The steam-jet
air-ejector, butlt in either one or two stages,is essentially a compressor far raising the
pressure of the non-condensable vapors from an almost perfect vacuum to atmospheric
pressure,to dispose of them. ,

The main steam,having condensed in the condenser,1s now 1n the form of liquid water
at a very low pressure and approximately saturation temperature. This water drains by
gravity to the bottom of the condenser,where 1t enters a hotwell. Usually the level of the
water in the hotwell is maintained by a control applied to the hotwell pump. The hotwell
pump removes the water from the hotwell and pumps it through the lower part of the
feedwater heating system to another pump,the boiler feed pump. The water discharged
from the hotwell pump 1s taken first to a low-pressure heater in which heat 1s supplied by
the lowest pressure extraction. The low-pressure heater 1s equipped with a drain pump,the
duty of which is to remove the drains (formed by the condensing steam) from the heater
and to pump them into the main condensate line,beyond the heater. This type of heater is
known as a pumped heater.

From the lower-pressure heater the condensate passes to a deaerating heater. The
deaerating heater,a direct contact type,served as a means of boiling the condensate to
eliminate any entrained oxygen. Removal of oxygen 1n the deaerating heater 1s based on the
principle that solubility of non-condensable gases in water 1s greatly reduced as the
temperature of the water approaches the boiling point. Steam extracted from the turbine
supplies the heat required to raise to the boiling point the temperature of the condensate
entering the deaerator. The non-condensable gases discharged from the surface of the
water must be removed. Normally the deaerator is operated at a pressure higher than
atmospheric,so that these gases may be vented through a vent condenser. Usual practice is
to cool the vent condenser with incoming condensate,to cool the non-condensable gases,
and simultaneously to condense the steam,some of which unavoidably escapes from the
deaerator with gases. By proper design of the vent condenser,the steam may be condensed
and permitted to drain back into the deaerator,while the non-condensable gases are vented
to atmosphere through a orifice.

Occasionally in the original design it may be planned that the deaerator operate at
pressures below atmospheric. Even when the full-load design pressure is considerably
higher than atmospheric, 1t is found that at the lighter loads the pressure becomes
subatmospheric. It is then essential that the non-condensables continue to be removed from

the deaerator, and a steam-jet ejector is necessary for accomplishing this result. The
A



expense and complication in operation occasioned by such an installation make it
undesirable. For this reason it 1s common practice to provide for the shifting of extraction
stages at light loads so that the deaerator steam supply 1s furnished by the next-higher
extraction point. A simple arrangement is to install a crossover pipe containing a
controlling valve, with a check valve in the lower-pressure extraction line before its
junction with this crossover pipe'. In such an installation opening of the valve in the
crossover line automatically supplies higher-pressure steam to the deaerator,and the check
valve closes,prevening backflow to the lower extraction stage.

In many power plants a surge tank containing reserve stored water is connected in
parallel with the deaerator. The function of the surge tank is to serve as an emergency
supply of distilled water,in the event of failure of other sources,or as a reservior for excess
water during load changes,etc. Normally the storage capacity of the deaerator is sufficient
to operate the power plant for several minutes, but most designers consider 1t wise to
augment this storage capacity with a large surge tank.

In the majority of large power plants the boiler-feed pump 1s connected to the
discharge of the deaerator. Since the water 1n deaerator 1s at its boiling point,it 1s essential
that the boiler~feed pump be located a considerable distance (usually 6m or more) below
the deaerator,to avoid flashing of the water 1n the boiler-feed pump suction. Water leaving
the deaerator goes to the boiler-feed pump suction and is pumped into the next higher
heater. This heater is a drain cooler heater,that is,a heater the dramns from which pass
through a heat exchanger (drain cooler),giving up heat to the incoming condensate. After
leaving this heater,the condensate goes to the top or high-pressure heater,in which the
condensate is heated to the final feedwater temperature. The top heater is a flashed heater,
so called because its drains are permitted to pass through a controlling orifice or trap to the
next-lower heater where part of the saturated water flashes into steam. This arrangement
eliminates the use of drain pumps and drain coolers, but causes a considerable
thermodynamic loss. The final feedwater temperature leaving the top heater is in the order

of 150°C to 230°C in large power plants,and occasionally higher.
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refrigerator ri'fridzateita] n. VKE§,XE
feedwater[ fi:dwo:ita ] n. 257K
exciter[ik'saita | n. EHREVL

throttle[ '9rotl ] vz. HEH,FRK
economizer|i'konemaiza ] n. 45 {E 3%
reclaim[ri'kleim] vz. B, FB,F$H
shaftffeeft] n. B




hood[hud] ». &,3Lh
nozzle[ 'nozl] n. WEME, W, B/ CEE)
vent[vent | n. ., ve. B FLHES
accompany[a'kampant ] ve. FE{%, B, {EkE
deaerator[di;'esreito | n. BRE 2%

orifice[ 'orifis | n. T FLIR
accomphish[a'kampli[] v¢. X HH ,5EH
check valve n. 3% 1-H¥

augment[ o:g'ment | vz. AN, P K
eliminate[1'limineit ] vt. 78§ K, 1B, HEBR

Note

1. A simple arrangement 1s to install a crossover pipe containing a controlling valve ,with a

check valve in the lower-pressure extraction line before 1ts junction with this crossover

pipe. — i) 52 89 Ik R B0 % — 1A #o 1 I 9 UBUEF , 76 O B 3 AL BT T B R R IR B
ERAFHILR.

L R N T L

» Exercises
A. Answer the following questions.
1. Why 1s a refrigerator required in the process of converting the heat source into
useful power?
. What 1s the role of a steam-jet air-ejector?
According to the passage,how is the water level maintained in a hotwell ¢

What 1s the working principle of a deaerator?

What 1s the function of a check valve in extraction line?

@ e w o

. What 1s the advantage and disadvantage of a flashed heater?
7. How many types of heaters are mentioned in the text?

B. Translate the following Chinese into English.

1. BERBE—FMRERNRE XN H S, R g g, B 201k 3 45 2 5% 3
7K,

2. REMMEHERTRRIENES TEFT.
3. HTERERFHIAKEET B &, 0 TBE Khd, RIPAKEMBREEZHE—EH
EERY .

Y
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2 Coal

Coal is a complex substance consisting of many variations of chemical compounds,but
all coals contain the basic components of hydrogen and carbon, the elements that
contribute the largest amount of heating value to coal.

The types of coal mined in the United States are classified as anthracite, bituminous,
semianthracite and subbituminous,depending upon the amount of organic volatile matter
contained in each type.

Anthracite is practically all carbon. It burns slowly with little smoke. Nearly all
anthracite used in the United States comes from Pennsylvania. It 1s usually called hard coal
and has a heating value of 30X 10°]J/kg of dry coal. Since it contains little volatile matter,it
burns with a very small flame. Anthracite has been the most commonly burned coal for
heating residences and 1s available in several sizes for this use. The common names for
types of anthracite are pea,nut stove,and egg. The sizes range from pea,with a maximum
diameter of 2. 22em to egg at 8. 23cm diameter. Semianthracite burns more rapidly and
with .a long flame than anthracite because of its high content of volatile matter. It produces
less slag and little smoke.

Bituminous coals are by far the most commonly used in industry. Because of variations
in their percentages of volatile matter, some bituminous coals burn freely with a short
flame while others have a long flame, heating values of bituminous coal vary between
26108 to 33X10%] /kg.

Coal is'sold at varying prices,depending upon quality,size and other factors,but the
important considerations for a power plant operator are its Btu content and chemical
composition.

There are two kinds of analysis for coal; the proximate analysis and the .ultimate
analysis. The proximate analysis determines the content in percentages of four components
moisture, volatile matter, fixed carbon and ash. The proximate method is designed for
quickly establishing-the qualities in the coal important in the operation of a boiler sand it is
a general practice to consider along with the analysis the heating value of the fuel. The
tests in an analysis simulate the actions that occur when the coal is burned in a boiler,and
in addition show the losses in the weight of a sample due to moisture.

To make a proximate analysis,we use the following procedure. Take a representative

sample from a coal pile and crush it into a powered form that will pass through a 20-mesh
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sieve'. Place the powder,usually 2. 3kg to 4. 6kg,in an airtight container. Remove 60g to
85g from the container and set them aside,resealing the container to prevent moisture from
entering.

Weigh 4 grams of the powder 1n a platinum crucible. The crucible should be weighed
first before you place the powder 1n 1t. This should be more done as quickly as possible to
prevent a loss of moisture into the atmosphere. Note the combined weight of the crucible
and coal. Place the crucible in an oven and heat it to 115°C for one hour. Remove the
crucible from the oven and allow the crucible to cool 1n a dry box or dessicator. When cool,
weigh the crucible holding the sample and note the amount of loss 1n weight. Place the
crucible 1n the oven again and heat for a half hour. Again cool the crucible and weigh it. If
there 1s no further reduction in weight all moisture has been removed from the coal , and
the difference between the first and last readings indicates the moisture content.

Now weigh a new sample,about 1 gram,also in a platinum crucible with a tight-fitting
cover. Place the crucible on a Bunsen burner and heat for 7 to 8 minutes. Cool the cructble
as before and weigh it. The loss in weight is the sum of the volatile matter plus the
moisture.

Remove the cover from the crucible that has just been used for the “volatile” test and
heat the crucible over a Bunsen burner until all the carbon has burned off. Stir the contents
of the crucible, which should be a powdery mass when combustion is completed. Cool as
previously and weigh the crucible and 1ts contents. The difference between this weight and
the weight of the empty crucible is the weight of the ash. The weight of the carbon is
determined by subtracting the sum of the weights of the moisture,ash,and volatile matter
from the original weight of the sample.

The percentage of each constituent should give you a basis to judge the heating value
and general suitability of the coal for power plant operation.

If the ash content is high,it can be assumed that the coal 1s generally of poor quality.
The amount of volatility indicates whether the coal will be burn with a short or long flame
and whether it will tend to produce smoke. The more volatile the coal,it will smoke and
require more excess air to comply with Federal Environmental Protection Agency
regulations®. The combustibles in any coal are the volatile matter and fixed carbon;
generally a high percentage of these constituents indicates a coal of high heating value.

The ultimate analysis of coal is made to determine the percentage of the weight of all
the chemical constituents of the coal. These are carbon, hydrogen, oxygen, nitrogen, and
analytical chemist and a description of the process is not necessary here. After an ultimate
analysis has been made,the heating value of the fuel is determined by substituting in the
tormula derived by Pierre Lows Dulong (1875~1938), a physicist and chemist who was a
professor and director of the Ecole Polytechnique tn Paris. His experiments to determine
the specific heat of elements added immensely to knowledge of the subject. Dulong’s

formula is.
° 6 .



H = 3045C + 130200(H — O/8) + 8400S
H is the heating value of coal (in KJ/kg) and C,H,QO,and S are the weights the
carbon,hydrogen,oxygen and sulfur contained in one kilogram of coal. The weights of the
constituents contained in one pound of the fuel may be determined by dividing the
percentage values of the ultimate analysis by 100. If the ultimate analysis shows 86. 68 % of
carbon ,divided by 100,there is 0. 8668 kg of carbon per kilogram of coal.

Words and Expressions
heating value #H,ZHE
anthracite( 'enfrasait | n». JoHH L, fE I
bituminous[ bi'tjumins | a. I, SV HFH
bituminous coal H4kE
subbituminous coal ¥WHE
volatile matter %4
slaglslaeg] ». P8, IAH v. &%
proximate analysis T L43#Hr
ultimate analysis JTTE ST
moisture[ 'moistfa | n. 7K 5
fixed carbon B E#
platinum/[ 'pletinem ] ». 1, H&
crucible[ 'kru:sibl ] n. 3%
Bunsen burner 44T
powdery[ 'paudari] a. ¥3 8, ¥R B9

calorimeter[ \keaelo'rimita ] n. it

L 'Il. a l"ll -l'n ..ﬂ-.l “!

Notes

-
IR L T R LU LR TR WU T 4

1. Take a representative sample from a coal pile and crush it into a powered form that will

pass through a 20-mesh sieve. NiR B R - E R BHPMFESEFBERRR 20 BT
B8

2. The more volatile the coal,it will smoke and require more excess air to comply with

Federal Environmental Protection Agency regulations. X B L, BB A%
BZ, T BFRARERPENAECHEENIEETSHRE,
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: Exercises -

A. Answer the following questions.
1. Which elements contribute most of heating value to coal?
2. Why does semianthracite burn more rapidly and with a longer flame than
anthracite?
3. What are the combustibles in coal?
4. What 1s the purpose of the ultimate analysis?
B. Translate the following Chinese into English.

1. Tolkartr B vEM R R AR B vh AR A BB K.
2. HRME KRN SBERERNIEXRE.
3. MEHK. L . H. A MEFARIRTHEREULEY .
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2 | Type of Turbomachines

Introduction

Turbomachines constitute a large class of machines which are found wvirtually
everywhere in the civilized world. This group includes such devices as pumps,turbines,and
fans. Each of these has certain essential elements, the most important of which is the
rotor, or rotating member. There 1s, of course, attached to this spinning component a
substantial shaft through which power flows to or from the rotor, usually piercing a
metallic envelope known as the casing. The casing i1s also pierced by fluid-carrying pipes
which allow fluid to be admitted to and carried away from the enclosure bounded by the
casing. Thus a turbomachine always involves an energy transfer between a flowing fluid
and a rotor. If the transfer of energy is from rotor to fluid,the machine is a pump,fan,or
compressor;if the flow of energy is from the fluid to the rotor,the machine is a turbine.

~ The purpose of the process described above 1s either to pressurize the fluid or to
ptoduce power. Useful work done by the fluid on the turbine rotor appears outside the
casing as work done in turning;for example,it can turn the rotor of a generator. A pump,
on the other hand,receives energy from an external electric motor and imparts this energy
to the fluid in contact with the rotor,or impeller,of the pump.

The effect on the fluid of such devices is that its temperature and pressure are
increased by a pumping-type turbomachine,and the same properties are reduced in passage
through a work-rpmducing turbomachine. A water pump might be used to raise the
pressure of water, causing it to flow up into a reservoir through a pipe against the
resistance of frictional and gravitational forces. On the other hand, the pressure at the
bottom of & reservoir could be used to produce a flow through a hydraulic turbine, which
would then produce a turning moment in the rotor against the resistance to turning offered

by the connected electric generator.

Geometries )

A typical turbomachine rotor,a centrifugal pump impeller,is shown schematically in
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3. 1. Liquid enter the eye E of the impeller moving in an axial direction,and then turns to a
radial direction to finally emerge at the discharge D having both a radial and a tangential
component of velocity. The vanes V impart a curvilinear motion to the fluid particles,thus
setting up a radial centrifugal force which is responsible for the outward flow of fluid
against the resistance of wall friction and pressure forces.

The vanes of the rotor impart energy to the fluid by virture of pressure forces on their
surfaces, which are undergoing a displacement as rotation takes place. Energy from an
electric motor 1s thus supplied at a constant rate through the shaft S which is assumed to
be turning at a constant angular speed.

If the direction of fluid flow 1in Fig 3. 1 is reversed, the rotor becomes part of a
turbine,and power 1s delivered through the shaft S to an electric generator or other load.
Typically, hydraulic turbines have such a configuration (see Fig 3. 4) and are used to
generate large amounts of electric power by admitting high-pressure water stored in dams
to the periphery of such a rotor. A pressure drop occurs between the inlet and the outlet of
the turbine;the water exits axially and 1s conducted away and discharged at atmospheric
pressure.

If the substance flowing through the impeller of Fig 3. 1 were a gas,then the device
would be a centrifugal compressor, blower, or fan, depending on the magmtude of the
pressure rise occurring during transit from inlet to outlet. For the reversed flow case,i. e. ,
a radially inward flow, the machine would be called a radial-flow gas turbine or
turboexpander. * !

A different type of turbomachine is shown in Fig 3. 2. Here the flow direction is
generally axial, 1. e. , parallel to the axis of rotation. The machine shown in this figure
represents an axial-flow compressor or blower,or with a different blade shape an axial-

flow gas or steam turbine,depending on the direction of energy flow and the kind of fluid

present.

rotation

——— 41“)
rotor vanes
v | stator vanes
| E —— )
| #_roto; axis
Fig 3.1 Pump impeller Fig 3.2 Axial-flow blower

In all of the machines mentioned thus far, the working fluid undergoes a change in

pressure in flowing from inlet to outlet, or vice versa. Generally, pressure change takes
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