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PREFACE

THis publication treats only such parts of the power plant
system as are directly related to piping. The design of boilers
and engines has not been touched upon, but their operation has
been covered. All auxiliary apparatus in the pipe circuit between
the boiler and the engine and in the various piping systems for
steam, oil, air, etc., have been treated and their general design
discussed.

It was not the intention of the author to compile existing
information and make a handy reference book, but rather to
give a detailed and consecutive treatment of the entire subject
of piping as applied to power stations, taking up the design,
installation, and operation.

A better method of contracting this line of work has been
fully discussed, one which will entail less expense both to the
designer and to the contractor, and at the same time insure a
higher grade of pipe work.

A system of reasoning and analyzing has been followed that
alone in itself is very instructive.

The illustrations are all made from original sketches prepared
especially for this work. The text embodies the personal expe-
rience of the author and is written entirely from the author’s own
point of view; therefore it is very probable that many will dis-
agree with the methods of handling certain problems. The
author will be grateful to all who disagree with him if they will
freely offer suggestions and criticism which may be used in
fulure editions.

W. L. M.

Cuicacgo, ILL.
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STEAM POWER PLANT
PIPING SYSTEMS.

CHAPTER 1. -
INTRODUCTION.

THE first chapter of this work is devoted to the origin and
results of improper piping, and also explains the necessity of
better piping systems and suggests methods of securing better pipe
work and piping systems by employing different methods in engi-
neering offices. The chief requisite in pipe work engineering is
so to design as to permit repairs of disabled lines without inter-
fering with the regular service of the plant. There are but few
requirements to insure continuous operation, but these few must
be very carefully considered and well safe-guarded, for no matter
how careful the station attendant may be he cannot foresee every
possible difficulty. It is only by experience with trouble that we
learn to avoid it, and it is absurd to assume that any man has
experienced every difficulty and mishap that is possible in a steam
plant so that by careful inspection he could avert any such diffi-
culty that might arise.

Moreover, a plant should not be laid out with a system that ne-
cessitates repairs after the plant is shut down, say between 1 A. M.
and 5 A. M., for it is not reasonable to expect an operating man to
take much interest in his station work if he must work night and
day to keep the plant in good order. If a plant is to be well kept
up it must be so designed that repairs can be made whenever the
chief can find spare help to do the work; this may happen at 10
A. M. one day and possibly 3 p. M. the next day. Repairs that can be
made only at certain hours cause such disturbance in the general
organization of the men that it takes a day or two before matters
fall back into their regular routine again. This disturbance of

I



2 STEAM POWER PLANT PIPING SYSTEMS.

regular duties means increased expense and it discourages the men,
and after a time the station will show conspicuously that it is run
down. The first to receive the blame for this is the operator,
whereas in reality it should fall upon the designer. Any station
manager who has found it necessary to make repeated changes
in station operators, who has paid fair salaries and who has failed
to obtain satisfactory results, can blame the entire difficulty to
faulty design. A station operator very naturally objects to leaving
his home at 1 o’clock in the morning to make some slight repair in
order to keep his station in a neat condition. His incentive when
he makes night repairs arises from fear, not pride; fear of a mishap
that may affect the sum he receives in his pay envelope. What a
strong contrast is exhibited between a neat, well kept plant and a
dirty, dilapidated looking one! If we visit the former we are
informed by the chief sitting at his desk, possibly studying his
station records, that everything is running beautifully, and upon
making a trip through the plant we may note that an intelligent
looking assistant is making some joints on a steam line, and in the
boiler room the fireman is placing packing in one of the reserve
pumps. The general appearance of these men is neat and they
are attending cheerfully to their work.

In the dilapidated station we find steam blowing everywhere and
a dirty looking, tired out man getting up from an old box just long
enough to fill the oil cups or throw some coal into the furnace and
then sitting down again. Off in a corner we find the chief taking
a nap, for he says, “I was up most of the night trying to make a
joint in that old steam line.” When asked how things are run-
ning, he will say, “The old station is going to pieces; we have
all kinds of trouble.”

In the first case the men are all working; they appear intelligent
and cheerful, and everything is running smoothly. In the other
case no one seems to be working, the men take no interest in their
work and the station has become dilapidated. The fault lies in
the design of the station. Conscientious, capable men are in
demand and they select their positions. None of them wants to
come back nights and work on a dirty, hot job. The result is that
good men cannot be obtained for poorly designed plants, and conse-
quently such plants run down for the lack of intelligent care by
men who take an interest in their work. The first cost of making
ample provisions for all contingencies will amount to so many
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dollars and will readily be appreciated by the purchaser. But why,
if an engineer is familiar with station cperation, does he allow
the purchaser to see only the initial cost? If he cannot succeed
in persuading the purchaser to abandcn a design which would
necessitate night repairs, it would be better for the engineer not
to be identified with the undertaking. When an engincer loses
control of an undertaking and is constrained to accept details
which he knows are wrong, it is far better for him and for his
reputation as a designer to go on record as opposing the design and
to relinquish all connection with the work. Instead of being
known as the engineer who designed the monstrosity, he had
better be known as the engineer who refused to do so.
Unfortunately, the cause of the greater part of inferior station
pipe work can be traced directly to the engineers themselves.
There is no other portion of station work that affords the engineer
a similar opportunity of showing his knowledge of station require-
ment, none that requires as much time properly to design, and
none that is more certain to develop the station into a run-down,
expensive plant to operate, or the reverse. The piping and piping
system and the electrical wiring are the only features in power
station design that really require extensive engineering knowledge.
The machines required are designed by their builders for given
capacities, and if the piping and piping system are not properly
cared for by the engineer he fails to do that work which is purely
his. In other words, the engineer is either incapable or else he is
conducting his engineering office on a purely commercial basis and
puts as little time and care into the prcject as is possible. A sys-
tem of paying for engineering knowlcdge according to the amount
of money a man can spend is certainly far from an cquitable basis.
The engineer must then make some show for his money. He will
possibly resort to a display of inexpensive drawings and allow the
builders to furnish the decorative features of the plant. The
piping drawings may be prepared “so as to let the contract in
two weeks,” and they are generally turned over to an unskilled
draftsman. The percentage system is wrong; but it is in vcgue
and will unquestionably remain in vogue for some time. But
some better method of designing pipe work is badly needed, and
already steps in the right direction are being taken, for we can
find men in the large piping establishments who are now making a
special study of piping details and who design new details which
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take the place of those furnished by the engineers. -The shop
drawings have dimensions center to face, flange, templates, etc.,
all of which are standard in each particular shop.

As it is necessary for fitters to make these details, this fact
suggests a method of letting contracts for pipe work. The
method is one that would enable engineers to let contracts for
piping with the least possible expenditure of labor, although
it entails more time for drafting on the part of the fitter; but the
saving effected in pipe-work detail determined by the fitter rather
than by the engineer will more than compensate for the extra
cost of drafting. Each shop knows best that style of work for
which it is best fitted, and what it can construct most economically,
and by allowing the fitters to take advantage of these economies
they can make lower estimates for the completed work even though
they are compelled to furnish detail drawings. The details will
be subject to the approval of the engineer in the same way as with
structural details. The engineer should ask the fitters to furnish
all pipe supports and special features, such as steam gages, safety
valves, etc., as well as pipe covering, as the engineer would not
have any details to show these.

The engineer should specify either the make or the style of the
valves, fittings, pipe, etc., for each system. He should also fur-
nish drawings showing the location of the boilers, engines, pumps,
etc., and well-developed and complete station diagrams, as will
be shown in a future chapter. The pumps should be located to
conform to the diagram of station piping as far as possible. In
short, the engineer would develop the entire piping system, deter-
mine sizes and number of parts, but allow the pipe contractor to
determine the exact location of lines and branches, as well as the
supports; a class of work that very few engineers are sufficiently
posted on or wish to take the time to do well. Instead of the
engineer laying out pipe details that will be redesigned by the
fitter, he will save expense both to himself and to his client by
confining his efforts to designing the station system and to obtain-
ing bids from those fitters who are known to have piping engineers
who can properly detail piping.

The result of this method of handling the complex problems in-
volved in pipe work will be that the engineer will give his entire
time and study to the station system, a class of work for which he
is best suited, and the piping contractor will use more time and
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skill in planning the different lines and details than the engineer
will be able or willing to devote to it. The work when com-
pleted would cost less money and would be more creditable to all
concerned than if all the details devolved upon the engineer. The
pipe contractor of to-day is no longer the petty contractor of
former years. His contract runs into large figures and he employs
the highest skilled labor to expedite his work. His erecting labor
is very high-priced and he can readily save the expense of a capable
piping engincer by simplifying his field work, though in many
cases it would slightly increase the cost of shop work, on account
of the practical details that a purely office man never learns.
Structural iron shops have employed this method of redesigning
work to such an extent that power station engineers do not even
attempt to detail steel work, but give general requirements to steel
contractors and allow them to make their details after receiving
the contract, and then submit them to the engineer for his approval.
In the case of an extremely large undertaking an engineer will
sometimes engage a structural engineer to design and detail the
work, but will keep him only while he has a large amount of
such work on hand. He cannot afford to retain a specialist after
the work is designed and the specialist cannot afford to undertake
such temporary work. The result is that the specialists of ability
are found with the manufacturers, not with the engineers.

The power station engineer is virtually the assembly engineer
and his training has been that of an examiner and a judge. He is
not a specialist in any line of manufacture and when he undertakes
such work it is very much in the nature of an experiment. Some
years ago the engineers designed the boilers, not because they were
specially fitted for this work, but because the boiler business had
not developed to such an extent that the manufacturers required
skilled boiler designers in their employ. But this is no longer the
case. Manufacturers now employ engineers who make a specialty
of boiler designing and the power station engineers make no attempt
to design boilers. The same will be the case with pipe work and it
will undoubtedly be but a short time before piping details will be
developed by the manufacturer and not by the power station
engineer. Not until then will we find good serviceable pipe work
installed in the various plants under construction.

The introduction of piping system diagrams, and the letting of
contracts based upon them, will be the first move toward developing
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this method. It will then devolve upon the piping contractor to
design the details and he will no longer be able to evade the re-
sponsibility of bad pipe work design. His reputation will then
depend upon his design as well as upon his workmanship. To
protect himself he will be compelled to design his work more
thoroughly than it could or would be done by the power station
engineer. As previously stated the practice of relegating the
details of pipe work to the fitter is in no way detrimental to the
engineer or to the purchaser. The engineer could then devote
his time to the system, which is generally overlooked; the fitter
would lay out a neater and more reliable job and one costing less
money to construct; when completed there would be more to show
for the labor expended than by the present method of indifferent,
incompetent or hasty work laid out by the power station engineer.
Instead of making a study of how to connect flanges to pipe, the
engineer should devote his thought and study to systems, as for
the system alone will he be held responsible. The contractor will
assume the responsibility of how to attach flanges to pipe and it
will have to be done his way if he does assume the responsibility.
An engineer must not expect to hold a contractor responsible
for his own notions in regard to certain details. If a contractor
is to be held responsible for results he must be permitted to use
such details as he knows will accomplish what is demanded of him.
In inviting bids it is not necessary to state what details the man-
ufacturer shall use, but it is advisable to ask him to state the details
he proposes to furnish. This can be clearly outlined in specifica-
tions, using a loose data sheet for the bidder to fill in, covering such
information as the engineer wishes to obtain. If such a system re-
quired additional labor on the part of the engineer, or cost more
money, or was less effective, the engineer would undoubtedly con-
tinue to design his own pipe.details. But since the engineer and
his clients have much to gain and virtually nothing to lose through
the method here outlined, it should not require much argument to
prove the desirability of this method becoming common practice.



CHAPTER 1II.
PIPING DIAGRAMS.

TaE laying out of piping diagrams is the first move necessary in
determining the equipment required for a power station. To
determine sizes of machinery, boilers, etc., before the pipe system
is laid out is wholly wrong, as by so doing there can be no defined
system, but merely the connecting of a hole in a boiler with a hole
in an engine. Almost any novice is able to say, “ We shall want
so many units of a certain size and so many other units of another
size.” But why should we expect systematic results from a mere
guess? When the question arises how to determine the machinery
for a plant, shall we find a well conceived system laid out to deter-
mine it? Unfortunately for all concerned the almost universal
method is to order the machinery by rule of thumb, and then turn
the piping work over to almost anybody in the office that can make
the drawings, and never even stop to think about what system is to
be used. 1In fact, if the question be asked in nine out of every ten
engineering offices, what their system is of connecting up the
apparatus, they would most certainly hesitate before endeavoring
to make an answer. When referring to piping we invariably hear
the expression, “boilers connected up so and so,” and the same with
other apparatus. The thought is wrong, and not until “piping” is
recognized as the system of the station and given first consideration,
will we find better or more reliable installations.

The diagrams illustrated indicate a form of drawing which is
quick to make and readily understood. The relative location of
apparatus may be different from the diagram, but the connections,
etc., would be brought to the same relative point as shown. The
diagram should be the first drawing made of the station, and after
determining the system the proper number and size of units can be
established. The diagram of all station piping should be framed
and placed in a conspicuous place, so station attendants will become
familiar with the system. Any changes made in piping should be
also shown on these diagrams. It matters not how crude the piping

7
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system may be in a plant, a diagram should be in plain view show-
ing it clearly.

A simple method of laying out a diagram is to make detached
free-hand sketches of each line, such as main steam line, main
exhaust, blow-off, etc.,and after carefully considering all the lines a
complete diagram can be more readily laid out. A scale drawing
is neither desirable nor practicable. While laying out the diagram
it is also policy to lay out sketches of various details to be retained
as references. These various references determine many of the
details that require decision before writing specifications for appara-
tus. Some of the connections shown on the diagrams may appeal
to the reader as being rather unusual; the fact that they appear so
is the desired demonstration of the value of the diagram. A full
comprehension of the entire problem is possible at a very early
stage, by making a diagram at the beginning of the work. Dimen-
sions of apparatus, as well as pipe lines, can be determined in the
early stages of the work, avoiding the difficulties occasioned by
altering specifications after the work is let. It matters not how
small the undertaking may be, the diagram will save time in many
ways. If it be at all possible, all lines should be on the one diagram.
A very practical method is to use a heavy paper that will stand
considerable erasing, and lay out the different lines, machines, etc.,
free-hand, making the diagram on a large sheet — say 24 X 36 in.—
so that plenty of room will be afforded for notes, dimensions, etc.
Whenever any changes are found necessary in placing orders for
apparatus, the diagram should be changed and brought up to date.

This paper drawing is virtually a study, and after details are
made and the machinery, piping, etc., have been contracted for, a
smaller and neater diagram should be made from it, one suitable
for permanent station use. The prints furnished the station would
be better if they were white prints so as to permit marking changes
on them in case changes are made in the station system. The
exhibition of diagrams is not customary, but if they were prepared
and put on exhibition, many designing engineers would actually be
ashamed of the conglomeration of pipe work that they had designed
without employing even the slightest semblance of system,

It is but just that the purchaser should know what his general
station system is to be, and he should demand a diagram and
learn what he is receiving. If the system is not provided for at
the very inception of the work there is but little chance to provide a
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system after the machinery has been ordered. The old saying “any
system is better than no system,” holds in station design and the
- zonditions of service will have to determine which system is to be
employed. The most complete and perfect system is required for
stations that are continuously in service, requiring a large portion of
their equipment to be in operation at all times. This system is
shown in Fig. 1, and is virtually composed of numerous stations,
each complete in itself, and means for connecting them into a col-
lective plant when desired. This is the only system that will
permit repairs or shutdown of any portion of the plant and at the
same time permit full operation of the major portion of it. The
connecting mains are merely conveniences, and whenever desired
can be entirely shut off from the operating machines, allowing each
sectional part of the plant to be operated independently of the
remainder. For instance, if the steam header be shut off and out
of use, the four or more units would be separately operated and
would have different stcam pressures. The steam from one group
of boilers would then be used in its companion engine only. This
system is somewhat expensive, requires more room for lines than
a less complete system and necessitates the arrangement of
machines in station groups; in fact, the grouping of the related
machines is necessary for virtually all systems, rather than the
grouping of similar machines. For example, if a plant is laid out
with engines in one group and then a group of pumps, then a
group of economizers and then a group of boilers, we can rest
assured that but little system in pipe work can be employed.

As stated before, in order to establish a system in station design
it must be done before any machinery is ordered. There are vari-
ous systems to employ in station designing, each suitable for a
particular line of service. The more flexible system is likewise the
more expensive to construct and maintain; it requires a much
more intelligent operator and necessitates many cross connections
that frequently bring in difficulties in regard to expansion and
contraction. This, however, must be given proper consideration
and determined by competent pipe work engineers, as it is often the
case that the cross connections occasion more difficulties and shut-
downs than would the machine for which cross connections have
been provided.

Fig. 2 shows a divided station, necessitating the use of certain sec-
tions of mains in order to operate the plant. With this system, a
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12 STEAM POWER PLANT PIPING SYSTEMS.

station of, say six units, may be divided into three distinct parts,
each operative throughout and wholly independent of the others.
This system costs much less than No. 1 and requires but two auxil-
iaries of each kind for the entire plant. This system is suitable
only for such installations as are worked on less than full load for
sufficient time to make any necessary repairs to the mains. A
plant that has half of its installation idle, say for six hours a day,
can be divided into two sections instead of six, as shown, and the
necessary repairs to mains be made at times of light load by
using one-half of the plant. If the plant requires two-thirds of
its installation for its lightest loads, then it would be necessary to
divide the station into three sections. The machinery should be
ordered to suit these conditions; instead of using four engines and
eight boilers, there should be three engines and nine boilers,
allowing the boilers to be of relatively larger capacity than the
engines, so that while working under ordinary conditions, one
boiler can be off and "the others handle all the engines. Each
heater, feed pump, etc., should be able to handle the requirements
of the entire plant, even though it be necessary to slightly crowd
it if the plant is in full operation. In case of shutting off a middle
section both ends would be separately operated. This system is
suitable for installations that will permit repairs to be made to
the mains during the time of light load. If the mains be extremely
heavy or require much time for repairs to be made, system No. 1
is imperative, for with that system the mains may be out of service
for weeks at a time and not necessarily interfere with ordinary
service.

There is another system which can be employed, necessitating
the use of much more piping and resulting in increased cost of
installation, operation and maintenance. This is shown in Fig. 3.
Property conditions may demand such a layout. This system is the
loop system and it will permit shutting off any portion of the mains
and only necessitates shutting down one-third of the plant. This
system requires about four times the length of steam main required
for system No. 1. The size of the mains must also be, if anything,
slightly larger. In system No. 1 there is no point in the steam
main where one-half the output of plant will pass. In system No. 3
either side of the loop may be compelled to carry two-thirds of the
output of station in case a portion of the main is shut down. This
system has many objections, but it is far preferable to a double
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main system as shown in Fig. 4. The double main system necessi-
tates tying from each piece of apparatus to two different mains,
and, due to the fact that one main would be expanded and the other
contracted, severe strains are thrown on joints unless both mains
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Fi1c. 3. Diagram of Loop System Plant.

be kept a sufficient distance away from their connections. Each
main would of necessity be compelled to carry not less than two-
thirds the output of the plant, if arranged as in Fig. 4.

Fig. 5 shows such a crude method of piping a plant that it is
hardly worthy of being called a system. In case of repairs to the
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FiG. 4. Diagram of Double Main System Plant.

mains the plant must be completely shut down while they are
being made. Generally, difficulties can be anticipated in a failing
line, and repairs arranged before a shutdown becomes necessary.
If it is imperative that there be no shutdowns during the regular
run, the connections as shown in Fig. 5 should not be considered.
To avoid this system and at the same time not be compelled to
make a big investment in piping, the plant should be laid out so
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system No. 2 may ke used, this system giving by far the greatest
protection for the least money. Unfortunately, we will find system
No. 5 partially used in the same stations that are using some
of the other systems. There is no reasonable excuse for laying
out main steam lines according to systems No. 2, 3 or 4 and con-
necting up boiler feeds or other vital lines on system No. s.
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F16. 5. Diagram of Systemless Plant.

A piping layout cannot be called a systematic arrangement if it
lacks consistency. It is purely a waste of money to guard heavy
steam and exhaust mains against almost any contingency and then
use System No. 5 to supply engines with oil, etc. The station is
not correctly laid out if all the absolutely essential lines are not
laid out on same or a similar basis. For example, if it is laid out
on system No: 2 the operator should find it possible to shut off any
piece of piping or underground work and make repairs, and not
shut down more than one-sixth of the plant; if on system No. 3,
he should not shut down more than one-fourth of the plant using
four units. Feed mains, blow-off lines, pump suctions, oil drips,
etc., should all be comprised in the system. The condenser,
heater and economizer connections can be looked upon as second-
aries and the connections to them may be on system No. 2, even
though the main lines are on system No. 1.

The object of station system is to insure continuous operation.
The condenser, heater and economizer are not absolutely essential,
and the same amount cf refinement is not necessary with these
devices, which are virtually station economies, not operating
necessities. However, their importance must not be under-
estimated, and fair protection should be given them by the systems
according to which they are connected. To operate without
these auxiliaries is possible, but very undesirable. One condenser
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doing the work of two and giving but 10 or 15 inches vacuum is
far preferable to exhausting to the atmosphere with the attendant
engine difficulties. One heater doing the work of two and delivering
water to the boilers at but 125° F. is far preferable to feeding cold
water. These considerations are covered by system No. 2. The
condensers, heaters, economizers and pumps would be suitable
for four units and capable of supplying all six under reduced
economy. This enables repairs at any time of any auxiliary
without interfering with the operation of the plant. The main
steam header and feed mains are divided into six sections, per-
mitting the use of five-sixths of the entire plant at all times.

In formulating the plans for a station it is well to bear in mind
the path of flow of steam and exhaust. The boiler can be consid-
ered the starting point of the loop and the engine the terminal. The
pumps, heaters, condensers and pipe lines lie between. To
simplify the piping plans it is very essential that the auxiliaries
be located in close proximity to the main units. The diagrams
show them at considerable distances apart, but this is merely
to make the system readily understood and to leave ample
room to make alterations on the diagram if found necessary.

In addition to the plan diagrams, there should be an elevation
diagram, laid out to scale for elevation only, as shown in Fig. 6.
This elevation diagram is a portion of the station system and
should be determined if piping is to be figured on from the diagrams
and building drawings. It shows the various elevations of lines,
lifts of pumps, drains for steam, exhaust and oil lines and other
points that must not be lost sight of in the designing of pipe details.
For example, it shows that auxiliary exhaust main must not be
lowered very much or it will not drain to the heater. It also
shows how much fall is given the pump suction from the heater
and other details that should be considered and laid out by the
engineer in order to locate the apparatus correctly. It is not
necessary to show all the boilers or branches, but simply the lines
that must be located in some fixed relation to each other. The
location of lines should be left to the detailer and only interferences
should be shown or noted.

Diagrams prepared as here shown are excellent means of study-
ing station work. The different lines can be separately laid out
and theymake good studies. Take, for example, Fig. 7. This dia-
gram shows a boiler feed system, which is a loop system as regards

~
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boiler feeding, but in actual service the loops are divided, part
being used for a secondary service, such as a hydraulic line for tube
cleaning or low pressure general water service for the station. In
case it becomes necessary to shut down the left hand portion of the
regular feed line, from valves 4 to B, then it becomes necessary to
use the right hand portion and deliver water to No. 2 feed pump.
If found desirable, valve C may be shut and pump can take water
direct from the intake through valve D. Under all ordinary
conditions the hose line in front of the boilers would be under low
pressure, about so lb., but if valves E and F must be closed the
hose line may be used as part of the feed system to supply boilers
No. 1and 2. In case of fire, the by-pass valves G, H, S and K may
be opened and L and M closed, thus putting the entire low pressure
system under high pressure. This diagram shows a rather unusual
method of feeding boilers. Water is taken from the hot well by
means of motor driven centrifugal pumps and discharged under
say 5o lb. pressure through the closed heater and economizer to
the suction of the feed pumps. The feed pumps would be con-
trolled by hand or automatically to supply the boilers, the suction
being maintained under 5o lb. pressure by the centrifugal pumps.
If at any time both centrifugal pumps are out of service, then the
feed pumps would take their suction direct from the intake. The
advantage of this system lies in the fact that the heater and econ-
omizers are never subjected to high pressure such'as boilers would
be. Instead of the economizers being a constant source of trouble,
they will operate in their old-time reliable and satisfactory manner,
on extremely low pressure as compared with those economizers
which are placed between boilers and pumps and subjected to care-
less abuse of firemen, such as closing all feed valves and allowing
feed pumps to pound away on them. The centrifugal pumps
would maintain a uniform pressure and not require a relief other
than a small one that would relieve the pressure in case the valves
are shut both sides of the economizers and the rise in temperature
of the water in the economizers should cause increase of pressure.
The pressure in economizers must be sufficient to avoid generation
of steam. There are, however, many low pressure installations
using economizers, and the aim should be to use as low a pressure
as is found practicable. It would also be advisable to place econ-
omizers sufficiently above the feed pumps to permit the suction to
flow by gravity to the pumps.
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The chief object in showing this unusual system is to call to the
attention of the reader how readily the complex problems of station
design can be laid out and made perfectly clear without resorting
to scale drawings. No station work can be laid out even in a-
preliminary way until the system of connecting up is determined.
It is very much to be regretted that the periodicals show general
views of the new power plants and fail to show the system that
determined the arrangement of the plant. Not only should the
piping system be shown,:but smoke flues, stacks, coal and ash
systems. The object to attain is the use of as little machinery and
piping as possible, and at the same time to permit shutting down
any portion of the different apparatus and piping without inter-
fering with the service for which the station is intended. To
accomplish this, it is necessary to lay out the system first, then
build the plant around it. Each of the various details must be
separately considered and a careful determination made of its
suitability for the purpose for which it is intended.



CHAPTER III.
PIPING SYSTEMS.

In this chapter we consider the different systems of connecting
up machinery and the various systems are separately shown by
diagrams, this method being the most convenient one for studying
and determining the requirements for each class of service. The
form in which these different systems are shown would ordinarily
be the form used for “studies” previous to laying out the complete
station diagram. The separate diagrams would be somewhat more
distinct than a general diagram of all the lines, but the former
would not serve to call to the attention of the pipe work designer
and erector such other lines as come in close proximity, and for
which provision must be made. The general diagram of all the
lines on the same sheet, each in approximately its correct position,
acts as a constant reminder and greatly reduces the labor of
laying out lines as well as the possibility of overlooking some of
them. This is the kind of drawing that should be furnished to the
piping contractor, showing the desired results but permitting him to
lay out the details so as to accomplish these results in the simplest
and most economical manner.

In case the contractor should fail to provide for any lines shown
on this diagram he would necessarily be obliged to make changes
so that the work would conform to the diagram, and as such
changes would be due to an oversight on his part he could make no
charge for them. The common practice, however, is to detail a
portion of the work, leaving the uncertain and indefinite features
to be covered by some general clause in the contract which protects
neither the purchaser nor the contractor, but which merely leaves a
loop hole for the engineer to shift the responsibility upon the
purchaser or the contractor. Contractors, however, can protect
themselves by adding the following clause to all quotations:

“This proposal covers only such materials as are definitely shown
or listed on drawings or in specifications.”

Contractors are not at the mercy of engineers when it comes to

20
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making bids. When an engineer has certain work to do he is
compelled to place an order for it. If he cannot place the order
on his own terms he must accept the contractor’s terms. If he
ignores all of the contractors who use this clause in their bids they
can notify the purchaser to this effect, and as the purchaser is
invariably a business man, he will readily appreciate the fairness
of such a clause. The result would be that the engineer would
be careful to make a study of the requirements instead of spending
his time in the study of pipe work details. He would lay out a
diagram of every line and system required, make the contractor
familiar with the situation and make him responsible for the
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Fic. 8. System, Steam and Feed, One Division Plant.

design, details, location and the support of all lines. The con-
tractor would look after his clearances and would take nothing for
granted as he would have to do if the engincer furnished the
working drawings.

The various systems are described in a general way and later on
the parts of each system are considered in detail. Fig. 8 shows the
plan of a station having three generators and five boilers at one end
of the station and the exciters and pumps at the other end. The
dotted lines indicate future extensions. This plan will not appeal
to the reader as unusual for he probably has in mind several
stations similarly arranged. Generally it may be assumed that
the piping and machinery should be laid out as shown, but instead
of using the piping arrangement given in Fig. 8 it may be desirable
to employ some system; that is, some arrangement that will pro-
vide for continuous operation of the plant and by means of which
at least two-thirds of the plant may remain in operation during the
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time that repairs are being made. Fig. g shows the pipe work of
this station redesigned so as to conform to such a system. It may
be noted that two generators out of the three, three boilers out of
the five, also one feed pump and one exciter engine can be used
at any time, thus permitting the shutting down of any portion of
the steam main which may need repairs. The value of laying out
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F16. 9. System, Fig. 8 Modified to Multiple Division Plant.

a diagram before ordering the machinery shows itself clearly when
considering whether a better system could be laid out. Fig. 10
shows a better balanced system in which there are no double lines
of piping, and this arrangement allows the use of two boilers for
each of the two engines in case repairs are being made. ‘

To lay out a station system requires full consideration of a great
many details besides piping, but these details must be considered
as only a part of the system and nothing pertaining to the station
should be ordered, or even considered as final, until all of the
details of the system have been thoroughly digested and determined.
It is very easy to refer to the diagram in Fig. 8 and say that it
should have been arranged as in Fig. 10, although the conditions
may have been such that the arrangement shown in Fig. 9 might
be the best solution with possibly a change in the number of boiler
units. No plan or system can-be styled a priori the “best,” for
that one is the best in each case which best complies with all of
the conditions. Nevertheless a fixed plan for securing the most
satisfactory results can be followed and no matter what the sur-
rounding conditions are, some system can be employed.

The fundamental requirements of station systems are reliability,
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‘accessibility and durability. The requirements of the station must

be first determined and some system adopted that will meet these
requirements. If the requirements are that the station should run
as many hours a day as is convenient for the station operators, the
system for such a condition nceds practically no valves, no reserve
capacity nor any emergency provisions. However, this class of
station work does not come into the hands of an engineer to lay
out. He is engaged to design stations that will never require a
shutdown of the entire system. It is the conditions of service that
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F16. 10. Sample System; Steam and Water, 3 to 4 Division Plant.

must determine the system. If the service is twenty hours a day
the station should be laid out with this in view. If it must run
twenty-four hours a day, running for eight hours at half load
only, then the system should provide for repairs being made and at
the same time maintaining the capacity.

The method of determining the most suitable size of units for
a station will not be considered in detail as the question is quite
foreign to piping and piping systems except in so far as the number
of units is concerned; if the station is required to generate at all
times two-thirds of its total capacity the plant should not have less
than three units all of the same size. No unit should be so large
that the station cannot be operated without it by overloading the
other machinery to the permissible limit. The practical advan-
tages in having units of the same size and pattern are too great
to be abandoned on account of the petty economies that may be
secured under certain conditions by using one large unit. As an
illustration of this the following case of a breakdown is instruc-
tive. Three units were installed, all of the same kind, size and
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pattern. One unit was out of service, the crank pin boxes having
been removed for rebabbitting, fitting, etc. Two engines were
required to carry the load, and while this engine was out of service,
a valve eccentric rod broke, which necessitated running one engine
with almost a double load. The valve rod was immediately taken
from the engine out of service and fitted to the engine that broke
down, so that in a short time the latter was in service again. The
single engine could not have carried this overload except for a
very short time, and having all the engines of the same pattern
avoided a shutdown. If the engines had not been all similar the
plant would have had to be shut down at least a day in order to
finish the repairs.

In any case the original installation should be for a two-division,
three-division or four-division plant with provision for future
divisions. If the plant is to be a two-division plant it may be built
with two units, each of a capacity slightly larger than the minimum
load conditions demand, and the future unit may be made twice the
capacity of these smaller units. This arrangement of units would
be permissible in a plant which ordinarily delivers only half of the
power called for on Sundays, holidays, etc., and this condition is
quite an unusual one in power stations. It has been found ordi-
narily that a three-division plant is more suitable for permitting
repairs to be made and also requires less investment for reserve
capacity. If the plant is to be a three-division plant, the boilers
should be in three divisions, say six, nine or twelve in number.
The auxiliaries should be in pairs, not necessarily together, but
each sufficient for the entire plant, and they should be connected
to the different divisions so that when one division is out of ser-
vice the other auxiliary will be on an operating division.

In order to more fully explain the features to be determined by
diagrams as well as the laying out of the diagram the requirement
of a sample station will be considered and the method of select-
ing machinery, etc., followed up. It will also be shown that by
this method can be determined much of the station layout and
the auxiliaries required at the same time the piping system is
developed.

Let it be assumed that the station will now require three units
for an output of two-thirds of the total capacity of the units and
later will require an additional unit such as shown in the diagram
Fig. 10. There is but one solution of the problem under these
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conditions, and that is that the station shall ultimately be a four-
unit plant for output of three-quarters of the total capacity of the
units. The boilers must be arranged in three units so as to allow
one to be out of condition for cleaning and repairs. Boiler clean-
ing must not be considered a contingency but a requirement that is
certainly unavoidable.

Assuming the engines to be of 2,000 hp. each, then two 500-hp.
boilers would be required for cach engine, but by assuming three
engines of 2,000 hp. each or a total of 6,000 hp., there would be
3,000 hp. in boilers to be divided into five units, so as to allow one
boiler to be out of service. This would give five 6oo-hp. boilers.
If the fourth engine unit is likely to be ordered before the three
units are called upon to carry full load for a large part of the
time it would be safe to estimate on 8,000 hp. of engines or 4,000
hp. of boilers or seven boilers, each of 555 hp., which is a some-
what better arrangement for the four-unit plant.

When it comes to determining auxiliaries there should be con-
sidered only that future unit for which space has been provided in
the building. More than this is useless speculation, and further,
such apparatus as would be provided to-day, it is possible that no one
would think of using in the future when it came to be required.
The present installation may include one of the two condensers
for the completed plant, in which case it would be advisable to
provide a 5,000-hp. condenser which would be larger than re-
quired for two units, but somewhat small for the three units. A
loss in vacuum would be so infrequent that its effect on the station
economy would be imperceptible. If the fourth unit is to be in-
stalled at an early date it would then be more economical to put
in two condensers at the time the three units were installed. These
are points that the engineer must determine, and he may decide
that he would not wish the plant to run non-condensing even dur-
ing the short time required to make a repair. As this would be the
case if one condenser were installed, it is assumed that two are
wanted.

The atmospheric exhausts must be so designed that a repair to
one must not interfere with the others, as the atmospheric exhaust
is one of the vital lines of the plant and must be as well safe-
guarded as the stcam header. Assume that the condensers will be
of the elevated jet type, with electrically driven centrifugal circulat-
ing pumps. Economizers will be installed, and as no steam will
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be required to heat the feed water, the installation can be simplified
by using motor driven circulating pumps instead of engine driven.
In case the lift be slight, engine driven circulating pumps may be
used and the exhaust carried to the heater, but the engines ordi-
narily used for this service are so uneconomical in steam con-
sumption that together with the other auxiliaries they would
deliver more exhaust steam than the heater could condense. The
difference in economy between engines exhausting part of their
steam to the atmosphere and electrically driven pumps is so slight
that the better practice is to adopt that which requires the least
labor to operate, which is unquestionably the motor drive. One,
two, three or four circulating pumps can be used for the two con-
densers and only such as are required to deliver the necessary
cooling water be operated. It may be assumed for the present
that three circulating pumps will be used, each sufficient for one
condenser, although when the circulating water is extremely hot
all three pumps may be required for the two condensers.

The requirements to be met by the dry vacuum pump are so
variable, due to changes in the temperature of the water, amount
of vegetable matter it contains and the air leaks in the pipe line,
that it may be necessary to run the air pump at a very high speed
some days, and possibly it can be run very slowly a weck later.
Any motor drive is very unsatisfactory for the air pump, so it will
be considered that this will be of the stcam driven fly-wheel type.
It is possible to vary the speed cf the dry vacuum pump over a
wide range, and es it is important to minimize the I-bor for attend-
ance, one dry vacuum pump for both condensers will be chosen.

In regard to the boilers, they will be taken to be of the water
tube type set two in each battery, and in order to include more
piping details in the plan it will be assumed that underfeed stokers
are to be used and also induced fan draft. As previously stated,
economizers will also be used.

In order to make the station operation secure against all con-
tingencies it may be arranged to have each battery of boilers dis-
tinct by itself. Each battery will have its own economizer, its
own by-pass flue, stack and fan engine, the same engine driving
both the blast fan and stack fan with a cutting in arrangement
both for the air blast and the main flue, as shown in Fig. 11. By
speeding up these engines two of them should have sufficient capac-
ity for three batteries of boilers. After a careful consideration it
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may be decided to use the plan shown in Fig. 12, making the fan
engines capable of taking care of three batteries of boilers each by
speeding them up. This would make somewhat less machinery
to care for and would allow either fan engine to be shut down and
would make it possible to run all of the present installation or three-
quarters of the future installation. This would necessitate the
use of a second fan engine and stack in order to insure continuous
operation of the present three-unit installation.

By placing economizers in separate groups as shown it becomes
a very simple operation to clean them, as this can be done when
the battery of boilers is out of use and after the brickwork has
cooled down. It is wholly useless to invest money in economizers
and not to make most liberal provision for cleaning them. They
are sometimes allowed to fill up with deposits inside and outside
so that they will not raise the temperature of the water more than
20 to 30 degrees, while if they are cleaned both inside and out they
can, as proved in practice, raise the temperature of the water from
50 to 270 degrees, a total of 220 degrees. In order to cool the
economizers sufficiently to permit careful and thorough cleaning
no gases should be allowed to pass on the outside of any of the
economizer walls while the cooling and cleaning is in progress. It
may occur to the engineer that he can save in space and in first
cost of installation by placing the main flue to the stack between
the boiler and building wall and place the economizer on top of
this, boxed in so to speak, without any possible chance to cool
them off. Where else in the plant can he save from 1o to 15 per
cent in the cost of fuel by doing better engineering? The saving
in this detail alone will in five years pay the entire cost for engi-
neering of the power station. The cross connecting flue can be of
light iron and left uncovered, as it is required only in cases of
emergency, when one of the fan engines is out of service. The
radiation of heat would be confined to the fan casing and the
stack. There are many interesting details in connection with the
boiler and economizer settings, smoke flues, air pipes, etc., but as
they are somewhat foreign to the piping system these details will
not be further discussed.

Assume that the arrangement shown in Fig. 12 has been adopted
for the station in question. There are the two fan engines to pro-
vide for and the piping system and also the stoker rams. The
next question that arises is, What shall be done for boiler feed
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pumps? Electrically driven feed pumps are not satisfactory except
when the motors can be run within a very limited range of speed.
If the station were very large four electrically driven pumps to-
gether with a steam pump could be used, the latter being used
with any or all of the electrically driven pumps to take care of
any demand less than the capacity of one motor driven pump; one
of the electrically driven pumps could be shut down when the
slowing down of the steam pump still gave more water than was
required. For a plant of the size in question, however, the addi-
tional maintenance of using electrically driven feed pumps is not
justified. There is also needed a line of pipe to which the water
tube cleaner turbine may be attached, and this must be supplied
from some other than the feed pump. This is imperative, for water
must not be drawn from the feed main for any purpose whatever
except to feed such boilers as are under pressure. This require-
ment must never be lost sight of in laying out a station system
having an economizer or closed live steam heater between the
pumps and the boilers. Not only should all other service be kept
off the feed main, but the latter should at all times be under full
pressure. The moment that a hose line or a connection into an
empty boiler is opened from the feed line the pressure immediately
drops in proportion to the size of the opening, possibly 10 or 15 Ib.
The temperature of the water in a live steam heater or an econ-
omizer is sufficiently high to generate steam when the pressure is
lowered, and this causes a serious water hammer in the economizer,
heater or pipe lines. For the same reason the blow-off from an
economizer should be handled according to an established method
which will be mentioned later. Broken economizer sections and
leaky joints are often the results of mistreatment.

In arranging for feed pumps two will be required in any case,
and while one is used for boiler feeding, the other can be used for
filling in boilers, running turbines, etc. In addition to these two
lines of water service it will be necessary to have a low pressure
system operating, say on 25 lb. pressure, which can be used for
cooling engine journals, wetting down ashes, for the plumbing
fixtures, washing floors, for the make-up water, to the open heater
and other similar services. In addition to this “house service”
there should be a fire service system, the pump for which should be
able to maintain 100 lIb. pressure running full speed. These four
services must be available at all times, although it is not necessary
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nor desirable to keep the fire service pressure on all the time. The
house service or low pressure lines may be taken off the fire system,
using reducing valves and reliefs, and even if there be a reducing
valve in the line no loss in economy of operations will be effected
as long as the fire system is under the same pressure, say 25 lb.
Whenever the fire system pressure is raised the pressure reducing
valve and relicf will protect the line against any careless manipula-
tion of valves.

There are then various combinations of conditions, all of which
should be fully met by the system employed. The following are
the different conditions:

(1) Feed main on,
Tube cleaner main on high pressure,

House service and fire main on low service,
With pump on cach line.

(2) Feed main on,

House service low pressure; cold water,
Fire main higher pressure, for outside sprinkling.

(3) Feed main on,

House service on,
Two pumps in service.

(4) Feed main on,
House service on through reducing valves,
Fire main on for fire,
With three pumps on, two for pumping into fire main.

(s) Feed main on,

House service on through reducing valve,
Any one of the three pumps in service.

The third condition would be the regular operating one, leaving
one pump in reserve at all times. The boiler is so important that
with three pumps in the plant it would be policy to arrange all of
them so they could feed boilers, making it possible to operate under
condition five. It is possible that two of the three pumps may be
out of condition at the same time. The two boiler feed pumps
would be of the same pattern and size with compound cylinders
suitable for boiler feeding, and they should be outside packed.

The fire pump should be of special pattern to fill its various
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duties. Probably a 500-gallon pump would have ample capacity
for fire protection, and owing to its high speed it would necessarily
be of the regular piston type. The cylinder ratios should be such
that the regular fire pump can be used as a feed pump to deliver
a small amount of water such as would be needed for boiler
feeding. This pump would be regularly used as a 25-Ib. pressure
pump and in order to economize steam it would be necessary
to compound it, possibly six to one, and use it as a compound
pump for the low pressure work only. By operating the port
changing slide valve the pump would be immediately changed to
two high pressure cylinders for fire service or boiler feeding.

In many ways the gravity storage tank is very desirable, as it pro-
vides a storage for water while changing over the pumps and it
also helps to maintain a steady pressure of water. If gravity
tank water is to be used for cooling engine journals, it will neces-
sitate the use of a much larger amount of water than otherwise
due to the tank becoming heated. If the tank be of metal and
located near the roof, much trouble will be experienced from its
sweating, and in order to avoid dripping, it will be necessary to
use a water-tight pan under it. In order to maintain a steady
pressure with a small amount of storage, it would be preferable
to use a small closed expansion tank in the basement.

The three pumps would ordinarily use different water for the
suctions, the boiler feed pump using hot water from the heater and
the other pumps using cold water. The pumps must therefore have
their suctions so piped that any one of the three can use the heater
water or intake water.

Before laying out the piping for this pumping system it is
necessary to consider what to do in regard to the heater. Shall
one or two heaters be used? Before attempting to determine this
question, it is necessary to consider how essential the heater is
in securing continuous operation. There are condensing plants
using economizers and electrically driven auxiliaries that take water
from the hot well and feed directly into the economizers without
having any heater at all. Now if the economizers can operate
continuously without a heater, why must we provide a reserve
heater for the two hours or so that it takes to clean them out?
The only directly appreciable loss is the heat discharged from
the exhaust pipe while cleaning; this is a very insignificant loss
considering the long intervals between cleanings. Another ques-
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tion in connection with the use of two heaters is how to take a
uniform amount of water from each heater when using one feed
pump. This can be arranged by means of floats and other un-
reliable devices, but there does not appear to be any practicable
method except by the use of two feed pumps working separately,
each with a separate heater. This detail should not be lost sight
of in determining the heaters.

There must also be considered whether a closed or an open
heater shall be used. The only advantage of the closed heater
is that the oil in the exhaust steam does not mingle in any way
with the feed water. But is this sufficient to outweigh the ad-
vantages of an open heater for the service in question? In the
first place, the open heater is made of cast iron instead of plate
steel, making it able to stand the chemical action within it for
a longer time. Another feature of the open heater is that it is
not subjected to severe stresses, due to the boiler pressure, as is the
case with a closed heater. The closed heater is far more difficult
to clean and, in case of a condensing plant, but little benefit would
be derived from it, as the closed heater would raise the temperature
of the water only about one-quarter as much as the open heater.
If sufficient exhaust steam is delivered to an open heater to raise
the temperature of the water 75 degrees, the same amount in a
closed heater would raise it only about 17 degrees, correspond-
ing to a loss of nearly 6 per cent of the coal consumption. For
a non-condensing plant the closed heater deserves careful con-
sideration, but it is quite out of the question for a condensing
plant, as the only exhaust steam available for the heaters is that
from the auxiliaries. The open heater should be amply large, not
so much for the purposes of a heater, but to permit possible chemi-
cal treatment, precipitation, and to provide a large filter bed. There-
fore one open heater is chosen for the station under consideration.

There are other features still to be considered before laying out
the pump piping. Shall a water meter be used, and if so, where
shall it be located? Also how shall water be taken from the hot
well and delivered to the heater? Water could be supplied to the
heater by the firc pump while it is being used on the house service,
but, by doing this, water would be delivered to the heater from the
intake at possibly 6o degrees instead of go degrees, a loss of
30 degrees. If using go tons of coal per day at $2 per ton, this
would cause a yearly loss of about $1,970. It is essential therefore
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to save the 3 per cent of heat, even though it becomes necessary
to use another pump, but this is objectionable, as it makes another
machine to care for, watch and regulate.

A simple solution of this question is to attach the pistons of
the low pressure heater supply pump to the plungers of the feed
pump, in such a way that they can readily be detached. Theadvan-
tage of this arrangement is that better economy is secured, there is
one less steam end to look after and there is no liability of shortage
nor waste of heater water. The amount of water delivered to the
heater will be the same as that taken from it. Therefore it is
decided to use a double water end feed pump arranged so that the
heater supply pump can be quickly disconnected in case of acci-
dent, and during a repair water would be taken from the house
service line by means of the fire pump.

Lbw PRESS
SO, = —
Serrcs e
LCONOrIZLER
s HWoTER
NETERP,
p Scgapar sinn adee 3
o 3 p—p 7o |
(74
r—
PurzPs o 13 13 13
™ " » L
Bor £
URBINE /OSE
COVNECTION

KECULAR FELD /TN

F1c. 13. System; Feed Water Meter, Simple Plan.

Next comes the water meter. This should be so arranged with
respect to the piping that the total water fed to any or all of the
boilers can be measured, whether fed through the economizers or
with the economizers cut out. The meter should also be arranged
with a by-pass so that it can ordinarily be out of service. Fig. 13
shows one system of feed water pipes with meter, the hydraulic tube
cleaner line being also, in this case, an auxiliary feed main. This
system is especially suited to plans that have one economizer to
serve one side of the plant. It will be noted that the feed water
can be run through the economizers and any one or more of the
boilers fed through the meter, the boilers not on the meter.being
fed through the regular feed main. The only condition that could
be improved is in the case of feeding with the economizer cut
out. It will be noted that when metering cold feed water, even if
only for one boiler, all the other boilers would have to take cold
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feed water also. The system shown in I'ig. 13 requires no extra
piping for the meter other than the meter connections themselves.
When cleaning the boiler tubes the meter is shut off as well as all
feeds to the boilers, and the rcgular feed main is used for boiler
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feeding. The test usually made with economizers is to meter the
water for all boilers, first with the economizers on and before
cleaning them, second with the economizers off and third with the
economizers on after cleaning them. This test is to determine how
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F16. 15. System, Fig. 14, with Meter out of Service.

much can be saved by reason of cleaning them, or, in other words,
to determine how often it pays to clean economizers, how well to
clean them, etc.

Another arrangement in piping can be made, as shown in Fig.
14, which will provide for all conditions and which will permit
metering cold water fed to one boiler and feeding through the
economizers for all the other boilers. Fig. 15 shows the regular
method of operation with the meter out of service and the hose
main ready for use. The feed system in this illustration is shown
in full lines, and the cleaner system is dotted.

Fig. 16 shows the meter in use with all boilers using hot water.
By opening valve ¢ and closing b, cold water would be fed
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through the meter to the boiler. The dotted lines indicate the
portion of the system out of service, though this portion may be
under pressure. The arrangement shown in Fig. 16 would permit
the water meter to be placed on the floor next to the pumps,
the lines ¢, d and e being the risers from the latter. After
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Fi1G. 16. System, Fig. 14, with Meter in Service.

the system is determined, the pipe details can be considerably
simplified by changing the relative location of lines, etc., and at
the same time maintain the same system. For example, Fig. 17
shows a rearrangement which permits the meter and pump connec-
tions to be made compact and
accessible from the floor. It may
be found that the pumps cannot both
be of the same pattern as shown.
The distance f may require the
pumps to be right and left handed
with their steam cylinders together,
in order to leave room for the re-
quired connections. The pumps
must not determine the piping, but
the piping should determine the
minor details, such as those just mentioned.

The early diagrams made for a station should be considered as
studies and after the pipe work has been detailed in accordance with
these diagrams the best plan would then be to change the direc-
tion of the lines on the final diagram so that they will correspond
closely with the lines as they are to be built. This will enable
the men in the station to read the diagram much more readily and
with less liability of making an error in the operation of the valves.
The valves should be shown in approximately their correct location.
For instance, when Fig. 17 has been laid out in detail these data

F16. 17. System; Developing
Detail for Fig. 14.
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should be used for correcting the diagram as illustrated in Fig. 14
and the final result be shown as in Fig. 18. At first glance the
system shown in Fig. 18 appears to be a different one than that
shown in Fig. 14, but in reality it is exactly the same. The object
in correcting the final diagram is to avoid this deceptive appearance.

Fig. 12 shows the general arrangement which will be used in
designing the problem plant. There are four groups of econo-
mizers shown which will ordinarily be fed from one pump. If the
boiler plant were divided into halves and each half provided with
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Fic. 18. System; Rearrangement of Fig. 14 to suit Detail.

its own economizers, then the pumps could be placed at the
dividing line between the two halves, and with possibly a few
modifications in regard to the valves Fig. 14 could be used. After
adding the connection lines between the two halves the arrange-
ment would be as shown by Fig. 18.

Having decided upon the general arrangement of the economizers
and boilers, the piping should now be laid out in a detailed system.
This system should be made as reliable and as flexible as that
shown in Fig. 14 and by tracing out Fig. 19 it will be seen that
the following conditions are readily secured:

1. Regular operation of No. 1 pump on fire line and house
service; No. 2 pump on auxiliary main for tube cleaning; No. 3
pump on feed mains.

2, The meter can be used with either pump No. 2z or No. 3 or
with both; the discharge from the meter can be fed to the feed main,
auxiliary main or to both at the same time; the meter can deliver
through one or more economizers with either heater water or cold
water; it can also feed direct to the boilers by passing one or more
economizers.

3- Any one pump may be shut down without interfering with
regular operation; any two pumps may be shut down and still main-
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tain pressure on the feed main and the house service, using cold
water or water from the hot well in the economizers.

4. When an economizer is shut off the boilers which regularly
feed through it can get feed water from the economizer in the next
battery of boilers.

5. The entire fced main may be shut off and water then be fed
through the auxiliary main or vice versa.

6. The auxiliary main may feed through the economizer or
directly to the boilers.

7. During the winter, warm water may be kept on the fire and
house service system by using the hot well as a supply.

This system necessitates the metering of the water used in two of
the boilers in each battery. The advantages which might be gained
by separately metering the water for each boiler would not justify
the addition of the piping connections necessary to accomplish this
detail. If it is found necessary to make a separate test on one boiler
this can be done when the other boiler is shut down, or if it is neces-
sary to test two boilers which discharge into the same economizer,
the meter reading when divided by two would hold, because the
boiler which burned the greater amount of coal would be heating the
feed water for the other boiler.

The chief requirements for a boiler feed system are well cared
for in Fig. 19. They are as follows:

1. Any part of the feed system may be shut off without reduc-
ing the capacity more than one-fourth, for four units.

2. The hot-well water may be fed to the economizers when the
heater is off.

3. The boilers with economizers off may take their feed from
any other economizers which are in operation.

4. An abundance of feed reserve is provided for.

There are various other systems of metering which might be
employed such as a separate meter for each boiler, or as shown in
Fig. 19 a separate meter with a by-pass might be used for each
economizer if placed at the points in the feed system marked a.
By using four smaller meters they could be operated at nearer their
normal capacity than could one of sufficient size to care for the
entire plant, thus the readings would be more accurate, but simpler
and more accessible details can be obtained by using one large
meter at the pumps. This will also allow the meter to be read
from the pump room floor. The relative performance of the boiler
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units can be determined more accurately by using the same meter
for measuring all the water. Any difference in the performance
which might be shown on two individual boiler meters might be
due to one or both of the meters being inaccurate. With but one
meter the degree of inaccuracy will show the same for all boilers.

City water connections which are taken from a meter in the city
water works line should have a line carried to the house scrvice
main and a branch to the heater so that when it is necessary to
clean out or shut off the intake there will be another source of
water supply for boiler feeding. All these conditions must be pro-
vided for because no one can foresee the many difficultics which
may come up and it is safe to assume that every line and connec-
tion will necessitate shutting down sometime without giving more
than a moment’s warning.

But a portion of the fire main in the station is shown in Fig. 19.
Ordinarily a safe fire and house service can be laid out on the loop
system as shown in Fig. 20. Valves should be arranged so that any
portion of the loop can be shut off and still have a partial fire protec-
tion. The very important connections, such as the water to the
heater, should have a valve on either side of them as shown in Fig. 21
and a valve between the two separate sources of supply; then any sec-
tion of the line may be shut off and water still delivered to the heater.

The branches to the roof, city line, low pressure service, other
buildings and lawn sprinklers should all be provided for. As the
points to be brought out in considering
these are more in the nature of details §44 % %
than of general system, they will be con- 3 H
sidered later. Ordinarily the hydrants x £
should be kept away from the outside S
walls a distance not less than the height (URTER
of the wall. The fire mains and branches p=x
must be laid below frost line, the depth
of which can be obtained from a neigh- Hose C‘mwmqu
boring city water works. Standpipes =
which run to the roof and any hose lines
inside of the buildings should have an UrtAs
indicator post outside, so that in event of Fic. 2r. System; Fire Main

2.0 o . supplying Feed Water Heater.
piping becoming broken or bursting from
exposure to frost the water can be shut off and the pressure on the
fire piping maintained. All house service valves when connected
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to the fire mains should be readily accessible so that in case of fire
they may be closed quickly. Any lawn sprinklers fed from the
fire lines should be fully able to stand the firc pressure and should
be frost proof.

Beforc making a final decision on the design of the building or
piping it would be well to take up all the details of fire protection
with the board of underwriters because some details which an engi-
neer would consider to be of minor importance must be used in order
that the underwriters’ rules and regulations be obeyed. To secure
the lowest insurance rates it will be necessary to install such details
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Fic. 22. Sample System; Condenser circulating Water.

as they require, and even though they admit that some of their
demands are at times unreasonable they are without authority to
modify them.

The subject of artesian wells is not always a necessary part of
power station work, but in the case of many factory plants they
cannot very readily be avoided and will be explained later by means
of diagrams.

Let it be assumed that the plant in question is located alongside
of a stream of water suitable for boiler feeding. The intakes, dis-
charges and connections to circulating pumps and condensers of
such a plant are shown in Fig. 22. As in other lines, the chief
requirement in this system is that it be possible to shut off any part
of the system and yet allow three-fourths of the plant to be operated.
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The waterway A is always an intake, the waterway C is always a
discharge, the waterway B may be either. Any one of these three
waterways may be shut off at any time. Either of the lines from
the intake or hot well to the pumps may be shut down and operation
continued with the other. Any portion of the discharge main from
the circulating pumps may be shut down and the operation of one
condenser still permitted. Any one of the three circulating pumps
can supply water to either of the condensers. All lines are so con-
nected that repairs can be easily made.

At first thought it would possibly seem that too many valves are
used to make this system reliable. On noting the suction and dis-
charge of the circulating pumps it will be seen that there are seven
valves on the suction side and seven on the discharge. By disre-
garding the making of pipe work at all times accessible a shut-off
valve would still be required for each machine, each condenser and
each source of supply such as intakes B and C, and if the factor of
readily made repairs to the lines is also disregarded it will be found
that out of a total of 18 valves but 4 can be saved; thus it is seen
that with an increase of about 5 per cent in the cost of pipe work
the line may be made entirely accessible. The piping cost is
ordinarily about 5 to 7 per cent of the total station cost for such a
plant as is being outlined, so the difference in the cost of a station
having an inaccessible system and one having a readily accessible
system would be about one-fourth of one per cent of the total station
cost or about 25 cents per kilowatt increased cost for valves, and if
10 cents be allowed for extra labor, fitting, etc., the total added
cost would be but 35 cents per kilowatt or one-third of one per cent
of the total cost of the station. The cost should not be considered.
The only factor should be the time and study necessary to perfect
the layout and provide the station with a flexible and reliable
system.

In case three waterways are used instead of two, there would be
a slight additional expense in the first cost, but the expense of opera-
tion would be lessened because one screen house could be shut
down and cleaned of any sediment or obstruction while the other
two fed the plant, and during the winter months the waterways B
and C may be used and the liability for interference from ice be
lessened by the warm water discharging close to the intake. During
the warmer months of the year waterways 4 and C could be uscd
since they are placed at a considerable distance from each other.



CHAPTER 1IV.
CONDENSERS AND HEATERS.

BeroRE taking up any of the other systems for the station in
question there will be considered the requirements for a condensing
plant having an artesian well and using cooling towers and a surface
condenser. The most difficult feature to contend with in connec-
tion with using cooled water is that arising from the use of oil in
engine cylinders. This type of condensing plant retains all the
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F16. 23. Complex System; Artesian Water, Chemical Treatment, Cooling Tower,
and Condensers.
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solids and the objectional matter contained in the water because
the vaporization due to cooling the water carries away only the pure
water vapor. There is an opportunity for much study in regard
to a system and apparatus to be used in such a condensing plant.
The elevated jet type of condenser in which the circulating water
is not used for boiler feeding is shown in Fig. 23. Artesian well
water ordinarily contains large quantities of lime and magnesia,
44
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making it necessary to remove these before feeding this water to the
boilers. The amount of water in the form of vapor which would
be lost while being cooled would be replaced chiefly by condensa-
tion added in the condenser and still more water would be added
through a line from the deep well basin to the circulating pump.
The loss in circulating water is greater than that required for the
boilers, so the feed which requires the least addition will be treated.
By treating the boiler feed direct.from the well all difficulties from
cylinder oil, etc., are avoided.

To retain the heat which would ordinarily be saved by using hot-
well water a vacuum exhaust heater 4 and an open atmospheric ex-
haust heater B for additional heating would be used. Since the feed
water temperature would be as low with this system as with any
other condensing arrangement the using of economizers, though not
shown in Fig. 23, should be considered. The system here shown is
practical but very expensive both to install and operate. The addi-
tional expense of installation of the system shown in Fig. 23 would
be:

1. Cost of sinking well, deep well machinery, building, etc.

2. Cost of chemical treating plant, building, pump, etc.

3. Cost of cooling tower, fans and motors, pump and motor and
building for the tower installation.

4. Cost of vacuum exhaust heater, by-passes, etc.

The additional operating expenses would be:
1. Raising deep well water to its basin.
Raising water to chemical tanks.
Raising water to top of cooling tower.
Power to operate cooling fans.
Cost of chemicals for treating.
Increased labor tooperateand maintain additional apparatus.

The arrangement shown in Fig. 23 may be simplified by using a
surface instead of a jet condenser and omitting the use of the chem-
ical treating plant. This will necessitate the installation of an extra
large grease extractor in the exhaust main and a large filter bed in
the heater. Fig. 24 shows such a system laid out so that repairs
may be easily made. It will be noticed that the large water basin
may be completely shut off by closing valves 4, B and C, thus allow-
ing water to raise in the cooling tower basin and flow back into the
cold water basin. During the time when the cold water basin is
used as a supply for the condensers, the house service including the

SAETYE S
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drinking and journal cooling water would be taken from the city
water connection. During regular service the deep well pump
would discharge into the cold water basin and the overflow would
run into the cooling tower basin. The air traps at the water dis-
charges of the cooling towers are not shown with the diagrams
because no attempt is being made to show detail in connections,
Note will also be taken that the heater and heater suction may be
shut off and the wet vacuum pumps have another connection
through which to discharge condensation to the pump suction
other than by way of the heater. Any portion of the piping shown
or any device may be shut off from service and one condenser still
be run.

Particular note will also be taken in regard to cross connections
" from one machine to another, for instance if No. 1 condenser, cir-
culating pump and wet vacuum pump be running and either of the
pumps necessitates shutting down, it is then possible to put No. 2
machine into operation serving No. 1 condenser, and not shut down
the No. 1 machine until No. 2 is in operation and supplying No. 1
condenser. When one condenser is out of service the other can be
readily run and two circulating pumps used on it. This system
enables perfect operation even though there be a circulating pump
of one unit, and a condenser of the other unit out of service.

In a piping system there should be no machine piped direct to
another without cross connections, so that the shutting down of one
would require the shutting down of the other. There should be
two separate sources of supply and two ways of discharge, with one
machine on either end and the cross connections so arranged that
either or both machines could use either supply or discharge. This
is absolutely essential because it allows for repairing the pipe line
or machines. The system shown in Fig. 24 is about the most satis-
factory arrangement which can be laid out for an artesian well, cool-
ing tower and condensing apparatus. The boilers would be fed
with condensed steam and only that water lost by leakage at the
joints, exhaust drips, etc., would need to be replaced. In a surface
condensing plant the steam for the feed pumps would be somewhat
differently arranged than in a jet condensing plant. The method
of supplying water to the heater and steam pumps would be the
same for a jet condenser plant as for a non-condensing station.
This detail will be taken up later.

In the heater and pump arrangement for a surface condensing
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plant as in Fig. 25, the condensed steam from the condenser is free
to be discharged into the heater and the speed of the pump is
governed by the water level in the heater. The only hand control
is a valve in the make-up water line. This line replaces the water
which has been lost by leakage, drips, etc.; the loss is a steady,
invariable quantity, therefore the valve requires but little attention
when slight variations in the relative water level of two boilers may
he controlled by the boiler feed valves. If during the day the fire-
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F16. 25. System; Controlling Feed Pump, Open Heater, and Surface Condenser.
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man observes that the total water in all boilers is becoming low or
high he slightly adjusts the make-up water valve. The advantage
of this style of governing is that regulation is required for an almost
constant demand caused by leakage, drips, etc. It is not practical
with this style of condenser to leave the pump control to a fireman
when he has no control of the incoming condensation. If so,
it is fair to presume that fully one-third of the return condensation
would go to the sewer. The object in using a surface condenser
is to be able to save all the condensation for the boilers, thus using
very little new water. This can be accomplished only by connecting
the float valve to the pump steam connection, and if it is desired
at any time to skim off the top of the heater water this can readily
be done by shutting steam off the pump for a minute or so.

The heater manufacturer will possibly oppose this style of
governing, claiming that it is not the regular method. For all
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other applications their method as shown by Fig. 26 is correct but
for surface condenser it is radically wrong. The absurd claim is
sometimes made that when a heavy load comes on, the boilers
would evaporate water to a low water level and it should be possible
for the fireman to speed up the pump in order to increase the water
in the boilers. The velocity of steam in pipe lines should not be
taken at less than 1,000 ft. per minute and with this speed it would
take about five seconds for steam to leave the boiler, reach the con-
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Fic. 26. System; Controlling Feed Pump, Open Heater, and Jet Condenser.

denser, and be condensed ready to deliver back to the heater. The
fireman would not have time to even see the change in the boiler
water level by the time the feed pumps were under control of the
changed condition.

The system shown in Fig. 23 is not suitable for a non-condensing
or for a jet condenser plant, but it is desirable for the returns of a
heating system which is also a surface condenser. In Fig. 26 is
shown the regular method of heater connections using a float
control valve in the water supply line. Line 4 is the discharge from
the steam traps, etc., which must be left open at all times. This
would also be the discharge from the wet vacuum pump in case
Fig. 26 were used for a surface condenser system. The line 4
should deliver to the heater a lesser amount than that required for
the feed water because the boilers and the pump should never be
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run slower than is necessary to remove the incoming water from
the heater. For the station in question since we are using jet
condensers, we will use the system shown in Fig. 26, that is, the
line A will be the discharge from the heater pumps and the float
operated valve will be on a branch from the house service line.
The float operated valve will be out of service for the greater
part of the time during regular operation of the heater pumps, be-
cause these pumps will deliver to the heater the same amount of water
as the feed pumps would take away. In case the heater pumps
are not being used, the heater supply is to be controlled wholly
by the float operated valve.

Referring to Figs. 22, 23, and 24 it will be noted that the dry
vacuum pumps are not shown. -The dry vacuum system would be
the same for either style of condenser but if a surface condenser
were used there should be two of these pumps to insure continuous

operation. A surface con-

denser accumulates air un-

til the vacuumislost but an
elevated- jet condenser will
discharge a large portion
of the air due to the great
quantity of downward flow-
ing cooling water being
mingled with the air. An
elevated jet condenser will
ordinarily drop its vacuum
about 4 in. when running
without the dry vacuum

» pump, in fact the syphon
AU)E type elevated jet condenser
is installed without an air

Fic. 27. System; Air from Elevated Jet . g

Condenser to Dry Vacuum Pumps. pumpoperating ataSl]ghtly
lower vacuum. Fig. 27
shows the two condensers piped to an air pump and having the
valves placed as closely as possible to the pump in order that the
number of joints and fittings between’ the shut-off valves and
the pump may be reduced. To make repairs between the valves
and pump necessitates shutting down the pump but any other
repairs can be made and one condenser still be in operation.
The air cooler drains back into the tail-pipe or hot well, the in-
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jection water passing through the cooler on its way to the condenser.
The air pump is shown discharging over the hot well but may dis-
charge over a sewer catch basin as there is no appreciable vapor.
Another method is to discharge the air into the tail-pipe shown by
the dotted lines. The advantage of this arrangement is that air
showing, say 26 in. vacuum, is taken from the condenser bowl and
discharged into the tail-pipe where it would show but 20 in. of
vacuum; thus instead of compressing 7 cu. ft. to 1 cu. ft. as would
be the case if exhausting to atmospheric pressure, it is necessary to
compress but 2% cu. ft. to 1 cu. ft. This arrangement would not
permit raising the vacuum on the condenser when starting and the
atmospheric vent would have to be used until the vacuum was on
the condenser and the water flowing through the injector shaped
air discharge in the tail-pipe. The air cooler shown is used on jet
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F1G. 28. System; Removing Air from'Counter Current Surface Condensers.

condensers only, the surface condensers admit the cooling water
to the condensing tubes in contact with the outgoing air. In addi-
tion to cooling the air it is also necessary to cool the air cylinders
of the dry vacuum pump, otherwise the high temperature due to
compression will prevent proper lubrication.

Different methods are used for removing the air from surface
condensers. Fig. 28 shows the counter current system. The
exhaust steam enters beneath the cooling tubes and the air is with-
drawn from the top of the condenser. The condensation makes
its last pass over the hottest tubes and therefore through highest
temperature in the condenser. The air which is removed from the
upper portion of the condenser by the action of an air pump is in
contact with the tubes which contain the cold incoming circulating
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water. Evidently the air must be in a continual state of unrest due
to the counter current action. The weight of saturated air at the
temperature in a condenser is about 0.06 lb. and steam about
0.03 lb., per cu. ft. If it were not for the exhaust steam entering thie
lower part of the condenser and being deflected over the entire base
it would be possible for air to settle to the base of the condenser,
but instead it can drop only into the current of incoming steam and
therefore be constantly carried upward. Air cannot remain in
pockets at the upper portion of the shell because it is heavier than
steam and will therefore drop and be caught in the steam current.

cbﬂBlIYED WA TERN
NO AIR TO PUMP

b

FiG. 29. System; Removing Air from Direct Current Surface Condensers.

The fact that this type of condenser has shown itself to be very
effective is sufficient proof of the merits of this most unusual method
for removing air from a condensing chamber.

A more usual type of condenser is shown in Fig. 29; the exhaust
enters the top and together with air passes towards the bottom of
the condenser, the air dropping to the base of the condenser and
“flowing” away with the condensation. It is not the intention here
to give the “selling points” of different types of apparatus but these
two styles of condensers differ so greatly in their system for re-
moving air that they have been described. In fact, the elevated jet
type of condensers is also made in these two styles. In the counter
current type, the steam enters below the water spray and flows
upward retarding instead of accelerating the fall of the injector
water after leaving the spray pan. The air is taken from the upper
portion of the chamber instead of the lower as the steam entering
the lower portion prevents the air from precipitating. This method
of removing air must be more effective for both jet and surface
type condenser judging by the excellent results obtained from them.
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In removing air from either an open or closed exhaust heater
having an insufficient supply of steam, the air should be led off at
the water line and not at the top of the steam chamber. In cases
where all or a large portion of the steam from a non-condensing
plant passes through the heater, air will be removed by the rapid
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F1c. 30. System; Improperly Arranged Fic. 31. System; Properly
for Removing Air from an Induction Arranged to Remove Air
Open Heater of Insufficient Steam in Open Heater of Insuf-

Supply. ficient Steam Supply.

flow of the steam, provided the openings in the heater are properly
arranged. Fig. 30 shows an ordinary heater connection which is
radically wrong, the small air vent A being wrongly placed, so that
the flow through the side and top connection is very slight; in fact,
too slight to carry out air by the velocity flow through the heater.
The correct method is shown in Fig. 31,
which may appear wrong until more
fully considered. The exhaust enters
the top and causing no eddy currents
will drop to the water line and if the
valve B is open will pass away to a
point of lower pressure.

Heaters can also be styled direct and
counter current, the same as jet or sur-
face condensers, or open spray or closed
tube type of heater. Figs. 32 and 33 Fic. 32. System; Passing Entire
show the counter current type, the air \H‘;';‘t’:f Sl e LG
being constantly in a state of unrest
and due to the large volume of surplus exhaust passing to the
atmosphere the air will drop into the current of the stcam and be
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carried out of the heater. This type of connection would show
better efficiency than Fig. 35 because as in counter current sur-
face condensers air would not be carried to a point where it would
remain stagnant and thus insulate any heat conducting surface.
The heaters shown in Figs. 31 and 34 are specially suited for use
‘:
Il

| | qll"uu’

Fic. 33. System; Passing FiIG. 34. System; Passing Fic. 35. System; Passing
Entire Volume Steam Small Volume Steam Entire Steam improperly
through Closed Heater. into Closed Heater. through Closed Heater.

in condensing plants where the amount of exhaust steam supplied
the heater is too slight to cause enough upward flow to carry air
with it. The valve B, shown in Fig. 31 and Fig. 34, should be of
a globe or gate type and not a back pressure valve as it is very
necessary to prevent a-vacuum on the heater unless the apparatus
is specially arranged to stand such pressure. The heaters shown
in Figs. 32 and 33 are specially suited for use where there is
sufficient exhaust to maintain pressure in heater above that of the
atmosphere.



CHAPTER V.
LIVE STEAM DRIPS.
THE system for supplying live steam will next be considered
and with this topic live steam drips will be described. A general
arrangement which will serve these purposes is illustrated in

a preliminary way by Fig. 10, the different lines being subject
to revision upon more careful consideration. The general detail
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Fic. 36. System; Gravity Return of Steam Drips.

of the location of the drips will now be considered, even before
determining the main steam connections.

In Fig. 36 is illustrated a gravity drip return system. The
branches of the piping system which carry live steam from the
boilers drain into the header and this in turn drains into the
separators which are placed in the engine branches. The steam
used in the low pressure reheater receiver is led off a short distance

s
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above the bottom of the separators and, as shown in Fig. 36, the
separator drips are run to an accumulator, each pipe having a
regulating valve in it. If by accident the drain leading off from
the bottom of the separator be closed too much to take away the
drip, then a passage will still be open by way of the pipe to the
reheater receiver and thence to the accumulator. The elevated
drip separator is placed at a sufficient height to insure that the
drip will flow into the boilers.

For part or all of the auxiliaries steam is taken from the upper.
portion of the receiver and the small amount of condensation which
may be in the auxiliary main is led to the heater by means of a
bleeder or trap.

In operating this system where there are, say, 10 connections into
the accumulator, two for each of the four generating units and
one for each of the exciter units, it is necessary that each drain
be sufficiently open to permit draining the line to which it is at-
tached, but sufficiently closed to offer a noticeable resistance to the
flow, thus allowing the auxiliaries to be under a slightly less pres-
sure than the main steam line. The discharge from the drip sepa-
rator is carried to a drip main having branches to each of the
boilers and stop and check valves in each branch. In such a
system the difference in the pressures in separator and steam
header is greatest just before a “slug” of water is carried up the
standpipe into the drip separator, then as soon as the water is out
of the way the difference in the two pressures is only. that due to
friction. The chief advantage of such a system is that neither
floats nor automatic devices are required for its operation, in fact
there is no mechanism employed. To start the system the bleeder
to the heater is opened in order to clear the lines to the point of
receiving steam, then the auxiliary is started and as long as there
are auxiliaries running this system will remain open.

Another method of returning drips to the boilers, illustrated in
Fig. 37, is by using a drip receiver in which is placed a float so
connected that it regulates the speed of the pump. This system
has the advantage that it is easily understood and therefore will
be more likely to be operated properly than the system shown in
Fig. 36, which requires someone to instruct the attendants what to
do and see that these instructions are properly obeyed. Careful
watch must be kept over the system shown in Fig. 36 if the drip
is to be returned to the boilers and not be wasted into the sewer,
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The difference in the costs of these two systems is not sufficient to
be considered. The initial cost of the system shown in Fig. 37
is less than that of Fig. 36, but the maintenance for Fig. 37 is
greater. 'The maintenance for Fig. 36 is very slight.

There is still another system which combines as low first cost,
low maintenance cost, simplicity and high efficiency as can be ar-
ranged for a condensing plant not using economizers. This system
is illustrated in Fig. 38 and discharges the drip into an open heater
when so arranged that exhaust steam and drips do not raise the
temperature to 210 degrees, thereby allowing a waste of steam.
Traps are not very desirable pieces of station apparatus, but by
using two as shown and the by-passes, a very reliable system is
obtained.

It will be noticed that Figs. 36 and 37 show stcam drips dis-
charging direct to the boilers and not by way of the feed main.
This is an essential feature because the feed main pressure may be
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F16. 37. System; Return of Steam F16. 38. System; Discharge of
Drips by Pump. Steam Drips to Heater by Trap.

lowered at any time until it becomes less than the steam pressure.
Such a condition may be caused by the stopping of the feed pump,
thus allowing the water pressure to escape through the pump
valves, or it may be due to the filling of an empty boiler, or the
blowing off of an economizer. In any case, whenever the pressure
in the feed main is lower than the steam pressure, the steam if not
checked will force the feed water back and cause very serious
damage. An automatic pump between the steam and feed lines
is no barrier whatever, because the steam at boiler pressure will
open and pass through the pump valves, even when the pump is
not running. For the same reason an automatic drip pump cannot
be used to discharge into an open heater or another receptacle
which is under less than boiler pressure. The discharge pressure
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must always be greater than the suction, even though it be caused
by only a short column of water additional. The discharge line
from the automatic pump should have a relief valve placed
between the pump and any valve that may be placed in this line,
and the discharge should then be piped to a catch basin where the
end of the pipe is open so that any discharge which is taking
place may be seen. This relief valve is very essential in order
that the pump and pipe line may be protected in case all discharge
valves should be closed. It is possible for the automatic pump,
which receives its suction under boiler pressure, to more than
double the steam pressure on a discharge ; the steam end of the
pump ordinarily has twice the area of the water end and therefore
when the steam pressure is but 175 lb. per sq. in. a pressure of
from 350 to 400 lb. per sq. in. can easily be obtained in case the
discharge pipe is closed. Unless the lines and pumps be built for
such pressures breakdowns must occur, because when shutting
down the boiler it is quite a simple oversight for an operator to
close the automatic pump discharge and not notice that there is no
other way of discharge.

Another method of returning drips to the boilers is illustrated
in Fig. 39. This arrangement can be used only in connection with
single acting pumps and in systems where there is but one pump
on the line and the header is not less than
s ft. above the water line of the boilers. The
operation of this system is made possible by
the pulsating pressure which is present during
the operation of single acting pumps. If such
pumps carried a uniform pressure this system
would not be feasible. A single acting pump
discharges a cylinder full of water, then stops at
Fi6. 30. System; Return the end of the stroke and the inertia of the

Slipvim A %{11;‘; water is only overcome by meeting the boiler-
water which has a higher pressure; while the

discharge from the pump is being brought to a state of rest and
the pressure in the part of the system next to the pump is lower
than the boiler pressure, the drip line which is at boiler pressure
flows into this part of the system and before the returning stroke
of the pump, the pressure in the discharge is again returned to
boiler pressure. For a small installation this method of drain-
ing the steam main would appeal to an engineer on account of

FEED Pur P



LIVE STEAM DRIPS. 59

its extreme simplicity, but for a large plant it might be found
difficult to maintain the entire arrangement as shown. This
pounding action in the feed mains would not be considered very
favorably in large station work, and without the pounding this
system would necessarily be inoperative. This system also has a
bad feature because it discharges into the feed main and not into
the boiler direct.

For the station being studied, Fig. 36 may be used as the drip
system, and when this figure is arranged in a flexible form it appears
as shown in Fig. 40. It will be noted that any or all of the auxil-
iaries can be supplied with steam through this drip system.
Ordinarily stcam required for one or two of these machines should
be taken from the drip system, to avoid reducing the pressure in
the drip separator to such a point that the drips will not flow back
to the boiler. In event that no auxiliary is taking steam from the
circulation pipe A it would be necessary to blow steam into
the heater or to the atmosphere, and unless this operation is prop-
erly carried out the steam thus blown through the system would be
more than that required to run a portion of the auxiliaries. In
riser B pressure is required to elevate the drips, as is a pressure
also necessary in the drip separator to return the drips to the
boiler. The pressure in the separator, however, is but very few
pounds less than boiler pressure, and so within the maximum and
minimum limits of the allowable flow of line B the return of drips
is possible.

In case the steam for one {an engine is found sufficient to handle
the drips, valve C may be closed; in case the fan engine requires
more steam than can pass through lines B and 4, and at the same
time maintain sufficient pressure in the drip separator to dis-
charge water to the boilers, it would be possible to make C a
reducing valve allowing, say, 3 lb. difference on the two sides of the
valve, thus furnishing a portion of the steam for the fan engine
direct from the auxiliary steam header. This reducing valve may
be placed at D in the branches from the main header, thereby
keeping the entire auxiliary steam main at about 3 Ib. lower pres-
sure than the main steam header. Such a reducing valve may be a
heavy cushion check valve and if the port has a diameter of 4 in.,
the valve would weigh about 4o lb., or the valve could be spring
loaded, the same as a safety valve. With reducing valves at the
points marked D, the system would at all times be ready for opera-
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tion. Even after shutting down, in case there should be one pump
running very slowly, this pump would be able to take steam through
the drip system, and if the fire pump should at any time be put into
full service the two relief valves would open and supply the auxil-
iary main. By placing the reducing valves at D there is no
danger of their being opened and the pressure run up on the drip
system.

The characteristic features of this system are a live steam main
well drained to a low down drip main, an auxiliary steam main in-
dependently drained to the heater, an overhead receiver into which
drips discharge, a connection from the drip receiver to the auxiliary
steam mains, and a connection from the main header through a
resistance to the auxiliary steam main, this resistance preventing
stcam from flowing except when the auxiliary main pressure and
the receiver pressure are enough lower than the boiler pressure to
overcome the resistance and allow water to be returned to the boil-
ers. In Fig. 41 are shown the receiver drip pumps and the low
down auxiliary steam main, which main is large and serves for both
the drip and steam mains. This system is well drained and has the
characteristic that before any damage could be done to the high
speed or large units, trouble will make itself known by a cracking
noise of water in the steam pumps and p1p1ng, but without any
liability of injuring them.

The main point to consider in the disposal of steam drips is to
keep them away from the large units, and any system that will do
this under all circumstances, even though it causes stoker engines,
pumps and other auxiliaries to stop during the flooding, is far more
preferable than a system which would flood the main units in case
the removal of the drips be obstructed.

The system as shown in Fig. 41 would consist primarily of the
main steam header and the auxiliary header, the auxiliary header
being supplied with steam through the drip openings in the main
engine receivers. The steam branches to the auxiliaries are taken
off the top of the auxiliary steam main and drains are led from the
bottom of the auxiliary steam main to the receiver of the drip
pumps. Emergency connections should be made from the auxiliary
main to the heater and to the blow-off main so that they can be
used in case the lines become flooded. This style of drainage has
the great advantage that by means of the cracking noise the auxil-
iarics are positive indicators of the operation of the drip system.
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The auxiliary main shown in Fig. 41 would necessarily be placed
below the reheater drain.

The reheater as ordinarily placed between the high and low
pressure cylinders brings into the station layout a very troublesome
detail. An ordinary form of reheater construction is a copper pipe
coil with the inlet and outlet of the same size as the opening in
the pipe and by using a small size tube for this coil of a very long
length, a marked drop in the pressure as measured at the two ends
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F16. 42. System; Collecting Steam Drips of slightly Varying Pressures.

of the coil is obtained. To drain properly such a reheater it is
necessary to place the drip main far enough below the heater to
provide a gravity column which will make up for the pressure lost
in the reheater. If the reheater used were of a pattern similar to
the bent U-shaped tube closed heater, there would be an ample
area for steam flow and therefore no appreciable drop in the pres-
sure. The receiver should be placed horizontally and as high as
possible so that the drips can be properly taken care of. If an auto-
matic receiver pump as illustrated in Fig. 41 is to be used, the inter-
mediate engine receiver must be kept close to the underside of the
floor as shown in Fig. 42. This is necessary for two reasons — to
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give ample head room between the basement floor and the reheater
drip outlet, and to provide a sufficient gravity leg, 4, to overcome
the pressure loss in the reheater. In case the boiler room floor line
is but a foot or so above the basement floor it would then be neces-
sary to place the automatic pumps in a pit, instead of on the base-
ment floor as shown in Fig. 42.

Unfortunately engine builders are not skilled pipe fitters or they
would use better designed connections between their high and low
pressure cylinders, and also place their reheaters at a relatively
higher level. The reheater connection shown in Fig. 43 is a very

7/6#7/&”!

TDLOW FRULSSUAL.

F16. 43. System; Supporting Engine Reheaters to give Sufficient Head
for Drip Flow.

simple arrangement which has the advantage that it can be varied
about } in. either way between the centers of the cylinder connec-
tions. This variation is obtained in the bolt holes at joints a, b, ¢,
and d; if a is even three-quarter inches higher or lower than d, the
receiver can be kept level by sliding the joints on their faces at b,
¢, ¢ [, g,and h. The bolt holes should be one-eighth inch larger
than the bolts. It is advisable for the engineer to arrange this
detail when the engine is ordered because it is very difficult to
make a satisfactory drainage system if a vertical receiver in the
basement must be used, or if for amy other reason the receivers
should have their drain openings close to the floor.

The low down auxiliary steam and drip main can be used with
the gravity return as well as with the receiver pump. Fig. 44
shows such a main with a reducing valve at 4. The pipe lines
for the drain system as shown need be only of sufficient size to
handle the drains, because when the plant is running one fan



65

LIVE STEAM DRIPS.

*s19[iog 0} Uliy 1 4aein pue wesls ‘wasdg ajdweg vb org
S X 7005
e - £ £ o -~ A -
P H o H s LB
NIEULS NI 7L T AHT < ¥
- — ———

NG S SO MO NQ\N\\ e

v sy i TN 7 A S Tir
C. m - e
_u Hm‘r ' N ELs AT O 4
! ¢ WO P A ) 4

3 X VRS 'l e
JWU%& Ny (41217 28 )

”. LN T
X THNOL
Vo

pARZ2. FNIONT
R S Ier M7

Q\m\&\V\n\a\
FTN(TIF,
uﬁx\h)\ 7
L

TS TH )\\%\h\

FOLEYETTS
&Y T -

|




66 STEAM POWER PLANT PIPING SYSTEMS.

engine must also run and this will take care of the drips. When
the fan engine is shut down the condensation in the riser pipe will
drop back into the auxiliary main. In starting up the plant, water
can be run out of this main into the heater through the by-pass and
any section of the auxiliary main or drain system may be shut down,
and the drips be run through the bleeders either to the heater or
the blow-off main. The steam connections leading from the auxil-
iary main should be long radius fittings and the main should be
large enough to avoid the lifting of the condensation lying at the
bottom of the line. The characteristic features of this system are,
main steam header, auxiliary stcam headers supplied through drip
openings of the main header, auxiliary branches taken off the top
of the auxiliary main, connection run from drip pocket on the
under side of auxiliary main to overhead separator, steam taken
from this separator to a constantly used auxiliary, and another line
run to this auxiliary which will supply it when the pressure drops
below the set amount necessary to return drips to the boilers.

The system shown in Fig. 44 is quite simple, in fact, more so than
that shown in either Fig. 40 or 41. The only appliance which must
constantly be watched and kept in good order is the reducing valve
and the operation of this valve can easily be checked by having
gages on both sides of the valve so that the difference in pressures
can be observed. In case the return system fails to operate prop-
erly the drips will give warning in the pump cylinders or stoker
engines. This is a very valuable characteristic and the system
should be so laid out that the station will not be dependent upon
steam traps, bleeders or automatic devices for this service. With
these things in view let it be assumed that Fig. 44 illustrates the
drip system for the proposed station.



CHAPTER VI.
BLOW-OFF AND EXHAUST PIPING.

Blow-Off Piping. A blow-off system is the next to be studied,
and although this may seem but a minor matter, if it is not properly
laid out it will be a major torment. A blow-off system is primarily
arranged for the purpose of removing the water and precipitation
from the lower parts of the boilers, cconomizers and similar parts
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F1G6. 45. Sample System; High Pressure Blow-off Lines.

of the general system. The difficulties to be overcome in a blow-
off system are the sudden changes in temperature with their atten-
dant expansion and contraction stresses, the providing of a means
for liberating the vapors and reducing the temperature of the blow-
off water before it reaches the sewer, and finally the providing for
the repairing of underground work which must be left free to
expand and contract. Fig. 45 shows a blow-off system for the
proposed station. The blow-off cisterns should be located about

67
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fifty feet from the building and the system should be operative with
the use of one basin only, because the other may be used for an
intake as shown in Fig. 22.

The underside of the partition and the bottom of the cistern
should be about six inches, and four feet, respectively, below the
bottom of the water way, with the blow-off pipe pointed towards
but not carried into the water way. The different blow-off lines
should be free to move longitudinally or transversely, and the ends
at the cistern should be passed through a metal sleeve which will
permit free expansion. It is safe to say that a blow-off line keeps
moving continually. If trouble is to be averted the branches to
the boilers must be long. There is less trouble from water-hammer
in pipes if the discharge end is above the water line; otherwise
the water at boiler temperature expands to steam which drives the
water out of the line, then, as soon as the valve is shut, this steam
condenses and draws the water back into the pipe in “slugs.”
When these slugs strike the bends in the pipe line the sides of the
fittings are often broken. The strains produced by water-hammer
are wholly distinct and foreign to the pressure carried in the pipe,
in fact, a line open to atmosphere can be damaged greatly by water-
hammer. The writer has knowledge of a 14-in. exhaust elbow,
about five-eighths inch thickness of metal, which had its entire
side broken out by water-hammer, the strain being much the same
as though a man had struck the fitting with a sledge of the same
weight and moving at the same velocity as the water.

If it is necessary to place the end of the blow-off discharge be-
low the water, then check valves, marked A in Fig. 45, should be
placed in the line to break the vacuum formed. These checks
should be placed above the main. Air cushions could be used to
prevent the hammering but unless they were placed at every point
where the direction of flow is changed they would be useless. This
method would be quite impractical with such a system as is shown
in Fig. 34, because the direction of flow would be greatly changed
when shifting the discharge outlet from one cistern to the other.
Check valves are inexpensive and reduce the back water flow very
materially by filling the main with air, thus causing an air cushion,
and it is a good plan to place check valves on the line, even though
the main discharges are above the water, but such valves may be
of somewhat smaller size.

While washing a boiler through the blow-off valve, this valve



|

BLOW-OFF AND EXHAUST PIPING. 69

must necessarily be left open. For this reason, two blow-off valves
for each boiler are shown in Fig. 45, and with this arrangement
the valve farthest from the boiler can be used to shut off the main
when the boiler is being cleaned. The center piece of the valve
close to the boiler meanwhile can be removed, thus allowing the
wash-water to flow to the sewer instead of to the blow-off main.
This arrangement avoids the possibility of a fireman’s blowing off
his boiler and thus scalding a boiler cleaner who at the same time
may be working on the other boiler, and it has the added advan-
tage that by keeping the wash-water out of the blow-off line there
is less liability of this line becoming blocked with scale. In case
the outer operating valve leaks, the inner valve may be closed and
the outer valve repaired while the pressure is on. Details of valves
arranged for washout and also details of the blow-off cistern will
be given later.

The branches from the blow-off main to the boiler must have
ample length of pipe in them to allow for expansion and contrac-
tion. The blow-off for the problem station would be about 175 ft.
long and at extreme temperatures would differ in length about 4 in.,
but by anchoring this main at the center, either end would travel
only about 2 in. It is a very common practice to run short, stiff
boiler connections to the blow-off main. This is often a source of
trouble because 2 in. of movement at the end of the main requires at
least 12 ft. of 2}-in. pipe for the boiler branch in order to provide
a safe swing.

It may be desired to run the water column drains into a large
funnel and pipe the funnel to the boiler blow-off branch, tapping in
between the blow-off valves and blow-off main. In order to prevent
the blow-off from backing through the funnel there should be a
check valve in the pipe leading away from the funnel. If the
funnels are placed at each boiler, it will not be necessary to
provide vacuum breaking checks in the main because the eight
funnel drain checks will serve the same purpose.

In blowing off the economizer, care should be taken that the
valves are operated to suit the control of the feed pump because
if the pump is controlled by feed pressure, time should be given it
to increase in speed and so, by opening the valve slowly, main-
tain the pressure on the economizer. Located within sight of the
operator of the economizer blow-off there should be a gage with a
three-way cock, one pressure pipe running to the header and the
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other to the top of the economizer. The operator can note the
steam pressure, then throw the cock to the economizer pressure and,
while blowing, not allow the pressure to drop below a point which
will cause the economizer to generate steam, which pressure can be
determined by observing the temperature of the water. This is
one of the most delicate features of economizer operation. The
feed pump cannot ordinarily supply water as fast as it can be
blown off, so when closing the blow-off, the operator should note the
pressure and by closing the valve slowly, give the pump time to
slow down under its own control. Closing the blow-off quickly
while the pump is working at high speed will throw excessive pres-
sures and strains on the economizer.

The method of blowing off an economizer should be well under-
stood and carefully followed to avoid serious losses due to breaking
economizer tubes or headers. For instance, let it be assumed that
the plant has been worked hard and the feed to the economizer is
taken from the hot well or small heater, the gas temperature being
high and the economizer very warm. Now, if the economizer is
blown off under these conditions, there will be a very sudden change
of pressure and a great possibility of cracking the economizer tubes.
The correct method of operation is to go down the line of boilers
and blow them off one by one, allowing the pump to run at a high
speed, and by the time the boilers are filled again the economizer
will be cooled to such an extent that the incoming water will not
subject it to very severe strains and, as the temperature is down, the
blow-off can now be opened, allowing the economizer pressure to
drop to a low point without making steam, If steam is generated,
the condensation of this steam causes water-hammer, which is
always productive of trouble wherever it occurs. An economizer
can give very good or bad results, being dependent entirely upon
its design, system of installation and operation.

The blow-off cisterns should have a large open grating at the
top to allow the escape of steam, and if this cistern be close to or in
the building, it should be supplied with a very large pipe to carry
off the steam. The sewer connection should have a deep water seal
to prevent steam from blowing into the sewer. Water leaving the
boilers at 160-lb. pressure will vaporize 1 lb. out of every 7.5 lb.
blown off. This makes 3.5 cu. ft. of steam for each pound of blow-
off water, or 219 times as much volume of steam passing out of
the top of the blow-off cistern as there is water passing through the
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sewer. During a blow-off period there will not ordinarily be blown
off more than 75 lb. of water per second and 10 lb. of this will be
in the form of stcam. The atmospheric exhausts for engines are
generally arranged with a capacity of about 4 lb. per second per
square foot of sectional area. This requires a vent pipe having not
less than 2.5 sq. ft. cross sectional area for an engine, but since this
flow is steady, we can make the pipe of about 1.25 sq. ft. cross sec-
tional area, or the diameter of the vent pipe would be approximately
16 in. In case the blow-off cistern is very large, the water in it
may then have time to cool and so there will not be as much vapor
as just stated. This, however, would help matters only a portion
of the time, because, when a second boiler is being blown off,
immediately following the first, the blow-off will meet water which
is of such a temperature that it will not take up any heat without
vaporizing and then the full amount of vapor will be formed. The
chief object in retaining the water in the cistern is to break up the
force of the discharge and thus avoid cutting a hole in the cistern
by the disintegrating action of the water of high temperature being
directed at one point.

It may be found desirable to provide for taking care of still other
drains in preference to discharging them into the sewer, such as the
high temperature low-pressure drips from ecxhaust lines, inter-
mediate receiver drips, heater overflow, washout for oil tanks, etc.
Since these drains are located at low level, it would hardly be
possible to keep them above the floor without their becoming an
obstruction in the engine room. These lines should be made of
heavy cast iron soil pipe with the joints well calked and laid in and
filled around with sand so that expansion and contraction may
take place freely without damaging the calked joints.

A mixed system for taking care of these other drips is shown
in Fig. 46; line A takes receiver drips, also exhausts drips and
oil washout. No catch basins are connected to this line because
the question of expansion and contraction would be difficult to
arrange for where the lincs enter the basins. The line and branches
are of iron pipe, calked, and since there would be considerable
vapor if any connections were left open, the entire line is made
tight and the discharge is dropped into a sump at the bottom of
the waste water way. The clbows of this line should be arranged
as shown in Fig. 46, so that they may expand without trouble at the
joints or at the floor. Line B is a regular floor drain and may be
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of sewer tile and arranged to discharge into the waste water way.
Line C is of cast iron pipe but, as it is not subjected to very high
temperatures, about 170 degrees at the most, the catch basin and
drain connections are made into this line. Very little oil passes
through this line and a loose joint is not a serious matter. There
is no essential reason for duplicating or cross connecting this class
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F16. 46. Sample System; Low Pressure Blow-off Lines.

of mains, not because they are unimportant, but because they are
not under pressure and so can be discharged directly on the engine
room floor until any necessary repair is made. Wherever possible,
an open gutter should be run alongside of the wall, because such
drains can easily be cleaned without interfering in the least with
operation. The details of such a gutter will be shown later.
Exhaust Piping. The next division of the subject which will
be taken up is that describing the main engine exhaust lines. In
Fig. 10 is shown the general arrangement of the proposed station.
The arrangement of the condensers is illustrated by Fig. 22. The
problem now in hand is the carrying away of the exhaust steam
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for six engines and two condensers, realizing that there must
always be in operation three large engines, one condenser and one
exciter engine.

An arrangement of the exhaust piping which meets the condi-
tions of the problem is illustrated in Fig. 47. These connections
permit the repairing of any portion of the vacuum main or branches
without necessitating the shutting down of more than one large
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unit, and always allowing one exciter engine to be run. The
atmospheric exhaust main is shown on the drawing by dotted lines,
and would not ordinarily be used. The use of one large exhaust
main for regular operation of several engines is not as economical
in first cost, nor as safe to operate, as individual atmospheric
exhaust lines. A method of laying out a large atmospheric main,
which would be accessible for repairs at all times, and which would
neither furnish a chance for the engine to lose its vacuum nor
injure a man by exhausting onto him, is illustrated in Fig. 48.
If the connections were all led into the large main without pro-
vision being made for dividing this main into sections, the prob-
abilities are that in case of repairs being necessary on the main
branches or atmospheric valves, a shutdown would be necessary,
but if the main is designed with the proper allowance for expansion
and well built of amply heavy materials, there would undoubtedly
no trouble arise which could not be remedied before the vacuum
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was affected. However, as the idea from the first has been that a
station should be designed so that any portion of it might be shut
down for several days, if necessary, and the rest of the machinery
care for the regular operation, let this idea still remain foremost.
Then Fig. 48 is the best piping system for the exhaust mains, and
if desired the condensers may be located in the center of the station
as shown in this figure. The general piping system illustrated in
Figs. 47 and 48 is the same, these figures differing only in the loca-
tion of the lines. The curved piping as shown in Fig. 48 should
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never be used if there is the least possibility of additions ever being
made to the station. A better method would be to finish the ends
of all lines running lengthwise of the plant with T’s having blind
flanges ready for future additions. Such a modification is shown
by the dotted lines in Fig. 48.

The next subject to be considered is the exhaust piping for the
auxiliary machinery. It is not unusual to find the auxiliaries piped
with double connections, so that they may be run either condensing
or non-condensing, and exciter engines are also arranged so that
they may be connected to the heater. Such systems are never
flexible or economical. Consider, for instance, the proposed
station: The auxiliaries in this station are the steam pumps, two
of which are required to do quite light work, an air pump which
uses steam economically, and the compound fan engines, which are
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also economical machines. The heaters taking steam from these
auxiliaries will, by taking water from the hot well atabout g5 degrecs,
raise its temperature to 170 or 180 degrees. In this station, in addi-
tion to exciting the main generators, the exciter unit would be called
upon to furnish current for all the electrical requirements of the
station, such as lighting system, circulating pump, motors, air
compressor, blast fan for transformers, crane, coal handling machin-
ery and for motor driven tools in the adjacent shop. Thus it is
seen that the exciter engine would carry more load and so deliver
more exhaust steam than the heater could condense, which would
allow much of the steam to waste to atmosphere. This plant will
use economizers, and so there will not be much advantage in
delivering high temperature water from the heaters to the econo-
mizers, because the economizers will raise water more degrees in
temperature when receiviig low temperature water than when
receiving water of high temperature. In other words, the capacity
and utility of an economizer diminishes as the temperature of its
feed water is increased, and the greater amount of work asked for
from the economizer the better paying investment it will be. An
active circulation is not provided for in the general design of
economizers on account of practical difficulties, and as actual experi-
ment has demonstrated that twice as much heat is delivered to
water circulating at the rate of 3 ft. per second as is delivered to it
without circulation, it may be seen that the commercial value of
an economizer would be increased greatly if the advantages of free
circulation were provided for.

If the plant were supplied with cconomizers it would be an
economical plan to deliver all the steam to the heater that it would
condense, exhausting such machines as are economical in the use
of steam into the condensers and such machines as are wasteful
into the heater. A system for connecting certain machines and
allowing them to be run in either of the ways just mentioned is
shown in Fig. 49. This system is flexible only in regard to opera-
tion and should not be used for any lines which are at all times
essential for the continued operation of the station. A portion of
the line marked A is indispensable, and late at night, when the
pumps may be shut down, the exciter engines would be running non-
condensing, and this part of the line would then be used by the
exciter engines.

Another point to consider, which may be stated as one of the
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more important details in laying out station systems, is the ability
to be able to take apart any valve in the station, not only for repairs
needing immediate attention, but for general repairs when the load
is light and not over one-half the station capacity is called for.
To be able to shut off one section of the piping is only a partial
solution of the problem of designing a
correct system; it must be possible to
shut off the shut-off itself. Figure 48
Excrlrer Evsimgs shows numerous valves, any one of
which can be taken out of the line or
have repairs made on it and the con-
tinued operation of the other half of the

e ———— station be possible.
argogwesc  Referring to Fig. 47 it is seen that
there are two atmospheric valves open-
ing into one pipe, and if one valve is
being repaired there is a constant dan-
ger of losing the vacuum and exhaust
from the other engine. reaching the
valve. This is not a good system, be-
Fli' ui?haifsfe}”rﬁfr’é};:f; ggfg cause each atmospheric branch should

Out. run independently to the atmosphere,

or have a valve in it.

There is nothing unusual in the appearance of the connection
shown in Fig. 49, such an arrangement being very ordinary. The
designer of a piping system must not be contented with laying out
a system which looks all right, but he should analyze every require-
ment and see that his design conforms with an established plan.

Referring to Fig. 49 it may be seen that in order to do any
work at all upon the valve shutting off the main from the branches,
it will be necessary to shut down the entire auxiliary exhaust main.
Such a design is not a system, but is the very limit of crudeness.

The auxiliary exhaust main should therefore be next laid out
with a view to making repairs to the pipe line possible and still
allow the operation of three-fourths of the entire plant, or permit
any valve to be removed and allow the operation of one-half the
plant.

It should be understood that if a valve blows a gasket or springs
a bad leak between the bonnet and the body, it is yet possible
to close the valve and operate three-fourths of the capacity of the
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plant until such time as the load can be carried by half the

machines and the repairs be made.

A list of the machinery which must be piped to the heater and
atmosphere comprises two dry vacuum pumps, two feed pumps,
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one fire pump and two fan engines. These machines are shown
in Fig. 50, together with the properly located back pressure

valves and atmospheric stand-
pipes at the ends of the

exhaust main. In case of l———]w,ww, T l——jy,(w”
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one pump. = This, however, is
possible, and as there is low
duty on the shut-off valves,
further protection is not
justified. It is necessary that GELY
the exhaust main should be
pitched toward the heater so
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. ; . 1 Position of Parts.
flow in that direction and it

will then be possible to run the steam drip bleeders into the
exhaust main, thus saving both the distilled water and the heat

units.
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The lines may be located in various positions and yet preserve
the system shown in Fig. 51. For instance, Fig. so shows a dif-
ferent arrangement of the machines, valves, etc., but the general
system is unchanged. In Fig. 50 the atmospheric valves are
located near the heater so that the air vent of the heater may easily
be run into these pipes. The general arrangement of the pipe lines
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F16. 52. Sample System; Exhaust from Auxiliaries to Heater.

must necessarily adapt itself to local conditions, but the lines should
be so run that the original system will be preserved.

The general rearrangement of the auxiliary steam and exhaust
mains when laid out on the loop plan is shown in Fig. 52. This
plan permits the shutting down of the heater, atmospheric pipe,
or any portion of the lines, and yet three-fourths of the plant
remains in operation.
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CHAPTER VIIL

AIR AND OILING SYSTEMS.

Compressed Air System. Compressed air is now considered
essential in the operation of modern power stations and is chiefly
used for cleaning electrical machinery and apparatus; it is also
used for other purposes in the plant because it is available.
Compressed air service for cleaning purposes is not vital in the
operation of the station, and therefore can be laid out on a single
main, systemless plan, but of course when the air system is so
designed, there should be no vital system dependent upon air
pressure for its operation unless such system has another means
of supply.

Ordinarily it is not necessary to use a large air compressor nor
large lines, but in order to insure an cven pressure the system
should have a storage air tank of fairly large capacity from which,
when needed, a relatively large volume of air can be drawn for a
short time. The general arrangement of such a system is shown
in Fig. 53.

The piping should be arranged so that the compressor, air main
and branches will drain into the air tank. This tank should be
provided with a blow-off through which condensation can be dis-
posed of. The compressor, controller, gage, relief and stop valve
should be located on the engine room floor, and the tank on the
basement floor with the air supply main led off from the top. Hose
valves should be placed at the different generators, motors, trans-
formers, switchboards, oil switches, etc., so that 25 ft. of hose will
reach any piece of electrical apparatus. If there is an oil room
where inflammable stock is kept it is desirable to connect the air
main to a can of dry fire extinguishing powder in such a manner
that by opening an air valve the pressure from the main will
blow this powder forcibly into the room.

Cylinder Lubrication. In designing an oiling system, facilities
must first be provided for receiving the oil in barrels, emptying
the barrels and disposing of them. If compound engines are used

79
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in the station, the cylinder lubrication will require two kinds of
oil. There will also be needed a different cylinder oil for the
dry vacuum pump and the air compressor. Engine or journal oil
is usually the same for the entire plant, the plan being to filter this
oil and use it repeatedly. Grease will also be required for some
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of the bearings, pins, etc. There are some specific requirements
in the handling of these materials that to a considerable extent
determine the location of the different parts of an oiling system:

1. The oil barrels must be stored in a cool and preferably damp
place to avoid leakage.

2. The oil and grease stocks must be separated from other
portions of the building in a fire-proof manner and arrangements
made so that a fire in the oil room can be subdued and not endan-
ger the station.

3- The oil room must be accessible from the outside, in order
that the barrels may be received and discharged.

4. All the drip lines and the drip receiving tank must be located
in a warm place so that the drips will flow freely.

5. Gravity tanks should be located in a place which will be cool
in the summer but warm in the winter; and warmer in winter than
in the summer, so that at all times the oil will be of a temperature
that will insure free flowing and render it easily handled.
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6. Cylinder oil and grease should be kept so that the amounts
used can be charged to the respective shifts using them.

There are numerous methods of handling oil and various systems
that can be used in supplying it to the machines. Cylinder and
journal oils should be considered from different standpoints, when
planning an oiling system; journal oil is fed onto the bearings in a
much greater quantity than actually required, the loss being not
appreciable because the drips are collected and returned to the
receiving tank. The object of piping oil to bearings is to insure
complete lubrication; the lubrication of the cylinders is an entirely
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F16. 54. System; Feeding Cylinder Oil from Tank to Engine.

different proposition. Instead of providing facilities for feeding an
excess of oil into the cylinder, the contrary should be done, that is,
plan the system so that it will require the least possible amount of
cylinder oil.

One of the methods for placing cylinder oil under pressure and
delivering it to the steam machinery which is to be lubricated is
illustrated in Fig. 54. The necessary pressure is maintained here
by adding to the steam pressure the weight of the water in a con-
densation pipe connecting the steam main with the supply tanks.
The principle employed is the same as that of the standard sight
feed lubricator so commonly used.

Two tanks are used, so arranged that one may be shut off from
the system while being filled from the supply barrel and the other
continue to furnish oil for the lubricating system. This equipment
and piping system is the equal of the majority of installations.
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The most serious objection to it is that the piping is arranged with-
out regard to any definite system.

When this system (Fig. 54) is arranged so that repairs may be
made without shutting down the entire oiling system, it assumes
the form shown in Fig. 55. For such small, inexpensive lines as go
to make up an oiling system it is good policy to make even greater
provision for repairs than in the larger and more expensive lines.
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If line valves are placed at the points marked ¢ in Fig. 55, con-
" tinued operation is more readily insured. The cost of such valves
would be slight.

When the style of lubrication shown in Fig. 55 is to be used with
high pressure cylinders, it would be a good plan to use it on the
low pressure cylinders also, but the pressure should not be as
high on the low pressure cylinder oil supply. If city water at about
40 Ib. pressure is available, this can be used instead of the con-
densation columns shown in Fig. 55. Air pressure could also be
used, but since the compressed air system has not been designed
with a view for continuous operation, its use with the oiling system
would be unsafe unless two air compressors are in use and arranged
independently to maintain the required pressure. A low pressure
cylinder oiling system which can easily be repaired is illustrated
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in Fig. 56. In this figure the air compressors are shown connected
in a safe manner.

There are various pipe systems for feeding cylinder oil, but the
general proposition is subject to many objections, regardless of the
equipment used.

There are two styles of feeders used to deliver oil to an engine.
The older method is to use a sight-feed glass filled with water and
allow the drops of oil to feed up through the water. A drop of
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F16. 56. System; Oiling Journals by Using Tanks and Compressed Air.

oil may seem small in itself, but it is an extremely large quantity
when considered from a lubrication standpoint. An engine that is
receiving one drop a minute would make, in the case of stoker or
similar engines, possibly 250 or 300 revolutions without oil to one
with oil.© The size of the drop is not controllable by the operator.
But if such a drop could be divided into 10 or more small drops
it would be possible to obtain more economical results in lubricat-
ing with sight feed lubricators. This, then, is the weak point of
all drop sight feed lubricators, that they seem to be feeding too little
or not at all when in reality they are feeding too much.

The best system for handling cylinder oil is unquestionably one
which will give the greatest amount of lubrication for the least
cost, and in considering cost both labor and oil must be included.
Systems for feeding cylinder oil have so reduced the labor cost of
handling the oil that they have made it possible and to a consid-
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erable extent excusable to waste oil. Each operator in his shift is
relieved of about ten cents’ worth of labor and enabled to waste
one dollar’s worth of oil. ~ Such being the case, instead of spending
money to make such installations, it would be better to spend money
to avoid their use; however, some people think a plant must be
automatic to be modern.

Another method of supplying cylinder oil to sight feed lubricators
is illustrated in Fig. 57. This system uses a pump to force oil into
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the pressure line and controls this pressure with the pump governor,
the storage tank being placed higher than the pump so that the oil
will flow by gravity from the tanks to the pump suction. Much
difficulty is experienced in lifting cylinder oil in a pump suction,
and in fact no suction for any service should be arranged except by
the gravity method if the machinery is slow running. The system
shown in Fig. 57 to be complete must be laid out on the loop plan
with duplicate sets of pumps, distribution lines and storage tanks.
Ordinarily this loop could be easily arranged by running one line
through the engine room to supply all the steam machines there,
and the other line through the boiler room to supply all its
machinery.

The fact must be remembered that the piping system alone will
not insure satisfactory operation. It is the entire system or method
that determines the degree of success. For instance, Figs. 55 and
57 are both good pipe systems, but each has objectional features,
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common to all cylinder oil piping systems that are not commercially
successful. Fig. 55 is mechanically a success, since it maintains
a steady pressure on the oil a fixed amount in excess of the steam
pressure, this being accomplished by the condensation column.
This steady pressure is absolutely essential for securing the best
economy in drop feeding, which feeding at its best is not the most
economical.

In the system shown in Fig. 57 the speed of the pressure pumps
is regulated by governors actuated by the pressure on the oil end
of the pumps. This type of regulator must be constructed with
a metallic diaphragm, as oil comes in contact with it. Continued
service will eventually dish any metallic diaphragm, and when this
has occurred considerable force is required to pass the dish from
one side of the diaphragm to the other. If such is the case in an
oiling system having recording pressure charts on both steam and
oil lines, sudden changes of pressure will be noticed and at times
the oil pressure will show even lower than the steam pressure unless
the governor is loaded down, in which event the steam pressure may
be 160 Ib. and the oil pressure 161 1b., then due to the snapping over
of the dish in the diaphragm a pressure 4 lb. higher than that for
which governor valve was set will be needed to close it. Thus if
the oil pressure is set at 5 lb. above that of the steam the defect
in the diaphragm will allow the oil pressure to run g lb. higher than
the stcam pressure beéfore the governor valve closes. In other
words, the head on the oil may be increased or decreased nine times
and thus cause such a change in the volume of the feed that three
times as much oil will be fed at one time as another. With such a
governor it is probable that twice as much oil will be used as would
be with the system shown in Fig. 5s.

If it is wished to secure greater economy in the use of oil the
sight feed method must be discarded for some other.

The most common method for reducing this waste is by the use
of a force-feed lubricator directly connected to the moving mechan-
ism of the engine or pump which is to be lubricated. With this
type of oiling system the discharge flow can be set for five or ten
feeds each minute and thé total of the ten discharges can be gaged
for less than one drop. Such a system enables the lubrication of
cach piece of apparatus to be carried on independently and any
draft of cool air can have no effect upon the volume of the feed
as is the case with sight-feed lubrication.
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The force-feed lubricators are ordinarily supplied with oil by
hand; in fact, this method has been demonstrated to be the more
economical and the labor of filling pumps is too slight to be con-
sidered seriously. An important consideration is the saving in
the quantity of oil used; as killed operator can more than save the
difference between his wages and that of an inferior man by the
difference in the amount of oil used alone.

It is due to this fact that the power station should be provided
with a means for carefully recording the amounts of oil used by
the different shifts. The systems shown in Fig. 55 and Fig. 57 are
not designed for this purpose.

If a record is to be kept it may be found necessary to give out
oil to each of two men in a shift, one part to be used in the boiler
room, the other part in the engine room. The pump supply on
each part of the force-feed oiling system should be marked with a
line designating the point on the reservoir to which each shift must
fill, and the oil used in this filling should be taken from a supply
can charged to the proper shift. A great deal of oil is wasted in
the lubrication of the auxiliary machinery, which should require
but very little cylinder oil.

If it is found desirable to pump oil from a storage reservoir to
the force-feed pumps on the units which are to be lubricated, this
could be done with the piping system shown in Fig. s8. With this
arrangement it is not necessary that duplicate receiving tanks be
used. The air line may have its pressure maintained by a single
compressor because the use of this supply arrangement would not be
essential for the operation of the engine, since the pumps could be
filled at opportune times and each shift would have recorded against
it the meter readings showing the amount of oil drawn at the start
and finish of its run. If a separate record is to be kept of the
amount of oil used in the boiler room, this can be drawn from a
supply can whose contents have been charged to that part of the
station when withdrawn from the receiving tank in the stock room.

In Fig. 58 the tap A is added for filling hand oilers, etc. With
this system there would be two complete piping arrangements, one
for supplying oil to the high pressure and one to the low pressure
cylinders. The advantages to be gained by using two kinds of
cylinder oils with compound engines are too well known both by
the oil manufacturers and the cperators to require giving any
special reasons for their use,
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The installation of a meter in the oil supply line as shown in
Fig. 58 allows a possibility of this method being manipulated by
the operators. The oil pumps on the engine are not ordinarily
arranged to be put under pressure and with the system in Fig. 58
the proper method of operation would be to open the supply valve
and fill the pump supply to the limiting point which was earlier
described, and then close the shut-off valve tightly. But in all
probability a dishonest operator would soon learn that by leaving
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F16. 58. System; Measuring Daily Consumption of Cylinder Oil.

the filler valves slightly open the pumps would still be kept filled
by a slight leakage which would be so small in amount that the
meter would not record it. This would result in the showing of
“good performance’ purely by trickery, because the dishonest oper-
ators could reduce the apparent reading of the meter as much as
they felt sure would not arouse suspicion.

If oil is to be measured and piped a better method is afforded
by the use of gage glasses and graduation on the tank, thus dis-
pensing with the meter. A tank 30 in. in diameter holds 3 gallons
for each added inch in height and as the error of reading should be
within the limits of one-eighth of a gallon, which with a 30-in. tank
means a difference of 3g in. on the scale, this would seem too close
reading to be gaged accurately. The reading should not be finer
than about 75 in. to the pint. This fixes the diameter of the
tank at 22 in. and with such a diameter and a length of 40 in. its
capacity would be equal to one barrel, This tank would hold
13 gallons per inch of its height,
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In the problem plant which is being laid out it will be found best
to use the piping system shown in Fig. 58 with the 22-in. stock
tank, gage glasses, graduated scale, etc., omitting the meter as
shown. Two kinds of cylinder oil may be used. Care will be
taken that the pipe lines be located in warm places so that the flow
of oil will not be sluggish in cold weather. It will be noticed that
a connection is led off from the bottom of the tank so that in case
the pressure for any reason is lacking in the supply lines, oil for
hand filling may then be withdrawn and the entire piping arrange-
ment as shown in Fig. 58 be shut down for repairs. This feature
is the most valuable one of this system; this supply system is
merely a convenience and labor-saving device and not necessary for
operation. The piping system just described can be used in con-
nection with the regular sight-feed lubricators; the pipe line would
furnish oil to the lubricators by shutting off the steam pressure,
opening the bottom drain, filling the lubricator, closing the oil
valve and opening the lubricator into the steam line again. Such
a method of operation would be more reliable than that shown
in Fig. 55 because each lubricator would be complete in itself
and in time of disorder to the general system could be hand
filled.

Journal Lubrication. The subject of handling engine or journal
oil will next be considered. This is a subject that affords much
opportunity for study. The great variety of oil handling systems
now in use seems to illustrate a lack of knowledge of this subject
because 6f the widely different types of apparatus employed for
tke same service.

A few general characteristics of oils should be borne in mind
when considering this subject:

1. Engine oil never “wears out.” Its value as a lubricant im-
proves by wear, if it is kept free from all foreign materials.

2. Oil will incorporate with water under certain operating con-
ditions and the water so incorporated will not precipitate.

3. Oil containing animal fats and water will become frothed by
agitation. This quality can be determined by shaking a half
filled bottle. ;

4. The better the lubricative qualities of oil, the more readily
will water incorporate with it.

5. Precipitation will remove impurities which cannot be filtered
out of used oil.
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6. Filtration to be effective must be carried on slowly, and the
filter bed frequently renewed.

7. The process of evaporation will alone liberate water incor-
porated with oil.

8. Parafline serves no useful purpose as a lubricant, but causes
gumming and retards perfect distribution in the journal.

9. Cylinder oil added to a journal lubricating system makes the
oil less fluid and if engine oil is properly compounded any added
fats are detrimental.

An oiling system should be purely a commercial proposition; a
means of saving in the cost of operation. It should reduce the
quantity of oil used and the amount of labor required for handling.
The plan of piping oil to such parts of an engine as journals, pins,
etc., whose rapid motion tends to throw off the oil, is a useless
one if no provision is made for catching the drips. An oiling sys-
tem has a tendency for accustoming its operators to the use of large
amounts of oil and it thus becomes practically impossible to induce
an operator to regulate the flow of oil so that it will be just sufh-
cient for lubrication and not allow any waste in drips.

Early in the design and plans for a station, the decision should
be made as to whether or not an oiling system will be used, so that
when the machinery is ordered there can be incorporated in the
design such details as will help to make an efficient and effective
olling system. Main journals, crank pins, cross heads and similar
parts should be provided with oil guards, pockets, drains, etc., and
it should be specified that all bearings be guarded so that when a
continuous stream of oil is fed, all the surplus oil will be caught and
directed into drain openings and thus returned to the system.
Bearings that cannot safely be flooded with oil do not belong on an
oiling system.

Under quite ordinary conditions the engine of a 1,500-kw. unit

“would have oil fed to it at the rate of a barrel an hour, which

would be called simply, “liberal lubrication.” When men get
accustomed to seeing oil fed in this manner it is useless to try to
induce them to feced through an oiling system at the rate of a drop
a minute.

For such bearings as have no oil guards, the only practical
method is to insist that these bearings be oiled by hand and thus
the attendants will use as little oil as possible and save themselves
extra labor in filling. Many of the unguarded journals, such as
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small wrist pins, valve gears, etc.,, can be well and eccnomically
lubricated by using grease in compression cups. Sponge grease is
quite successfully used on valve gears of extremely high tempera-
ture. Those bearings not provided with oil guards or grease cups
should have an ample number of oil holes suitable for lubrication
from a hand oiler. r

A return oiling system should serve the following engine bear-
ings: Main bearings, crank and crosshead pins, cross head guides,
eccentrics and stationary rocker pins of Corliss engines which have
drip pans under them. It should be specified that the vacuum
pump be provided with oil guards and drains for these same bear-
ings. Much trouble is occasioned by the lack of forethought when
ordering machinery, because it is useless to make provision for
flooding a journal with oil if there is no provision made for caring
for the waste oil and thereby allowing it to discharge onto the floor.
The only method left in a case of this kind is to use extremely high
grade oil, fill the cups by hand and endeavor to have no drips. In
this case the practical method of learning when to check the oil
supply is to notice whether the oil has run down onto the floor on
account of too great a supply or whether too little oil has caused
a hot bearing. Such a method of feeding oil is extremely expen-
sive, not only on account of the oil wasted, but because of the
injuries occasionally caused by hot bearings and the extra labor
needed in constantly watching the oil feeds. As stated before, the
machinery must be fitted for an oiling system in order that the
use of such a device may be justified. The running of a lot of pipes
to an equal number of oil cups signifies nothing more than that it
takes the place of a man carrying the oil. The economy of an
oiling system does not make itself appreciable when the journals
have not been provided with a means for carrying away the drips
and reusing them.

It may seem all right to say, “We will take up the matter of-
the oiling system when we come to it.” The fact of the matter
is that an engineer has “come to it” with every system to be
installed the moment he starts writing the specifications for appa-
ratus. He should by all means lay out all the diagrams for the
entire plant before ordering anything.

Various systems are in use for delivering oil to engine bearings
and returning drips to drip tanks. One system is the same as that
shown in Fig. 57 for cylinder oil. The tanks, pumps, pump gover-
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nors and distribution main, also the method of taking steam from
two sections of the main header, are the same; the only difference
is that the pressure used is not as high as that in a high pressure
cylinder oil piping system. The same objections arise in handling
engine oil as have been stated regarding the use of cylinder oil;
that is, the pressure varies to such an extent that it changes the
quantity of oil fed to the journals.

The system shown in Fig. 56 is also applied in using engine oil,
the ability to maintain a constant pressure is grged by the sensitive-
ness of the air compressor controller. Such a system necessarily
gives a perceptible variation in the oil discharge whenever the air
lines are used for other service besides supplying the oil tank. It
is quite unnecessary to measure the quantity of engine oil used in
a return system, because it is difficult to effect any perceptible saving
when drips are returned. An operator may run ten barrels through
the system during his shift and the shrinkage on this amount dur-
ing its circulation may not exceed one gallon. A wvery compli-
cated system would be required if it were necessary to have such a
large storage capacity and care for such volumes of oil and then
be called upon to measure the loss of but one gallon. In practice
this has not been considered at all essential. The chief require-
ment for an engine oiling system as before mentioned is that it may
be thrown out of service on a moment’s notice and some hand
system substituted without necessitating the stopping of the engine
or in any way endangering the journals. The system should be
merely a convenience, readily dispensed with when necessary.

There are many styles of oil cups or feeders used to control
the amount of oil fed to an engine. The style most commonly
used, due possibly to the fact that it was originally used in hand
oiling and was furnished with the engine, is the regular pattern
sight-feed glass oil cup with the hole drilled in the top for a pipe
nipple to attach the oil piping to the cup. A valve is placed in the
line to the cup for regulating the flow to the cup the same as the
regulated flow from the cup to the bearing. The necessity of
watching the cups in this style of feed is its most objectionable
feature because it requires very frequent regulation of the valve,
and if not closely watched the oil will spill over the top or the
cup will run empty. The latter condition would be shown very
conspicuously. This style of cup requires constant watching of the
feed and much manipulation of the valves,
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A second style is that of the closed glass-body pressure-cup with
one hand regulating valve. This cup requires less attention than
the first style and it has only one-half as many valves to shut off
when closing down the system. The glass, however, is under
pressure and a slight crack in it will cause a bad leak, and for the
same reason the joints at the ends of the glass must be securely
made. These cups can be filled by hand by closing the valve in
the pipe supply and removing the plug.

The third style is merely a regulating valve, there being two
forms, hand closing and self closing. The hand closing valve can
be set for the desired feed, so that when shutting down the machine
and turning over the cam or other device this closes off the oil
flow but retains the set for feeding. This style of valve is made
by one manufacturer in conjunction with a regular glass sight-
feed cup, making a separate device of each up to the drop sight
glass. Automatic or self closing feeder valves are either of the
diaphragm or the ‘piston form. An objection to the diaphragm
form is that it requires a very high pressure on the oil lines to
operate, usually about 6o to 8o lb. when the copper diaphragm is
old and hardened. The piston form with a leak port to the journal
works on as low as a 15-ft. head, making this type very satisfactory
for use with gravity systems. |

Self closing valves are arranged to discharge oil to the bearings
by opening the one oil main valve, thus allowing the pressure to
open the automatic valves to the set position. Diaphragm auto-
matic valves are not used except with high pressure oiling systems.
This is due to the pressure required for opening them, and the
success of the operation of the machinery is contingent upon the
successful operation of the oiling system. In other words, an oiling
system of this type must always be in effective operation for con-
tinued running and therefore is not merely a convenience.

The requirements are very satisfactorily met by the piston type
automatic valve with hand arrangement for feeding and regulating,
when oil is fed by hand. This style allows the use of gravity oil-
ing systems, is self closing, free from glass parts and can be used
with a small reservoir at each engine as shown in Fig. 59 and allow
the shutting off of the main parts of the oiling system, or it can be
used independent of all piping as a separate hand-fed cup. An
engine oiling system of this type would have as one of its details an
emergency tank placed just above the highest cup and arranged
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so that it could be filled by hand during those times when the
oil main is out of service. Should the lines on the engine be
damaged during operation the entire engine piping system could be
shut off and the cups hand filled until the damaged section was
capped up. Then the piping system would be opened and again
be allowed to feed into the cups. If one or two of the cups were on
the damaged portion of the pipe they could be filled by hand until
such time as the engine could be shut down and the pipe work
repaired. In regular service when the engine is to be started the
stop valve 4 is opened, then
all cups open from the oil
pressure and start flowing.
On shutting down the engine
the valve 4 is closed and the
lack of pressure to the engine o«

oil supply allows all the cups Fic.59. System; Independent Hand Supply
to close automatically. This 8;2:55;{2:1“‘5 iniConyamctionkwiiRIES
is quite a valuable feature

on a large compound engine that has between twenty-four and
thirty cups, and especially is it advantageous over a system of cups
whose set must be disturbed to close the cups.

The supply to the feed main can be of the low pressure or gravity
system for any of the different styles of feeders except the dia-
phragm pattern self-closing cup. This latter type must be used
with a fairly high pressure system if satisfactory operation is to be
insured, and so gravity pressure is quite out of the question, because
the head required for 8o-lb. pressure in a gravity system would
be 185 ft. above the cups or somewhere near the top of the
stack.

There are various methods of supplying the oil main but these
requirements must be provided for if it is wished to have a prac-
tical and satisfactory system:

1. Any piece of machinery used to supply the oiling system must
be so designed that it will permit of its being shut down for an
hour or two without stopping the supply of oil to the engines.

2. All tanks, filters, and similar apparatus should be of the open
pattern, which will permit complete inspection at any time.

3. Means must be provided for discharging any water returning
with the oil drips.

4. All tanks, filters and similar apparatus must be so designed
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that they will permit of thorough cleaning while the system is in
operation.

5. Drip lines should be so designed that any branch or section
can be cleaned out without taking the pipe work apart.

6. The system should be so arranged that it will operate con-
tinuously and not require constant watching to see that one tank
will not overflow, another run empty, etc.

Some of the systems for supplying oil do not satisfy these require-
ments; for instance, engine oil supplied to the main by a pump
and governor as in Fig. 57 requires the continued operation of the
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F16. 60. System; Oil Drip Return, Filters, and Air Pressure Oil Tanks.

pump. The system shown in Fig. 56 requires the air compressor
to be in operation continuously unless the storage air tank is of
sufficient capacity to allow air to expand, say, from 20 lb. down
to 10 lb. in discharging oil for 2 hr.,, which discharge may be
4 bbl. A tank of about 16 bbl. capacity or 1oo cu. ft. would be
required to run such a system for 2 hr., but ordinarily the air
tanks would not have over 2 or 3 bbl. capacity, which would
be sufficient for only 20 min. run. Another objection to the air
system is the inability to properly clean the tanks, since they are
closed in from view so that their condition cannot be noted.
Probably as satisfactory an air system as can be laid out is
shown in Fig. 6o. It will be noted that the tanks and air com-
pressors are in duplicate. The filters are also in duplicate and
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arranged so that both can be worked in parallel, not in series,
because the work done in a filter depends upon the veloeity of the
flow through the filtrate. The small open tank A is a recciver,
designed to take the discharge from the filters during the time of
changing over from tank B to tank C. When tank B is taking
drips from the filter, tank C is under pressurc. When the oil
becomes low in the tank C, the drip from tank A is closed and air
pressure is put on tank B; when tank B is under pressure the valve
to the oil line is opened and tank B put onto the system. Then
the oil valve at the bottom of tank C is closed, air vent is opened
and the valve between tanks 4 and C is opened, thus allowing the
filtered oil to replenish the supply in tank C. If these tanks have
a capacity of 8 or 10 bbl,, this arrangement of valves need not be
disturbed for 4 or 5 hrs. The tanks B and C accumulate much
impurity. Unless tank A has sufficient capacity to store the
drips while tanks B or C are being cleaned, it may be found
necessary to do this after shutting down the machinery at night.
The device D must be a dividing arrangement which will allow
one half the drips to flow each way, and this is rather a difficult
detail to provide if it is wished that the division be even fairly
accurate. Although not shown in the figure, all tanks would require
sewer connections as outlets for water, refuse, etc.

This system, Fig. 6o, fails to provide the necessary previously
stated requirements, 2, 4 and 6, and unless the air tanks are large
it will fail to provide for requircment 1. '

Instead of using air as a pressure supply for the oil, the same
system as that shown in Fig. 6o can have its pressure supply by
water. In this case the oil would be taken from the top of the
tank instead of the bottom and the water would be admitted at
the bottom. The use of water in oiling systems should be elim-
inated as much as possible, not only in tanks B and C, but in the
filters, because enough trouble is caused by water incorporating
with the oil, even though every precaution is taken to avoid it. In
one particular case the system shown in Fig. 6o was originally’
equipped for water pressure and was operated thus until the con-
dition of the oil required the change to air pressure; about 30 per
cent of that which was supposed to be oil was water permanently
carried in suspension.

This difficulty does not appear in cylinder oil feeding systems
which use a water condensation column to carry oil into a steam

.
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pipe, because cylinder oil is much heavier, and even though it
would take up water the fact would never demonstrate itself, since
the oil does not return to afford the chance to again take up more
water and thus by repeated contact combine into a soapy mass of
froth and foam that will neither flow in drain pipes nor pass by
the needle valves of oil cups.



CHAPTER VIIL.
OIL AND WATER PURIFYING SYSTEMS.

0il Purifying Systems. The filters shown in Fig. 6o are in the
path of the return drips to tanks B and C. If the beds in these
filters are close laid and suitable for effective filtration, then in case
of flooding journals, the filter will be flooded and overflow onto the
floor. Anyone contemplating the use of filters in a return system
must provide for a flow through them somewhat greater than the
maximum flow fed to the engines. It is safe to estimate that this
flow will equal the greatest capacity of the pipe lines which supply
the cups. In designing station work it is useless to design for only
that which is essential. If one part of the oiling system is designed
to deliver 4 bbl. of oil an hour to the bearings, then the return
part of the system should have a like capacity. In station opera-
tion it is not an uncommon thing to sec an operator drag a hole
through the filtering material, “so the oil can get through,” as he
will say. Usually this is the only practical thing to do.

In oil cleansing apparatus using filtering material a satisfactory
design is to enclose this material in a receptacle similar to a
galvanized iron tub. This tank or tub should have a perforated
bottom and a perforated plate laid on top to retain the filtering
material. In case the filtering material is 6 in. deep and the sides
of the tub are 18 in. high if 12 in. of oil pressure on top of the
filtering material is not enough to force the oil through, it can
spill over the edges of the tub into a tank in which the tub should
be set. This may seem to be a crude method, but it is far more
effective than to attempt to force oil under a high head through
a filter bed that yet contains those impurities collected from the
oil while it was flowing more slowly. Such a system collects
impurities at one time and then when an overload is thrown upon
it and a larger quantity of oil demanded, this oil under a higher
pressure washes the previously strained impurities through the
filtering material and back into the oil mains. Such is not the
case with the “tub” plan. The tub filter will remove whatever

97



98 STEAM POWER PLANT PIPING SYSTEMS.

impurities it can and the others will flow over the sides with the
oil and be picked out at some other time.

The doubtful value of an .oil filtering system can be demon-
strated by a simple test. Take two sample bottles of oil, one
drawn immediately after it has passed through the filter, and
the other taken before being filtered, the latter first having been
passed threugh a fine “milk strainer” wire sieve to remove foreign
bodies, such as lint, scale, etc., and let these bottles stand undis-
turbed for a month’s time. Examine them closely and note the
marked amount of clarifying that has taken place as a result of pre-
cipitation. The observer need not be surprised if he cannot tell
which of the two samples of oil is the clearer. He should note
carefully the results of precipitation, observing the large amount of
separation that has taken place while he has been trying to get
equal results from the filter. If a bottle of oil can, in this manner,
be so thoroughly purified, why not subject all the lubricating oil
to this same treatment?

To accomplish this successfully it will be necessary to take part
of the oil out of circulation and allow it to remain quiet while
precipitating. Means must be provided for drawing off the clear
oil for use in the system and for leading into an empty barrel the
heavy, fatty oil lying between the clear oil and the water. The
piping should be arranged so that the water can be run from the
precipitation tank to the sewer and the tank thoroughly cleaned.
After cleaning, the tank can be filled with clear oil and the valves
closed. Then the “batch” of oil that has in the meantime been
serving the machinery can be subjected to the same process of
precipitation with like results. The heavy, fatty oil which forms in
a layer in the precipitating tank is wholly unfit for piped oiling
systems, but can be _made use of elsewhere. Ordinarily much
of this heavy, fatty oil is lost in cleaning out the closed tank.

An oil supply system using precipitating tanks is shown in Fig. 61.
The two precipitating tanks are alternately used, one as a gravity
tank, and the other as a precipitating tank. From the pans
under the engines the drips are separately carried to drip pots.
The lower part of this type of drip pot is held against the upper
portion by a stud bolt passing through the center of the top. The
joints between the two sections should be ground and no gaskets
used. The purpose of these drip pots is to catch such heavy pre-
cipitation as would lodge and choke the pipes. These pots also
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take the place of T’s and the angles are turned with bends in place
of L’s. With this construction there are no corners or edges
around which the drips must pass on their way to the pot and
therefore little chance for clogging. The common practice of
using crosses and plugs also increases the liability for clogging.
The bent pipe avoids these obstructing edges and corners and
furnishes a pipe line that can readily be cleaned with a wire, from
the inlet all the way through to the drip pot.

There are two discharges into the receiving tank; 4 is the regu-
lar inlet and B the special connection to be used when the
automatic water discharge is being cleaned. The oil drips are
conducted to a point low down in the water separator and the
cross discharge pipe is perforated, with the openings looking down.
The water overflow is located 2 in. lower than the oil overflow.
This allows 20 in. of oil over the water in the separator. The
three upper trays shown in Fig. 61 are provided with screen wire
bottoms. The lower screen tray has a brass wire gauze of very
fine mesh. These trays are arranged with the screens graded from
coarse at the top to the very fine mesh at the bottom, so that each
removes its particular size of impurities. If the top one becomes
blocked the oil will then run over the edges and be strained in a
lower one. The bottom tray has but one opening. This is located
over the funnel leading to the oil pump suction. The tank in
which these trays are placed should be provided with doors in its
sides to facilitate the removal of the trays for cleaning. In this
way the trays can be cleaned, onc at a time, during regular opera-
tion. The trays should be set back sufficiently far from the clean-
ing door to enable an operator to inspect the bottom of the tank
without disturbing the position of the trays. To aid inspection an
clectric lamp should be placed inside the tank as shown in the
figure. "The edge of the water overflow must be long, say 18 in.
or more, to avoid building up a head on this edge when discharging
a large volume of water as would be the case when the drips were
being flushed with hot water. To care for a flow of three or four
barrels of oil an hour, the overflow edge between the separator
and the tank should be not less than 12 in. long.

A small pump is shown with its direct connected motor of the
slow speed type placed above the pump on the engine room floor.
This pump should be of the slow speed rotary type so that it will
“cause the least amount of agitation and frothing of the oil. Tell-
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tales are shown connected to the tanks overhead and in view from
the engine room. The elevated tanks should have light, loose
covers the full size of the top of the tank with suitable openings in
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F1G6. 61. System; Gravity Pressure Oil Supply, with Precipitation Tanks.

these covers for the removal of the telltale floats during that time
when the tanks are being cleaned. Around the tops of these tanks,
on the inside, there should be overflow rings with the overflow
levels about 4 in. below the upper edges of the tank shells. In the
figure, tank C is shown in use as a gravity tank and D as a precipi-
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tating tank. Tank E would be of small capacity, not over half a
barrel; this tank is used in connection with the overflowing of the
large tanks after precipitation. A water connection is run to the
under side of the tanks. By this means the contents of the pre-
cipitating tanks can be raised as gradually as desired. A perfo-
rated disk is placed in the bottom of the tank to dissipate the flow
of the incoming water and thus avoid disturbing the precipitate.

Previous to the withdrawing of the clear oil from a precipitating
tank, the drip lines and receiving tank should have been well
cleaned out, and the impure oil pumped into tank C. The suction
at the bottom of the receiving tank should be opened to remove all
deposits. For illustrative purposes tank C will be considered as
the tank which has been furnishing oil to the bearings. The suc-
tion to the receiving tank would next be closed and oil would be
drawn from the lower tight bottom tray F through suction G,
closing suctions H and J. The discharge of the pumps will keep
the dirty oil out of the receiving tank and allow the clean oil from
the precipitating tank D to run into the receiving tank. Thus the
precipitating tank will be made ready to circulate clear oil again.
After tank D is cleaned the suction of the pump is then changed
from G to H and the discharge is reversed from tank C to tank D,
and as soon as oil is over the discharge opening, the oil main dis-
charge of tank C is closed and D is opened. By this cycle of
operations the system has been cleaned and tank C is now out of
service, full of oil and ready to remain undisturbed while the
impurities precipitate. Funnels are placed under the tank wash-
outs to enable inspection while drawing off water and to avoid
losing oil. Steam is carried up to the gravity tank to be united
with water for cleaning purposes. ~ The size of tank E is such that
it will hold the refuse oil, thus giving the attendant an opportunity
to draw off this oil from the precipitating tank before going to the
basement to arrange for the discharge of this refuse into a storage
barrel.

The operation of this system is continuous and if the pump is
run all the time there will be no occasion for watching any portion
of the system. Even though the pump be shut down, the telltale
would show plainly at all times and the pump motor starting box
would be convenient for starting or stopping the motor at any
time. The pump should be located below the oil tank so that its
suction will always be filled with oil. The gravity tank can be
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filled only to one height. At this level the oil will overflow into
tank E. When the latter tank is filled it will overflow and the
excess oil be returned to the receiving tank. There should be no
valves in the return overflow.

This system covers the requirements very thoroughly; the only
additional precaution that might be advisable would be to place a
small steam pump or another duplicate motor driven pump in this
system. The additional pump would serve as a reserve and permit
repairs to the regular motor driven pump while the oiling system
was in regular operation. The precipitating tanks would be of
sufficient size to hold enough oil to run the plant possibly three or
four hours.

In Fig. 62 a more detailed system is shown for the arrangement
of lines essential to continued operation. It will be noted that two
pumps are shown. In fact it is not possible to lay out a systematic
plan for continuous operation having but one machine for any par-
ticular service. One of these pumps could be steam driven and
answer all demands except convenience of operation; a small
steam pump is generally a nuisance as the cylinders become filled
with condensation, the packings at the rods are constantly leaking,
and due to the fact that the pumps should be placed below the
receiving tank this ordinarily locates the little pump in the dark,
out of the way place so that it gets little inspection and thus a
close watch must be kept of the telltale to be sure that the pump is
running properly. With a rotary pump in the basement at the
tank and the motor on the engine room floor it is very evident
what the pump is doing.

Fig. 62 shows the drips of each unit, collected and run separately
to a funnel on the receiving tank. This is the most reliable method
as it is thus quite possible to clean all the pipes of an engine while
out of service or to take down any one of them without interfer-
ing with the operation of the other drips. The loop system for
drips is not practical since the drips require a fall to aid in keep-
ing the pipes clean. An oiling system is a class of service that is
difficult to systematize and it is a service that may block up and
give trouble at almost any time. The lines should all be as free
from valves and fittings as is possible.

Perhaps a better detail for a long drip main could be made by
using a heavy galvanized iron open top gutter well supported and
covered with sectional lipped covers. This gutter could be cleaned
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out readily while the plant was in operation and by having separate
connections to the tanks it would be possible quickly to throw out
the tank in use and use the precipitating tank, possibly drawing
off the precipitated water before doing so. There is no serious
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F16. 62. Sample System ; Shown in Fig. 61 and Arranged for Continuous Service,

objection, on a score of continued operation, to the using of but one
receiving tank, because there are two separate compartments in
the tank with separate discharges into each and separate suctions.
With the system shown in Fig. 62 it is possible while changing
over the precipitating tank to run one pump on the bottom tray,
delivering back to the tank that has been in use, and use the other
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pump to raise clear oil from the receiving tank back into the clean
gravity tank, both pumps being run during this period. In fact,
there are too many advantages in the use of two oil pumps to
endeavor to run but one, and the cost is too slight to call for a dif-
ferent mode of operation. If it is found necessary at any time to
stop the pumps for a considerable period, this condition may find
the plant running short handed and cause much disorganization
among the operators. This is one of the chief objects to keep in
mind in designing systematic station layouts — that is, to arrange
the details so that it will be possible to make repairs at any time
and not interfere with the regular work and hours of labor as
assigned to the station help.

Water Treating Plants. There is another class of station piping
systems that as yet has not been considered; this is the system of
water treating plants. There are virtually three styles of water
treating systems: the intermittent open, the continuous open, and
the closed continuous system. These systems will not be dis-
cussed in detail except in regard to their piping. The open systems
are very large and are customarily placed outside of the power
plant proper. The pressure system is ordinarily placed indoors
and conveniently close to pumps, heater, etc. The open systems
are operated with cold or warm water; the higher the temperature
of the water the more quickly will the chemical reaction take place.
The advocates of cold water feeding systems argue that a station
may not at all times be able to furnish warm water, therefore the
treatment plan should meet this condition. And also, if a plant
has capacity for part of the time with cold water, it can always be
operated at this or a greater capacity; hence it is not necessary to
heat water any of the time.

The open systems require elevating water to the upper mixing
tanks, whence it flows by gravity through the different stages until
it reaches the settling tank. In all the water treatment systems
the boiler feed is drawn off close to the upper surface, since the
lower water is in the path of the descending precipitates.

The builders of water treating plants are willing to use steam
from a steam pump that handles the water for treating service be-
cause steam is always available from this source while the treating
plant is in operation. In case condenser discharge water is cus-
tomarily used and the size of the treating plant has been determined
with regard to the temperature of this water, if at any time the
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condensers were not in operation, then means would be required to
raise incoming cold water to the same or higher temperature. The
higher temperature required is on account of the fact that the
engines would use more steam and thus the boilers need more
treated water when the plant was running non-condensing. As
the demand for water increases beyond the capacity of the tanks, it
is necessary to increase this capacity by raising the temperature
of the water, and for every given temperature of water there is
for the same water a given ultimate capacity. If it were possible
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F16. 63. System; Intermittent Water Treating Plant.

to raise the temperature of the water to that of steam by means
of an open live steam heater, the reaction would be very quick;
in fact, the high temperature alone, without chemical reagents, will
precipitate the carbonates and sulphates of lime and magnesia if
allowed sufficient time and if ample surface exposure is provided
for liberating the gas that holds the impurities in solution.

An open intermittent system is shown in Fig. 63. This arrange-
ment requires a greater amount of room and possibly a little more
attention than the others, but it possesses points of merit that cannot
otherwise be obtained. A predetermined amount of chemical
is run from the upper tank into a tank full of water, then thoroughly
agitated, the agitation being kept up during the entire time of
chemical reaction, then left entirely alone and undisturbed while
precipitation takes place.

The success of chemical treatment is dependent upon two condi-
tions, absolute proportioning of chemicals and water throughout
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the entire mass, and perfect precipitation. The continuous treat-
ment requires constant measuring of chemicals and water and also
a constant flow of water during the time precipitation is taking
place. It will be noted in Fig. 63 that the exhaust from the steam
pump is run to a closed heater, and a live steam connection is also
provided, which may be used in case of an increased demand for
water, but it should be remembered that too small a plant will
increase the operating expenses both for chemicals and steam.
If ground space is extremely valuable the high type of continuous
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F16. 64. Sample System; for Water Treating Plant.

system will be a more suitable arrangement. Should there be
no space available outside of the plant, then the pressure system
will show to an advantage.

The piping plan for the intermittent open systems should be
similar to that shown in Fig. 64 in case it is to be applied to the
power station plans previously considered, and shown in Fig. 19.
If an intermittent open system is used, it would be advisable to
install the open heater as shown in Fig. 64.

As in the case of continuous systems, if the water were running
constantly through the treating plant the exhaust heater could be
differently placed, as shown in Fig. 65; then all the atmospheric
steam would be used to heat the water say to 160 or 170 degrees
before passing the water through the chemical treatment. By this
arrangement the low pressure pump attached to the feed pump
would deliver water into the heater and the heater would over-
flow into the treating plant. The boiler feed pump would then
take the treated water by suction. This arrangement of piping
supplies a by-pass around the heater and another around the
treating plant. The treating plant piping should be as simple
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as possible; this plant is merely to improve the efficiency of the
station, and in case of repair may be shut down at any time.
The mixer shown is operated generally by the flow or weight of
the incoming water; it operates on the plan that 10 Ib. of water
will pump or otherwise discharge into the incoming water 1 oz.
of liquid chemical, or such other volume as the device is set for.
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FIG. 65. System; Continuous Water Treating Plant.

The pressure chemical treating plants are evidently all designed
with the single idea of ‘“compactness,” and since this is their excuse
for existence, it may also be called their advantage.

Fig. 66 shows a closed system. The open heater, 4, is arranged
with the precipitating chamber a part of and beneath it. B and C
are the filters. D is the pump with a double water end, one cylin-
der g arranged to pump water up into the heater, the other cylinder
h, designed to pump through the filters to the boilers. The tank E
is for diluted chemicals which are pumped by the chemical pump F.
Instead of driving the cylinder of pump F by an ordinary steam
cylinder, the cylinder is arranged with no valve, but having a hole
under each end and a pipe run from each hole to the proper end of
the boiler feed pump cylinders. Thus the little chemical pump is
operated by and in unison with the feed pump, feeding one cylinder
of chemical compound to one of feed water.

The regular operation of the filters is to feed through the top of
the tanks and discharge from the bottom to the feed main. The
filters may be run in series or in parallel. When cleaning a filter,
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the feed main connection is closed, as are the heater or small pump
connections; the blow-offs are to exhaust across the top of the filter
bed, underneath, and up through the filter bed. Filters are used for
this system because tanks of their size would be too small to allow
water to come to a state of rest and permit the impurities to pre-
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F16. 66. System; Pressure Water Treating Plant.

cipitate. For this same reason filters are also necessary for an open,
intermittent or continuous system, if ample time for precipitaticn is
not to be had.

There are some interesting details in connection with the different
systems previously shown. These will be considered in the same
order as the diagrams. There are various minor systems that will
not be further considered except in connection with later detail
work. It would be useless to endeavor to plan diagrams that could
be used as model layouts and suitable for duplication in regular
work. No two engineers have even similar ideas in regard to a
general layout of station requirements; in fact, no engineer would
duplicate his own previous work. It is only by planning and exe-
cuting that which is not right that we learn what to evade on other
work, and each evasion of previous difficulties only brings us in
contact with new ones. The chief object in showing these various
systems and diagrams has been to illustrate what not to do rather
than what to do. There is a great laxity in the methods employed
in laying out station work in general, and if these diagrams suggest
a method of securing a more perfect system this publication will
have accomplished all that is anticipated for it.



CHAPTER IX.
PIPING DETAILS.

Classification. Under this heading will be shown some details
of construction, including the assembly of the various parts as well
as special details pertaining to these parts. The illustrations of
systems previously shown were merely diagrams, and until such
diagrams have been laid out, and the selection of the system to
employ has been finally decided, but little progress can be made in
determining details. Detail work and accurate scale drawings
should follow the diagram layouts, and, although the diagrams
may be considered the “key” to the piping plans, they should not
be regarded as final until the details and scale drawings are com-
pleted, as it may be found that some minor connection can be made
much more readily by slightly modifying the system rather than
running a special long or otherwise objectionable connection.

The station pipe work and system should be as simple as it is
possible to have them without sacrificing their reliability. Itis a
very common mistake in pipe work design to complicate the system
to such an extent — in the attempt to provide numerous means of
supply to station appliances — that the danger of interrupted
operation from piping difficulties becomes greater than that from
the apparatus which is being safeguarded. Power station design
should be a well-digested compromise of all the various station
requirements. If the designer has an extensive knowledge of but
one of the different station requirements, such for instance as
electrical work, he will have his “diagram” of such work well
developed and provided for. If it secures better results to have
electrical diagrams well determined before undertaking the details,
why should not piping diagrams be given similar consideration ?

There are but three factors included in the systems in power
station construction, viz., electrical, piping, and coal and ash
systems; before any details or scale drawings are attempted a
system should be laid out in diagram combining all three factors,
as each is affected by any modification of the other. The details
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shown in the following pages are classified according to the system
to which they pertain; for example, class A will include live steam,
class B, exhaust steam, etc. The number affixed to the class letter
represents a sub-division of that class; for example, A1 represents
“live steam, headers or mains”; A2 represents “live steam, engine
branches.” The different details of the same sub-classes are
numbered serially, as A1-1 and A1-2, etc. It would be well for
the designer to construct, according to this system, an index of
details, containing all the different classes and sub-classes.

This index will be found specially useful in laying out diagrams,
as it will be a reminder of the great multitude of lines and con-
nections that enter into a piping system; and it will draw to the
attention of the pipe work designer the many little lines and con-
nections that are easily overlooked in preparing drawings and speci-
fications. These oversights often make pipe work “extras” a very
large item in station building, and anyone who has had experience
in letting contracts knows that many contractors offer bids which
permit of but very slight profit, depending upon “extras” to make
the job a desirable contract. The index will aid very materially in
eliminating these extras, which not only result in a very expensive
method of doing the work, but which reflect on an engineer’s ability
to properly prepare specifications.

Another advantage in using such an index is that it avoids the
necessity of bearing in mind every line and connection required,
which means much time saved; a line laid out with a connection
overlooked may require much time and study in order to place the
missing connection at some point where no provision for it has been
made. Space should be left after each class in the index to enable
the designer to add lines or connections which may later be found
necessary.
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CHAPTER X.
LIVE STEAM DETAILS.

Class A1 — Live Steam Header or Main. Detail A1-1, Fig. 67,
shows the most common method of constructing steam mains and
headers, using wrought-iron pipe with flanges attached to it, and
cast-iron fittings. In fact, there is no other style of construction
that the large manufacturing companies will guarantee. The
fittings can be finished so as to have parallel and right-angled faces,
and the flanges on the pipe can be faced after they are secured to
the pipe, insuring a perfectly straight pipe line when assembled.
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Fic. 67. (A1-1.) Fic. 68. (A1-2.)
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Detail A1-2, Fig. 68, shows an old method of making headers
that has been abandoned, due to the great difficulty of keeping
riveted work tight. Riveted work should be completely avoided
for any lines or branches that are subjected to strains of expansion
and contraction. Another objection to this style of header is the
inaccuracy of the joint faces. The nozzles are liable to have flange
faces on any conceivable plane except the correct one, and the
flanges at the ends of the pipes, which are set by hand, are sure to
be out of true in some direction, the amount of inaccuracy depend-
ing upon the care taken by the workmen in assembling the work.
Hand labor is a very uncertain method for securing accurate work.
If the conditions are such as to demand the use of nozzles riveted
to the pipe the rivets should be threaded, stay bolts screwed tight
into tapped holes and riveted over each end to avoid leakage past
the rivets. The flange should be a stecl casting, so that it can be
calked. Instead of using say two tees in the header for two
boilers, and another tee for the engine, it is oftentimes more eco-
nomical to construct one casting like detail A1-3, Fig. 69, and have
fewer joints to care for.

11
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It may occur to the pipe work designer that he would be depart-
ing from the manufacturer’s standards to call for a manifold of
this style; that such a detail would require special pattern work
and special arrangement of tools at the factory, making it much
more expensive to build than two standard tees, and a cross. Large
high pressure fittings are not carried in stock by the manufacturers,
therefore they are “specials” in the machine shop even though they
may be made from standard patterns. To compare the cost of this
manifold with a manifold made from three separate fittings we must
consider the cost of patterns against that of four-faced flanges,

Fic. 69 (A 1-3). Fi1c. 70 (A 1-4).

drilled with bolts and gaskets, and the labor for making the joints.
The manifold made in one piece will invariably cost the least, and
if there should be no saving in cost this detail is decidedly preferable
from an operating standpoint on account of its easier maintenance. .

In order to lay out the desired system it may be found necessary
to run long connections, say from the boiler, in order to place the
header valves according to the diagram previously determined upon.
Such a case is shown in detail A1—4, Fig. 7o.

The system should never be sacrificed for any notional idea of
symmetry of connections. To preserve the desired system it may
be found necessary to increase the length of a boiler connection say
10 or 15 ft., a feature which is neither expensive to construct nor
to operate, as it would not ordinarily require any additional fittings
or valves. In case the header is not over 200 ft. long it will not
require any other provision for expansion than the branches to
boilers and engines, which should be equal to a full length of pipe in
each case. By anchoring the header at the center, the expansion
would amount to about two inches at the end of the line, and this
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would be readily taken up in the boiler and engine branches. The
fitter would be able to lighten the strains by drawing the end
branches about an inch toward the center of the header when
making the joint.

If the connections are flanged so that swings may be used, they
will relieve themselves on the flanged faces while the line is heating
up, and greatly reduce the strain on the connections. The relief
thus afforded can be demonstrated by opening up an old joint and
allowing the other joint to throw the pipe connections into a posi-
tion free from strain.

In cases where extremely long mains are used it becomes neces-
sary to break up the straight line, as shown in the detail Ar-g,
Fig. 71, and provide anchors for the steam main both at the engine
and the boiler branches. In cases where
it is desirable to keep the entire length
of the header in a straight line, as’ would
be necessary in long, straight tunnel work,
it becomes necessary to take care of the
expansion at very frequent intervals if

elastic details are used to care
for the elongation of the pipe.
The U-bend for dividing head-
ers is the most common method
used in power stations. If the
bend is laid flat in a horizontal
plane, the drips will flow either
way through it; however, plac-
ing the bend in a horizontal
plane induces severe side strains on header supports, and these
must be well cared for to prevent the header from climbing up on
them and raising itself out of line. Placing a U-bend vertically
throws the stresses in a vertical plane, which ordinarily would be
fully counteracted by the weight of the header and branches; the
drips must be cared for in this case at each side of the vertical
U-bend. Which of these two difficulties can be the more readily
cared for depends upon the surrounding conditions of each in
dividual case.

Fic. 71 (A 1-5).
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A very elastic design of header is shown in detail A1-6, Fig. 72,
in which the header constitutes merely an equalizer from one mani-
fold to the next. The sizes shown are such as ordinarily would be
used for a 2,000-kw. unit. The manifolds should be anchored to
their supports, and throw all expansion strains onto the connecting
lines. Whatever the design for the header and connections may be,
it should be so arranged that the elasticity of the pipe will be suf-
ficient to take care of expansion and contraction. This is the only
means acknowledged as being permanent and efficient. There are
various special devices for caring for expansion, but their use is

Fic. 72 (A1-6).

confined to emergency cases only, or cases which will not permit the
use of sufficient length of pipe to secure the desired flexibility.

Supports for steam mains should be laid out to allow for both
expansion and the side movement of the line, as illustrated in detail
A1-35, Fig. 71.  The points in the pipe line that would be the center
of the expansive forces should be anchored to avoid vibration of
the lines. Expansion and vibration are two conditions that must be
provided for and neither must be permitted to interfere with the
other.

The fittings ordinarily used for large steam pipes are made of
cast iron and are extremely heavy. A much more desirable fitting
could be made of soft steel plate, stamped and lap-welded, as
shown in detail A1-7, Fig. 73.

The flanges could be of rolled steel, making an all-steel fitting,
light and somewhat elastic. If the manufacturer had his factory
equipped with proper machinery for making such a line of fittings
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he could without doubt produce them for about same shop cost as
cast-iron fittings. There is no question but that the engineers would
be universally in favor of using the steel plate fitting, and even if
their cost were 5o per cent more, large sized fittings would in-
variably be specified of this make. A demonstration of the general
desire for something more rcliable than cast iron
is evidenced by the very extensive, and in fact,
almost universal use of rolled-steel flanges in place
of cgst-iron ones, which were formerly used for
high grade, high pressure work. Manufacturers
are using what they term ‘“‘semi steel” for high
pressure valves and fittings, and for no other
purpose than to make them more reliable. Valves cannot be
made light weight and of extremely strong material, as it is
necessary to use sufficient metal in them to prevent any possible
springing or distortion that would prevent the valve faces from
closing tight. Fittings, however, do not have to be stiff and free
from distortion, and in fact the
more clastic the body of the
fitting, the less strain there
would be on,the connecting
lines.

Class A2 — Live Steam;
Engine Branches. The con-
nection shown in detail Az2-1,
Fig. 74, is quite frequently
used, as it allows a swing on
the joint faces ¢ and the top
of the throttle. The enginc
throttle is placed at the lower

morre €d of the branch, allowing

Fic. 74 (A2-1). the condensation to accumulate

over it when closed — a con-

dition that would be very objectionable for a boiler branch, but not
with the engine connection. When water is thrown out of a boiler
branch it is carried to the engine while under full speed and in
service. An engine branch, if not provided with a drain, will
immediately discharge its water into the cylinder and the engine
while slowly starting will discharge the water into the exhaust
pipe and out of the way. The drain is generally the warming pipe,

J U
F16. 73 (A1-9).
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and beforethe engineis started the condensation is carried off. This
style of connection should be used where the header is large, and it
acts as a separator and is provided with drains. The dotted lines
show a connection to a side-
opening throttle which has a
“triple-swing”’ connection, the
same as shown in solid lines.
A triple-swing connection, to
be such, must have a hori-
zontal and two vertical joint
faces at one end of the con-
nection, and the joint face at
the other end is placed so that
the axial line passing through
its center will not coincide
with the axial center line of
any of the three joint faces at
F. 75 (A2-2). the other end of the con-
nection. To secure the best
results possible in steam pipe connections, it is necessary to use
the “triple-swing” connection.

Detail A2-2, Fig. 75, shows a very usual, but nevertheless
improper connection. The header is small and provided with
drains and the receiver also is small and provided with drain.
Instead of separating at one point it is designed tofseparate at two.
High pressure drips are troublesome to take care of, and the fewer
points there are to drain the simpler will be the system. Itis a
very common practice to use a large header — about three times
the area of the engine connection — and depend upon the pitch
of the header to remove the water carried over with the steam.
This makes a very simple arrangement for caring for drips, as one
drip line will care for the entire system. The objectionable feature
of the connection shown in Fig. 75 is that it is necessary to drain
at two different points instead of one. -

Detail A2-3, Fig. 76, shows a well drained system. The header
is of just sufficient size to convey the steam — possibly the same
size as the engine connection. The separator is say twelve times
the area of this pipe, which greatly retards the velocity, and provides
a large volume of steam close to the engine. This receiver-
separator would be too heavy to place on an engine throttle, and,

.



LIVE STEAM DETAILS. 117

as shown, would be a support for the header. The engine branch
can be readily connected, as swings are provided at joints a.
To take a branch out of side of the header similar to that taken out
of the receiver would be bad detail, as it would not provide the
swing that is always necessary for good pipe work. In case the
steam header is placed below the
floor the same details would obtain
for removing condensation. The
receiver located below the header
is unquestionably the neatest and
safest detail of this class.

Detail A2-4, Fig. 77, shows
the horizontal receiver-separator,
which may also be placed above F16. 76 (A2-3).
the cylinder with the throttle on top
of the cylinder in the usual way, as shown by the dotted lines. One
of the great advantages in the use of separators independent of the
header is that the header can be made smaller, which permits the
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use of smaller valves and involves much less labor in making
repairs, the vibration is reduced and the general operation more
satisfactory. A plant that would require a 20-in. separator-header
would in case of using receiver-separators be able to use about a



118 STEAM POWER PLANT PIPING SYSTEMS.

14-in. header. However, the large separator-header should not
be considered anything but a means of partial separation, as the
diameter is too small — even though it be 20 in. — and would cause
the velocity of the steam flow to be about four times that through
a regular separator.

Class A3 — Llve Steam Boller Branches. The connection shown
in detail A3-1, Fig. 78, is one of the most approved forms of boiler
connection; it has the triple swing, the same as the engine connec-
tion detail A2-1. It is quite difficult, and in fact impractical, to
set a boiler or other piped device by the face of its pipe connection,
and the result is that in making the connection between a header
and a machine there are slight inaccuracies in every direction; and

BoeR

Fic. 78 (Az-1). F16. 79 (A3-2).

when pipe work is received and assembled additional inaccuracies
become apparent. The triple-swing connection provides means
of taking up these variations by rolling the different parts on their
faces. In case the elbow were turned up and steam entered the
header at the bottom, there would be swings provided the same as
shown. The connection shown in detail Az-1 has two valves, a
gate valve next to header and an automatic stop valve between the
gate and boiler, both valves being located at the highest portion of
the branch, insuring a dry branch at all times.

The connection shown in detail Az-2, Fig. 79, has a double
swing — on the three flanges ¢ and the flange b. There is no
horizontal face to swing on, and if the boiler flange were not
parallel with the face of the header tee it would be necessary to
make a bend in the pipe connection, or “spring” it by pulling up
on the connection bolts. There is no other detail in pipe work
erection that will cause as much trouble from joints giving out as
“sprung connections,” or in other words, forcing two flanges
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together that do not set parallel, by drawing up hard on the bolts
and compelling the pipe work to spring in order to make a joint.
The connection in detail Az-3, Fig. 8o, though quite common, is
far from good construction. It has but the two swings at joints a
and b, and there are two water pockets, Sne at each leg of the U.
In order to operate such a connection it is necessary to place a
drain in each leg, and constant attention must be given to draining
the connection before opening it into the header. If the U is made
of considerable height to provide for expansion, it is very possible
that the upper portion would vibrate to such an extent as to require
anchoring, due to the fact that the connection projects a consider-
able distance from its supports. The amount of motion that any

FiG. 80 (A3-3). FiG. 81 A3-4).

connection will permit without endangering its joints is determined
almost wholly by its length and not so much by its form.

Connection A3—4, Fig. 81, though a poor detail, has fewer faulty
features than A3z-3. By having the valve next to the header it
would not be a very serious matter to open the lower valve without
draining the branch, providing it was opened before opening valve
next to header; this, however, is no appreciable advantage, as

“regular operation” sometimes means doing the wrong thing until
some serious damage is caused. There are only two swings in this
connection at ¢ and b.

Connection A3-5, Fig. 82, has the same swings and gcncral con-
struction as detail A3-2. This connection is shown entering the
bottom of the header — a detail which is open to some eriticism.
There are many who believe that drips from the header will return
to the boiler through this connection, This belief is shared mostly
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by the operating engineer, who argues “We get rid of the drips,
where else can they go?” It is hardly correct to presume that the
current of steam which because of its high velocity carried water
into the header would later on permit it to return against this flow.
Nor is it possible that condensation will accumulate in the header
under a rapid steam flow through the boiler branches, and then
return when the velocity becomes less; the drips cannot accumu-
late in such a header, nor can they flow along the header to some
boiler which is not being worked hard, as the drips must then flow
into and through the rapidly flowing steam.

Since water of condensation cannot accumulate in the header
without flowing with the incoming steam, there is but one path for
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F1c. 82 (A3-5). FiG. 83 (A3-6).

drips to take, and that is the path of the steam entering the header
and flowing to the engine. The mere fact that the header is dry
does not indicate that condensation has been returned to the boilers;
it merely proves that drips do not stay in the header in “pockets,”
but keep moving, and this movement is toward the engines. If
this is to be the method of discharging drips, it would be quite as
safe to take engine branches out of the bottom of the header and
keep the latter constantly drained through the engine. Or in other
words, do not try to separate the water from the steam — a course
which is too objectionable to be considered; objectionable not only
in regard to steam economy, but because it makes it impossible
properly or economically to lubricate the pistons under such
conditions.

The connection shown in detail A3-6, Fig. 83, is objectionable,
due to the location of valve at @, which is placed at a consider-



LIVE STEAM DETAILS. 121

able distance from the line of supports, bb. The corner ¢ will
vibrate even more than the header, due to the amount of weight
that is free to move. In case ¢ is a fitting, it will also be liable to
vibrate to such an extent as torequire stay rodsrun to some support.
In designing such branches, care should be taken to keep the heavy
portions, such as valves and fittings, either near to the boiler or to
the header, or to such parts as project the least amount beyond
the line bb of pipe. Pipe work that requires tie rods and braces to
stay the branches is faulty in design.

Detail A3-7, Fig. 84, shows what oftentimes cannot be avoided, a
long branch from the boiler to the header. In case the connection
is made as shown in this figure, the valve at the boiler should be at

Fic. 84 (A3-7.)

the high point, and entire branch from the valve should be pitched
toward the header to avoid “water pockets.” In constructing the
branch in this way an objectionable feature is brought into the con-
nection which may justify a compromise, a choice of the lesser evil.
With the valve located at the boiler, the entire branch would be
under pressure when the boiler is off, and this would constitute a
large amount of condensing surface. In case any joint in the
branch should require repairing it would be necessary to shut down
the header to do so. To place a valve at the low point @ would
be inviting trouble, which would be quite sure to happen if the
operator should forget to drain off the branch before opening it into
the header. If it is possible to rise up from header and make a
the high portion of the branch, then the valve (or valves, if two be
used) should be located at this high point and all possibility of
pocketing water will be avoided. Ordinarily this would be best
detailed by placing a right angled (square) bend on top of the tee
and locating the valve at the upper end. The valve would then be
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secured against vibration; the long branch from the boiler to the
valve should have a gradual pitch from the boiler up to the valve.

Detail A3-8, Fig. 8s, shows an almost perfect arrangement for
boiler valves, the two being located next to the header on the highest
portion of the branch. The valve a is
the shut-off gate valve, valve b is the
. automatic-stop valve, and valve ¢ is
Borer the drain. The automatic valve can
| be taken apart when the header is in
operation. Before doing so the leakage

past the gate valve can be readily ascer-

soeoc®  tained through valve ¢, and if it is too
great to permit working on the automatic
valve, much unnecessary trouble -can
be averted. The valve ¢ can be retained as the tight valve
by using two valves, ¢ and b, and it should be opened or
closed only when the pressure is about the same on both sides of it.
The drain ¢ would remove any condensation lying between the
valves, but to avoid trouble in case
the operator should neglect to open
the drain, the valves should be
placed as near together as possible
to reduce the pocket to smallest
possible amount. The mere fact
that there is a valve at each end of
the pocket does not prevent its
filling with water, as it is next to
impossible to maintain valves abso-
lutely tight. The leakage continues
to condense until the space is filled
with water. The drain c¢.should Fi6. 86 (A3-9).
discharge into an open funnel so
that the operator can see and hear it when it is open. This drain
¢ is extremely useful when cleaning a boiler, as it discharges all
condensation out of the branch instead of permitting it to run
down the branch onto the boiler cleaner, in case he is working
under a steam opening.

The connection shown in detail A3—9, Fig. 86, is such as would
be used in case the header were located below the opening of the
boiler. There would be the same number of joints between the

F1c. 85 (A3-8).
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valves and the header, using the bend shown, as would be used with
an elbow, as shown in detail A3-1. The only difference is that
more radiating surface is exposed when the boiler is out of service.
It is preferable to sustain this loss rather than to run any chances
of damaging the steam machinery by water. If the connection
from the header to the valves can be made with one length of pipe
the radiation loss will be quite slight.

The connection shown in detail Az-10, Fig. 87, is extremely long,
and instead of making it as shown by the dotted lines there would
be less trouble from vibration if it were constructed as shown by the
full lines, its weight being kept close to a line drawn through the
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F1c. 87 (Az-10). F1G. 88 (Az-11).

supports. The far-projecting bend is almost invariably a badly
vibrating detail. The principles of detail A3-10 may be carried
out with gate valves also. .

The connection shown in detail A3-11, Fig. 88, is specially suited
for the systems shown in the previous chapter, in which the mains
or headers are merely by-passes from one group of units to another.
It is possible with this system to isolate one or all of the units, to
run No. 3 engine unit with No. 1 boiler unit, or run all as one sys-
tem, the header being an equalizer, and only a small portion of the
total steam passing through it. It is a very simple undertaking to
repair such a header at any time, the only loss being that due to
running each unit separately. Tests can be made with perfect ease
on any unit, by isolating it from all others. But one extra valve is
required for each group of units. If for any reason one steam
machine can be worked to better advantage with lower steam pres-



124 STEAM POWER PLANT PIPING SYSTEMS.

sure, this condition can be quite readily met. With this arrange- -
ment one unit can be put into operation without making use of any
part of the header.

Class A4-14 — Live Steam Auxillary Main and Branches to
Pumps and Engines. The general features of the auxiliary main
deal more with system details than with construction. The auxil-
iary main should be kept sufficiently far from the steam header
to allow for expansion and contraction in the case of one being
cold and the other hot. The main should be pitched in the same
direction as the flow of steam, and provision should be made for
draining it.

Fig. 89 (A4 to 14-1) shows the auxiliary main with an opening
at the top, and the governor, valves, and by-pass so arranged that
their weight will be easily carried by the main. This connection
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Fi1c. 89 (As-1). F16. g0 (Ag—2).

would be very suitable for flanged work. By taking steam out
of the top of the main and keeping the main drained, any auxiliary
can be immediately started, and it will not be liable to stoppage
or dropping off in speed due to the pump filling with condensation.
Any pump or engine using a steam governor should have a valve
on each side of the governor and one in the by-pass, also a throttle
valve at the pump. A valve on each side of the governor is neces-
sary in order to take the governor apart and to be able to use the
pump while doing so. The independent throttle is necessary to
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save wear on the stop valves, so that when they are used they will
close tightly, and will also limit the speed of the auxiliary when
the automatic valve opens to its fullest extent.

Fig. 9o (A4 to 14-2) shows a very satisfactory arrangement
for branches to auxiliaries not requiring a regulating valve. The
stop valve a should be placed next to the main. Stop valves
should be placed in every branch to the pumps, etc., in addition to
the throttle. The throttle valve should always be a globe or an
angle valve and should be arranged as shown so that it can be
repaired after closing the stop valve. The use of a small drain
valve at b is both unnecessary and undesirable. The drains can
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readily be worked through the cylinder, and a valve at this point
merely adds an unnecessary point of leakage. Pump builders ordi-
narily furnish a Y at end of steam cylinders with an outlet on a
horizontal plane as shown in detail A4 to 14-3.

Fig. 91 (A4 to 14-3) may be preferable to Fig. 92 (A4 to
14-4) in regard to its manufacture, but in almost every case detail
A4 to 144 can be used, and this will avoid projecting the steam
connection far from the pump. It will make a difference of about
12 in. for a 3-in. steam connection. The pump builders will
furnish detail A4 to 14—4 if specified when ordering pumps.

In case a pressure regulator for an engine governor is used, as
for a draft fan, the governor should be placed at a considerable
distance from the engine, or there should be provided sufficient
volume between the engine and the governor so that the cut-off
of the engine will not cause the governor to be constantly on the
move, resulting in rapid wear and requiring a great deal of atten-
tion; if it is desirable to place the governor close to the engine,
so as to be within reach, a “receiver” can be used whose volume
is about equal to that of 16 or 18 ft. of regular size steam pipe.

As shown in Fig. 93 (A4-14), an engine having a 2-in. steam
connection would require a receiver say of 4-in. pipe 4 ft. long or
6-in. pipe 2 ft. long. - A receiver is not necessary for a pump, due
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to the fact that a pump takes about the same amount of steam
practically all the time. It is good practice to make the governor
flanged, and in case of a plant using two or more engines, to have
an extra governor constantly on hand and in good order, so that
instead of repairing the governor in position it may be taken out
and replaced by the governor which is in good order. Pump
governors are almost universally installed in a by-pass. The manu-
facturer could improve this feature very materially if he would

F16. 93 (Ag4-3). F1G6. 94 (A4-6).

make the design one complete, compact unit, as shown in Fig. 94
(A4 to 14-6), with a strainer, stop valves, by-pass, and flange
connections.

By comparing with Figs. 89 (A4 to 14-1) and 93 (A4 to
14-5), it will be seen how compact and neat such a device can be
made. There are various types of steam governors used for pumps,
draft fan engines, etc., each having its uses, merits and faults. The
type ordinarily used on pumps is similar to Fig. 95 (A4 to 14-7);
this view shows a self-contained by-pass as part of the governor.

This style of governor serves to maintain the water pressure
constant, regardless of steam pressure, the steam valve being prac-
tically balanced. The water pressure and spring are balanced at
the normal pressure. This is the type of governor ordinarily used
for fire pumps. It is not suitable for feed pumps as but one pres-
sure is maintained. .

Fig. 96 (A4 to 14-8) shows the boiler feed pump governor.
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The water must in this case have sufficient pressure in excess of the
steam to close the valve, the weight increasing this resistance as
much as desired; the area of the steam valve and the water piston
are practically the same. This type of governor will maintain the
pressure of the feed water say

8 lb. above steam pressure, W

regardless of whether the steam ZreirorrAic :
pressure is 6o, 120, or 180 lb. =
This is very essential for boiler
feeding, as no feed valve will
stand such service as 18o lb.
of water feeding boilers whose
steam has dropped say to 100
lb.; the water pressure should
drop with steam pressure, the
excess pressure being only
sufficient to overcome friction Fre. 95 (A4-7).

in pipes and enabling the feed

valves to be left fairly well open. The governor shown in Fig. 97
(A4 to 14-9) is oftentimes used as a pump governor, being in
- reality a pressure reducing valve, and maintains a constant fixed
pressure of steam in the cylinder.
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F16. 96 (A4-8). F16. 97 (A4-9).

When using this style of governor a gage should be placed on
the steam branch below the governor, also one in the pump dis-
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charge. It may require say 30 lb. of steam to give 8o lb. of water
pressure under certain conditions of the pump, and by repacking
or tightening the packing it may require 5o Ib. of steam to balance
8o lb. of water. This change, however, is not frequently made,
and whenever it is, the governor must be reset. This governor
has the advantage of having no pistons and stuffing boxes, which
soon cause a governor to stick and become very insensitive. In
other words, the average operation of this type is more satisfactory
than the piston or stuffing box type. The same governor,
A4 to 14-9, is used on draft fan engines, the steam flowing in the
reverse direction to that shown. The pressure of steam is in
this case balanced by the spring, and
if the pressure rises, the draft fans
are run slower; if the pressure falls,
the spring opens the valve and the
draft fan engine runs at higher speed.
This type of governor is ideal for a
draft fan engine — very simple and
easily regulated. The governor, A4
to 14-8, can be modified so as to
eliminate the stuffing box and
piston.

Detail A4 to 14-10, Fig. g8, shows
the governor with by-pass arrange-
ment.. The steam valve is balanced
and when water and steam pressure
are the same, the diaphragm is
balanced. The loading of the spring
must be overcome by the additional
pressure of water over that of steam.
There is a stuffing box at the hand
wheel stem, but there is no move-
ment at this point except when the
tension of the spring is being set. The by-pass shown in this
figure is much preferable to detail A4 to 14-6 as it permits the
governor to be readily disconnected while the pump is running,
and at the same time leaves the pipe work perfectly supported,
which is not the case with detail A4 to 14-5. The by-pass shown
in detail A4 to 14-10, indicated by the letter a, is virtually three
valves attached to the one valve body. The diaphragm and tension
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spring are both protected from high temperature by the condensa-
tion and pump water in the lower part of the regulator. The
lower tube is made of brass to aid in conducting heat away from
the condensation. This governor covers the requirements for
boiler feed pumps in all particulars, and in selecting a governor
for this purpose these different features should be considered.
The tension spring has a nut attached at each end, the upper end
being made fast to the valve stem. The hand screw engages
with the lower nut, and for boiler feeding would put a tension on
the spring. If lower water than steam pressure is required, then
the spring would be placed under compression. For example, if
60 lb. pressure were required, and the boiler pressure were 120 lb.,
the spring would be loaded so that the water pressure would be
60 lb. less than the boiler pressure. If a fire pump is to be used
for a feed pump also, this governor, detail A4 to 14-10, is preferable
to the devices shown in detail A4 to 14-17 with stuffing boxes,
pistons, etc. The latter is more inferior as a feed pump governor
than A4 to 14-10 is as a fire pump governor.

Fire pump governors cannot be made without at least one stuff-
ing box at the steam valve body. Stuffing boxes cannot be made
tight unless the packing is forced closely together and close to
the stem. “The high temperature makes the packing hard, and
ordinary pressure then merely presses portions of packing against
the stem; to make old packing tight it must be forced against the
stem. Any automatic devices such as governors, etc., should be
entirely free from stuffing boxes through which the valve is auto-
matically worked, if it be desired that same shall at all times be
sensitive.

The governor shown in Fig. g9 (A4 to 14-11) is such as would
be used for the steam driven air and circulating pump, controlled
by both the vacuum and the steam pressure in the cylinders. With
no pressure in the pipe to the pump, the tension spring would open
the valve. Assume the incoming steam to be at 120 lb. pressure,
and spring loaded for 30 Ib. per sq. in. If the pressure to the pump
then is 30 Ib. without any vacuum the valve will close, or, if the
pressure to the pump is 15 lb. and the vacuum is 15 lb., the valve
will close. When the pressure to the cylinder is 2o Ib. and vacuum
10 lb. the valve will close. This type governor permits a certain
speed of the pump for each varying vacuum pressure. If there is
no vacuum the pump will not be allowed to run away, and if there
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is the highest vacuum the pump will be kept in motion. This is
absolutely necessary in order to maintain the vacuum. It will be
observed that this device would necessitate low initial pressure, in
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F16. 99 (Ag-11). F16. 100 (A4-12).

fact lower than would be necessary to run non-condensing, unless
an extra large steam cylinder is used.

The regulator shown in Fig. 100 (A4 to 14-12) can be used
for this service, and it allows the steam pressure to the pump to be
what it will. This regulator brings in the objectionable feature of
the piston, the stem passing from the vacuum chamber to the steam
chamber. It is a ground joint and as close a fit as can be made
and move freely. There are many regu-
lators made on this plan, and the claim
for them is that the leakage is small and
does not cause an outside drip. The
spring in this regulator is loaded in tension,
so that proper speed will be obtained
when carrying full vacuum. As the
vacuum drops or the pressure rises under
the diaphragm, the spring draws the valve
from its seat.

This same style of valve, Fig. 100, is used
as a governor to maintain a constant pres-

Fic. 101 (A4-13). sure higher than atmospheric pressure.
The spring then is in compression and

the valves close in the reverse direction from that shown. In
other words, the increase of pressure under the diaphragm causes
the valve to close. The independent crank and fly-wheel dry
vacuum pump is ordinarily supplied with a fly-ball centrifugal

acourr AeE
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governor and a small air cylinder and piston that act upon the
governor valve in conjunction with speed control, as shown in
Fig. ro1 (A4-13).

This same style of governor is also used for air compressors
working above atmospheric pressure. This style of regulation
is quite satisfactory, the air cylinder comprising only a partial
control.

Class A15 — Live Steam to Stoker Controller and Rams.
There is another feature of governing that will require considera-
tion in case stack fans and force-draft fans are used. An installa-
tion of this description brings into consideration numerous details
that should be dealt with as a whole and not separately. For
instance, it may be desirable to install an induced-draft and
fan engine, forced draft for stokers with a separate engine, and
coal feeding mechanism. It has been customary to place inde-
pendent governors on each of these three drives and allow any
one of them to increase or decrease in speed as determined by its
own governor. That is, the fan engine may slow down before the
coal feed or air blast engine and cause furnaces to discharge gases
out of the fire doors, etc. Again the coal feed may speed up before
the air blast, causing a waste of the gases; or the air blast may
speed up without coal, causing loss of heat units in heating
useless -air.

These three clements should have a better system of control
than a separate governor for cach. When one is increased they
should all three be increased, and vice versa. The governor should
control all three. One stcam governor to increase or dccrease
the pressure for the three would be wholly useless. This is a
peculiar condition to contend with for the reason that no present
form of governing will properly meet this condition and it is a con-
dition that very materially affects the efficiency of the plant.
Assume that the pressure is very high and that the three services are
running at their extreme low speed. Now undertake to adjust the
fan governor to run the engine at such a speed that it will just
allow the pressure over the grates to be atmospheric pressure, or say
one-tenth inch of water by the draft gage. Note the quantity of air
and adjust the coal feeder accordingly; there are then the three
elements working in a most economical manner. Leave the gover-
nors as adjusted and allow the plant to run up to full capacity
and then note the conditions again. It may be found that the
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steam pressure is about 10 lb. lower than usual, the blast fan is run-
ning at a frightful speed, stokers are running at a good speed, and
the stack fan has not increased as much proportionately as the other.
two. The operating conditions are wretched, showing poor econ-
omy, furnaces smoking, blast engine fairly pounding itself to
pieces — and for all, the governors are working “perfectly”’; the
fault lies in the system of governing.

It is unreasonable to expect three goverpors, possibly of differ-
ent size or make, and for three entirely different services, to “meas-
ure” out the requisite steam. To-day, when running one-quarter
capacity, the fan engine may want 5o lb. of steam per hour to
maintain the proper speed to discharge the gases corresponding
to one-quarter capacity. The blast engine may want 65 lb. and
stoker drive 20 lb. For one-half load the requisites may be 70,
90, and 30 Ib. respectively, and for full load 8s, 115 and 451b. Any
of the three requirements would be varied by tightening the pack-
ing, or making any other adjustments.

The ordinary governors are adjustable, so that a certain delivery
of steam will be obtained at the particular pressure set. For any
other pressure the steam discharge may be almost any amount,
and whatever it is, the operator cannot control it in any way. The
governor, to be suitable for such
service, should be so constructed
that it will permit a flow of a cer-
tain number of pounds of steam
per minute at lowest pressure, and
should be adjustable also for a
certain volume at the higher pres-
sure. Such a governor is not on
the market. Without it no three
machines or even two machines

F16. 102 (A15-1). can be worked economically except

. at one particular rate of coal con-

sumption. There are two methods of arranging this style of

governing. One is to arrange the governors so that their range

as well as their normal pressure can be adjusted. This detail is
shown in Fig. 102 (A1g-1).

Ordinarily the spring ¢ would be the spring to balance the
desired steam pressure. By having a counteracting spring b, the
movement of the valve stem through the range of pressures can
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be varied greatly. For instance, if the tension is taken off spring
b, the travel of the valve stem may be one-quarter inch while
steam pressure is varied between 150 and 160 Ib. When tension
is put on spring b, additional strain would be required on
spring a. By increasing the strain on both springs the travel
of the stem for 10 Ib. variation may be reduced to {4 inch or
even less.

The other method of governing is as shown in Fig. 103 (A15-2).
The stack, blast, and stoker motors would each have a rolling type
of valve with a slotted lever, and a rock shaft which would also
have slotted levers. The shaft would be rolled by means of a
standard damper regulator, the shaft being located possibly at the
upper portion of the boiler front. Each of the three valves can be
separately set for low speed and high speed conditions. The speed
changes would be effected simultaneously on all three valves. The
damper regulator can be set so that within 3 lb. variation the en-
gines may be running from no load to full load. This arrangement
would be far more reliable and sensitive than separate governors.
In case natural draft is used instead of a stack fan, then the rock
shaft would operate the dampers instead of the stack fan engine.
Counterweights would be placed on the valve levers, keeping all
lost motion out of the parts, and enabling them to be made in a
comparatively crude way.

An accurate system of regulating furnace auxiliaries will save
not less than 5 per cent of the fuel, and for a plant of 3,000 kw.
a saving of 5 tons per day at $1.50, or $2,750 per year would be
shown. The system shown in detail A4-15, Fig. 103, would cost
possibly $100 more than independent governors, and would involve
some study and trouble for the engineer. The valve for this work
should be of the corliss type, with the engine lubricator placed
above it, so that the valve also would be lubricated. The valve
shown in Fig. 104 (A15-3) would be very suitable.

This valve requires more effort to open than a balanced valve,
but it closes much tighter, and since there is ample power avail-
able with the damper regulator, a valve such as is shown in detail
A15-3, that opens and closes slowly, is much easier to adjust and
will stay adjusted. Any valve of the globe valve type opens too

“quickly for close regulation. This valve is the standard “throttle

valve” with a slotted lever instead of a hand lever. The by-passes
and valves permit any one of the three machines to run temporarily
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at a higher or lower speed, and at the same time the fixed regula-
tion is not altered.

The steam lines to an underfed type of stoker should never be
buried, but may be placed in a trench, as shown in Fig. 105
(A15-4), which arrangement is satisfactory if the trench is well
drained. If the drainage is poor any water such as waste from
wetting down ashes will collect in the trench and be evaporated on
contact with the live steam pipes, the stcam thus formed interfering
with the work of the attendants.

The steam pipes for the stokers should not be covered in any
way and the supports should be such as will permit of free expan-
sion and contraction. With the trench as shown in the figure a
set of cover plates as also shown should be used. The drawing
shows the cast-iron cover plate supported on angle irons. If there
is a basement under the boiler room the stoker steam mains can
easily be supported under the floor.

To obtain the best results with steam stokers it is advantage-
ous to arrange the piping so that there will be a2 downward flow
from the feed mains to the piston cylinders and through the
exhaust. This detail necessitates the placing of the steam-
controlling valve above the steam line to the stoker rams, and the
exhaust main below the cylinders. If the
same main is used for stcam and exhaust
alternately it should be placed below the
cylinders with the steam-controlling valve
above and the exhaust-controlling valve
below. To avoid water hammer in the
pipe line, the drips should at all times have
a downward flow and those drips collected
in the low down main should be dis-
charged at the low point, even though the
exhaust is made from a higher level.

Class A16 — Live Steam to Tank Pump.
In feeding steam to the cylinders of tank
pumps it is often possible to use the type
of pump controller shown in Fig. 106
(A16-1), which is more satisfactory than
a pressure-operated governor. By referring to the illustration it
will be seen that this type of controller consists of a needle valve,
operated by a cable connected with a float in the clevated tank.

F16. 106 (A16-1).
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The needle valve used should be of the slow-opening type of
globe valve. In order to provide for operation of the pump
independent of the float it is desirable to run a by-pass around the
controller valve.

The arrangement or governor construction just described per-
mits the pump to be run at speeds varying directly with the quantity
of water or oil in the tank. It also furnishes the desirable feature
of keeping the pump in operation at nearly all times, thus prevent-
ing interruptions from condensation. The telltale shows the
level of the fluid in the tank, even though the operation of the valve
and its counterweights is interrupted. For installations where
the storage tank is located at some distance from the pump, or
where the pump is required to deliver water for other purposes and
at different pressures, it may be found advisable to place a float
valve at the tank to shut off the supply and use a pressure regulator
- to control the steam to the pump.

Class A17 — Live Steam to Smoke Consumer or Oil Burner.
The piping for steam to smoke consumers or oil burners would
come under class A-1%, but these details will not be considered
here; a smoke consumer, by reason of the destructive effects on
boilers, should be used only in exceptional cases; oil burners are
installed by their manufacturers and the piping laid out more
according to builder’s details than general piping designs.

Class A18 — Live Steam to Soot Blowers. In arranging the
piping for soot blowers the steam should be taken from a separate
main and not from the boiler. The independent supply is quite
necessary in order to enable the
clearing of the tubes of a boiler
when it is out of service. Open-
ings for soot blowers should be

; provided at the sides of the boilers.
aergrnetc® ‘The detail design and arrangement

2 of the soot blower piping are

posk shown in Fig. 107 (A18-1). The
branch main for the steam supply
to the blower should be strongly
supported so that it may withstand the hard pulls and jerks
of the operator. A quick-closing valve, located as shown in
Fig. 107, will partially relieve the hose of the pressure while blow-
ing and entirely cut off the steam when the blower is being moved
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