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CORRECTIONS
Page 51, line 13 and 14 from bottom.
For “H. C. Meinholdt” read ‘H. C. Meinholtz”

Page 57, line 10 from bottom.
For “10 Ib.” read ‘24 Ib.”

Page 83, line 6 from bottom.
Cross out sentence beginning *‘Its specific heat”
Page 118, caption.
For “Sixteen” read “Twenty”
Page 401, Fig 193 caption.
For “or” read “and”
Page 607, line 6 from bottom.
For “Fig. 263" read “Fig. 264”

Page 608, line 16 from top.
For “Fig. 258” read “Fig. 259”
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Preface to
Twenty-seventh Edition

HE present edition of Helios is entirely new.

Since the book was first published, almost

twenty-seven years ago, steam engineering
practice has been completely revolutionized.
Our knowledge of fuels, of their proper combus-
tion, and of steam-power applications has been
developed to a remarkable extent.

This new Helios is intended to summarize the
latest commercial developments in boiler-plant
practice. It was written, compiled and edited
by the Research Department of the Heine Safety
Boiler Co. for the large number of engineers and
men with engineering interests who have to deal
with problems of boiler plant design and instal-
lation.

The preface to the first edition of Helios, which
appeared in July, 1893, was written by Col.
E. D. Meier, founder and first president of the
Heine Safety Boiler Co. This preface, which is
reprinted on the next two pages, carries a
message that is as true today as when it was
written by Colonel Meier.

Helios—a Text Book on Steam Boiler Engi-
neering—is respectfully dedicated to all those
interested in increasing the efficiency, economy
and capacity of steam power-plants.

HEINE SAFETY BOILER CO.

St. Louis, December 11, 1920.
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HELIOS

Source of All Power! Fountain of Light and Warmth!

Adored by the ancient husbandman as the God who blessed his labors
with a harvest of golden grain; revered by the early sage as the great visible
means of the divine creative force; pictured by the inspired artist as the tire-
less charioteer who drives his four fiery steeds daily across the heavens, his
head circled by a crowd of rays, his chariot wheel the disk of the sun itself.

When primeval man began to think, the sun seemed to him the cause of
all those wonders in nature which ministered to his simple wants, or taught
his soul to hope. His crude feelings of awe and gratitude blossomed into
worship, and we find the sun as central figure in all early religions. He was
the Suraya of the Hindoos. the Baal of the Phoenicians, the Odin of the
Norsemen, and his temples arose alike in ancient Mexico and Peru. As Mithras
of the Parsees, he was adored as the symbol of the Supreme Deity, his mes-
senger and agent for all good. As Osiris he received the worship and
offerings of the Egyptians, whose priests, early adepts in the rudiments of
science, saw in him the cause of the annual fructifying overflow of the Nile.

Modern knowledge, with its vast array of facts and figures, can but verify
and seal the faith of these ancient observers. What they dimly discerned as
probable is now the central fact of physical science. From him are derived
all the forces of nature which have been yoked into the service of man, All
animal and plant life draws its daily sustenance from the warmth and light of
the sun, and it is but his transmuted energy we expend, when, with muscle
of man or horse, we load our truck or roll it along the highway.

Do we irrigate the soil from the pumps of a myriad of windmills? His
rays, on plains far inland, supply the energy for the breeze which turns their
vanes. Does a lumbering wheel drive a dozen stamps and a primitive arastra
in some Mexican canyon? Do mighty turbines whirl a million flying spindles
and shake thousands of clattering looms on the banks of some New England
stream? From the bosom of the ocean and the swamps of the tropics, Helios
lifted those vapory Titans whose lifeblood courses in the mountain torrent and
the river of the plain. Do a hundred cars rattle up the steep streets of the
smiling city by the Golden Gate? Are massive ingots of steel forged to shape
and size by the giant hammers of Bethlehem? The fuel which gives them mo-
tion was stored for us, ages before man was evolved, by the rays which flash
from his chariot wheels! “The heat now radiating from our fire places has at
some time previously been transmitted to the earth from the sun. If it be
wood that we are burning, then we are using the sunbeams that have shone on
the earth within a few decades. If it be coal, then we are transforming to
heat the solar energy which arrived at the carth millions of years ago.”

Professor Langley remarks that “the great coal fields of Pennsylvania
contain enough of the precious mineral to supply the wants of the United
States for a thousand years. If all that tremendous accumulation of fuel
were to be extracted and burned in one vast conflagration, the total quantity
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of heat that would be produced would. no doubt, be stupendous, and yet,” says
this authority, who has taught us so much about the sun, “all the heat de-
veloped by that terrific coal fire would not be equal to that which the sun
pours forth in the thousandth part of each single second.”

The almost limitless stores of petroleum which are found in America and
in Asia, and the smaller, though still vast supplies of natural gas which some
favored localities are now exploiting, represent but so much sun-energy trans-
muted through forests of prehistoric vegetation.

Another authority tells us that the total amount of living force “which
the sun pours out yearly upon every acre of the earth’s surface, chiefly in the
form of heat, is 800,000 horse-power.” And he estimates that a flourishing crop
utilizes only four-tenths of one per cent of this power.

Remembering, then, that this sun-energy reaches us only one-half of each
day, we may, whenever we learn how, pick up on every acre an average of 175
horse-power during each hour of daylight, as a surplus which nature does not
require for her work of food production.

Attempts to utilize this daily waste have been made, and future inventors
may fire their boilers directly with the radiant heat of the sun. But whether
we depend on what he garnered for us ages ago, or quite recently, or on the
stores he will lavish on us in the future, it is clear that man’s continued
existence on earth is directly dependent on HELIOS,

In olden times the various trades or guilds chose as their patron saint
some prominent person who was thought to have embodied in his life-work
the special means and methods of their craft. By that token we claim Helios
as our own. He has always carried the record for evaporative efficiency. He
provides both the fuel and the water for our boilers. He teaches us perfect
circulation, upward as mingled vapor and water by the action of heat, and
down again by gravity as rain and river in solid water. It is therefore fit
that the boiler in which this perfect and unobstructed circulation is made the
leading feature of construction should have HELIOS as its emblem.

In the following pages we have some account of the fuels used in the
practical arts, of the water which becomes the vehicle for transmitting their
energy into mechanical power, and of the limitations imposed by their varying
conditions. These must all be taken into account in estimating how much we
may expect of certain combinations of machinery.

We trust that the tables and data may be found convenient for ready ref-
erence alike by professional men, by manufacturers, and by that growing class
of practical steam engineers who realize that true theory, consonant with
collective experience, is within the reach of every thoughtful man who pulls

the throttle.
E. D. MEIER.

This explanation of the choice of the word HELIOS, as the name of this
book, appeared as the preface of the first edition in July, 1893, and the word
has ever since been a prominent feature of our trade mark.
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CHAPTER 1

HEINE PRACTICE

HE first Heine Boiler was designed by Colonel E. D. Meier and
built in St. Louis in 1882. It is still in first-class working order,
and is open to public inspection at the St. Louis Plant of the

Heine Safety Boiler Company. _

Colonel Meier founded the Heine Safety Boiler Company in
1884 and was president of the company until his death in 1914.
Heine Boilers have been built without interruption since the com-
pany was founded; the fact that many of those sold in the ’eighties
are still in operation, testifies to the superiority that has always
characterized them.

This long period of operation, in conjunction with up-to-date
factory methods and equipment, has enabled the Heine Company
to build up an organization of experts in boiler design, manufacture,
and operation. :

There are two plants—St. Louis, Mo., and Phoenixville, Pa.
Each plant has complete manufacturing facilities, and consequently
is an entirely independent source of supply. The general offices of
the company are at St. Louis.

Heine Boilers are of two general classes, longitudinal and cross
drum. While the longitudinal drum type is the standard for land
service, many Heine users prefer the cross drum on account of the
low head room required. They are built in both types for marine
service, though the cross drum is general practice for this work and
the recognized standard.

All Heine Boilers for land service are built to conform to
the requirements of the Boiler Code formulated by the American
Society of Mechanical Engineers, notwithstanding that weaker (and
cheaper) construction is permitted in many states. In this code
are incorporated the most rigid requirements for boiler construction
and materials.

Heine Boilers for marine service are built in accordance with
the rules and regulations of the United States Board of Supervising
Inspectors. They are approved by Lloyds’ Register of Shipping and
by the American Bureau of Shipping.
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HEINE PRACTICE 17

Heine Manufacturing Facilities

THE two large plants owned and operated by the Heine Safety

Boiler Company are shown on pages 6 and 7. Both are fully
cquipped with electric, hydraulic and pneumatic machinery, as well
as with powerful cranes and hoists for handling the heavy weights
involved in the manufacture of boilers.

Steam is generated at each plant by a battery of Heine Boilers.
At each plant the power equipment—steam turbines, generators,
condenser and cooling tower, engines, hydraulic pumps and
accumulators, air-comptessors—is installed almost entirely in dupli-
cate, every precaution being taken to avoid a shutdown. Parts of
the turbine-room and of the engine and pump rooms of the St. Louis
plant are shown on pages 16 and 18. The power plant at Phoenix-
ville is similar to that at St. Louis.

The boiler-making tools found in the Heine plants include
rolling and bending machines, flanging and forging presses,
hydraulic riveters, punches, shears, steam hammers and forges,
heating and annealmg furnaces, for various purposes. Lathes, drill
presses, boring mills, and other machine tools are used. Special
machines and equipment, designed and built by the Heine Company,
are employed for various purposes such as for accurately reaming
rivet and tube holes. The larger electrically driven machines have
individual motors, while the smaller machine-tools are belted to
motor-driven line-shafts. -

Page 20 shows a heavy flanging press and one of the large steam
hammers in the St. Louis plant. Portable hydraulic riveters are used
for some operations, such as riveting waterlegs to the drums,
shown on page 24. Hydraulic “bull” riveters, page 26, are installed
in towers equipped with high overhead cranes for handling boiler
drums and other long parts. Page 22 shows part of the machine
shop at Phoenixville. Page 30 shows the testing floor at St. Louis.
In the sheet iron department, parts not subjected to pressure are
fabricated, such as internal mud drums, deflection plates, boiler
fronts and breechings.

Ten Characteristics of Heine Boilers

ERTAIN features of design and construction insure continuous,
satisfactory service from all types of Heine Boilers. They can
be summarizeq as follows:

1. Workmaduship. Heine Boilers are built by expert workmen,
in modern shops equipped particularly for the production of high-
class water-tube boilers. The materials and the construction of
every Heine Boiler conforms with the rules and regulations issued
by the highest authorities. This means that Heine Boilers comply
with the best standards as regards safety, economy and durability.
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HEINE PRACTICE ' 19

2. Strength. The construction of the waterlegs or headers,
flanged plates with ample staybolts, is approved and widely accepted
practice. It has given the greatest satisfaction under such severe
service as in the locomotive boiler and the Scotch marine boiler,
and is highly commended by the foremost boiler authorities of all
countries. It avoids welding, and permits better general design and
accessibility, closer tube spacing, easier, freer circulation and less
punishment of material during construction than do any of its sub-
stitutes. The unusual strength of structure obtained by the direct
connection of the drum and headers, virtually makes the Heine a
“one-piece” boiler, well qualified for prolonged hard service. The
first Heine boiler built was used continuously for 35 years, after
which period an inspection by The Fidelity and Casualty Company
showed that it was still in proper working condition.

3. Owerload Capacity. Heine Boilers are adapted for operation
at high overloads, because of the unusual provision for rapid
circulation, the large combustion space and the method of baffling.

4. Water Purification. In the Heine Boilers a large proportion
of the scale-forming impurities in the feed-water are deposited in
the internal mud drum, and are thus prevented from accumulating
on the heating surfaces. The ordinary mud drum is simply a recep-
tacle for the collection by gravity (even this is hindered by the
water circulation) of impurities precipitated within the boiler.
With the Heine internal mud drum the new feed-water must be at
least partly purified before it enters the water circulating in
the boiler. The solids deposited are not hardened by heat, but
remain in the form of a sludge, which can be easily blown off. -

5. Free Circulation and Dry Steam. These are attained in the
standard Heine Boiler by the use of spacious headers at each end
of the tube nest, which are connected to the drum by large throat
passages. The generated steam has ample room to escape without
pulling water along. In the cross drum boiler, free steaming ability
is promoted by a device in the upper part of the rear box header.
which effects a primary separation of the steam and water. The
return water circulation is along the upper tubes of the main bank
The steam passes along the horizontal tubes and the final separation
takes place in the cross drum.

6. Tube Design. Straight tubes, as used in the Heine Boiler,
are the easiest to clean, install, examine, and renew ; they give max-
imum efficiency and the best circulation.

7. Heating Surface. The gases flow parallel with the tubes in
the Heine Boiler. After entering the nest of tubes, they do not
leave it until they are discharged to the breeching. This method of
gas passage has been proved to give the highest rate of heat trans-
mission with the least draft loss.
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HEINE PRACTICE 21

8. Combustion Chamber. This is of ample size so that the
gases are thoroughly mixed and burned before they strike the cool
heating surface. The lower baffling forms the roof of a reverbera-
tory chamber, providing ideal conditions for perfect combustion.

9. Floor Space. The compact arrangement of heating surface
due to the close tube spacing, lessens the floor space and head room
required. Any number of Heine Boilers can be set in a single
battery ; alleyways are unnecessary, so that the saving of space is
large. Boilers set in a solid battery are immune from most of the
losses by air infiltration and radiation.

10. Cleaning Facilities The outsides of the tubes are cleaned
quickly and thoroughly by a soot blowing system operated from the
front and back, and provided with every boiler. Side-wall dusting
doors are unnecessary, and their absence greatly reduces the air in-
leakage, insuring a high percentage of CO, with consequent fuel
economy. Since straight tubes only are used, the inside surfaces
are easily inspected and cleaned through the handholes in the water-
legs. In the cross drum boiler, the tubes and nipples connecting
the drum with the box headets are quickly cleaned through the
manholes provided.

Section of Drum and Waterleg of Heine Standard Boiler. -
Note the Large Throat Area.
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HEINE PRACTICE ' 23

Heine Service

THE Heine Safety Boiler Company maintains an Engineering De-

partment for the assistance of its clients in the arrangement and
improvement of new and existing boiler plants. Experience in the
installation of boilers in plants of widely diversified size and type,
qualifies us to recommend the best method of procedure to meet the
conditions prevalent in any particular plant. This service covers
not only boiler and furnace design for the various types of fuel and
operating conditions, but includes recommendations as to building
design, coal and ash handling equipment, piping, stacks, breech-
ings, etc.

The Research Department, besides being engaged upon new de-
velopments in boiler engineering, is constantly rendering assistance
in such problems as the efficient handling and combustion of all
kinds of staple and refuse fuels, special furnace and boiler settings,
baffling to meet unusual conditions, recovery of heat from waste
gases, chimneys, draft, etc.

The Library contains a copy of almost every domestic and
foreign work on power plant engineering, besides a large collzction
of references on every conceivable phase of boiler practice. This
information is at the disposal of our clients.

The continuous satisfactory performance of every Heine boiler
is our vital concern as well as that of the customer. Our interest in
the boiler does not cease when it has left our shop. A Trouble De-
partment is maintained, composed of technically and practically
trained engineers whose principal duties are to assist our clients in
overcoming any difficulties which may occur in boiler operation.
This service includes such investigations as the study of firing
methods, scale formation or priming due to poor water conditions,
boiler inspection, boiler testing, etc., etc.

There are sixteen branch offices and three distributing ware-
houses for repair parts. The production of parts in large quantities
by modern manufacturing methods, the storage of patterns, etc.,
results in the supply of renewals at small cost; and an efficient system
of records of every Heine boiler since the first, insures prompt
shipment.

Standard Longitudinal Drum Boilers

HE standard Heine Boiler, shown on pages 8 and 14, consists of

a cylindrical shell or drum to which box-shaped headers (water-

legs) are riveted at each end. These waterlegs are connected by the
main nest of tubes.
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HEINE PRACTICE 25

The drum consists of three sheets, riveted in accordance with
the approved rules. It varies in diameter from 30 to 48 in. and
in length from about 17 to 22 ft., according to the horsepower
required. The longitudinal seams are of the double-strap butt-joint
type, while girth or circumferential seams are of the lap-joint type,
single or double riveted. The design of the riveting depends upon
the pressure to be carried.

The heads are dished to a radius equal to the diameter of the
shell, and thus require no internal staying. A flanged manhole, pro-
vided with a pressed steel cover, forms part of the rear head. The
main steam outlet and the safety valve are attached to pressed steel
saddles, riveted to the top of the drum near its front end.

The material for both waterlegs and drums is the best firebox
steel plate, made especially to Heine specifications and tested before
shipment.

Hollow Staybolts of Heavy Gauge Steel Tubing.

The waterlegs are connected to the bottom of the drum near each
end by a throat opening, page 21, braced by forged steel throat stays, '
page 46, which are riveted across when the waterlegs are attached.
The waterlegs consist of two plates—the tube sheet and the hand-
hole sheet. These plates are machine-flanged and are joined by a
narrow plate similar to a butt-strap. The waterlegs are stayed by
hollow staybolts made of carefully tested mild steel tubing; these
are screwed intn tapped holes in the two plates, and the projecting
ends upset from the outside. The tube holes and handholes are
located accurately and bored to exact diameters. The waterlegs
are built complete and then hydraulically riveted over the throat
openings.

The handholes are round, except a few at the top and bottom.
which are oval and are used for the introduction of the round plates
into the waterlegs. The handholes are closed in three different
ways; by strong cast iron plates; by drop-forged steel plates; or
by the Key pressed steel handhole caps. All of these are inserted
from the inside so that the steam pressure tends to tighten them,
and does not loosen them as in the case of plates applied from
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the outside. The plates are held in position by bolts and yokes, the
latter bearing against the outside of the handhole sheet. Gaskets are
required with the plates, but not with the Key caps which are rolled
in slightly tapered holes so that the pressure within the boiler tends
to hold them more tightly.

Lap-welded steel tubes are supplied with the Heine Boiler, but
charcoal iron or seamless steel tubes can be supplied as optional
equipment. The tubes extend between the two waterlegs, and are

(b)

Handhole Closures. (a) Cast Iron; (b) Drop Forged Steel;
(¢) Key Pressed Steel Handhole Caps.

expanded into the tube sheet by roller expanders. The tube ends
are slightly flared to increase the holding power.

The baffling on Heine boilers is varied somewhat according to
the conditions of operation. Page 8 shows the single-pass, and
page 12 the two-pass system. The simplest arrangement is to place
the baffle tile on the lowest row of tubes, and a second baffle on
the second row of tubes from the top, giving a single pass of the
gases through the tube nest. The lower baffle may be placed on the
third row of tubes from the bottom, thus giving a partial pass
through the three lower rows, and a complete pass through the
remainder of the nest of tubes. In still another arrangement one
baffle is placed on either the first or third row of tubes from the
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bottom, and another baffle introduced a little more than half-way
up the height of the tube nest, thus giving the products of combus-
tion two full passes through the nest of tubes.

The baffle tiles are designed to rest on or between the tube
rows. The bottom row is formed of specially shaped fire-clay tile,
while the upper and middle rows are either fire-clay or cast iron
shapes, according to conditions.

Heine Superheaters

THE standard Heine Superheater, page 34, is placed at the side
of the drum toward the front. It may be single—on one side,
or in two parts—one on each side of the boiler. One or two units
are used, according to the capacity and degree of superheat required.

The superheater consists of a header box divided horizontally
into three compartments, and with U-tubes inserted into one side
and bridging the partitions. Steam from the boiler enters the lower
compartment, passes through the lower nest of tubes into the middle
compartment, then through the upper nest of tubes into the upper
compartment, from which it issues. These passages effect a thor-
ough mixture of the steam and ensure a uniform temperature.

A small flue built in the side-wall carries part of the hot gases
direct from the furnace into the rear of the superheater chamber.
After making a first upward pass over the outermost ends of the
tubes, the gases make a second downward pass over the rest of the
tube surface; and after leaving the superheater chamber pass along
the boiler drum, thus giving up the remainder of their available heat.

The header box is built with one seam and one row of rivets,
the caulking edge being to the front. The two sheets of the box are
braced by hollow staybolts. Access to the interior is gained by
handholes closed by inside plates, which are placed opposite the
tubes. The U tubes are 1}%-in. diameter, of seamless steel.

The superheater chamber is of brickwork, with a firebrick roof
carried by T-bars. The front of the superheater is closed in by
doors, which prevent radiation and give access to the header box.

A damper in the outlet of the superheater chamber controls the
flow of gases; there is no danger of its becoming overheated, since
the gases do not come in contact with it until they have been cooled
by passing through the superheater. The damper is regulated by
hand from the front of the boiler, or an automatic thermostatic
control regulates the superheat to within 5 deg. above and below
the temperature desired. A full and illustrated explanation of the
temperature control, as well as a discussion of the dangers result-
ing from uncontrolled and excessive superheats, is given in “Super-
heater Logic,” which also contains a complete description of the
construction of the superheater. This Heine publication is mailed
on request.
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No scale is deposited in the tubes because flooding of Heine
superheaters is unnecessary. Closing the damper isolates the tubes
from the hot gases, and then only saturated steam is delivered.

The superheater is built complete and tested before shipment, so
that it is ready for erection upon arrival.

The arrangement is such that it can be cleaned easily and thor-
oughly while in operation, insuring efficiency, close temperature
regulation, and economy. The tubes are smooth and therefore accu-
mulate very little soot; this is easily removed by a steam lance
passed through the hollow staybolts, or by a permanent soot blower
similar to that on the boiler.

Adaptability of Heine Boilers

HEINE Boilers suit the conditions and plans of any power plant.
There are no doors in the sidewalls and no aisles are required
between boilers, because all cleaning, inspection and tube renewals
are done from the front and back. Consequently, any number of
boilers may be set in single battery and this materially reduces the
cost of brickwork. With center-retort and side-feed stokers,
hand firing, oil or gas firing, the space required is greatly reduced
as is seen by comparing with layouts of other standard boilers; and
this lowers the cost of the boiler house. Such plants are generally
simplified as there are no aisles to bridge, and this also applies to
piping arrangements Operating efficiency is noticeably increased
owing to the shorter flues, elimination of sidewall radiation and
infiltration of air, and avoidance of air-leakage through sidewall
cleaning and dusting doors and the numerous cracks inevitably
starting from them.

Heine boilers are running satisfactorily with stokers and mechan-
ical furnaces of every standard type. All kinds of fuel are being
successfully burned under them—{fuel oil, gas, pulverized coal, tan
bark, bagasse and sawdust. They are giving excellent service under
the most varied conditions of power production, manufacture and
process, where steam is required either steadily or in heavy and
irregular drafts.

The unusual adaptability of Heine Boilers for the utilization of
waste heat from kilns, stills, metallurgical furnaces and other pro-
cesses is discussed in Chapter 4.

Installation of Heine Boilers

HEINE Boilers of 500 H.P. or less are shipped completely assem-
bled, page 36, while the larger sizes are knocked down for
shipment, page 38. For export, they are shipped in separate parcels,
containing the tubes, the central part of the drum, and the waterlegs
with short section of drum attached. The cross drum boilers can
be shipped entirely knocked down, page 40, the headers and drum



‘I 'ON 3jueld ‘s33[13j8p UL s3j0q4Aelg 13A0-3UiIdATY



HEINE PRACTICE 33

being complete in all respects so that assembling consists only of
expanding the tubes.

When set up ready for service, the Heine Boiler inclines upward
from rear to front at a slope of one in twelve. The front end of the
boiler is carried by heavy cast iron columns. For hand-firing, the
waterleg rests directly on the columns; while for stoker firing,
brackets riveted to the waterlegs are supported on the columns, or
the front of the boiler is carried on an overhead support. The rear
end rests on rollers bearing on iron plates which are set in the top
of the low brick wall forming part of the setting. These rollers
permit expansion and contraction and avoid injurious strains.

On each side of the boiler is a solid brick wall lined with fire-
brick and carried to the height of the ornamental front. Returns
are made at both front and rear, following the curvature of the
drum and waterlegs, the weight of the brickwork being carried
by metal supports. The space between these supports and the boiler
is filled with asbestos fiber, which prevents the ingress of air. The
space prevents any displacement of brickwork due to expansion and
contraction of the boiler, since the walls are supported independently
and slightly away from the boiler. The brickwork is tied together
by longitudinal and transverse anchor bolts secured at each end of
the setting and at several places on the sides to substantial rolled
steel buckstays. The top of the setting is closed on each side of the
drum by cast iron plates, which rest on the sidewalls and on a tile-
bar carried by brackets attached to the drum. Openings are left
at the rear for the exit of the gases. A brick arch is built over
+he drum to prevent radiation, and is of firebrick in the uptake.

Over the uptake openings, and supported by the boiler walls, is
placed a breeching hood of suitable shape to connect with the
breeching.

The cast iron fire fronts carrying the fire and ash door frames
are bolted to the supporting columns, and a substantial firebrick wall
is built inside to prevent overheating. The fire fronts support the
upper ornamental front, page 42. Large doors are provided at both
front and back for access to the waterlegs.

Stationary grates are ordinarily furnished, but shaking grates or
any other form of furnace or stoker can be substituted. Stokers are
frequently set directly under Heine Boilers owing to the large com-
bustion space, and no more floor space is then occupied than with
hand-firing ; but it is often advantageous to use an extension furnace
or Dutch oven. The Dutch oven is generally the best arrangement
for burning sawdust, shavings, tan bark, bagasse and similar fuels,
owing to the large furnace chamber desirable and the convenience
of the top-feed. Methods of applying stokers and furnaces are
shown in Chapters 4 and 5.



Heine Standard Superheater.
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Operation of Heine Boilers

HE water circulation and steam separation in the Heine Boiler

are absolutely definite. The capacious headers and large throat
openings allow a freedom of flow unattainable with sectional
headers. The throat openings are from two to four times the area
of the tubes which connect sectional headers to their drums. The
resistance at the entrance of these tubes and of the zig-zag path
along sectional headers is a further obstruction to circulation. Heine
box-headers are common to all the tubes, and water enters the tubes
round their whole circumference, whereas side-entry is cut off in
sectional headers. The slope of the Heine drum provides deep water
at the rear for the effective suppiy of the back header.

The water rises through the large throat into the Heine drum at
a sufficiently low velocity to allow of efficient separation of the
steam by the deflector plate; while the steam and water is shot
with considerable violence from the single tubes of sectional headers,
making the drying of steam uncertain.

The water surface in the drum is more than ample, for steam
is not disengaged from it as in tank and fire-tube boilers. What
little circulation there is in fire-tube boilers, is entirely haphazard,
and the water surface must be large because the steam is disengaged
at any point. In the Heine Boiler the circulation is vigorous and
orderly, and the steam is separated from the water by a properly
arranged deflector at a definitely established point over the front
throat passages, page 46. The deflector plate throws down the water
and allows the steam to pass quietly into the steam space above; it
then enters the dry pipe connected to the steam outlet.

A salient feature of the Heine Boiler is the internal mud drum,
in which the feed-water is partly purified and heated to the boiling
point before it enters the water in circulation. The feed-water
pipe enters through the top of the drum and passes down to the
front end of the mud drum. The mud drum is entirely submerged;
and as the entering water is colder and therefore heavier than
the water already inside, it travels along the bottom and becomes
heated gradually. The mud drum is large enough to permit of such
slow motion of the water that the dissolved impurities thrown down
at steam temperatures have time to be deposited, together with mat-
ter carried in suspension. As the water becomes heated, it rises and
finally flows in a thin sheet, thrgugh the opening in the top of the
front end of the drum, into the circulation system. It is therefore
possible to drive the Heine Boiler at heavy loads with very cold feed-
water. As the matter deposited is not subjected to fire tempera-
tures, it does not tend to become baked and hard, but remains as a
sludge easily blown out through the pipe at the rear of the drum.
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Because of the internal mud drum, the Heine Boailer works much
more satisfactorily than any other boiler when only cold and dirty
water are available. But it is always more economical to treat
impure water before feeding it into the boiler, and to pre-heat it
with waste steam or waste hot gases.

The boiler is drained through a valve at the bottom of the rear
waterleg. The steam connection of the water column is made at
the top of the front head, and the water connection at the top of the
waterle%. The pressure gage is attached to the middle of the orna-
mental front and piped from the water column connection.

The gases of combustion—whatever type of furnace or stoker
is used—pass over the bridge wall into a large combustion chamber.
The bridge wall is low enough to provide ample area between its
top and the tubes. The large combined capacity of the furnace
and combustion chambers is one of the outstanding merits of the
Heine Boiler. Plenty of time and space is provided for the thorough
mixture and complete combustion of the gases before they come
in contact with the comparatively cool heating surfaces. This pro-
vision for complete combustion, and the consequently improved
efficiency and reduction of smoke has been proved so valuable that
the Heine method has replaced the vertical baffling of many hori-
zontal water-tube boilers and has even replaced the method of
baffling of some types of vertical water-tube boilers.

In Heine Boilers, the gases travel parallel to the tubes, except
when entering and leaving the tube bank. This parallel flow is used
whether the gases make one or more passes. With parallel flow, the
gases completely encircle the tubes. When the gases flow across the
tubes, as in cross- or vertically-baffled boilers, a dead pocket occurs
on the “down-stream” side of each tube. This effect can be seen
by watching the almost stagnant water at the down-stream side of
the piers of any bridge crossing a swiftly flowing river. Owing
to the close tube spacing possible by the rational design of Heine
header, the gases are broken up into smaller streams than is usual,
so that the whole volume of gas is brought into intimate contact
with the tube surface, That more efficient heat transmission is
attained with parallel flow than with cross flow, has been frequently
demonstrated in tests of cross-flow boilers that have been changed
to parallel-flow.

It is important that the gases should be kept in contact with the
heating surface until all the available heat is absorbed. In all cross-
or vertically-baffled boilers, however, the gases are twice taken
entirely away from the tubes, where they waste heat by radiation. In
addition to the evident waste of heat, the hot gases from the first
pass flow along the bottom of the drum causing ebullition in the
wrong Pplace, the avoidance of which should be one of the main
advantages of the water-tube boiler. Another advantage of the
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water tube boiler—that of keeping hot gases away from the drum
and from riveted joints—is absent in cross baffled boilers. In the
Heine Boiler, the gases are confined to the tube bank until they
have parted with nearly all of their available heat. Not until then
do they come in contact with the drum; consequently the last of their
useful heat is given up without disturbing the quiet flow of solid
water to the rear.

The construction of the Heine Boiler combines sturdiness and
resiliency. Water is boiled and steam generated in the bank of tubes
and not in the drum or shell. The gases are kept where they belong
—among the tubes—until discarded to the uptake. The circulation
path is large and unrestricted, making the flow of water and steam
slow enough for efficient separation—or for dry steam and a solid
water stream.

Soot Blowing System, Side Elevation.
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Cleaning of Heine Boilers

LL cleaning—both inside and out—is performed from the front
and rear. There are no openings in the sidewalls, or aisles
between boilers.

Soot and dust are blown from the tubes by a soot blower,
which is provided with every Heine Boiler. It consists of a
series of small nozzles which pass through the hollow stay-bolts, and
which are supplied from permanent headers, so that the only manual
labor required is to open and close the valves. The jets of steam
issuing from the main nozzles create an intense momentary draft

Front
View

Rear
View

Soot Blowing System,



Standard Fire Front of Heine Cross Drum Boiler.
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which effectively dislodges the soot and dust and carries it to the
uptake, The auxiliary jets are so located as to stir up accumula-
tions on the baffling and in all corners. This work is done in a few
minutes, generally during the noon rest, or just before or after
closing down at night. It is so easy as to be entirely out of com-
parison with the old-fashioned “steam-lance,” whose use is naturally
neglected whenever possible. Thorough cleaning is immediately
profitable as may be seen by the quick drop in temperature of the
exit gases.

Cleaning doors are provided on each side of the drum so that
accumulations of dust and soot can be easily and quickly removed
from the space over the upper baffle beneath the drum. The com-
bustion chamber is cleaned through a door in the wall under the
. rear waterleg.

The interior of the drum is thoroughly inspected through the
manhole in the rear head, which also permits of attention to the
mud-drum, deflection plate, etc.

The inside of the tubes is washed by a stream of water directed
through some of the handholes. Only a few of the handholes need
be opened for this purpose, since each gives sufficient access
to four or five of the surrounding tubes. In scraping the tubes,
however, each handhole must be opened to admit the scraper,
although in both this and the washing process the handholes at one
end only are opened.

As only straight tubes are used, every part of the boiler can be
reached, properly and quickly cleaned, and wisually inspected, so
that there is absolutely no uncertainty as to its condition.

Renewing tubes is done from the outside as in cleaning tubes,
the men standing erect and working comfortably and quickly. The
inside of the box-waterleg is easily cleaned and inspected, because
all the hand holes give light and access to one space.

Heine Cross Drum Boiler—Land Service

HE Heine Cross Drum Boiler for land service, page 44, consists

of two box headers carrying a nest of inclined tubes and of a
drum placed above and across, slightly to the rear of the front or
lower header. The drum is connected to the top of each header by a
row of tubes—short, nearly vertical, to the front header—and long,
nearly horizontal, to the rear header.

The main nest of tubes, with the headers, form a virtually
closed or complete circulation system of remarkably low resistance
owing to the capacious headers. The steam rises in the rear header,
where its primary separation from the water is promoted by a
device at the upper part. It then flows along the almost horizontal
tubes, parting with most of the entrained water by gravity, to
the final separator in the steam drum, where it is dried by centri-
fugal action set up by a deflector. The water carried into the drum



Longitudinal Section of Heine Cross Drum Boiler with
Chain Grate Stoker.
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is returned, together with the new feed water, to the circulation
system through the short tubes leading into the top of the front
header. Steam is drawn from the ample storage space through a
dry pipe extending nearly the whole length of the drum and pro-
vided with small holes on the upper side.

This closed circulating system and the means used in collecting
and drying the steam while maintaining quiet water in the drum, is
the outcome of exhaustive and prolonged research into the direction
and velocity of flow in the different rows of tubes. As a result the
tubes and baffling have been so proportioned and arranged that the
overload performance of Heine Boilers of this type is acknowledged
by users as a notable achicvement. '

The mud-drum is constructed and operated on the same prin-
ciple as that employed in the longitudinal drum boiler, described on
pages 19 and 35. The movement of the feed-water therein is very
slow, so that dissolved impurities which are thrown down at steam
temperatures are deposited, as is matter carried in suspension. As
the deposit is not hardened by exposure to fire temperatures, it
remains as an easily blown-off sludge. Owing, also, to the slow
movement of the feed water in the mud drum, it is heated to the
boiling point before passing into the circulation system, so that
Heine Boilers can be heavily driven with cold feed water. As the
water issues from below the surface in the mud-drum, any oil accu-
mulated does not enter the boiler proper, but is discharged through
the blow-off.

Except in large boilers, the drum is made of a single sheet, with
longitudinal double-strapped butt-joints. The heads are dished to a
radius equal to their diameter, so that internal staying is not re-
quired. One head is generally provided with a flanged manhole
with pressed steel cover and yoke; but when more than two boilers
are set in battery, the manholes of all but the end boilers are placed
in the drum proper instead of in the head.

A reinforcing plate is riveted to the drum, where each row of
tubes enters. Forged steel pads are provided for the feed, blow-off,
and water column connections, and pressed steel saddles, page 44,
for safety valve and main steam outlet—all shaped to a snug fit on
the drum, and either threaded or with stud-bolts to fasten the
connections.

The box headers consist of two heavy steel plates with long
radius flanging at top and bottom and with flat parts formed at the
proper angle to allow the drum tubes to enter squarely ; these plates
are fully annealed before assembling. They are connected by a
single-riveted lap joint, no butt straps being required. The resulting
boxes are closed by trough-shaped end-plates, flanged by hydraulic
machinery at a single heat to a close fit, and riveted to the side
plates, The holes in the tube and handhole sheets are accurately
located and bored to exact diameters to secure proper angular
relation between the drum tubes and those of the main bank.
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These headers are stayed by hollow staybolts, page 25, of tested
seamless tubing, which are screwed into tapped holes in both plates
and the projecting ends neatly upset.

The handholes are opposite the tube ends and are closed by one
of several methods—cast iron or drop forged steel plates and gaskets
making joints on the inside, or the Key handhole caps which are
expanded in and require no gaskets, page 27.

The tubes are the best quality lap-welded mild steel, made espe-
cially to Heine specifications. They are 3)-in. diameter, secured
by roller expanders and the ends flared for additional strength.

The steam drum and the lower header are usually at the front end
of the boiler, but to save head room this arrangement can be reversed.

The front of the boiler is carried by columns which are secured
to heavy lugs riveted to the header end plates. These columns are
made of any length to give the desired height of furnace. Similar
heavy lugs are riveted to the rear header, and these are connected
to the rear columns by massive suspender bars. This provides a
flexible support which allows for expansion and contraction due to
temperature changes.

The whole boiler is enclosed by brick side-walls, the rear wall
being underneath the rear header. The top is closed by fire-brick
and insulating covering, carried by T-bars resting on the side-walls.

Casing doors at front and back give access to the headers for
cleaning and inspection.

Safety valves of proper size, a large high and low water alarm
column with quick acting shut-off device operated from the floor by
chains, and three try cocks, are provided. A steam gage i$ attached
to the boiler front, and feed, check and blow-off valves are supplied
and located so as to be easily accessible and conveniently manipu-
lated. The required buck-stays, cleaning doors and anchor rods are
supplied. :

The soot blower system applied to the cross-drum boiler consists
of the nozzles inserted through the hollow staybolts of the rear
header. The main jets create an intense momentary draft, which
dislodges the accumulations from the tube surfaces and carries them
to the uptake. Auxiliary nozzles are so located as to stir up and
dispose of any accumulations on the baffle tiling.

Heine Marine Boilers
E Heine Cross Drum Marine Boiler, page 50, is similar to the
cross drum boiler for land service, the main difference being that
it is shorter due to the lack of space. The standard marine boiler
has 314-in. tubes throughout ; but for oil-fuel, space is saved and sat-
isfactory results obtained by the use of 2-in. tubes in the main bank.
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For low or medium superheat temperatures, superheaters of the
type used for land installations are fitted. They are of the “waste-
heat” kind, placed in the base of the uptake, as close as possible to
the exit of the gases from the boiler. For higher superheat, the
elements are passed through the middle of the main tube bank, where
they are in contact with gases of high temperature.

In ocean service the feed water cannot be kept entirely free from
sea water, which sets up electrolytic action. Zinc plates are there-
fore placed in the drum to act as the electro-negative agent and
prevent corrosion. In the Heine Marine Boiler the United States
Navy standard is used—34 sq. ft. of exposed zinc for each 100 sq. ft.
of heating surface—and the zinc plates are so secured as to ensure
perfect electrical contact with the metal of the boiler. At the same
time they are easily removable. A pressed steel basket is provided
to catch the disintegrated zinc.

The setting consists of a framework of rolled steel shapes so
constructed that the four main columns—one on each side of each
box header—are tied and securely braced against any motion. This
framework carries a steel plate casing lined with firebrick, non-
conducting material, or a combination of the two.

The construction and operation of Heine Marine Boilers is
explained more completely in another Heine publication—Marine
Boiler Logic—which is sent upon request to those interested.

Standard Boiler Specifications

NATIONAL and even an international standard of steam-

boiler design is represented by the Boiler Code formulated in
1914 by the American Society of Mechanical Engineers, and since
that time kept up to date by frequent revisions. The value of the
Code is indicated by the fact that it has been adopted by more
than twelve states in this country, by foreign countries, and by
branches of the United States Government.

For many years the necessity of uniform boiler specifications
has been recognized both by makers and users of boilers. In 1889,
the American Boiler Manufacturers’ Association adopted what were
known as the Uniform American Boiler Specifications. These speci-
fications, which were revised in later years, gave information
relating to material, construction and calculation for all kinds of
boilers. In this fundamental work Col. E. D. Meier, founder and
president of the Heine Safety Boiler Co., until his death in Decem-
ber, 1914, took an important part. Colonel Meier was chairman of the
committee which prepared the first specifications in 1898, was presi-
dent of the American Boiler Manufacturers’ Association from 1908
to 1914, and was its secretary for several years previous to 1908.



Longitudinal Section of Heine Cross Drum Marine Boiler.
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In 1907 a board .was appointed by the state of Massachusetts to
prepare a set of boiler rules. The members of this board repre-
sented different boiler interests, such as the users, makers, insur-
ance companies, and operating engineers. The chairman of the
board was the chief inspector of the Massachusetts Boiler Inspec-
tion Department. The Massachusetts boiler rules were issued in
1909 and engineers considered that they represented a real advance
in the art. From a national standpoint, however, the Massachusetts
rules simply made one more set of conditions with which the boiler
manufacturers and users had to comply. A boiler that is safe in
Massachusetts certainly should be safe in any other state of the
Union, but practically every state (at least in 1911) had special re-
quirements for boiler construction, and these were rigidly enforced.

The remedy for this condition was found by Colonel Meier; he
had already noticed the beneficial working of the Steamboat and
Locomotive Inspection Laws under Federal control. The best an-
swer to the problem was to have the different states adopt uniform
specifications for boilers, since a constitutional amendment would
be required to put stationary boilers under Federal supervision. The
different state legislatures and other authorities were willing to
use such specifications, provided they could be assured of their value.

In 1911 Colonel Meier, then president of the American Society
of Mechanical Engineers, suggested that a committee of the Society
“formulate standard specifications for the construction of steam
boilers and other pressure vessels and for the care of same in
service.”” This committee came into existence on Sept. 15, 1911, and
was instructed to formulate a model engineers’ and firemen’s license
law, a model boiler inspection law, and a standard code of boiler
rules. Its first chairman was John A. Stevens, who had been a
member of the Massachusetts Board of Boiler Rules. The boiler
makers were represented by H. C. Meinholdt, vice-president of the
Heine Safety Boiler Co. Upon Mr. Meinholdt’s death in 1913,
Colonel Meier was appointed a member of the committee. The
other members represented different interests connected with boiler
operation and construction.

Three years were devoted to hearings and consultations. The
Code was finally presented at the Annual Meeting of the American
Society of Mechanical Engineers, in December, 1914, and on Febru-
ary 13, 1915, it was approved by the Council of the Society. In
preparing the Code every source of information was utilized, in
order that the boiler situation should be thoroughly covered. Colonel
Meier’s original committee of seven members was assisted in the
final preparation of the Code by eighteen notable boiler specialists in
the design, installation and operation of boilers,



The First Heine Boiler, Built in 1882. Still Good for High Pressure
after Thirty-five Years of Continuous Service.

Comparative Sizes of the First Heine Boiler and a Standard
500 H. P. Boiler.
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Although in ill health, Colonel Meier was interested in the Code
until his death. According to John A. Stevens, Chairman of the
Code Committee: '

“Colonel Meier took a most active part in the formation of
the A. S. M. E. Boiler Code, and up to within a few days of
his death, had it constantly before him. It is one of the
regrets of the Committee that he could not have lived to see
the fruition of the work he so wisely started.”

The Boiler Code is too long to give in full here, but can be
obtained from the American Society of Mechanical Engineers,
29 West 39th Street, New York, by the payment of fifty cents. The
Code is divided into two parts, the first applying to new installa-
tions, and the second to existing installations. '

The Code as completed is much more far-reaching than the
Massachusetts Rules. Quoting Mr. Stevens again, “It specifies in
detail the chemical and physical properties of all materials entering
into the construction of boilers, and gives rules, formulas and tables
that have been checked and rechecked by men of national reputa-
tion, and in many cases verified by testing laboratories; that is to
say, in many cases, rules or formulas were withheld until actual
tests in laboratories were made in order to prove the mathematics.”

The Committee formulating the Code has been made permanent,
and holds regular meetings for the purpose of interpreting any
points on which questions are raised. From time to time the Code
is revised to include the latest knowledge of steam-boiler con-
struction.

The work of bringing the A. S. M. E. Boiler Code into use is
being done by the American Uniform Boiler Law Society, which is
carrying on an educational campaign in the states that have not yet
adopted the Code. The Society is made up of representatives of
the organizations interested in the construction or operation of steam
boilers. In many states laws have been passed creating a board of
boiler rules. Such boards are authorized to adopt the standard
A. S. M. E. Code, and to amend it in accordance with the amend-
ments made by the Society.

State legislatures and authorities move slowly along engineering
lines, but the use of the Code is increasing, and in time it undoubt-
edly will be adopted in every state of the Union. At present “Code”
boilers are required in certain states, but in others boilers built to
less rigid rules can be installed.

All Heine Boilers, no matter in what state they are used, comply
with the requirements of the Code. The Heine Company is also
assisting in its adoption through the work of its executives on
the Code Committees of the American Society of Mechanical Engi-
neers, the American Boiler Manufacturers Association and the
American Uniform Boiler Law Society. The Company believes
that the Code should be adopted not only in every state in this
country, but should also be made international in scope.
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CHAPTER 2

BOILER RATING AND DESIGN

'HE rating of a machine should naturally be expressed in terms of the
useful work done by the machine. The useful work done by a boiler is
represented by the heat transferred to the water in the boiler; thereby

causing evaporation.

In actual practice boiler pressures, initial steam conditions and feed
water temperatures vary widely. If performances are to be compared,
they must be reduced to an equal basis. The actual evaporation is therefore
referred to an equivalent evaporation from a feed water temperature of
212 deg. into dry-saturated steam at the same temperature, or as it is com-
monly expressed, “from and at 212 deg. Fahr.”

The heat added to each pound of water under these conditions will then
be L at 212 deg. The 1915 A. S. M. E. Boiler Code stipulates that this
quantity is 9704 B. t. u. per pound. Goodenough gives a slightly higher value
(971.7) which is probably more accurate.

The heat actually absorbed by one pound of water while in the boiler will
be H — g, where I{ is the heat content of the steam as it leaves the boiler
—it may be wet-saturated, dry-saturated or superheated—and g is the heat
of the liquid at the temperature of the feed water entering the boiler.

F— H—gq
9717 M
gives, therefore, the pounds of water evaporated from and at 212 deg. and
equivalent to thc actual evaporation of one pound.

This quantity F is called the “factor of evaporation.” When multiplied
by the pounds of water fed to the boiler for any given time, the product is
the equivalert evaporation from and at 212 deg., expressed in pounds for
thot time. This equivalent evaporation is usually expressed, however, in
pounds per pound of coal.

Boiler Horse Power

A boiler horsepower was originally defined as the actual evaporation
of 30 1b. of water per hour from feed water at 100 deg. into dry-saturated
steam at 70 1b, gage pressure. When the term “equivalent evaporation”
came into use, however, it was applied to the boiler horsepower, which is
nowddeﬁned as the equivalent evaporation of 34.5 lb. per hour from and at

eg.

A formula for &nding this term would be expressed thus:

(H — q) (Ib. H,O fed per hr.) _ F X Ib. H,O fed per hr. (2)
9717 X 34.5 - 345

The boiler horsepower and the engine horsepower are in no way related.
When the original boiler horsepower unit was selected a one horsepower
boiler would supply a one horsepower engine. Increase in the economy of
engines, however, has changed that ratio until now a 100 horsepower boiler
will supply 250 engine horsepower, at least.

The term boiler horsepower has thus lost much of its significance.
Almost any modern boiler will run continuously at from 150 to 200 per
cent over its rating and for short periods 400 and even 500 per cent have
been reached.

B.H.P.=




Lowering Heine Standard Boiler into Hull of Dredge Boat ‘““Texas’” of
The Atlantic, Gulf & Pacific Company.
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Heating Surface

The better measure of boiler- capacity is the heating surface. Heating
surface is that surface which has hot gases on one side of it and water or
steam on the other side. By the A. S. M. E. code, it is the surface “in con-
tact with fire or hot gases.” In all water-tube boilers and in most fire-tube
boilers (the common vertical and Manning types are exceptions) the whole
surface of the tubes is heating surface. Tube heating surface constitutes by
far the greater part of the total, in any type of boiler. As boilers are built, it
is usually the most effective part, except in internally-fired boilers. Additional
heating surface is provided in horizontal tubular boilers, by the shell up to
the line where the setting racks in, and by the heads up to the same level.
The inner faces of the waterlegs, and part of the drum shell, in a Heine
boiler are heating surface.

Formerly 10 or 12 sq. ft. of heating surface was allowed per boiler
horsepower. The corresponding rate of evaporation was usually around 3 Ibs.
of water per sq. ft. of heating surface per hour, for it was observed
that if the rate of evaporation greatly exceeded 3 lbs. per sq. ft., the
increase of coal consumption outran the gain in water evaporation, and the
flue gas temperature became high. In good modern design, rates of evapora-
tion much higher can be secured without serious sacrifice of efficiency.
As high as 10 Ib, is frequent in marine practice. From 434 to 6 Ib. is
justified in power stations carrying highly variable loads, the slight loss in
economy being more than offset by the reduced investment for boilers and
power house space. The obtaining of these higher rates of evaporation
is chiefly a matter of draft. Their attainment without a serious sacrifice of
efficiency is a matter of boiler design. The proportions, tube sizes and
spacing, baffling and general arrangement miust all be properly worked out.
The higher rates cannot L'e obtained at all with certain types, the common
vertical boiler being an example.

The cost of a given boiler, and also its size, varies almost directly with
the amount of heating surface. Hence the desirability of high rates from
an investment standpoint.

Grate Surface

The grate surface is important in determining the capacity of a boiler,
although related only indirectly to its efficiency. The rate of combustion
depends upon the kind of fuel and'the draft. The latter may be determined
by reference to the chart given in Chapter 5 on CHIMNEYS.

For oil, there is no grate, and capacity is based upon furnace volume.
In marine work a maximum oil consumption of {10)Ib. per cu. ft. of furnace
volume per hour is permissible, but in land pra uch less than this is
allowed.

The grate surface required for hand-fired boilers {nder normal opera-

tion can be found by: Y
33480 H. P. DN C)
B K E

G = Total grate surface, sq. ft.
H. P.= Horsepower rating of boiler.
B = Heat valve of coal, B, t. u. per Ib,
K = Rate of combustion per sq. ft. of grate per hr,, Ib.
E == Combined efficiency of boiler and furnace, per cent.

G
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Heating Surface Ratios

A ratio of 1 sq. ft. of grate area to 35 or 40 sq. ft. of heating surface is
common for boilers that operate at rated capacity, when burning commercial
sizes of anthracite. For overload capacity the ratio is taken at about 1 to 25,
and for burning low grade coals a forced draft system is necessary. For
bituminous coals, the ratio of grate area to the boiler heating surface runs
as low as 1 to 30, and as high as 1 to 70 in different instances. L. S. Marks
recommends the ratios, of grate proportions to operating economy and boiler
capacity, given in Table 1.

Table 1. Heating Surface Ratios—Bituminous Coals.

Ratios of Grate Surface to Heating Surface

For Economy ! For Capacity

Grate Bar Openings,
Inches

Name of Coul

; R“"mm"' Siack Rﬁfn‘." ! Siack I Run o | Siack

|
Va., W. Va., Neb,, Pa.[ 1t060 [ 1t055 | 1to55 | 1to50 % Y
Ohio, Ky., Tenn., Ala.{ 1t055 | 1to50 | 1to50 | 11045 | 3¢—3% u
Il Ind,, Kan.,Okla..| 1t050 | 1to45 | 1to45 | 1t040 | 3—¥% Y
Colo., Wyoming...... 1to50 [ 1to45 | 1to45 | 1to40 34 I Y

Heat Transfer

The rate of transmission of heat through the boiler surface depends
chiefly upon the difference in temperature between the hot gases and water
on the two sides of the heating surface, and upon the rate of movement of
the two fluids across the surface. For those surfaces directly exposed to the
fire, the transmission is due chiefly to radiation, which varies as some power
of the temperature difference, A sustained high temperature in this region is
therefore important. Other surfaces act more by convective transmission.
The fluid flow then is of chief importance, the transmission varying about
as the first power only of the temperature differences. As forced water
circulation is not employed in large boilers, the water flow cannot be con-
trolled at will. In general, the harder the boiler is driven, the better will
be the water circulation, which is the condition desired.

The heating surface directly exposed to the fire does most of the work.
Gebhardt states that this would be true even if the furnace transmission
varied as the first power only of the temperature. Here the last 20 per
cent of the surface reduces the flue gas temperatures only 65 deg. This
is of course an understatement. Allowing for the much greater effective-
ness of that portion of the surface immediately adjacent to the furnace, the
last 20 per cent must necessarily reduce the flue temperature considerably less
than 65 deg. Even at 65 deg., however, with ordinary operation, the omission
of the last 20 per cent of the surface would cause a loss of only about 300
B. t. u. per pound of coal, or about 2 per cent. Hence where first costs are
high or loads variable the ratio of heating surface to grate surface should
be low. Hence also the slight loss of efficiency due to increasing rates of
evaporation. In European practice, the heating surface has been strictly
limited and economizer surface employed to obtain low final stack tempera-
tures. The fluid temperature difference is greater at the economizer, so
that one square foot of economizer surface more than replaces a square foot
of boiler surface.

See Chapter 11 on HEAT.
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Gas Passages

Gas circulation is subject to control both in design and operation. Since
the effort is made to have all of the gas strike all of the heating surface
(thus keeping down the flue temperature and stack loss), the gas velocity
at a given rate of driving is determined solely by the nature and dimensions
of the gas passages. Formerly certain proportions of the grate surface were
allowed for the cross-sectional area through or around tubes, but the results
were only accidentally correct. With proper operation, the kind and weight
of coal to be burned per hour determines within reasonable limits the weight
of gas produced per hour. The volume of this gas depends upon its tempera-
ture, and the rate of decrease of temperature from furnace to stack has
been determined by experiments for certain boilers. The velocity of this
gas depends upon the draft (which is related to the rate of combustion) and
upon frictional resistance, all of which can be valuated with fair accuracy.
The volume and the velocity being known, the cross-sectional area necessary
for gag passage can be calculated. With high draft, small area and high
velocity, gases yield their heat at a rapid rate, but they are also moving to
the stack at a rapid rate. The best rate of yield as compared with
rate of movement determines the cross-sectional areas. For anthracite coal
at low rates of combustion, the old rule was to use 1/7 of the grate surface
for the area over the bridge wall, 1/8 for the flue area and 1/9 for the
chimney area. Areas naturally decrease from passages near the furnace
to those near the stack.

Areas for gas passage can be correct, and operation nevertheless unsatis-
factory, if the details of the baffling are wrong. The gas should as far as
possible be compelled to strike the surfaces without indulging in short cuts or
leaving dead spaces where the circulation is sluggish. A boiler is a machine,
the moving parts being gas and water, and these motions must be correct
if efficiency is to be good.

Baffling
P ARTITIONS are placed among the tubes to direct the flow of the hot
gases. These baffles can be vertical, causing the gases to flow across
the tubes; or horizontal, so that the gases travel the length of the tubes. In
selecting the design of baffling for a given installation, its flexibility, ease and
cost of upkeep, and influence on heating surface must all be considered. In-
vestigations by the Bureau of Mines show:

(1) A boiler whose heating surface is arranged to give long gas passages
of small cross-section will be more efficient than a boiler in which the gas
passages are short and of larger cross-section.

(2) The efficiency of a water-tube boiler increases as the free area
between individual tubes decreases and as the length of the gas pass
increases.

(3) By inserting baffles so that the heating surface is arranged in
series with respect to the gas flow, the boiler efficiency will be increased.

These results point to the desirability of horizontal baffles and the
importance of the long, unchilled flame and the large furnace volume ob-
tained by their use.

The entire heating surface in a boiler is not active, because of the
eddies peculiar to gas flow. With practical baffling, the inactive surface
caused by dead gas pockets can be minimized.

During tests by W. N. Polakov on the vertically baffled boiler, shown
in Fig. 1, pyrometer measurements showed that only about 60 per cent
of the surface was an active heat absorber, the remaining 40 per cent repre-
senting the dead pockets. Horizontal baffles may not eliminate the dead
regions, but they can reduce the inactive surface considerably by decreasing
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Fig. 1. Dead Regions in a Vertically Baffled Boiler. Shaded Part; show
Inactive Surface.
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Fig. 2. Comparison of Stack Temperatures in Test Boiler when Baffled
Vertically and Horizontally.
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Fig. 1. Dead Regions in a Vertically Baffled Boiler. Shaded Parts show
Inactive Surface.
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the size of the dead corners. In Heine boilers, Fig. 5 a large percentage
of the tube surface absorbs heat because of the baffle construction.

Horizontal baffles are recognized as standard for smokeless settings.
Smokeless combustion usually cannot be obtained with vertically baffled
boilers unless the setting is very high. With hand-firing and bituminous
coal, vertically baffled boilers are not allowed where smoke ordinances are
stringent. For this reason horizontal baffling has been applied to many
boilers designed originally with vertical baffling. By substituting the hori-
zontal for the vertical pass, a longer flame travel between the furnace and
the tube region is obtained, without increasing the floor space.

In tests by Henry Kreisinger and M. T. Ray, the draft through the
vertically baffled boiler was 0.5 in. for an average load of 128 per cent.
When the same boiler was baffled horizontally, the draft was only 0.375 in.

Fig. 3. Original Vertical Baffling of Test Boiler.

Fig. 4. Two-Pass Horizontal Baffling of Test Boiler.




BOILERS 63

at 127 per cent load, with the same CO, percentage. These tests were con-
ducted to determine whether horizontal passes gave good results when
burning Pocahontas and Clinchfield (high-volatile) coals.

Nineteen tests were run under actual plant operating conditions with the
same boiler, baffled as shown in Figs. 3, 4, and 5. Table 2 summarizes these
tests. The flue-gas temperatures at the different boiler loads are shown in
Fig. 2. At'120 per cent capacity, the average temperature with the vertical
baffles was 590 deg., and with the horizontal baffling only 500 deg.

Fig. 5. Three-Pass Horizontal Baffling of Test Boiler.

Table 2. Results of Boiler Tests with Different Baffling.

Original (Vertical) Two Horizontal Three Horizontal
Baflling Passes Passes*

Nameof Coal................ Poca- Clinch- Poca- Clinch- Poca- Clinch-
hontas field hontas field hontas field
Number of tests averaged. ... 4 3 4 3 4 3

Water evaporated under l
actual conditions per Ib.
of coal as fired, Ib...... 7.95 7.49 8.54 8.18 8.83 8.52

Equivalent  evaporation

Ib. of coal as fired,
L+ 9.42 8.90 9.92 9.61 | 10.33 9.97

Average hp. developed.... | 320 285 335 357 303* 298*

Maximum hp. developed. | 341 297 355 365 317 311

B. t. u. perlbof dry coal | 14,828 14,122 15,050( 13,801| 14,731 13,750

Ash, per cent............ 4.9 7.9 4.72 10.28 5.6 9.85

Approximate efficiency of
boiler and furnace, per
cent ............ounn 61.3 60.9 63.6 67.2 67.7 69.9

*On the test with three horizontal paeser, higher capacity could have been developed, but the
feed water was too hot and the injector would not feed it fast enough into the boiler
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When the boiler is baffled horizontally much better results can be
obtained with high-volatile coal. There is also a marked improvement, when
the horizontal baffling is used, for Pocahontas coal. The horizontal three-
pass baffling gave the highest evaporation and the horizontal two-pass
developed the highest horsepower. With the two-pass horizontal baffling
higher evaporation and horsepower can be obtained with Clinchfield coal,
than with vertical baffling and the higher grade Pocahontas. The draft
loss through the boiler is less for the horizontal two-pass than for the
original vertical baffling. The number of turns taken by the gases is the
same, but the resistance at the points of reversal is less with the horizontal
two-pass baffling.

Smoke records from a boiler baffled vertically and later changed over
to horizontal baffling are shown in Fig. 6. The vertical baffles were re-
sponsible for a high percentage of smoke, while with the horizontal baffles
the boiler had a clean record.

Vertical Baffle.

Horizontal Baffle.
Fig. 6. Smoke Charts.

Vertical hafiles can be kept tight only with difficulty. Baffles that are
not gas-tight allow the hot gases of combustion to short-circuit, resulting
in high stack temperatures and a reduction in boiler efficiency. Because
of the difficulty in installing the tiles, vertical baffles are often repaired
with ordinary fire clay. With vertical baffling soot cleaning is difficult
and the installation expensivé. Frequently the cleaner is built in as a part
of the baffles: when the tile crumble away both the soot cleaner and the
haffle must be renewed.

According to the requircments, the horizontal baffles can be arranged
for single, double, or triple gas-passes. Typical arrangemcnts are shown
in Chapter 4. The horizontal passcs allow the gas to travel in series,
in parallel, or for thc two combined. The gases flow parallel to the tubes,
as well as at right angles, when the pass is divided. The first baffle; Fig.
8, is then placed on the lowest row of tubes and extends to within 5§ ft.
of the rear waterleg. This baffle serves as a roof for the furnace and
combustion chamber and permits of a simple stoker arrangement, with
ample room for the gases to burn. The gases entering the boiler divide
into two streams, one flowing beneath and the other above the middle baffle,
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This rests upon the ninth row of tubes, with an opening at both front and
rear. The top baffle extends from the rear waterleg to within several feet
of the front waterleg, leaving an opening for the discharge of the gases
from the boiler tubes. Before passing to the smoke outlet, all the gases
flow under the boiler drums.

The baffle tile used in Heine boilers are of high grade refractory mate-
rials, designed for easy installation and to withstand the high temperatures.
The shapes used in different settings are shown in Fig. 7. Cast-iron plates
are sometimes used for the center set of two-pass horizontal baffles.

Capacity and Economy

Every mechanical device has its own type of characteristic curve in
which efficiency is plotted as ordinates against output as abscissas. This
characteristic curve for a steam boiler resembles the curve for a steam
engine or turbine, or an electric motor or generator, in being convex upward
and having a well defined though broad peak. With all these devices, the
efficiency falls to zero at light loads (losses absorbing the output). Their
characteristic curves differ chiefly at maximum loads and at heavy overloads.
Electrical machinery has clearly defined maximum loads depending upon
temperature. A given overload can be carried only for a short time. Over-
loads do not reduce the efficiency much. The boiler is similar in maintaining
efficiency, but is greatly superior in its ability to carry overloads. It has
no definite time limit, but can be driven indefinitely by increasing the draft.
Except under extreme conditions the boiler can carry maximum load
indefinitely.

With economical operation steam engines and turbines of the constant
speed type have only moderate maximum overload capacity. The efficiency
under overload drops off more rapidly than that of a boiler. To obtain
high overload capacity by admitting live steam to low pressure cylinders
or stages leads to an abrupt drop of the efficiency, and even then there
is a definite limit of capacity. The steam boiler, therefore, is almost unique
in its advantageous performance.

Water Circulation

In many heat-transfer appliances the rate of transmission increases:
as the fluid velocities increase. On the reception side high fluid velocity
leads to rapid replacement of warmed fluid by new and colder fluid; (on
the emission side, cooled fluid is replaced by warmer fluid, if the heat-
emitting fluid is other than a vapor) and hence to augmented temperature
difference. In a stecam boiler, however, the water temperatures at various
points usually differ imperceptibly. The quantity of heat transferred can
scarcely vary much with the water velocity, and the efficiency does not in
any marked degree depend upon water circulation. The heat transfer which
occurs by radiation, at surfaces directly exposed to the fire, does not in any
marked degree depend upon water circulation, assuming that the circula-
tion is sufficient to keep the surface wet. The hzat transfer which occurs
by radiation, at surfaces directly exposed to the fire, does not depend upon
gas circulation,

Good circulation is important, however. It reduces stresses arising
from differences of temperature, discourages the accumulation of scale or
mud in pockets and (still more important) tends to prevent the formation
of adhesive bubbles against the sheets. Such unwetted spots may cause
local overheating. They are most apt to exist when boilers with insufficient
liberating surface and poor circulation are driven hard.
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Steadiness of Water Level

This implies a large water surface “‘disengaging” or “liberating” surface,
in proportion to the volume of water; or perhaps more strictly, in proportion
to the expected total evaporation. Priming may result from inadequate
liberating surface and occurs, consequently, in many vertical boilers having
the water level below the tops of the tubes. Drums should not be too small,
else slight variations of water level may carry it rapidly below the danger
line.

B-Tile. T-Tile. L-Tile.
Fig. 7. Forms of Tile Used with Heine Boilers.

Fig. 8. Divided Pass Baffle in Heine Boiler.
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CHAPTER 3

SUPERHEATERS

UPERHEATED steam is steam whose temperature is higher than that
corresponding to saturated steam at the same pressure ; steam which, when
heat is removed, will not immediately begin the process of condensation.

The properties of superheated steam approximate those of a perfect gas.
Tables of these properties are given in Chapter 12 on STEAM.

Advantages of Superheating. These are important because superheating
reduces pipe and cylinder condensation. In a well-designed attached super-
heater, the efficiency of the heating surface is at least as high as that of .
the boiler; and as the total heating surface is increased by that of the
superheater the exit temperature of the gases will be decreased. This in-
creases the overall efficiency of the boiler and superheater tq a point which
will, in general, make up for the increased heat required by the steam. With
an it;gependently fired superheater, more fuel will, of course, have to be
burned. :

The measure of the extra fuel for superheating is the difference in
the total heat of the steam when saturated, and when superheated; this will
depend upon the pressure and the superheat temg)erature, and also upon the
temperature of the feed water. The following figures are based on a gage
pressure of 165 pounds:

Amount of l Extra fuel, per cent, required when feed water anm at

Superheat, | . — T - o

‘ 100° l 150° | 212°

! | |
0 ! 2.73 ' 2.85 | 3.03
100 5.13 ! 5.38 ' 5.70
150 : 7.40 j 7.74 8.21
200 i 9.61 i 10.05 ‘ 10.66

. |

The superheater does some of the work which the heating surface of
the boiler would have to do if the same number of heat units were to be
supplied in saturated steam, so that the boilers can be run at lower rating.
The superheater may not increase the first cost of the boiler plant, for
with the increased economy the number of units used may be decreased. The
increased economy of the engines due to the use of superheated steam may
naturally enable smaller condensers to be used, and may lessen the cost of
pumping owing to less water being used. Superheated steam is used, almost
without exception, in the largest and most economical plants.

The pipe radiating surface can be reduced by the use of smaller pipes,
owing to the fact that higher velocities (as high as 12,000 ft. per min.) are
permitted with superheated steam.

The theoretical gain is indicated in the temperature-entropy diagram,
Fig. 9, in which areas represent heat quantities, The line (oa) starting at
a temperature of 32 deg. is the liquid line and the area under (o0a) represents
the heat of the liquid, g, that is, the heat necessary to raise the temperature
of one pound of water from 32 deg. to the temperature corresponding to
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the pressure in the boiler where the vaporization takes place. The line (ab)
represents this process of vaxorization and the area under it is the heat, L,
added during the process. At (b) the steam is in a dry-saturated condi-
tion: (bc) shows the superheating of the steam at constant pressure and the
area below is the heat added during the process. The steep slope of the
line (bc) shows that the point (c), which is the final condition of super-
heat, must be carried to a high temperature in order to have the area below

T (4

Fig. 9. Temperature—Entropy Diagram.

of any size, A high degree of superheat, which means a high temperature,
will add only a small number of heat units to the dry-saturated steam.

For example, dry steam at 150 Ib. abs. pressure has a heat content of
1195 B. t. u. per pound. If this steam is superheated 141.5 deg. to a tem-
%rature of 500 deg., the heat content will be 1274 B. t. u. or a gain of only

B. t. u. per pound for an increase in temperature of 141.5 deg.; or 66
per cent increase in heat for 39.5 per cent gain in temperature,

Effect on Reciprocating Engines. Steam, admitted to the cylinder of
an engine, comes in contact with walls that have been cooled by contact
with the low pressure steam exhausted during the previous stroke. Heat
flows, therefore, from the steam to the cylinder walls, and if the steam is
saturated part of it will be condensed; sometimes this will be as much as
20 or 30 per cent. The loss due to surface condensation is one of the most
serious occurring in the reciprocating steam engine. If the steam entering
the cylinder is superheated, then the flow of heat caused by contact with the
colder cylinder walls will cause a decrease in the amount of superheat, but no
condensation until the temperature has been reduced to that of saturated
steam,

The many tests made on reciprocating engines using saturated and
superheated steam have shown a smaller steam consumption for superheated
steam. With moderate amounts of superheat, that is, up_to 200 deg., the
gains have been greater than for the higher temperatures. The extra invest-
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ment and cost of maintenance ncutralize the gain from the higher temper-
atures. The gain in steam economy due to superhcat is most striking with
small, simple engines, in which the cylinder condensation losses are the
greatest.

Tests on Buckeye engines (simple 12 by 16 in., and compound 10 and 17%
by 16 in.) with steam at 100 to 110 Ib. pressure, show about what can be

expected in this way. Table 3 gives results of tests with superheats up to
200 deg.

Table 3. Pounds of Steam Per H. P. Per Hour for Different Superheats.

. Superheat temperature, degrees
. Rated load, | . _ _
‘ngine Percont | |
0 50 ' 100 ' 150 | 200
Simple, non-condensing ....... 3 35.0 [ 28.0|24.0|21.5|19.5
Simple, non-condensing.. ... ... 50 31.6 1 25.5(22.0|19.0 | 17.5
Simple, non-condensing.. . . . ... 100 28.5|124.0(20.0|18.0( 17.5
Compound, non-condensing. . . . 100 ... .f...... 17.5 | 15.5| 14.6
Compound, condensing. ... .. .. 100 18.0 | 16.5| 14.0 | 12.5 | 11.5

G. F. Gebhardt states that a fair estimate of the average percentage reduc-
tion in steam consumption per horsepower hour with moderate superheating,
that is from 100 to 125 deg., based on continuous operation of existing
plauts, is:

1. Slow running, full stroke or throttling engines, including
direct-acting pumps

2, Simple engines, non-condensing, with medium piston speed,
including compound, direct-acting pumps.........c.co..veruereernccece

3. Compound condensing Corliss engines 10

4. Triple expansion engines 6

European builders guarantee steam consumption (in Ib. per LILP. per
hr.) with highly superheated steam (total temperatures 750 to 850 deg.)
as follows:

Single cylinder condensing engines (uniflow)..........ccccoocoooe.e 8.5

Single cylinder non-condensing engines (uniflow
Compound condensing engines (locomobile)......... .
Compound non-condensing engines (locomobile).................... -10.5

W. E. Dalby gives results on a small engine using supcrheated steam,
taking the data from tests by Professor Ripper. Table 4 shows the differ-
cnce in the increase of the cfficiency of theoretical and actual engines, both
working under the same conditions:

The steam is dry-saturated in the first case. The theoretical efficiency
increases from 14.2 to 159 per cent, or 11,6 per cent, while the actual
cfficiency gains 65.0 per cent, the incrcase being from 6.3 to 104 per cent.
This shows, of course, that the superheat acts to decrease the losses in the
actual engine, '

In comparing the performances of different engines, the heat consump-
tion, rather than the steam consumption, should be used. The number of
heat units required to develop one indicated horsepower in the actual engine
takes into consideration the pressure, superheat and the steam consumption
The avoidance of cylinder condensation by the use of superheat will affect
both heat and steam consumption. So whatever the basis of comparison, the
employment of superheated steam is an advantage.
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Table 4. Effect of Superheat on Actual and Theoretical Engines.

8 Thermal eficiency, per cent
L H.P. Superheat Steam

./Sq. In. Degrees  (Lb./L HP./hr.| Act. eng. Theor. eng.

' |

13.33 101.7 0.0 39.62 | 6.3 14.2
13.33 98.5 98.3 33.80 7.1 14.6
13.47 98.6 254.2 23.36 9.5 15.2
13.49 99.5 319.6 20.08 10.4 15.9

Effect on Steam Turbines. The theoretical gain' from the use of super-
heated steam is the same in steam turbines and in reciprocating engines;
in either the available number of heat units are increased by the use of the
superheating process. The actual gain, however, is less in the turbine than
in the engine, for the action of the steam in the former is continuous while
in the latter it is intermittent. Superheated steam is of little value in cor-
recting surface condensation, because practically none occurs in the turbine.

The water rate of the turbine is decreased by the superheating of the
steam but to a less extent than in the reciprocating engine. Superheating is
of importance in that erosion of the turbine blades caused by the presence
of water in the saturated steam is almost entirely done away with.

The effect of expansion on saturated steam is to increase its moisture
content, so that even if the steam were dry at entrance, moisture would be
present in the low pressure stages. If the steam is sufficiently superheated
the heat reduction due to the expansion will not lower the temperature to
that of saturated steam, which must be reached before condensation begins.
Any moisture present in saturated steam has the effect of reducing the
economy.

The steam consumption of certain large turbines using superheated steam
is decreased about 1 per cent for every 8 to 12 deg. of superheat up to 200
deg.; the variation being from about 1% for 12 deg. at 50 deg. superheat to
8 deg. at 200 deg. superheat. In the same boiler plant the minimum saving in
coal due to superheating is 4 to 5 per cent. This coal saving depends upon
(1) the saving of steam resulting from the economy of the prime mover;
and (2) the amount of coal necessary to obtain the superheat.

Limit of Superheat. As far as material goes power plant a&%aratus
might be designed to withstand temperatures of 800 or even 1 deg.
Other considerations, however, limit the amount of superheat, so that the
most economical degree is determined by the operating conditions.

In this country steam temperatures in power plants are seldom more than
600 deg.; the superheat is from 200 to deg., depending upon the boiler
pressure. In Europe, however, where superheaters are almost invariablf\;
employed, 600 deg. is a common temperature and 400 deg. superheat, whic
would be a temperature of about 850 deg., is sometimes used.

. With these very high temperatures the first cost and maintenance are
high, and the thermal gain is considerable. This would be advantageous
when materials and labor costs are reasonable and fuel costs high. Such
conditions were formerly found in Europe. In this country, however, labor
and materials are expensive while fuel has been cheap. It is more economical.
therefore, to use moderate degrees of superheat, even at the sacrifice of
some gain in heat; but as the cost of fuel increases, the tendency will be
towards increased superheat.

The engine design also determines to some_extent the temperature to be
used. The Corliss and slide-valve types of engines seem to reach their limit
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at about 500 deg. Higher temperatures cause warping of the valves and
interfere with lubrication, o

Very highly superheated steam, at temperatures of 600 deg. or more,
is used in poppet-valve engines, since such valves do not warp and require
no lubrication. Balanced piston ahd specially designed Corliss valves are
also successful with high superheats. :

Steam-turbine construction and -operation permit the use of steam tem-
peratures as high as 800 deg. Nevertheless for reasons of economy of main-
tenance, even the latest designed turbine plants are working with steam at
temperatures not over 650 deg. -

Control of Superheat. Superheat temperatures may vary widely with
the temperature of furnace, volume of air used, and rate of firing coal.
Extreme variations should be avoided, as they may cause serious difficulties
with the piping, valves and gaskets, Stoker firing and automatic feed and
damper regulation will do much toward eliminating superheat fluctuations.

Any variation in the boiler load will affect to a marked degree the tem-
perature in superheaters placed inside the boiler setting, in the path of the
hot gases. The truth of this last statement is shown by Fig. 10, and by the
g)llowing quotation from “Superheater Logic,” by the Heine. Safety Boiler

ompany :

“If the increase in load is sudden and there is a large momentary draft
of steam with accompanying fall in boiler pressure, the superheat tempera-
ture will fall because the rate of combustion is not increased. Conversely
if a boiler is steaming at a heavy load and the load decreases suddenly, then
the superheat, which is already very high due to the heavy load, will be
further increased because of the smaller flow of steam through the tubes. In
this way very excessive superheats are obtained from an equipment designed
for only a moderate superheat at normal load. :

“Evidently the greatest economy is secured when a plant is designed
and built” for a certain fixed superheat and this temperature is maintained
constant.

Types of Superheaters. In general use are (1) the separately-fired,
and (2) the attached type of superheater. The former is placed in its own
setting and has a furnace of its own to supply heat; the latter is located
within the setting of the boiler and receives heat from the hot gases as they
pass on toward the stack. Both types receive steam containing perhaps 2
per cent moisture from the boiler and increase its temperature by the addi-
tion of heat without changing the pressure. The steam elements are prac-
tically the same in both types—a number of tubes or pipes arranged to contain
a relatively small volume but to expose a large surface to the heat.

The final temperature of steam in a superheater depends upon the tem-
perature, volume and quality of the steam entering it, and upon the volume
and temperature of the hot gases coming in contact with the tubes. The
temperature and quality of the steam can be considered as constant while
the load on the boiler determines the quantity of steam. Therefore the
amount of superheat will be principally affected by the temperature and
volume of the hot gases. If it is desired to maintain a constant degree of
superheat, the flow of hot gases over the tubes must be controlled.

Separately-fired superheaters are intended to give higher temperatures
to the steam than can be obtained from attached superheaters. The super-
heating coil is suspended over the furnace, protected from the direct heat
of the furnace. Baffles are provided so that the hot gases make two or more

sses around the tubes. Steam enters at the top and leaves at the bottom.
he tube surface is increased by putting on cast iron rings outside the tubes.

A flow of steam through the superheater must be provided to prevent
burning, should the load be suddenly thrown off the boiler. All super-
heaters should be equipped therefore with independent safety valves of the
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outside spring type, set at a slightly lower pressure than the boiler safety
valves. ere should be a drain for getting rid of any collected water
before starting. The superheater should be so proportioned that the same
quantity of steam will pass through all of the tubes in order that none of
these can be by-passed, and consequently in danger of burning.

Superheaters must be protected from exposure to hot gases with no
steam flowing, as when firing up, cooling down or standing idle. With
separately-fired superheaters the hot gases can be deflected so as to by-pass
the superheating coil and flow directly from the furnace to the stack;
or an outer cast iron covering with flanges may be provided to protect
the steel tubes and store the heat. Also the superheater should be filled with
water, or flooded whenever the flow of steam ceases. Flooding is objectionable
in that scale-forming material can be deposited in the tubes, which cannot
be cleaned.

Any of the above methods may be applied to attached superheaters.
When these are flooded they generally are connected in parallel with the boiler
heating or evaporating surface, so that they can be drained and connected
in series with the boiler when superheat is desired.

The attached or indirectly-fired superheater may be placed (1) at the
rear of the furnace; (2) at the end of the heating surface just before the
gases leave the boiler setting; and (3) at some intermediate point.

The steam passing through the superheater will absorb heat, depending
upon the temperature difference between the gases and the steam, and upon
the amount of superheating surface. Therefore to obtain the same degree of
superheat the amount of surface required in the furnace where the gases
are hottest may be small as compared with the amount required when the
superheater is placed at the end of the heating surface, where the gases are
cooler. The usual location of the superheater in the boiler setting is such that
the temperature of the hot gases reaching it seldom exceeds 1500 deg. In
this position the attached superheater is subjected to the fluctuating tempera-
tures of the hot gases. The amount of superheat will vary, therefore, with
the load on the boiler and will increase as the boiler is forced.
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Fig. 10. Effect of Load on Superheat with the Superheater in the
Path of All the Boiler Gases.
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The more positive method of maintaining a constant superheat is by
locating elements in a separate chamber, where a damper can be used to
regulate the flow of gases, automatically if desired. The superheater can
then be by-passed altogether in an emergency.

Figs. 11 and 12 illustrate the details and location of the Heine super-
heater. This consists of two parts, the superheater box and the tubes. Into
this box are expanded the steel tubes arranged in four passes as shown.
Two interior partitions separate the superheater box into three chambers.
The steam enters at the bottom, passes through the lower tubes, returns to
the central chamber through the second pass tubes and then flows through
the third and fourth passes, returning to the upper chamber.
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Fig. 11. Details of Heine Superheater

The location of the superheater is shown in Fig. 12. It can be installed
on one or hoth sides of the boiler, according to the boiler size, and the
superheat desired. The entire superheater is encased in brick work with
a firebrick roof supported by special T-bars. This superheater chamber
communicates with the furnace by a flue formed in the side wall, through
which a small part of the furnace gas rises. This gas enters the rear of
the chamber, makes two passes over the tubes and leaves at the front of the
setting, passing over the surface of the boiler drum. A damper in the
chamber outlet controls the flow of hot gas and is regulated from the front
of the boiler, either by hand or by an automatic temperature control.
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Obviously, the temperature of the superheated steam can be changed
as desired by simply manipulating the damper in the outlet of the super-
heater chamber, and the superheat can be maintained constant, regardless of
the boiler load, the rate of combustion, the amount of air used for combus-
tion, the furnace temperature, the opening of furnace doors or any other
variable, such as the amount of soot on boiler and superheater surface.

Fig. 12. The Heine Superheater.

For automatic regulation of the superheat temperature, a complete regu-
lator is installed as shown in Fig. 13. This regulator is quick acting and
responds to small variations in steam temperature, as will be evident from
its construction.

The entire device consists of two main parts, the controller and the
diaphragm-motor. The controller comprises a thermostat which con-
trols a small supply of compressed air in accordance with the temperature of
the superheated steam. The air is admitted to or released from the
diaphragm-motor, connected by a link to the superheater damper handle.

Provision for soot blowing is described on pages 31 and 41.




SUPERHEATERS 79

Fig. 13. Arrangement of Automattc Temperature Regulator
with Heine Superheater.

The requirements of a successful superheater, as given by Gebhardt, are:

1. Security of operation or minimum danger of overheating.

2. Economical use of heat applied.

3. Provision for free expansion.

4. Disposition so that it may.be: cut out thhout interfering with the
operation of the plant.

S. Provision for keeping the tubes free from soot and scale.

Superheating Surface. The surface required is dependent upon the
amount of heat to be transferred to the steam, and upon the rate of heat
transfer per unit of surface. The operation is conveniently divided into three
stages:

Fig. 14. Superheat Chart from a Boiler Equipped with a Heine
Superheater and Automatic Superheat Controller.
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1. Heat given up by the gases.

2. Heat transmitted through the metal walls of the elements,

3. Heat absorbed by the stcam.
The amount of heat involved in each of these stages is the same except
for loss by radiation.

The heat given up by the gases is:

We (h—t:) 4)
the heat transferred is:
SRd (5)
and the heat absorbed by the steam is:
We (—t) (6)

where:

S=Superhcating surface, sq. ft. per B.11.P.

R=B.tu. transferred per hour per sq. ft. of supcrheating surfacc
per deg. IF difference between the mean temperatures of the
gases and of the steam, and approximates:

1 to 3 for superheaters located at the end of the boiler
heating surface,

3 to 5 when located between the first and second passes,

8 to 12 for separately fired superheaters and for superhcaters

located immediately over the furnace in stationary

boilers or in the smoke box of locomotive boilers.

d=difference hetween the mean temperatures of the gases and steam.

W =weight of gases passing through the superheater, lbs. per B.LL.P.
per hour.

w=weight of steam passing through the superheater, lbs. per B.HL.P.
per hour.

c=mean specific heat of the gascs.

c,—mean specific heat of superheated steam.
ti—=Temperature of gases entering superheater, dcg. I.
t,=Temperature of gases leaving superheater, deg. F.
t=—Temperature of superheated steam, deg. I.
t—=Temperature of saturated steam, deg. F.

Neglecting radiation, (1) is equal to (2); and neglecting the moisture
m the incoming steam, (2) is cqual to (3), thereforc:

_"’ c ( t l—tt)

S=""Rd )
and:
S_IE_‘_‘-Q’:fQ
~ Rd 3)
sted in referred:
Instead of (3), the following m?”y (b;ltp_ o )
where :

H=—Total heat of superhcated stcam abovc 32 dcg.‘F. .
Hx=Total heat of saturated steam above 32 deg. F., which may be
easily corrected to allow for evaporating the moisture present.

Instead of basing R on the difference in the temperatures of the gascs
and of the steam, it is more correct to divide the heat transfer into two
stages—gas to metal and metal to steam, As this necessitates a knowledge
of the metal temperatures it is generally confined to_laboratory.rescarch.
The precise value of R is dependent upon so many variable conditions, such
as the velocity of the gases and of the steam, the condition of the surfaces
as to soot and scale, the arrangement of the superheater tubes and the
temperature differences involved, that refinements are out of place. The
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amount of surface is usually determined empirically on formulae derived
from the results obtained in a large number of cases of the same general
design, operating under similar conditions. This leaves the result in con-
siderable doubt where the whole of the gases flow over the superheater
with no possible control. With only a part of the gases flowing over the
superheater under perfect control, the amount of surface can be simply
related to the boiler heating surface, according to the degree of superheat
required, and the resulting steam temperature will be kept constant within
+- 5 deg. F., as shown in Fig. 14.

Superhcater Materials. Heine superheaters are built of wrought steel,
insuring ease of construction and durability.

Superheater Piping and Fittings. Cast iron has been used for valves and
fittings. Up to 600 deg., it is safe if the temperature is maintained constant.
Under higher or fluctuating temperatures permanent increase in dimensions
and numerous failures have resulted. Cast iron failures are undoubtedly due
more to fluctuations in temperature than to constant high temperatures when it
develops cracks and distortions.

The advantage of cast steel for superheater material is that it is not
damaged at high temperatures. This decreases the importance of protection
and simplifies the installation. The construction, however, must be heavy
and thick-walled. .

The strength of superheater materials drops off. rapidly for temperatures
above 600 deg., as shown by Gebhardt and others. Because of this rapid
decrease in tensile strength, steam is seldom superheated to temperatures
above 850 deg.

Piping for superheated steam is usually made of mild steel. With the
greater number of heat units in superheated steam, the pipe capacity is
increased and relative conduction losses and leakage are reduced. Under
superheated conditions much higher steam velocities can be used, 12,000 ft.
per min. not being uncommon and 16,000 ft. per min. having been used.
This, of course, increases the pipe line capacity. With the high tempera-
tures resulting from superheat the problem of expansion must be carefully
considered, especially when temperatures are likely to fluctuate widely. See
chapter on piping.

Industrial Uses. Superheated steam is used elsewhere than in engines
and turbines. A Chicago gas company blows its water gas generators with
superheated exhaust steam at about 2.5 Ib. pressure, instead of using live
steam. This results in a 20 per cent saving of boiler fuel. The capacity of
the generators is increased because of the lengthening of the making period.
The superheated steam relieves the generator of the work of re-evaporating
the water, which is always present when saturated steam is used.

Superheated steam is successfully used for process work, where both
the latent heat and the heat of the superheat of the steam can be used, as for
example, when the steam can be blown directly into the substance to be
heated. When, however, only the heat of the superheat can be employed,
the use of superheated steam does not pay. de=specifia—hesiniceonljmabout

Superheated steam may be justified when
the heat of the superheat can be used in one operation and the latent heat
or part of it in a connecting operation. The saturated steam left after the
first operation must then contain enough heat for the second operation.
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CHAPTER 4

FURNACES AND SETTINGS

ROPER furnace design and adequate proportions are the essentials in

securing high boiler efficiency. A single design of setting cannot be

standardized to meet the various fuel, operation and space rcquirements.
To obtain complete combustion, special designs are required for low and high
volatile coals, gas, fuel oil, waste heat, and for hand or stoker firing.

Furnace Design

HE main problem in furnace design is to determine the volume of the
furnace and the length of the flame travel. Furnaces with a small com-
bustion space, in which the flame travel must be short, are not suited for the
burning of high volatile coals at high rates of combustion. For reasonably
complete combustion, the combustion chamber must be large enough to permit
thorough mizing of the air and gases; sufficient time for combustion; and to
maintain temperature sufficiently high to secure combustion.

Mixing, To secure efficient combustion, the volatile distilled from coal,
which in part is composed of tar vapor, gases and small solid particles of
floating carbon, must be intimately mixed with an adequate supply of air. Fuel
oil and gas must also be mixed thoroughly with air. If the right mixture is
not maintained, the result is stratification, such as is common in hand-fired
furnaces not operated properly. In stoker-fired installations the fuel is more
evenly distributed over the grate. This prevents the inrush of large quantities
of air in spots and the choking of air in other parts; the products of com-
bustion are, therefore, mixed more uniformly with oxygen-bearing air.

Additional air is sometimes supplied above the fuel bed to obtain thor-
ough burning. Arches, piers, wing walls and steam jets are sometimes added
in hand-fired furnaces to give a thorough mixture of air and gas so that the
higher volatile coals can be hurned without smoke. The locations of thesc
parts depend upon the kind of coal and the manner in which the boiler
is to be operated. Such structures increase the draft loss through the boiler,
so that the steaming capacity for a given draft is reduced. Generally, how-
ever, they improve combustion.

Time. This is next in importance to the mixing requirement. The time
available for combustion (before the gases are cooled by the boiler heating
surface) depends upon the length of gas travel, or for the same grate area,
upon the cubical contents of the furnace. The combustion space must be
correctly related to the rate of combustion for a given fuel, otherwise economy
will be sacrificed.

Experiments by the Bureau of Mines with a Heine Boiler indicate the
rclation between boiler economy and furnace volume, as in Fig. 15, In
these, semi-bituminous coal was burned on a Murphy stoker having a pro-
jected grate area of 25 square feet. Pocahontas steaming coal was con-
sumed at the rate of 654 Ib. per sq. ft. of grate per hour. When the
products of combustion had passed through 80 cu. ft. of combustion space.
the gases contained fully 3.7 per cent of unconsumed combustible, but as
the space traversed increased to 160 cu. ft. the combustible decreased to
1 per cent. When a point corresponding to 260 cu. ft. of the furnace volume
had been passed less than 0.5 per cent of combustible remained in the
gases. This indicates that the larger the combustion space, the more nearly
complete is comhustion.
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Fig. 15. Relation between Furnace Volume and
Completeness of Combustion.

Temperature. The combustible gases in a boiler furnace must be
kept at a temperature sufficiently high to permit complete combustion,
economically and without smoke. The ignition temperature of hydrocarbon
gases is between 1000 and 1500 degrees. However, this temperature varies
with the amount of air, kind of fuel, and the quantity of neutral gases present.

A high furnace temperature generally means rapid combustion and good
efficiency. It is the result of higher CO, and the absence of CO, so that
the gases are more nearly burnt while traversing the furnace. The varia-
tion of furnace temperature and boiler load is shown in Fig. 16, which
represents tests by the U. S. Geological Survey on a Heine boiler and
underfeed stoker.
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Combustion Chamber.
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.

The effect of temperature is also shown by tests of the University of
Illinois on a Heine boiler equipped with a Green chain grate, Fig. 17.  An
economizer and a large induced draft fan were used, so that the rates of
combustion were high. Coals having a combustible volatile content of
from 30 to 40 per cent were successfully burned. Fire clay tiles are
placed on the boiler tubes directly over the fire, forming the roof of the
furnace and preventing the hot gases, which are still not fully mixed, from
coming in contact with the cooler tubes.

Fig. 17. Heine Boiler Tested for Smokelessness.

Tests were conducted on this boiler with C-tile on the bottom row of
tubes, and then with 7'-tile. The C-tile encircle the tubes completely and
present to the furnace a roof of solid firebrick. The T-tile rest upon the
top of the tubes only, and therefore present to the furnace a roof of part brick
and part water tubes. :

With T-tile, the smoke record varied from 9 to 17 per cent, which
corresponds to Nos. 75 and 1 on the Ringelmarin scale, respectively. The
C-tile record showed zero smoke. The temperature of the gases entering
the nest of tubes from the combustion chamber averaged 1384 deg. in the first
test, and 1678 deg. in the second test. The corresponding temperatures
over the bridge wall were about 1850 and 2150 degrees.

Over 100 trials were made at loads varying from 60 to 150 per cent of
rated boiler capacity, and from these L. P. Breckenridge concluded that it
is almost impossible to make smoke with this setting under any condition
and that it operates with economy.

Furnace Volume. The Burcau of Mines shows that the furnace size is
influenced mainly by the percentage of excess air, the rate of combustion and
the kind of coal,
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A Heine boiler and a special Murphy side-feed stoker furnace were
used in the tests. Table 5 gives the composition of the three grades of coal
—Pocahontas, Pittsburgh and Illinois—burnt in these tests. The results,
Fig. 18, represent a supply of 50 per cent excess air for two rates of com-
bustion of the different coals, and give the combustion space necessary per
square foot of grate area for various combustion conditions, which are
expressed in terms of the ratio of undeveloped heat to the total heat in
the coal. These figures can be used as a guide in proportioning almost any
style of furnace.
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Table 5. Analysis of Coals Used in the Tests.
PROXIMATE ANALYSIS OF COAL A8 RECEIVED

Pocahontas| Pittsb: Illinofs

Constituent ot | o™ "Cont
Moisture............ooiiiiiieenenenn per cent 2.21 2.51 16.16
Volatile matter................ooouvveen percent| 15.78 | 30.28 34.09
Fixed carbon................ccvvueenn. percent| 71.85 56.82 39.19
Ash.. it it it percent | 10.36 10.39 10.56

100.00 | 100.00 | 100.00

ULTIMATE ANALYSIS OF DRY COAL

Hydrogen...............cciiiiunnns. ...percent 3.92 4.82 4.66
Carbon...........iiiiiiiiiiiiiie gr cent| 80.90 | 76.57 69.63
Nitrogen.........ooviiiiiiiiienennnans per cent 1.00 1.56 1.49
Ox( £ per cent 2.97 4.99 9.56
Sulphur.......... ..o i, per cent .56 1.41 2.08
V. ¢ percent | 10.59 10.66 12.59

100.00 | 100.00 | 100.00

Calorific value per pound, as received..... B. t. u.| 13,762 | 13,365 | 10,433

A long narrow combustion space is to be favored rather than a short
wide one of the same cubical contents. For conditions other than Murphy
type furnaces the secondary air supply should be thoroughly mixed with
the gases arising from the fuel-bed. The secondary air should always be
admitted near and over the fuel-bed, at high velocity, and in a large number
of streams.

A variation of 50 to 100 per cent in the excess of air makes no appre-
ciable difference in the efficiency of the small furnace. In a furnace of
large size, however, a small variation in the excess air will affect the oper-
ating efficiency, so that close control of the air supply becomes necessary

The minimum percentage of unconsumed combustible in the products of
combustion is much larger in a furnace having a small combustion space than
in a furnace having a large combustion space. The efficiency obtained with
the large combustion space is therefore much higher. For boilers operated at
heavy overloads, a large furnace volume is particularly essential.

Efficient combustion is secured when the furnace volume permits ample
time, adequate mixing and sufficient temperature for thorough burning of
the gases. The boiler settings should be high and the baffles placed horizon-
tally on the tubes, The horizontal baffling promotes the mixing of strat-
ified layers of the gases, and gives the gases time to burn completely before
the tubes cool them below the temperature of ignition.

Head Room for Coal Burning Boilers. A definite height of boiler setting
is required for complete fuel combustion. Investigations by O. Monnett on
settings for the smokeless combustion of soft coal are summarized in Table
6, applying to water-tube boilers under average operation.
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Table 6. Headroom Requirements for Smokeless Settings

Horlzontal Return
Tubular

Water Tube

54 [ 60 | 66 | 72

Hor.

Bafl,
1-1¢*
Pitch

1-1
Pl

Vert.| Hor.
Bafl.| Baff.
” 3*'
Pitech

or Scotech
Marine

(All Dimensions in Inches)

Taylor. ..
Westinghouse

Shell to
40

dead
34

40

34

®

42
36

®

60
60
62

tt

50
50

R

SR83

r3kR

®

3~y
00

£33

1

*

plate Front header to floor
36 .

28 88

© P9
(—Y—}

88 kX z38%

120

120
120

102

108
108

(1]
e
*"”

L J
*"
L ]

»

Full extension
Full extension

(1]
(1]
L 1]
L 1]

Full extension
Full extension

.| Full-extension

Full extension

e

Min. diam. of

furnace 36 in.
e

¢ Combinations not recommended as smokeless settings.
** Combinations not ordinarily met with in practice.

1 Not adapted to water-tube boilers.
1t Applied only t> water-tube boilers. No. 8 better for H. R. T. bollers.

3 Exeeptionally wide settings will need more head room to take care of extra spring of arch.



92 FURNACES AND SETTINGS

Classification of Settings

IN the burning of fuels economy is represented by completeness of com-
bustion and smokelessness. As this depends upon the style of setting, air
supply and method of feeding coal, it is used by H. Kreisinger as a basis
for classifving furnaces, as shown in Fig. 19. At (A) is a hand-fired furnace
into which the coal is fed intermittently on the top of the fire. The air

Distillation, §
Zone \ O
S ek £
t Wear

A 8
Hand Fired Furnace Side Feed Stoker
Distiliarion

c 0
Chain Grate Underfeed Stoker

Fig. 19. Classification of Furnaces According to Method of
Feeding Coal and Air.

comes in a continuous stream through the grate, from the bottom. Some
air should also be supplied over the fuel-bed.

In the side-feed stoker (B) the coal is fed continuously from the
side and the air from the bottom at right angles to the path of the coal.
The coal moves down the grate by gravity and by the agitation of the
grate bars. Air can also be admitted through special tuyeres placed imme-
diately above the fuel-bed, at the entrance of the coal into the furnace.
Some air enters through the coal in the .magazine.

The diagram (C) shows a furnace equipped with traveling or chain
grate. The feeding of the coal is accomplished by the motion of the grate.
The air and coal are both fed continuously, the air being fed at right angles
to the coal path. Additional air is supplied through the coal in the maga-
zine, through the thin fuel-bed near the bridge wall, and through leaks along
the side walls.

In the underfeed stoker (D) the air and coal are fed uniformly and
in the same direction. Air is also admitted through the damper in the front
door of the furnace.

These styles of furnaces are shown in the following illustrations with
settings of Heine boilers as installed in modern plants under standard as well
as special conditions, and for a variety of fuels. In practice each problem
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has to be studied to decide upon the proper furnace design and proportions.
Generally a change in the location and in the type of tile used in the baffles
will give furnaces for particular combustion requirements.

In vertically-baffled boilers the extinguishing action of the tubes, with
the short flame travel, produces an undesirable amount of smoke. If the
combustion in these boilers is to be smokeless the furnace volume and there-
fore the setting height must be increased considerably. Even then the mixing
effect of the bridge wall and combustion chamber are absent.

The horizontally-baffled boiler has the necessary furnace volume with
the ordinary height of setting. Horizontal baffles, in hand or stoker fired
boilers, permit a long travel of unchilled flame and maximum time for com-
pletion of combustion. The turn of the gases at the bridge-wall disrupts
any tendency to stratify, and this mixing effect also promotes combhustion.

Settings for Hand Firing

IN burning bituminous coal, it is not practicable, according to O. Monncitt,
to combine a hand-fired furnace with a vertically baffled water-tube boiler.
To prevent smoke the furnace must be arranged with a horizontal baffle.
as in Fig. 20. In this design the lower part of the tubes over the fire is
left bare by using T-tiles for the baffle. For the high temperature zone
over the bridge wall and for some distance back of it, the tubes are entirely
encased in C-tiles. This part of the baffle is extended from the T-tiles
to the deflection arch provided to mix the air and gases thoroughly.

Fig. 20. Hand-fired Setting for Bituminous Coal (Areas of Passages
are given in Percent of Grate Area.)
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The proportions of the furnace for this setting are determined on a
basis of grate area. The parts are placed so that there will be from 20 to
25 per cent of the grate surface in the free opening above the bridge-wall,
40 per cent between the bridge-wall and arch, and 50 per cent free area
under the arch. The installation of four siphon steam jets, placed across
the furnace above the fire doors, is recommended to give a secondary air
supply. This type of setting has been successful where soft coal is used
and where municipal smoke ordinances are enforced.

Another form of setting for hand-firing of bituminous coal is the down-
draft furnace, shown in Fig. 25. Boilers so arranged have given excellent
results both in smoke prevention and in fuel economy.

As anthracite coal runs much lower in volatile matter than bituminous
coal, the flame is much shorter and practically all of the combustion occurs in
the fuel-bed. The style of setting shown in Fig. 21, can be used for such
service. The T-tiles are placed on top of the first row of tubes. This
leaves the bottom of the tubes exposed to the heat of the fire but still forms
the roof of a combustion chamber in which the gases are retained and
thoroughly mixed until combustion is complete.

Fig. 21. Setting for Hand-firing of Anthracite Coal.
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When the distance between the grate and first tube bank is greater than
that shown in Fig. 21, the lower baffle can be placed on the second or third
row of tubes. In another modification, Fig. 22, the baffle on the lowest
rcf»w gi tubes is not used, and the bridge wall is built up to the bottom row
ot tubes.
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Fig. 22. Alternative Setting for Hand-firing of Anthracite Coal.

Grates for Hand-Firing

HE grate in a boiler furnace not only supports the fuel-bed, but also

admits the air for combustion, It is almost invariably made of cast iron,
which melts at about 2100 deg., while the lower layer of the fuel-bed on it is
at about 4000 deg. temperature. A grate does not become very hot when the
air is passing through it, and it is further protected against high temperatures
by the insulating effect of the layer of ash between the grate bars and the
fuel. The surfaces and air spaces should be so proportioned that they will be
kept uniformly cool by the flowing air. However, with a burning fire on the
grate and the draft obstructed or shut off, heat will accumulate, and the
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grate will become red hot. If the grate does not burn out or melt and fall
into the ash-pit at this high temperature, it will be twisted, warped, and will
sag. The same harmful effects are caused by accumulations of ash and burn-
ing coal in the ash-pit.

Cast iron is weak at a dull-red heat and the high temperature causes it
to grow. Repeated heating will cause a grate bar 15 in. long to grow % in.,
according-to M. J. Keep, and the pressure it will exert on the dead plate and
bridge wall will force it into a curved shape, unless proper provision for
expansion is made. The strength of cast iron decreases rapidly above 680
deg.. which is about the ordinary temperature of the front grate bar. At
this temperature the tensile breaking load is 23,750 Ib. per sq. in., while at a
temperature of 1250 deg. the breaking load is only 8023 Ib, per sq. in. After
being reheated cast iron never contracts to its original length. The cast iron
for grates should be composed of the highest grade materials having great
heat-resisting qualities, so that the grate will expand and contract evenly.

Hand-fired grates are of the stationary, shaking, dumping, and the com-
bined rocking or shaking and dumping types. Grate bars are manufactured
in numerous patterns and designs with curved or flat tops. The styles used
for the burning of the regular sizes of coal are illustrated in Fig. 23.

Slotted
Fig. 23. Typical Styles of Stationary Grate Bars.

The style of grate bar and the number, size and shape of air spaces
are determined by the coal for which the grate is to be used. The free
area through the grate should not allow the coal to drop through into the
ashpit, but should be large enough to prevent clogging with ashes and
cinders. Air space areas of 30 to 50 per cent of the total grate area have
heen found satisfactory with natural draft. It is common practice to allow
14 in. air space for No. 3 buckwheat, 14 in. for No. 2 buckwheat, 5/16 in. for
No. 1 buckwheat, 34 in. air space for pea coal and 14 in. openings for bitu-
minous coal.

In small plants, where larger sizes of anthracite are burnt, the plain
grate is probably as satisfactory as any; when coals of high ash content and
which clinker are used, the shaking or rocking grate is to be preferred. The
grate must be so constructed that the moving parts will not clog and so
that their action will break up the clinker.

Anthracite dust, silt, calm and screenings are burnt on grates with small
openings and require mechanical draft.
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Hollow grate bars, with a blower system, are sometimes used for burn-
ing sawdust, chips, shavings, tanbark and bagasse. Such grates should
have large air spaces so that partial filling-up of the openings will not inter-
fere with the air supply for proper combustion. In making up the required
grate surface, the hollow bars are sometimes alternated with ordinary bars
to suit the fuel.

Fig.' 24, Water Grate.

Grate bars are generally made in sections not more than 3 ft. long, so
that the total grate extension is a multiple of this length. Grate bars are
3 to 6 in. deep at the middle, tapering down to about 1 in. at the ends. To
allow for expansion, the bars are usually made about 2 per cent shorter
than the space for which they are intended, so that they will fit when the
boiler is operating. Most grate bars are in one piece, although some have
a body portion and a removable sectional top, which contains the air spaces.

The total grate length is limited by the physical ability of the fireman to
throw the coal to the farthest end. Grates 10 to 12 ft. in length are some-
times used for anthracite. The limits for bituminous coal are 6 to 8 ft.

Fig. 25. Water Grate as Used in Down-draft Boiler Setting.
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becauss it is more difficult to handle the fire. Long grates arc usually
inclined irom J; in, to 1'% in. per foot in length toward the rear, so as to
aid in firing.

Down-draft settings for the smokeless combustion of soft coal utilize a
so-called water-grate, Fig. 24, which is placed above the ordinary grate in the
boiler, as shown in Fig. 25. The water-grate consists of a series of pipes
fastened to steel headers, so connected to the boiler that water will circulate
through it. Fresh coal is fed onto the water grate, and the air admitied
above it travels downward through the fuel-bed. As the coal becomes partly
consumed, it falls through to the grate below, where the combustion is com-
pleted. The space between these two grates is the combustion chamber, in
which the gases are consumed before passing through to the chimney.

Settings for Mechanical Stokers

WITH chain grate stokers, Heine boiler settings are as shown in Fig. 26.
The tiles of the lower baffle are placed on the first row of tubes, either
encircling the tubes entirely or exposing the bottom half. A head room
of 74 feet from the floor line to the underside of the waterleg gives the
desired furnace proportions. This dimension may vary considerably without
affecting the boiler performance, but should not be less than 64 feet. This
setting has been found to give good economy and smokeless operation for
loads up to 200 per cent of rating.

Fig. 26. Chain Grate Setting.

With side-feed or double inclined stokers, the boiler can be set with an
extended furnace or with a flush front. In the typical setting, Fig. 27,
the bottom row of tubes is enclosed in baffle tiles to give a solid roof, and an
auxiliary bridge wall breaks up the currents of gases and insures a thorough
mixture. The side-feed stoker combined with a vertically baffled boiler will
not give smokeless combustion. With horizontal baffles a 7V;-ft. clearance
is sufficient between the bottom of the front header and the floor line.
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The over-fecd type of stoker fits in at the front of the boiler and has
a shaking or dumping grate at the foot of the hridge-wall. For boilers with
horizontal baffles, a 6-ft. setting is required, while for vertical baffles the
clearance should be about 9 feet. Fig. 28 shows a Heine boiler and a front-

Fig. 27. Side Feed Stoker and Extension Furnace Setting.

feed stoker. The typical haffle arrangement is used, but deflection arches
or piers sometimes aid in mixing the gases. When the clear opening between
the top of the bridge-wall and the hottom of the first row of tubes is not
less than 40 per cent of the grate area, piers are not required.
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Fig. 28. Setting for Overfeed Stoker.

With the underfeed stoker, the rates of combustion are usually high,
so that a great volume of combustible gas has to be burned in the
furnace before being chilled by the boiler surface. For this reason, the
standard Heine furnace design, Fig. 29, is generally retained. The settings
can be lower for the horizontal types of underfeed stokers than for the in-
clined types.

Fig. 29. Setting for Horizontal Underfeed Stoker.
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Fig. 30 shows a Heine boiler and superheater set for mechanical draft.
and an underfeed stoker of the inclined type. The headroom between the
waterleg and the floor line is about 7 feet. The lower baffle is made to

Fig. 30. Inclined Underfeed Stoker in Heine Boiler, Equipped with
Superheater and Mechanical Draft.

enclose the tubes. By changing the tile to the third row of tubes, the setting in
Fig. 31 is obtained. In this, more heat is absorbed by direct radiation, and
excessive furnace temperatures are avoided.
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By installing double stokers, boiler capacity and efficiency can be in-
creased for almost the same space. One stoker is placed at the front and
one at the rear of the setting, as in Fig. 32. By forcing a greater weight of
gases through the boiler, the capacity is increased. The larger furnace

Fig. 31. Modified Stoker Setting.

volume gives better combustion; also, a larger proportion of heat is radiated
to the boiler. At heavy loads the overall efficiency is higher than when
one stoker is used. Any variation in the efficiency is due to changes in the
furnace operation, because the efficiency of the boiler, proper, as a heat
absorber, is practically constant.
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Methods of handling coal and ash are discussed in Chapter 16 on
OPERATION.

Fig. 32. Double Stoker Setting for Heine Boiler with Superheater.
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Ashpits

I 'HE ashpit is made of concrete or brick. The design depends upon’ the
boiler load, kind of coal, type of furnace, whether hand or stoker fired,
and of setting. Ashpits satisfactory with a mechanical or pneumatic system
may give trouble for hand removal, while pits for hand operation may also
prove satisfactory with a conveyor.

The ashpit should be large enough to accommodate the ashes from an
18 to 20-hr. run. Such pits climinate the handling of ashes by the night shift.
They also protect the grates or stokers against destruction by the action of
accumulated ash and clinker. In practice, however, ashpits for hand-fired
furnaces are seldom of more than an 8 or 10-hr. capacity. Pits having capac-
ities of 12 to 14 hr. are generally provided for stoker installations.

To proportion the pit for a given period, the maximum amount of
fuel that can be burned on the grates must first be determined. The maximum
percentage of ash or refuse should be figured on the basis of the lowest
grade of fuel to be burned. The pounds of ash and refuse to be handled
per hour is the product obtained by multiplying the percentage refuse and
the hourly fuel consumption. The volume is determined by allowing 40 1b.
of ash to the cubic foot. The total capacity required then depends upon the
periods of ash removal.

Ashpits should be so accessible that they can be easily cleaned; otherwise
the work may not be attended to regularly, and the grates or stoker mech-
anism will be damagsd. Fairly small pits are easily cleaned and give better
results than large pits, which involve heavy labor. Ample room must be
provided for the use of a hoe or shovel. The pit should be not longer than
8 feet. Doors, gates or valves, as used on hoppers, should be arranged to
open and close easily and should be accessible from the floor. Means of
inspection should be provided to make sure that all the ash has been dis-
charged. With reasonable care, the cost of ashpit repairs or relining can
be kept low.

Some typical designs of ashpits are given for different operating con-
ditions. 3;I‘he simplest form is the usual pit for hand-fired furnaces, as shown
in Fig. 33.

Fig. 33. Common Ashpit for Hand Firing.

A modification to obtain greater ash capacity without sacrificing ease of
ash removal is shown in Fig, 34.



Grand Central Terminal of the New York Central Railroad, New York City,
in course of construction. This building contains 8550 H. P.
of Heine Standard Boilers.
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Fig. 34. Large Capacity Ashpit for Hand Firing.

A common form, particularly for side-feed stokers, is shown in Fig. 35.
The cost of construction and maintenance is low; but it is very difficult to

remove ash from pits of this form unless a pneumatic or steam conveyor
is used.

Fig. 35. Rectangula'r Ashpit of Large Capacity.

In modern stoker-fired plants it is the general practice to use hopper
ashpits, The labor of handling the ash is greatly reduced and the installa-
tion of ash conveyors is more convenient. The tunnel under the firing floor
enables the ash to be easily hoed from the hopper ashpit into conveyors
or ash cars without interfering with the work on the firing floor. Fig. 36
shows an example of such an arrangement,
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This system is also frequently used in hand-fired furnaces burning very
low grade fuels having a high ash content. Dumping grates or dumping dead
plates are then generally used.

Fig. 36. Hopper Ashpit and Tunnel.

A still more convenient method which is adopted in most modern power
plants is to provide a basement as large as the boiler room. Ample space
is then available for ash-handling apparatus, forced-draft air ducts and other
auxiliaries; and the removal of ash is done under more comfortable condi-
tions. A typical arrangement of this kind is shown in Fig. 37.
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Fig. 37. Hopper Ashpits with Basement under Boiler Room.

In many cases separate hoppers are provided to receive ash and clinker,
and to recover coal dropping from the front part of the grate. The com-
bustion chamber is often provided with a hopper bottom to facilitate the
removal of dust.

Some suggestion on the design of ashpits may also be obtained from
chapter on mechanical stokers, and from the part of the chapter on economi-
cal boiler operation, referring to ash handling.

Hopper ashpits should be lined with firebrick. There 1s always the
possibility of combustible matter burning in the. ashpit owing” to careless
operation of mechanical stokers or dumping grates, and fairly high tempera-
tures are often encountered in such cases.

Ash doors and valves at the bottom of hopper ash-pits should be air-
tight or nearly so. With natural draft sufficient air will be drawn in through
leaky doors to cause brisk combustion under conditions described above,
and the ash may be melted into large clinkers, which are difficult to remove
and which sometimes must be broken up before they can be got through
the doors or valves. With forced draft under pressure in the hopper ash-
pit, leaky doors may increase the load on the fans and cause wasteful power

consumption.
Settings for Powdered Coal

POWDERED coal has been used extensively for the past twenty-five

years in certain metallurgical processes, particularly in the cement indus-
try, and its success in this and similar industries is amply testified by its
extensive use. Certain characteristics in the combustion of pulverized coal
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have brought out the fact that under some conditions it is feasible to
utilize this fuel for use in generating steam. In the past five years a number
of boiler plants have been equipped to burn this type of fuel.

Boiler furnace setting design for the successful combustion of pulverized
coal was a subject which was not thoroughly understood when the first
installations of this sort were made, and hence the early results obtained
were not satisfactory. However, the subject is now past an experimental
stage and it can be said that the following remarks on furnace design are
in general indicative of good practice. The furnace volume should be so
proportioned that combustion is completed before the tube bank is reached.

About 2 to 2!4 cu. ft. of furnace volume should be provided for each
boiler horsepower developed, assuming that the combustion chamber is nearly
in the form of a cube. Boiler furnaces are not always of cubical form, so
that the velocity of the gases should be limited to 7 ft. per second, through
the smallest cross sectional area and where the temperatures are highest.
This rule for contents holds good for coals in which at least 25 per cent of
the total combustible is volatile matter. It does not apply to anthracite,
coke breeze, or other low volatile fuels.

An extension furnace is usually employed to obtain the required com-
bustion space. Inasmuch as the ash will tend to adhere in the form of slag
on furnace sides and bottoms, it is desirable to have these surfaces slope
downward to a slag hole, through which the molten slag can be tapped off.
Furnace temperatures are high in this class of firing, and it is essential that
the walls be heavy and constructed of first quality refractories.

Fig. 38 shows a Heine cross drum boiler with a typical setting for burn-
ing pulverized coal with the Bonnot system.

Fig. 38. Typical Powdered Coal Setting.
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The use of powdered coal necessitates the installation of a preparation
plant, which generally consists of a crusher. a dryer, a pulverizer and suit-
able elevators, conveyors, dust collectors, hoppers, etc. Fig. 39 shows the
layout of a typical preparation plant.

Equipment Necessary for Powdered Coal Plant.

Fig. 39.
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Powdered coal requires care in handling. In a well-designed and prop-
erly operated plant there is but little danger from explosions. However,
where hoppers, conveyors, elevators and dust collectors are not tight, and
the powdered coal is allowed to escape into the room, there is great liability
of explosion due to the possibility of the ignition of the cloud of coal dust
by an open flame.

Pulverized coal when newly ground is practically a fluid, because of the
entrained air, hence it is readily handled by conveyors and flows easily from
hoppers. But, after standing from 36 to 48 hours, the entrained air escapes
and the coal settles down and packs in the hoppers. The correct way to
overcome the difficulty of packed hoppers is to provide compressed air lines
in the hopper sides and thus agitate the packed coal with air, supplemented
by hand poking. Hammering the hopper sides to make the coal flow only
causes it to pack the tighter in the bin. The sides of powdered coal hoppers
should have a slope of not less than sixty degrees.

In order to handle the crushed coal in the pulverizers it is generally
necessary to dry it down to from one to two per cent moisture content.
Th(éspulvcrizer is generally adjusted for grinding the coal down to a fineness

per cent through the 200-mesh sieve, and 95 per cent through the 100-
mesh sieve. The better combustion conditions obtained with coal of greater
fineness than given above does not warrant the cost of the extra pulveriza-
tion,

Powdered Coal Burners

BUR\ER InsIaIlahons usually include a feeder of the screw conveyor
type, such as Fig. 40. The capacity of the feeder depends upon the pitch
and depth of the screw, while the amount of feed is controlled hy its speed.
which is adjusted by a variable speed motor drive. Air for feeding and
mixing is supplied by a blower at 6 oz. pressure. The fuel, as it drops into
this blast of air, is agitated by a paddle wheel so that the mixture of air

Fig. 40. Lopulco Type Variable-speed Fuel Feeder.
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and coal remains practically of constant density .until injected into the fur-
nace. The type of burner recommended with this equipment is shown in
Fig. 41.

Auxiliary Ind
ks

Fig. 41. Lopulco Type Pulverized Fuel Burner.

In the burner shown in Fig. 42, a variable speed screw feeder at the
bottom of the pulverized fuel bin delivers the coal, the amount being regu-
lated by a hand wheel. A feeder of this type having a capacity of 500 Ib.
of fuel an hour can he regulated to deliver as little as 26 1b. an hour. There
are two air supplies, both controlled by blast gates. The air for combustion
is at 114-oz. pressure, while the air conveying the fuel is at 6-oz. pressure,
expanding down to 174-oz. in the burner. The burner used is of cast iron
pipe with a specially shaped elbow in which the fuel pipe is placed.

Gate-,
- Furnaoce
Wall
)
Feoder” -m 0
= 1 -
“Blost Gate Foep Hole- :

Fig. 42. Quigley Burner Arrangement for Powdered Coal.

. In another burner arrangement no mechanism whatever is used. The
air in motion through a mass of powdered fuel picks up sufficient fuel to
make a combustible mixture,

According to V. A. Evans, the control of the fuel supply to the burners
by air regulation rather than by varying the speed of a screw feed gives best
results. The speed of the screw conveyor cannot be adjusted closely, but the
air blast is subject to exact control. For any given feed adjustment, a
burner arrangement should deliver the required fuel with not more than a
3 per cent variatien in quantity for any number of 5-min. intervals.
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Settings for Oil Burning

THE use of petroleum as fuel for steam generation has increased remark-
ably within the last decade. This has been brought about by the abun-
dant supply resulting from the development of new oil fields, and by certain
advantages of oil firing over coal firing. But as the supply of petroleum
suitable for fuel has not kept pace with the unusual demand, uncertain
deliveries and increasing cost are now working to the disadvantage of those
plants using oil. There is no doubt but that oil ranks second in importance
to coal as fuel for steam generation, but with the present rapid depletion of
oil resources it is evident that oil firing will never supercede the use of coal.

In general the petroleum used for steam generation is of two types, the
one commonly called fuel oil is the heavy oil resulting from a partial refin-
ing of paraffin crude, and the other is the unrefined, asphaltum-base, crude
oil. The oils found in the mid-continent and Eastern fields contain a paraf-
fin base, while those produced in the Gulf and Western fields contain an
asphaltum base. A discussion of petroleum with typical analysis is given in
Chapter 13 on FUEL.

The success of oil firing depends largely upon proper furnace design,
and there are a number of important points which must be considered.
First, a large amount of refractory radiating surface must be provided to
assist in combustion. Good practice in this regard is to allow from 09 to 1.2
square feet of radiating surface per boiler horsepower developed. Second,
the furnace volume must he so proportioned that the gases are given time
for complete combustion before reaching the comparatively cool heating
surface. A combustion space of about 2.0 cubic feet per developed boiler
horsepower will satisfactorily meet the average volumetric requirements.

Fig. 43. Typical Oil Burning Setting.
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In proportioning both radiating surface and combustion space, the proposed
ratings at which the boilers are to be operated should be used in the calcu-
lations rather than the manufacturers’ nominal rated horsepower.

The setting of the Heine boiler, with its large combustion space and
ample refractory radiating surface, satisfactorily meets the requirements of
oil firing. A typical setting is illustrated in Fig. 43.

The location of the burners in oil-fired setting design, should be such
that the flame action will not be localized on portions of the heating surface,
so that trouble from blow-torch action with the resultant blistering of tubes
will be obviated. The oil or flame should not impinge directly on any por-
tion of the furnace brickwork, because when starting up a furnace the oil
dripping down after impingement on such cold surfaces may collect on the
floor of the combustion chamber in such quantities that a serious explosion
may occur when this pool of oil becomes heated up to the ignition point.

Certain features in chimney design for oil firing are discussed in
Chapter 6 on CHIMNEYS.

Oil Burners

NE advantage in the use of oil for fuel lies largely in the fact that it
can be broken up into minute drops so that the air for combustion comes
into intimate contact with every particle of the liquid with the combustible
gases evolved. The requirements for efficient combustion are a chamber of
the proper proportions with the correct air supply properly distributed, and
the thorough atomization of the entering fuel, the term “burner” being applied
to the atomizing device. The desired effect is secured either by the action
of steam or compressed air, which atomizes the oil and carries it into the
furnace, or by purely mechanical means.

There are many types of oil burners and these are arranged differently
because of the method of operation and the shape of the flame. Sometimes
the oil is sprayed out in a fan-like flame between firebrick blocks, which form
the approximate boundaries for the flame.

The burner can be inserted through the firing door, with the grates cov-
ered with checkerwork with 34-in. space between the bricks, but the “low
setting” is preferred, in which the grates are removed, and the checkerwork
laid on supporting brick in the ashpit and the bridge wall cut level with the
top of the checkerwork. .

Steam atomizers include outside mixers, in which the steam impinges on
the oil current just beyond the tip of the burner, and inside mixers in which
the two come into contact within the burner. A combustible mixture of atom-
ized liquid and volatile gases issues from the nozzle. In air atomizers, a jet
of air under high or low pressure is used to break up the oil, part of the
air for combustion entering in this manner. With mechanical atomizers the
oil, preferably heated, is forced out under pressure through a distributing
tip, or by the whirling action of a revolving carrier.

Burners utilizing steam for atomization are installed in many stationary
oil-burning power plants. They produce thorough atomization, with a long
flame, but cannot be used where the steam would be liable to condensation,
and great care must always be taken to keep the steam consumption down
to a minimum. Air atomizers are desirable in marine work or in stationary
plants where it is necessary to conserve the water supply, and they have the
further advantage that the latent heat in the exhaust from the blowers or
compressors is returned to the boiler, and no heat is carried away by the
steam in the flue gases. They give a short, intense flame and the furnace brick-
work must be proportioned accordingly. Under proper conditions, either
steam or air atomizers can be operated with a steam consumption of 2 or
3 per cent of that produced by the boilers. Mechanical atomizers require
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little steam, and their exhaust can all be returned to the boilers. They arc,
ijn general, susceptible of very fine adjustment to meet varying load con-
itions.

Illustrated below are several types of burners now on the market.

In the Hammel Burner, Fig. 44, the oil, either heated or cold, is fed into
the upper pipe, is forced through the sloping passage in the burner to the mix-
ing chamber C. Here it encounters the entering steam jet at an angle, the
heavy hydrocarbons are atomized, and the lighter ones vaporized, and thc
mixture issues from the burner to the combustion chamber. Thin renewablc
plates forming the top and bottom of combustion chamber C receive any
wear due to grit in the oil, while moisture carried in with the steam flows
along the lower passage and is blown out under the steel plate. The Ham-
mel Oil Burning System is ordinarily installed without arches, bridge walls
or target walls,

Steam

By-Pass vaive

I |

Burner Head.

Oil —> Head

= 55fe_am = .
4 ' hwncr{ Steam —»> |

Fig. 44. The Hammel Oil Burner.

The Staples & Pfeifer Burner, Fig. 45, operates with steam or air,
which flows through the large pipe encasing the oil pipe, until it enters the
mixer, which is set with the apex P slightly below the center of the tip.
The flow of oil is regulated by the valve rod inside the steam pipe, operated
by the wheel shown.

Steamn

o1l
Fig. 45. The Staples and Pfeifer Oil Burner.
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In the Focrst Fuel Oil Burner, Fig. 46, the oil under gravity or pres-
sure feed flows in through the lower pipe, and the atomizing steam or air
through the upper pipe. The illustration shows a fan-tail burner, although
hurners giving a cone-shaped flame are also furnished.

Fig. 46. The Foerst Fan-tail Type Oil Burner.

The II". N. Best Calorcx Burner, Fig. 47, is an external mixer, employ-
ing a jet of the atomizing fluid issuing at right angles to the oil. The atomizer
lip is held tightly, but can be raised for blowing out incrustations with the
aid of the by-pass. Burners are made for throwing a long, narrow flame, or
a fan-shaped one up to 9 feet wide.
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Fig. 47. The W. N. Best ‘“Calorex’ Oil Burner.

The Koerting Cyclone Oil Burner, Fig. 48, is designed for use where
forced draft is required, or where it is desired to make use of a low pressure
oil pump already installed. The oil issues from an atomizing nozzle, while
the pipe through which it flows is surrounded by a passage carrying com-
pressed air, which receives a gyratory motion, so that the mixture coming out
of the cylinder forms a spreading cone, in which the flame remains close to
the burner. Air atomizing burners are also supplied, and burners for use
where the oil is under gravity, as in small plants.

Re;;.sfer ’ ,27,7’;/:{’

Fig. 48. The Koerting Cyclone Oil Burner.

Of more general application is the Koerting Mechanical Oil Burning Sys-
tem, in which the fuel 1s pumped at high pressure to centrifugal spray nozzles,
at a temperature of about 260 deg. F. The burner is surrounded by an ad-
justable cylindrical air register, admitting air through rectangular openings,
giving an intimate mixture of combustible material.

The Cocn System, Fig. 49, utilizes a mechanical burner into which the
oil is pumped under pressure and receives a whirling motion. The adjusting
wheel shown in the sketch is used to regulate the flow ; by turning it the small
ball at the cone end can be lowered, reducing the flow to a minimum without
shutting it off.
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Fig. 49. The Coen Oil Burner.

The Ray Rotary Burner, Fig. 50, atomizes the oil in an open cup, re-
volving at high speed, while air under /z Ib. pressure issues from a cylindrical
slot surrounding the atomizer and directs the mixture into the furnace. The
pump, blower and atomizer are driven by a ¥4 H. P. motor, and can be swung
from the furnace front. .

Fig. 50. The Ray Rotary Crude Oil Burner,

Oil as fuel requires the use of certain auxiliary apparatus, most important
of which is the oil pump and oil heater.

Fig. 51 illustrates a combination oil pump and condensmg type heater
set manufactured by the G. E. Witt Co. The oil, after passing through the
pump, is delivered to the heater, after which it passes through a strainer to
the oil burner line. The heater consists of copper tubes, through which
the exhaust steam from the pump circulates, heating the oil in the cast iron
chamber surrounding the copper coils.
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Fig. 51. Witt Oil Pumping Set with Condensing Type Heater.

Tar Burning

ATFR gas tar, which is a hy-product from gas works using the water

gas system, makes excellent fuel for use under steam boilers. An aver-
age tar will have a calorific value of about 15,000 to 17,000 B. t. u. per Ih.
and will weigh about 9.5 Ibs. per gallon,

In general it may be said that a furnace suitable for burning crude oil
will give satisfactory results when using water gas tar as fuesl. Refer to
remarks given elsewhere on oil burning furnace design.

Crude oil burners can be satisfactorily used for burning tar, though
provision should be made for straining the tar before it reaches the burner,
and clean-out connections for blowing out tar lines and burners with steam
or compressed air should be provided. Inasmuch as a low flash point is a
characteristic of water gas tar, it should not be preheated beyond the tempera-
ture at which it is sufficiently fluid to be handled.

Coal gas tar may be used for boiler firing, but the present high value
of coal tar derivatives, which are used as bases for dyes, explosives, etc,
precludes its use as a fuel, '
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Gas Burning

NATURAL gas, blast furnace gas, coke oven gas and producer gas are
the four principal types of gaseous fuels which are available for use
under steam boilers.

NATURAL GAS: Natural gas is probably the most widely used of the
four principle gases, although the depletion of the natural gas fields is now so
rapid, that its utilization is being rapidly curtailed.

Representative analyses of natural gas from various locations are given
in Chapter 13 on FUEL.

The design of a boiler furnace for burning natural gas involves several
important points. First, the furnace volume or combustion space must be
proportioned so that the gases will not come into contact with the cool
heat absorbing surface until combustion is completed. A furnace volume of
about 2 cu. ft. per rated horsepower will give sufficient combustion space
to meet the above conditions. The standard Heine boiler, with its arrange-
ment of horizontal baffling on the lower row of tubes, gives a furnace
volume particularly well adapted for the burning of natural gas. Dutch
oven furnace construction is not necessary with Heine boilers burning natural
gas. Second, in order to prevent laning action of the gases in their passage
through the boiler it is more desirable to use a large number of small
burners than a few large ones. One burner for 25 to 30 rated boiler
horsepower will give satisfactory results. Third, where furnace widths are
over 50" it is desirable to install checkerwork to act as an igniter for the
gases. In some cases one checkerwall placed about three or four feet from
the burner outlets is used as an igniter and a second checkerwall, some
three or four feet behind the first, acts to break up the flame and mix the
gases thoroughly after passing through the first.

Fig. 52 shows a typical natural gas burning setting for a Heine boiler.

Fig. 52. Typical Natural Gas Burning Setting.
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The “Kirkwood” natural gas burner, Fig. 53, consists of an outer and
inner casing, and a nozzle. Into the inner casing is driven a large number
of small brass spuds which are drilled half way through in two directions.
These two holes meeting make a passage for the gas from the annular
space between the outer and inner casing into the inner cylindrical space.
Here the gas is introduced in a great number of fine jets into the air which
is drawn through the burner. Air regulation is obtained by adjusting the
front slide.

Fig. 53. End View of Kirkwood Natural Gas Burner.

Due to the fact that the supply of natural gas in certain localities is
erratic and uncertain, it is generally the custom to install the burners above
coal fired grates or even stokers. The grates or stokers are normally com-
pletely covered with firebrick, but in case of the gas supply failing, the
bricks can be easily removed, the burner swung out of position and a coal
fire quickly started.

BLAST FURNACE GAS or the gas resulting from the chemical reaction
in the iron blast furnace, is extensively used for steam generation in the
iron industry.

A typical analysis of blast furnace gas is given in the table in Chapter
13 on FUEL.

It is to be noted that this gas is “lean” or low in calorific power, and
that the chief combustible constituent is carbon monoxide. These two facts
cstablish the necessity of special furnace design for burning it. The furnace
volume required will vary with the quality of gas available and also with
the type of burner used. With an inside mixing burner, where the air
necessary for combustion is partially mixed with the combustible within the
burner shell, the furnace volume need not be as large as when the air neces-
sary for combustion is induced around the burner nozzle. For average condi-
tions the furnace volume should be between 2 and 2V4 cubic feet per rated
boiler horsepower. With this type of fuel as well as with oil or natural gas,
the Heine boiler with its large combustion space is particularly well adapted
for efficient and high capacity operation.
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Inasmuch as blast furnace gas contains such a high percentage of carbon
monoxide, it is necessary to maintain an auxiliary fuel bed to act as an
igniter., Coal fired grates are most commonly used, but stokers or even oil
burners are entirely practicable for this purpose.

It is preferable to use washed blast furnace gas for firing boilers, but
not absolutely necessary. Where coal fired auxiliary grates are used, the
dust precipitated in the furnace from the unwashed gas may be removed
when the fires are cleaned. However, this dust when allowed to accumulate
becomes fused and is difficult to remove.

Fig. 54. Kirkwood Natural Gas Burners under Heine Boilers at
Chartiers Water Company’s Plant, Pittsburgh, Pa.

Due to the fact that pulsations and mild explosions are liable to occur
when burning this type of fuel, it is necessary that the settings be particularly
well buckstayed. Quick opening, unlatched explosion doors should also be
provided in the setting.
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Fig. 55 illustrates a Birkholz-Terbeck burner, which is often applied to
blast furnace gas-fired boilers. In this burner the primary air supply is
admitted through openings in the back of the air nozzle, being aspirated by
the force of the gas blowing through the burner. The primary air supply
is not sufficient for proper combustion and a secondary supply is drawn in
gy the furnace draft through the secondary openings around the nose of the

urner.

A
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Fig. 55, The Birkholz-Terbeck Burner for Blast Furnace Gas.

Fig. 56 shows a Kling-Weidlein Burner in which the gas leaves the
primary nozzle at high speed and in two streams, drawing primary air in
between the gas streams. The air mixes with the inside layers of the gas
streams on their way to the ignition chamber, but before the latter is
reached, the secondary air in two streams is brought in and mixes with
the outside layers of the gas.
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Fig. 56. The Kling-Weidlein Blast Furnace Gas Burner.

In the Bradshaw-Fraser Burner, Fig. 57, the aspirating action of the
blast furnace gas which has attained high velocity as a result of the con-
stricted passage is used to draw in air through an internal connection.

Fig. 57. The Bradshaw-Fraser Gas Burner.

PRODUCER GAS has but a limited use under boilers, and for the
sake of cconomy it should be used only in an emergency. A representative
producer gas analysis is given in Chapter 13 on FUEL, and it will be noted
that in calorific power and in percentage of combustible it resembles blast
furnace gas.

COKE OVEN GAS is a product of the destructive distillation of coal
as carried out in the by-product coke oven. This gas has a relatively high
calorific value, as is indicated by the analysis given in Chapter 13 on FUEL.
In general, the proper methods of burning this fuel are the same as for
natural gas. However, as this gas may contain tar, which has not been
entirely removed in the scrubbing process, it is necessary to have the gas
lines and burner pipes arranged for easy cleaning.
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Settings for Burning Refuse

‘x].OOD chips, shavings, sawdust, and other refuse from sawmills or
industrial processes require a boiler furnace in which a large mass of fire-
brick is continuously radiating heat to the fuel and evaporating the moisture
from it.

In the Heine boiler, a semi-extension or Dutch oven, Fig. 58, meets
the requirements of wood refuse or tas bark. The thickness of the fuel-bed
carried on the grate depends upon the size and nature of the fuel, as well as
upon the quantity of air that the available draft can draw through the bed.
A long flame is produced by the burning fuel, but it is prevented from coming
in contact with the tubes of the boiler by the baffle tiles lying horizontally
on the bottom row. As wood refuse generally contains a large amount of
moisture, a considerable percentage of the total heat is consumed in evapo-
rating the water from the fuel.

Fig. 58. Setting with Semi-Extension Furnace for
Burning Wood Refuse or Tan Bark.

Fig. 59 shows a method of firing when the wood-refuse is brought to
the boilers by pneumatic conveyors, the fuel being deposited in the cyclone
separator and fed to the boilers through 10 or 12 inch galvanized sheet iron
piping to burners discharging over the fuel bed. These burners are usually
attached to a length of pipe, the upper end of which is carried by a ball joint,
and the lower end latched to the burner. Y-branches or switches allow of
one cyclone separator feeding several boilers. The piping from the separator
should not slope more than 30° from the vertical.
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If dry chips and shavings are to be fed to the furnace, or if a mizture
of wood and coal is to be burned, the resulting high temperatures may burn
the firebrick. But if the amount of heat absorbed directly from the fire is
increased by the use of the standard setting, Fig. 60, the furnace temperature
will remain normal. The necessary cooling effect is obtained by the arrange-
ment of the baffles. Near the front header the underside of the tubes is

Fig. 59. Burning Wood Refuse Carried by Pneumatic Conveyors.
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exposed for a short distance, while the rest of the first row of tubes is
encased in baffle tile. The gases are directed upward against the tile roof.
then over the top of the wall and under the deflection arch. The air and
gases are thoroughly mixed and smoke formation prevented.

Fig. 60. Setting for Burning Coal and Wood Mixture.
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For burning bagasse a special extension furnace is required for
combustion. These wet fuels should be burnt on hearths at the bottom
of high reverberatory chambers as shown in Figs. 61 and 62. The raw
material is fed in from the top, and is dumped directly onto the fire, so that
the fuel bed is generally in a thick pile. The necessary air is brought in
through the tuyeres under light pressure. Combustion is completed in return
flues, which carry the gases to the boiler.

Fig. 61. Preferred Setting for Burning Bagasse.

Oppositely inclined grates converging downwards may be installed near
the bottom of the furnace. These can be automatic or hand-operated.
One furnace can be used for two boilers, by setting it between them,
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Fig. 62. Alternative Settings for Burning Bagasse.

Waste Heat Settings

CERTAIN manufacturing processes depending on the direct combustion
of fuel are inherently inefficient when considered from a thermal stand-
point. The term efficiency, as applied to these various processes, has the
same significance as it has when applied to the operation of a direct fired
steam boiler. In boiler practice the object is to utilize every available B. t. u.
for the generation of steam; but there are certain unavoidable heat losses of
which the greatest is the heat carried away by the stack gases.

In some industrial burning operations the thermal efficiency is not above
40 per cent. That is to say, the number of B. t. u. actually utilized in the
melting, smelting or treatment of the material involved, is only 40 per cent
of the number of B. t. u. actually supplied to the furnace as fuel. In these
operations, as in steam boiler practice, the largest thermal loss is the heat
carried away by the waste or stack gases.

In order to increase the efficiency of the primary furnace, waste heat
boilers are installed, which generate steam for plant use. This steam is a
direct saving. With the ever increasing price of fuel, the installation of
waste heat boilers is decidedly advisable wherever conditions permit.
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The operation of the following types of furnaces with their relatively
low thermal efficiencies, is in general such that waste heat boilers can be
profitably installed.

Open Hearth Steel Furnaces.
Rotary Cement Kilns.

Puddling Furnaces.

Malleable Iron Melting Furnaces.
Forge Heating Furnaces.

Bee Hive Coke Ovens.

Coal Gas Benches.

Oil Stills.

Zinc, Copper, Nickel, etc., Refining Furnaces.
Soda Ash Furnaces.

Glass Melting Furnaces.

Waste heat boilers cannot be conveniently installed with every such
furnace, because raw materials, fuels and operating conditions differ so
widely that each proposed installation requires individual study to determine
the feasibility of a waste heat boiler installation, and the best method of its
application.

Inasmuch as the temperatures of waste gases available for waste heat
boilers vary from below 1000° F. for long cement kilns up to 2200 for melting
furnaces, it is obvious that there can be no set or standard proportion of
boiler heating surface. With gases around 1000° F. the heat transferred
to the boilers by radiation is almost negligible and the steam is generated
principally by convected heat. Where the gases are at temperatures above
2000° F. the radiation is appreciable, approaching that of a direct-fired boiler.
Hence a boiler for high temperature waste heat work varies but little in
design from a standard direct-fired unit.

The majority of waste heat boilers in service are utilizing gases at
temperatures ranging from 1100° to 1600° F. In this class steam is generated
by convected heat and therefore the arrangement of heating surface and
baffling departs materially from the standard for direct-fired work.

The transfer of heat by convection follows certain laws, of which cog-
nizance is taken in the design of Heine waste heat boilers for relatively low
temperature work. As early as 1874 Professor Osborn Reynolds developed a
law of convection, which has been later substantiated by such investigators
as Nicholson, Jordan, Stanton and Fessenden. This law states that the rate
of heat transfer bears a certain definite relation to the velocity with which
the gases sweep over the heat absorbing surface. Or stated in different
words—the B. t. u. transferred per square foot of heating surface per
hour per degree difference in temperature between gas and water increase
with increasing gas velocities. Therefore, in a waste heat boiler of the
convected heat type, in order to obtain a satisfactory rate of heat transfer
and to keep the heating surface within reasonable limits, the gas velocities
employed are considerably higher than in direct-fired practice.

The first modern high gas velocity waste heat boiler was a standard
Heine boiler installed in 1910 by C. J. Bacon at the South Chicago Works of
the Illinois Steel Co. The gas velocity in this boiler was equal to 5300 Ibs.
of gas per square foot of gas passage area per hour, and established the
high limit up to the present time.

High gas velocities, which generally run from 2500 to 4500 lbs. of gas
per hour per square foot of average gas passage area, are obtained in the
Heine waste heat boiler by various methods of baffling. In instances where
the gases are comparatively free from dust, horizontal baffling is employed.
This is easily installed and replaced, and readily rearranged, should it be
desired to increase or decrease the gas velocity in order to alter the rate of
heat transfer.
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In instances where the gases are burdened with dust, which would
accumulate on horizontal baffles, there are employed other methods of
baffling which maintain a high gas velocity and allow the dust to fall clear
of the tube bank. Several different types of baffling are used in Heine
waste heat boilers, and these make such a variety of possible arrangements
that no typical illustration can be given. The dust falls into hoppers built
integral with the setting and equipped with air tight cleanout doors.

Due to the high gas velocity employed, there is an unusually high draft
loss through the boiler, which is taken care of by induced draft fans. Fans
have a steadying effect on the draft at the primary furnace, and when so
desired the draft at the furnace may be increased with increased furnace
output. It is desirable that the fans be driven by a variable speed motor
or steam turbine, so that any variation in the quantity of gas may be satis-
factorily handled.

In plants where the temperature of the waste gases approaches that of
direct-fired practice, or where the conditions do not warrant the expense of
an induced draft fan installation, it is customary to use a single pass waste
heat boiler and to employ natural draft. The boiler is then very similar
in design to a standard direct-fired unit.

It is generally preferable to install waste heat boilers in connection with
continuously operated furnaces. If the furnace is operated only part of
the time, it is customary to install auxiliary grates under the boiler and to
fire coal directly, when the boiler is not being supplied with waste heat from
the furnace.

The necessity of having tight settings is continuously brought to the at-
tention of direct-fired boiler operators; but in waste heat utilization this
requirement is even more important, for there is a greater vacuum in waste
heat settings, and hence a greater tendency for air leakage through crevices
in the brickwork, around loose doors, etc. The waterleg construction of the
Heine waste heat boiler is such that one continuous surface is presented at
both the front and rear of the setting. There are no separate headers and
therefore no crevices to caulk with ashestos rope, which quickly becomes
brittle, often drops out, and thus increases the air leakage. The soot blower
elements project through the hollow staybolts of the front and rear waterlegs,
so that it is not necessary to place dusting doors in the side walls. The
fewer the openings in the setting brickwork the more durable it is and the
less the tendency for air leakage. All cleanout or access doors should be
provided with gaskets to insure tight closure. Steel casings for waste heat
boiler settings are not altogether satisfactory, because cracks are likely to
develop in the brickwork, and being inaccessible behind the casing are hard
to detect and repair. Asphaltic compounds suitable for painting the exterior
of the brickwork are satisfactory for reducing air leakage.

One fact in the design of a complete waste heat boiler installation should
be constantly borne in mind,—the operation of the boiler must in no way
interfere with the operation of the primary furnace to which it is connected.
By-pass flues and dampers must be arranged so that in case something un-
foreseen happens the gases of combustion can either be- passed up the
stack or to another waste heat hoiler. Where there are two or more boilers
utilizing the waste gases from two or more furnaces, it is desirable, where
space or operating conditions permit, to arrange one common flue into which
the waste gases from all furnaces discharge, and from which branch flues
lead to as many boilers as are necessary to handle the gases satisfactorily.
With this arrangement the dampers can be placed so that any desired flexi-
bility of operation is obtained.
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Marine Settings

IN shipping practice boilers of compact design and light weight are re-
quired so that the cargo capacity wxll be a maximam. Only water-tube
boilers fulfill these reqmrements

For cargo carriers and other steamsh:ps, boilers, Fig. 63, are supported
by a steel structure secured to the framing in the vessel. On this structure
is a steel-plate casing, which encloses the entire setting. Inside of the casing
is insulating material, faced with firebrick. This construction insures pro-
}ectlon against high temperatures and minimizes the radiation and infiltration
osses

Fig. 63. Heine Marine Cross Drum Boiler.

For dreage boat service, the setting is buut up of firebrick, hollow tile.
asbestos and sheet iron. All parts of the furnace interior exposed to high
temperatures are lined with firebrick, Back of this is the tile, which is



Front View of Marine Casings for a Battery of Two Heine
Cross Drum Marine Boilers.

Rear View of Marine Casings for a Battery of Two Heine
Cross Drum Marine Boilers.
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covered with asbestos on the outside. The sheet iron encases the entire
setting, as shown in Fig. 64. The boiler itself is carried on steel supports at
the front and rear, while the breeching and stack are carried by structural
framing.

Separate Heine publications dealing with marine boiler practice are sent
on request.

Fig. 64. Heine Dredge Boat Boiler Setting.

Boiler Setting Requirements

THE essentials of a boiler setting are a firm foundation, proper distribu-
tion of brickwork and steel supports, adequate furnace and ashpit space,
and insulation against heat losses. The furnace proper and masonry parts
included in the furnace should be made of materials that will stand severe
service and high- temperature with the least maintenance. The refractory
material should be combinations of fire-clay, or else special firebrick.

The boiler must be supported on a solid base to prevent settling and
cracking of the walls. A weak base may impose severe strains upon the
boiler piping, resulting in sprung and leaky joints and ruptured connections.

The soil is the determining factor in proportioning the foundation. In
soft ground under a large boiler, it may be necessary to drive piles or to lay
a concrete base at least 2 ft. thick over the entire space occupied by the
setting. The walls are started on this base or a concrete foundation with
footings is laid to receive the brick and steel structure. The depth of
foundations and width of footings then depend upon the size of boiler.

The side and end walls of a boiler setting should not be less than 12 in.
thick. In older designs, a 2-in. air space was generally provided. It was
thought that the double wall prevented heat losses and also cracking due to
expansion. Tests by the U. S. Geological Survey indicate that an air space
is of little value in setting walls. The radiation losses appear to be greater
for a wall with an air space than for a solid wall, especially if the air space
is near the furnace side.
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While concrete has been used in several installations, the walls of the
setting. as a rule, are made of well-burned red brick. These should be laid
true and in high grade mortar, consisting of a thorough mixture of one part
Portland cement, three parts unslaked lime and sixteen parts of clean sharp
sand. Each brick should be solidly imbedded and the joint fully filled.

Ordinarily, the furnace, ashpit, bridge wall, arches and floor of the
combustion chamber are built of red brick. All parts of the brickwork in
contact with the hot gases or exposed to the flame, should be faced with
or else built entirely of firebrick capable of withstanding the high tem-
peratures.

The firebrick should be highly refractory and should be mechanically
strong and sound so that it will not spall, flake or crumble. Firebrick
linings, walls and arches must be given reasonable care. They should be
laid in fire-clay mortar having the same properties as the brick itself. Flux-
ing material, such as lime, should not be used in making the joints. Fig. 65
can be used in estimating the number of brick required for standard water-
tube boiler settings.
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Fig 65. Approximate Number of Brick Required for
Standard Heine Boiler Settings.
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The furnace construction can be made stronger or more durable by
using special blocks in place of the standard firebricks. These blocks are
larger and therefore reduce the number of joints required. By the use
of a plastic refractory, a one-piece, continuous, monolithic structure can
be built up, thus eliminating all joints,

The walls should be strengthened by steel channel buck-stays placed
at each end of the setting and at several points along the sides. These
should be secured to the walls by longitudinal and transverse anchor rods
built into the brickwork. Other structural members are required for the
support of the boiler, their number and distribution depending upon the
type of setting and the style of furnace,

Refractory Materials

HE refractories used for linings, arches and bridge walls of boiler

furnaces must withstand, without serious physical or chemical change,
high and changing temperatures, action of flame and gases, and mechanical
stresses 