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THE SMOKELESS COMBUSTION OF COAL IN
BOILER PLANTS.

By D. T. Raxparr and H. W. WEEKs.

INTRODUCTION.

THE PROBLEM AND ITS SOLUTION.

The burning of coal without smoke is a problem which concerns
the Government directly because of the advantages of smokeless com-
bustion both in public buildings and on naval vessels. In addition,
smoke abatement is a factor in conserving the fuel resources of the
United States. Hence, as part of its general investigation of the best
methods of utilizing the coals of this country, the United States Geo-
logical Survey has made extended tests to determine the conditions
necessary for the smokeless combustion of bituminous coal in boiler
plants, and has obtained information relating to the setting and opera-
tion of boilers at industrial establishments where coal high in volatile
matter is burned without smoke.

Bulletin 334, a preliminary report on the subject of smoke abate-
ment, treated the problem from a theoretical point of view, detailing
the steps that are now being taken by municipalities, manufacturers,
and citizens to stop the evil, also showing the possibility of a clean
city. The present bulletin not only shows that bituminous coals high
in volatile matter can be burned without smoke, but also that large
plants carrying loads that fluctuate widely, where boilers over banked
fires must be put into service quickly and fires forced to the capacity
of their units, can be operated without producing smoke that is objec-
tionable. Proper equipment, efficient labor, and intelligent super-
vision are the necessary factors.

INVESTIGATION OF INDUSTRIAL PLANTS.

SCOPE AND PURPOSE.

In the investigation of industrial establishments a study was made
of the conditions in thirteen of the larger cities in Illinois, Indiana,
Kentucky, Maryland, Michigan, Missouri, New York, Ohio, and Penn-
sylvania, between 400 and 500 plants being inspected. Sufficient
information was collected to make the data from 284 plants of value
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6 SMOKELESS COMBUSTION OF COAL.

for this report. In nearly every city visited coal was supplied from
points both in and out of the State, so that although but nine States
were visited, the facts ascertained apply to coals from a greater
number.

The main purpose of the inspection was to obtain a better knowledge
as to the influence on smoke production of furnace design and of the
conditions under which combustion takes place.

SUMMARY OF CONCLUSIONS.

The results of this investigation are set forth in detail on later pages
of this volume. The general conclusions to be drawn can be summa-
rized in a few paragraphs.

Smoke prevention is possible. There are many types of furnaces
and stokers that are operated smokelessly.

Any one kind of apparatus is effective only if so set under boilers
that the principles of combustion are respected. The value to the
average purchaser of a manufacturer’s requirement on this point
lies in the fact that he is thus reasonably certain of good installation.
A good stoker or furnace poorly set is of less value than a poor stoker
or furnace well set. Good installation of furnace equipment is neces-
sary for smoke prevention.

Stokers or furnaces must be set so that combustion will be complete
before the gases strike the heating surface of the boiler. When partly
burned gases at a temperature of, say, 2,500° F., strike the tubes of a
boiler at, say, 350° F., combustion is necessarily hindered and may be
entirely arrested. The length of time required for the gases to pass
from the coal to the heating surface probably averages considerably
less than one second, a fact which shows that the gases and air must
be intimately mixed when large volumes of gas are distilled, as at
times of hand firing, or the gas must be distilled uniformly, as in a
mechanical stoker. By adding mixing structures to a mechanical
stoker equipment both the amount of air required for combustion and
the distance from the grates to the heating surface may be reduced
for the same capacity developed. The necessary air supply can also
be reduced by increasing the rate of combustion.

No one type of stoker is equally valuable for burning all kinds of
coal. The plant which has an equipment properly designed to burn
the cheapest coal available will evaporate water at the least cost.

Although hand-fired furnaces can be operated without objection-
able smoke, the fireman is so variable a factor that the ultimate solu-
tion of the problem depends on the mechanical stoker—in other
words, the personal element must be eliminated. There is no hand-
fired furnace from which, under average conditions, as good results
can be obtained as from many different patterns of mechanical stoker,
and of two equipments the one which will require the less attention
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from the fireman gives the better results. The most economical
hand-fired plants are those that approach most nearly to the continu-
ous feed of the mechanical stoker.

The small plant is no longer dependent on hand-fired furnaces, as
certain types of mechanical stokers can be installed under a guaranty
of high economy, with reduction of labor for the fireman.

In short, smoke prevention is both possible and economical.

PERSONNEL.

This investigation was carried out under the direction of D. T.
Randall, L. F. Beers and H. W. Weeks procuring most of the data.
Mr. Weeks has also prepared a large portion of the report. In the
collection of the information much assistance was given by the city
smoke inspectors, by manufacturers of boiler-room equipment, and
by the owners of the plants visited, and to them especial thanks are
- hereby extended for their active cooperation.

METHOD OF COLLECTING DATA.

On entering a city a list was obtained of the plants where mechan-
ical stokers or special devices for hand-fired furnaces were in opera-
tion without smoke. Smoke observations were taken on the stacks
at these plants, or records at the smoke inspector’s office were reviewed
to determine the plants to be visited. The stack was always watched
at times wlen the plant was running under average conditions, and
always without the knowledge of the engineer or fireman. The
length of the observations varied from one hour to ten hours, although
a one-hour record determined whether a stack was good or bad. The
observer usually checked this record by watching the stack during
several shorter periods while he was in the city.

During the visit to each plant an attempt was made to obtain data
enough so that the furnace and boiler setting could be duplicated.
All information except that in regard to drafts and furnace measure-
ments was supplied by the manager or the engineer in charge of the
plant. The engineer usually knew the approximate amount of coal
burned per day on heavy and light loads and the number of boilers
used to carry the load. Draft readings were taken to obtain the
drop in draft through the boiler and to learn the effective draft which
burned the coal. Special notice was taken of the methods of opera-
tion to determine whether in case the plant was duplicated the same
results could be expected if it was operated by the average fireman.

SIZES OF COAL.

The size of the coal which was being burned at the various plants
inspected is stated in the tables as run-of-mine, sized egg or nut, and
screenings, except for the Illinois plants, where the sizes are given
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as Nos. 1, 2, 3, 4, or 5. The standard for sizing coal is not uniform
over the whole State of Illinois, but in Williamson County washed
coal is passed over screens with round openings and is sized and num-
bered as follows:

1, coal passing through 3-inch screen and over 1-inch screen.

2, coal passing through 1}-inch screen and over l-inch screen.
No. 3, coal passing through 1-inch screen and over $-inch screen.

4, coal passing through {-inch screen and over 1-inch screen.
No. 5, coal passing through %-inch screen.

About half the washeries in Illinois size coal according to the above
scheme.

DEFINITION OF BOILER HORSEPOWER.

To determine the percentage of the rated capacity being developed
it was necessary to assume the amount of coal each plant burned per
boiler horsepower per hour. To a mechanical engineer the term
“boiler horsepower” suggests two things—a measure of the rate of
work and a measure of the capacity of the boiler.

Rate of work.—The measure of the rate of work of a boiler is based
on an arbitrary unit of an evaporation of 30 pounds of water per
hour from a feed-water temperation of 100° F. into steam at 70
pounds gage pressure. This unit is termed a boiler horsepower, and
was suggested as of possible value at a time when a good engine had
a water rate of about 30 pounds per hour. It became so widely
used that in 1885 it was adopted by the American Society of Mechan-
ical Engineers as a standard for conducting steam-boiler trials. The
revised code of the society defines it as follows: “The unit of com-
mercial horsepower developed by a boiler shall be taken as 341 units
of evaporation per hour—that is, 34% pounds of water evaporated
per hour from a feed-water temperature of 212° F. into dry steam
of the same temperature. This standard is equivalent to 33,137
British thermal units per hour. It is also practically equivalent to
an evaporation of 30 pounds of water from a feed-water temperature
of 100° F. into steam at 70 pounds gage pressure.” The unit of
evaporation is thus equivalent to 965.7 British thermal units.

Capacity of boilers.—The measure of the capacity or rating of a
boiler is variable, there being no standard. Under a proper method
of rating the proposed rated capacity should be attained when using
average coal, giving average attention to firing, and using only part of
the available draft, yet obtaining good economy. To rate all boilers,
whether of the water-tube or fire-tube type or a combination of the
two, on the basis of 10 square feet of heating surface per boiler
horsepower is becoming a general practice, as this method comes
within the required conditions.
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DETERMINATION OF TOTAL HEATING SURFACE.

The determination of the total heating surface with sufficient
accuracy for ordinary purposes is not difficult. A short approximate
method for any boiler is to figure the heating surface in the tubes
and divide it by 0.85 for a return tubular boiler or by 0.90 for a
water-tube boiler. In case the return tubular boiler has an arch
over the top for gas passage, giving a so-called third return, it is
necessary to add from 100 to 200 square feet to the result to obtain
the total heating surface.

This short method may be proved by two examples, as follows:

(1) Take a return tubular boiler which is 18 feet long and 6 feet
in diameter, with 72 4-inch tubes. According to Kent, the square
feet per foot length for a 4-inch tube =1.047; then—

1.047 X 18 X 72 =1,357 square feet in tubes.
3.1416 X 6 X 18 =339 square feet in shell.
(3.1416 X 9) — (72X 3.1416 X 0.172) X 2 =44 square feet in tube

sheets.
Hence the total effective heating surface =1357 +%) +44=1570;
but i’;% =0.863 +, hence approximately 85 per cent of the total
)

effective heating surface of a return tubular boiler is in the tubes.

(2) Take a Heine water-tube boiler having 116 tubes 3% inches
in diameter and 18 feet long and a 42-inch drum 21 feet 6 inches
long. According to Kent, the square feet per foot length for a 31-inch
tube=0.916; then 0.916 X 18 X116 =1,912 square feet in tubes. The
approximate dimensions of the water legs are 6 feet 6 inches by 4
feet =26 square feet; the tube area in water legs =8 square feet; and
the heating surface in water legs=(26X2)—(8X2)=36 square

feet. The effective heating surface in drum oSl S RS

2
118 square feet. Thus, the total effective heating surface=
1,912436+118 =2,066 square feet; but é—’%=0.925+, hence
=5

approximately 92 per cent of the total effective heating surface of
a Heine water-tube boiler isin the tubes. In other types of water-
tube boilers the ratio was found to be lower; but 90 per cent may
be assumed as a fair average ratio.

TESTS BY THE GEOLOGICAL SURVEY.
GENERAL STATEMENT.

During 1904 to 1906 coals from all parts of the United States were
burned at the government fuel-testing plant at St. Louis, in furnaces
which were in the main of the same design. Most of the tests@

a For descriptions of the plant and tests see Bull. U. S. Geol. Survey Nos. 261, 290, 323, and 332.
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were made on a hand-fired furnace under a Heine water-tube boiler.
The lower row of tubes of the boiler supported a tile roof for the
furnace, giving the gases from the coal a travel of about 12 feet before
coming into contact with the boiler surface. This furnace is more
favorable to complete combustion than those installed in the average
plant. A number of coals were burned in this furnace with little or no
smoke, but many coals could not be burned without making smoke
that would violate a reasonable city ordinance when the boiler was
run at or above its rated capacity. Boilers having furnaces installed
under less favorable conditions will give off more smoke.

In 1907 the steaming section of the St. Louis plant was moved to
Norfolk, Va., where subsequent tests of this nature have been made.
The plant at Norfolk was equipped with two furnaces—one fired by
hand and the other by a mechanical stoker. Both were operated
under Heine boilers.

In the course of the steaming tests at St. Louis and Norfolk some
special smoke tests were made and the influence of various factors
‘in smoke production was noted. As the tests were made as far as
possible under standard conditions, with a minimum of variation in
boiler-room labor, the results bring out the importance of other fac-
tors such as character of fuel and furnace design.

SUMMARY OF CONCLUSIONS.

A detailed discussion of these tests, with numerous tables, is
presented on pages 139-167 of this volume. A brief summary of the
general conclusions is as follows:

A well-designed and operated furnace will burn many coals with-
out smoke up to a certain number of pounds per hour, the rate vary-
ing with different coals, depending on their chemical composition.
If more than this amount is burned, the efficiency will decrease and
smoke will be made, owing to the lack of furnace capacity to supply
air and mix gases.

High volatile matter in the coal gives low efficiency, and vice versa.
The highest efficiency was obtained when the furnace was run at
low capacity. When the furnace was forced the efliciency decreased.

With a hand-fired furnace the best results were obtained when
firing was done most frequently, with the smallest charge.

Small sizes of coal burned with less smoke than large sizes, but
developed lower capacities.

Peat, lignite, and subbituminous coal burned readily in the type
of tile-roofed furnace used and developed the rated capacity with
practically no smoke.

Coals which smoked badly gave efficiencies 3 to 5 per cent lower
than the coals burning with little smoke.

Briquets were found to be an excellent form for using slack coal
in a hand-fired plant. They can be burned at a fairly rapid rate
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of combustion with good efficiency and with practically no smoke.
High-volatile coals when briquetted are perhaps as valuable as low-
volatile coals when not briquetted.

A comparison of tests on the same coal washed and unwashed
showed that under the same conditions the washed coal burned
much more rapidly than the raw coal, thus developing high rated
capacities. In the average hand-fired furnace washed coal burns
with lower efficiency and makes more smoke than raw coal. How-
ever, washed coal offers a means of running at high.capacity, with
good efficiency, in a well-designed furnace.

Forced draft did not burn coal any more efficiently than natural
draft. It supplied enough air for high rates of combustion, but as
the capacity of the boiler increased the efficiency decreased and the
percentage of black smoke increased.

Most coals that do not clinker excessively can be burned with 1
to 5 per cent greater efficiency and with a smaller percentage of
black smoke on a rocking grate than on a flat grate.

Air admitted freely at firing and for a short period thereafter
increases efliciency and reduces smoke.

As the CO in the flue gas increases the black smoke increases; the
percentage of CO in the flue gas is therefore, in general, a good guide
to efficient operation. However, owing to the difficulty of deter-
mining this factor, combustion can not be regulated by it.

The simplest guide to good operation is pounds of coal burned per
square foot of grate surface per hour.

REPRESENTATIVE BOILER PLANTS BURNING COAL
WITHOUT SMOKE.

GENERAL STATEMENT.

Bulletin 334, the preliminary report on smokeless combustion,
takes up information collected and conclusions reached while assem-
bling the data summarized in the present report and sets forth many
facts of general interest that are not discussed in the following pages.
This paper deals especially with the equipment of particular boiler
plants which were found to be burning coal without smoke, and with
the essentials of good furnace design. A brief summary of the general
conclusions is presented on pages 171-172. The details on which
these conclusions are based are set forth in the following pages.

For the sake of clearness the important features of the equipment
of the boiler plants visited are stated in tabular form.

Although there were very few plants at which all the items covered
by the tables could be ascertained, the more essential details—those
bearing directly on the subject of smoke prevention—were obtained
at nearly every plant. The density of the smoke is stated on a
percentage basis, 0 meaning a clean stack and 100 per cent meaning
dense black smoke.
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In the tables the furnace dimensions are checked by letters from A
to H, which refer to the dimensions indicated by the corresponding
letters on the illustrations showing typical installations of furnaces
under boilers of various types. These illustrations are intended to
show especially the average and the minimum travel of the gases
from the fire to the first cooling surface in the boiler, the height of the
furnace, and the length of the coking arch.

In the illustrations some makes of boilers appear more frequently
than others. This does not imply any preference for certain models.
Boilers of widely differing patterns have shown equal efficiency in
steaming trials, and it is coming to be a general belief that among the
types of boilers ordinarily used at power plants peculiarities of tube
arrangement count for less than proper furnace design. This report
of what has been done to effect smokeless combustion emphasizes the
importance of furnace design and management and makes no com-
parisons between boilers. The illustrations show details of furnace
construction and the importance of certain features.

For convenience of treatment the following order is adopted in
discussing the equipment of the various plants:

Mechanical stoker plants. Hand-fired plants.
(a) Overfeed stokers. (a) Furnaces under water-tube boilers.
1. Chain grates. (b) Furnaces under return tubular
2. Front feed. boilers.
3. Side feed. 1. Down-draft furnaces.
(b) Underfeed stokers. 2. Furnaces using steam jets.
3. Furnaces with miscellaneous
equipment.

PLANTS WITH MECHANICAL STOKERS.

The use of mechanical devices for firing coal reduces labor in the
boiler room, but the main object of mechanical stoking is to feed a
steady, regulated supply of coal and air to the furnace. The ad-
vantages of feeding a fire steadily were seen in the early. days of
steam engineering, but defects in design or faulty installation and
management kept mechanical stokers from coming into general use.
Within the last decade, however, their use has greatly increased.
They are of two general types—overfeed and underfeed.

OVERFEED STOKERS.
CHAIN GRATES.

GENERAL DISCUSSION.

The earliest mechanical stoker was of the treadmill type, so called
because the arrangement of the grate bars as a traveling belt resembled
the apron of a treadmill. It was patented in England as far back as
1841. Improved in details of construction, this type, under the
name chain grate, has come into extensive use in this country. The
coal is fed from a hopper, which extends the entire width of the grate
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and has a plate at the back for regulating the depth of the bed of
coal, to a continuously revolving grate, the top of which is made to
move from front to rear by power applied to the front or rear sprocket
shaft. As usually installed, the surface of the grate is horizontal, but
occasionally chain grates are given a slight incline. Back of the
hopper and extending over the whole width of the grate is a fire-brick
arch. The length of this arch differs in plants equipped by different
malkers, but the present tendency is to lengthen the arch and to pro-
portion its length and slope to the grade of coal to be used.

In operation, coal from the hopper begins to ignite as it passes
under the arch and the grates carry the burning coal toward the bridge
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FIGURE 1.—Chain-grate stoker and Babcock & Wilcox boiler with uptake in rear.

wall at a rate which permits complete combustion before the chain
passes the rear sprocket and the refuse falls into the ash pit below.
The majority of the stokers of this type are particularly adapted to
a free-burning coal high in volatile matter, such as is mined in the
central and western fields, and give less satisfaction with the higher
fixed carbon coking coals of the Appalachian field. As they can burn
the poorest grades of noncoking coal with complete combustion,
they offer a valuable means of producing cheap power. At all the
plants visited where these stokers were in use small coal was burned.
As has been said, the chief difference at present among chain grates
as put in by the various makers is in the length of the fire-brick arch.
In many water-tube boilers this arch is made short, and the gases
of combustion are led to the tubes by the shortest path. A furnace
and boiler with stoker thus set are shown in figure 1. In this setting
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the distance of travel for the gases from the grates to the tube heating
surface, indicated by the line B, is reduced to a minimum and the
average distance from the fire to the first cooling surface encountered
(A) approaches a minimum.

This type of installation is common in the Middle West, where a
higher proportion of chain grates is in use than in any other section
of the United States, but the short arch and the brief travel of the
gases to the first tube heating surface are features unfavorable to
smokeless combustion.

A water-tube boiler of another make with furnace fed by chain
grates is shown in figure 2.
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FIGURE 2.—Chain-grate stoker and Stirling boiler.

A method of setting designed to lengthen the travel of the com-
bustible gases from the bed of coal and allow them to mix and be
completely burned before entering the boiler is shown by figure 3.
Here the type of boiler illustrated by figure 1 is baffled so that the
uptake is in front; the fire-brick arch over the grates is no longer
than in the other furnace, but it is supplemented by the bottom
baffling made of C tile supported by the water tubes, so that the
least distance from grates to tube heating surface is three times as
long as in the mounting shown in figure 1. The bottom baffling,
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though it can not, on account of its construction, become as hot as
the ignition arch, has slight chilling effect, and there is ample oppor-
tunity for complete combustion before the gases reach the first cooling
surface.

Comparatively few chain-grate stokers were found under tubular
boilers. An example of the usual setting is given in figure 4. Here,
while the ignition arch is short and the shell of the boiler has a cooling
effect, the average distance from the grates to the beginning of the
tube heating surface is so long that smokeless combustion can be

FIGURE 3.—Chain-grate stoker and Babcock & Wilcox boiler with uptake in front.

obtained with ordinary care in operation. In the journey from the
grate to the rear of the boiler the cooling effect of the boiler shell,
though not negligible, is much less than it is often thought to be,
inasmuch as the area exposed is not more than that of eight or nine
tubes.

DETAILED DESCRIPTION OF PLANTS.

In the course of the field investigation 57 plants, ranging from 300
to 9,600 rated boiler horsepower, at which chain grates were installed
were visited. The detailed information collected regarding these
plants is presented in Table 5 (pp. 19-32), but some of the more
important facts to be gained from a study of that table are summa-
rized here.
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The coals used, all small sizes, came from five different States and
the average depth of fire in burning them ranged from 4.5 to 6 inches.
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FIGURE 4.—Chain-grate stoker and return tubular boiler.
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The kind of coal and the depth of fire are given in Table 1, which
incidentally shows that the chain-grate stoker has been found to work
remarkably well with Illinois coals, :



PLANTS WITH MECHANICAL STOKERS.

TasrLe 1.—Kind of coal and depth of fire at plants with chain g)ates

17

Number ‘ Average H Number | Average
Kind of coal. of ‘ depth of Kind of coal. [ depth of
plants.a ‘ tire. ‘ plants.a | fire.
Inches. L Inches
Illinois. ... 5 || 6 5
Indiana. .. 8 5 || Pennsylvania. .. 6 4.5
Kentucky. 8 4 “ Miscellaneous. . . 10 6

a Two plants burned both Indiana and Illinois coal.

Forty of these plants maintained uniform loads; the remainder
had to carry variable loads. At 18 per cent of the plants the stokers
were under boiler units of 200 horsepower or less and at 69 per cent
they were under units of 300 horsepower or less. The average boiler
horsepower developed, the boiler being rated on 10 square feet of
heating surface per horsepower, ranged from 23 to 158, the average
being 93. The ratio of square feet of heating surface to square feet
of grate surface varied from 33 to 1 to 88 to 1, the average ratio being
50 to 1.

The height of the ignition arch at the front of the furnace ranged
from 0.9 to 1.1 feet, and the height above the grate at the rear of the
arch from 1.3 to 2.2 feet. 1In 16 plants out of 46 the forward ends of
the stokers were some distance in front of the boiler. The average
height of the ignition arches above the grates is given in Table 2.

s et verage height of arch at front and rear at plants with chain grates.

At front of furnace. | At rear of furnace.

1 . Number Number
Typs ofbotler. Average | of plants | Average | of plants
height |at which | height |at which

of arch. meas- | of arch, meas-

ured. ured.

Feet. Feet.

Al tian &= Raylore s ot coe oo Saat F U AR R, i S Tl 1k 6 L 6
Babcock & Wilcox._..... 1148 13 1.5 13
Helnes s s nsies Sl i 6 1.6 5
e A T ) P R e .9 16 5 14
Miscellaneous water-tube 1 3 1.3 3
Retutnbabllars e S5 B om E o e il o e s St e | ao¥ 5 2.2 6

The coal as received burned per square foot of grate per hour of
average heavy load ranged from 11.4 to 39 pounds, the average

being 23.3 pounds.

Table 3 presents in more impressive form some of the particulars

recapitulated above.

It was compiled to show that with chain-grate

stokers installed under 10 types of boilers (five different makes of
water-tube boilers are included under ““Miscellaneous’’) which were
run at about their full capacity, at no plant was there any serious
emission of smoke, combustion being practically smokeless. As

74897—DBull, 373—09——2
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SMOKELESS COMBUSTION

OF COAL.

bearing on the proper length of travel of the burning gases for coals
from different States, the least and average distances from grates to
tube heating surface are given.

TABLE 3.—Summary of various observations at plants with chain grates.

i Coal | Percert-| Distance
‘ burned | age of |from grates
‘ per rated to tube
| square | boiler heating
| Num- | Fur- | footof | horse- surface. Black
Type of boiler. ! Kind of coal. ber of | nace |gratesur-| power Soke
el plants. | draft. | face per | devel- | 2
| | hour, oped,
| averagZe | average |Aver-|Mini-
| | heavy heavy | age. [mum.
| load. load.a
| P T, P
| Inch of
» water. | Pounds. Feet. | Feet.| Per ct.
Aultman & Taylor.| Illinois, Ohio, and 7 0.23 19.4 83| 5.2 | 3.2 2
Pennsylvania.
Babcock & Wilcox.| Illinois, Kentucky, 12 .21 24.0 88| 5.2 | 3.3 2.7
Ohio, and Pennsyl-
vania.
Ereingy: -t =t it Himolseint dos b lle 7 22 21.2 113 | 8.4 | 6.4 6.5
Stithng i ot o 0 Tllinois, Indiana, Ken- 18 .19 23.5 94| 7.0 4.9 5.4
tucky, and Ohio.
Miscellaneous water- | Indiana, Kentucky, 5 .20 26. 2 104 | 83| 5.5 7.5
ube. and Pennsylvania.
Return tubular..... Illinois, Kentucky, 8 i G 24.9 108 | 19.0 | 14.7 2.8
Pennsylvania, and
Indiana.
|

a Boiler rated on 10 square feet of heating surface per horsepower.

The draft measurements at the plants with chain grates are summa-
rized in Table 4.

TABLE 4.—Summary of draft measurements at plants with chain grates.

Type of boiler.

Aultman & Taylor

Babcock & Wilcox.. ..
Heine

Stirling

Miscellaneous water-tubg. .. ..

Return tubular

<

Measurement taken at—

Furnace
Rear of boiler. ......
Base of stack..
Furnace....
Rear of boile
Base of stack..
Furnace
Rear of boiler.......
Base of stack
Furnace
Rear of boiler
Base of stack
Furnace

Furnace
Front tube sheet. ...
Base of stack

Number

of plants

at which
taken.

Average
draft
(inch of
water).

Average furnace draft, 54 plants, 0.19 inch of water; range, 0.07 to 0.45 inch. Aver-
age draft at rear of boiler, 40 plants, 0.43 inch of water; range, 0.11 t0 0.94 inch. Aver-
age draft at front tube sheet, 4 plants, 0.43 inch of water; range, 0.25 to 0.61 inch.
Average draft at base of stack, 24 plants, 0.77 inch of water; range, 0.26 to 1.30 inch.
These figures show approximate average drafts as follows: Furnace, 0.20 inch of water;
rear of boiler, 0.45 inch; base of stack, 0.80 inch. These results give a drop in draft
through the boiler of 0.25 inch of water and a drop from boiler to stack of 0.35 inch.
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TaABLE 5.—Details of observations at plants with chain grates.

Coal.
buitder
No. of : T s
plant. State. Kind of stoker. }rg;:g_ 3 Cost per
Sran Commercial name. ‘Where mined. Size. short ton,
p ' delivered.
1 0D Cartervilless 15 i neen L L THINGINE . sl Lo s 3 st INOU 32 g S e e S e v e Sl armars s e e
2 1,100 | Pittsburg No. 8. : $2.00
3 1,000 | Various coals.... 1.50
4 825 | Pittsburg No. 8. 2.15
5 500 | Bessemer..... 1. 80
6 600 | Various coals.. 1.45
7 60055 40 e e e O e e s s m v i
8 1,440 | Washed....... Eadda T S s Do Lis et N O Ph I o S hog Sty 1. 55
9 AT il Carterville, IlI.. Nos. 3 and 4 mixed. ... . 2.10
10 0, e NP S Western Kentucky Nt and slacle..s o ciie v e arin
11 BRGNS e et s ) Sl 0 fe s S T Al o Lo L TSI [ 1.58
12 595 | Gaylord Belmont County, Ohio......| $-inch screenings....... 1. 40
13 2 N EEE T R Bastern Ohio........... Nut and slack.......... 2.05-2. 35
14 3,600 | Second pool... Monongahela River, Pa. 1i-inch screenings......|..ccc.c.....
15, do 2,184 | Youghiogheny. . Pennsylvania k 1.75
16 Babcock & Wilcox; Green.. 1900 S PittgburE L oorsceinaend il ol d 05l et e 1.75
17 Babcock & Wilcox.......... 50D |2V arions dogls.colie S T el Jl B0 S S IS S 1.70
18 S10° [ Morgan BRI vor sernball 0 vl S e e 1. 60
TOL S g i M Al ST o8 e St e L SR S00 1 LU L e T et e el b | e T B e 5 1.75
20 .| Indiana; Illinois............ 11-inch screenings...... 1.35
21 Williamson and Marion | No.3nut.............. 2.75
counties, Ill.
32 Y R (o P Rguetp PRI BR Carterville, Tll.......
DL AEitimols T St oy
O4| M ssonT] o R ete R ATherT aRnEe ol e e s e L i e 1 000 | rCartervitl agowashed S Tol S J02 dost Xt e

Illinois. . .

d
.| Indiana; Illinois. .
i 1 D00 o T3 - R it ]

: do
Carterville, I11.

THIReIs LU
Carterville, Ill...
Indiana.-.......

Southern Indiana. ..
Western Kentucky..........

_| 2-inch screenings. ... ...

Screenings. . el
1}-inch screenings

14-inch screenings
No z: il Rl VO e 2

Short tons
burned
per year.

‘SHEMOLS TVOINVHOHIN HIIM SINVId



TPaBLE 5.—Details of observations at plants with chain grates—Continued.

No. of
plant.

State.

Kentucky.......
New York......

Illinois

i Coal.
Total |
builder’s |
Kind of stoker. ggzg Cost per | Short tons
ower- Commercial name. | ‘Where mined. Size. short ton, burned
p i | delivered. | per year.
3 = ?
SO0 e B D0 | Eastern Kentucky.......... N e slanlediz e wo i i b L LT (T el
3,400 | Cambridge...... .| Ohio Pea and slack.......... $1.80 110,000
15170 sPittsburg No. 82 oot . (6 Lo AR Gl A SO RIREE 1 Y N s .75 9, 600
S:0007 | -Marions conls Nesyma T {2 Ly el R Ol TS Ty S0 S0 0 A b SYTCTA R
1,000 | Linton No. 4. . .| Indiana. 3 Nifi«pes, and:slaeles Zea 22 SR i
DR S i N Western Kentuc Bea ond stekie @ set s lesbtc D 2ok S e LA S
cten 400 |.. el
srukdoide OIS Sy S RIS G e I BT e do
Aultman 1,000 Pennsylvania...........
Mansfield 1,684 | Various poals. .=, . 7i it les vl s S S
1,400 .| Marion County, Ill......
..... 750 .| Collinsville, Ill_._.....
500 .| Carterville, Tll.........
S00Mansiidd s e it T e s doS e o
5108 5 S LA Indigha:csia . 2
.......... (67,318 RN s e Western Kentucky..
4,000 | Youghiogheny .| Pennsylvania..... 4-inch screenings i 2.10 55,000
________________ GIDeBRE. L o el s s 400 EViazions.conlss sleb o e I SRRl S e et S CPoRANgRY o n s Lt s e e T T et )

06

NOILSNIIWO0D SSHTIMONS

IV0oD d0



TaBLE 5.—Details of obzervations at plants with chain grates—Continued.

Load. | Rating.
‘ d I burned
| Average load. Coal burned per
| square foot " of | Percent- | Fercent-
‘ grate per hour | " age of bagl?i of " Assumed
No. of | Heavy. Light. (pounds). boiler | PULCEES | amount
plant. | i Dorseaalighas s of coal
Requirement. Nature. Character, VT ‘ ‘ DOWer | 1 wer R
) g 4 g Hours bCoald& Hours ! Coald [ o%?:’le(l)-n devel- p(;)rol\]n?:se-
per urned | per |burne 3 d 0
day per | day er Ahzcg‘?ge Average | average ggfzragzg per hour
load | day | load | day | 7e2%Y | Doad. heavy | “hoayy |(pounds)
ison | (short | ison | (short 4 load.a Yoo
plant. | tons). | plant. | tons).
“ | 1
1| Powerand light............. aniforms ooy S0 ! Cold storage .l . ..ol D 2 R R M S 43 HAlE el 71 71 5
2 | Power, light, and heat...... d .| Office building........... 24 17 924 17 15 15 58 57 4.5
3 do e e S B S R BOORY . L 10 o1 il o 5 31 21 106 112 5
bl o o e e N TR T oS L en (g Ly TR o TR i Sl e 24 o0 o |l 1 | 10.3 21 18. 4 95 91 5
AL SO Dot e ) i U P A i R s e S SRR s 05 Ol BT R VO 24 20 024 24 21.6 20. 4 106 112 4
G R A0 e E R e SR R O A e O O N i el I S S SRt e [ 10 (e AT e L 20.5 80 80 5
7 M BIeWerY L o iy 24 24 Dt - s e kT i Rt Ui 66 66 5
8 . SO L e 9 40+ Flr o 40 30.4 30. 4 135 148 5
9| Powerand heat............. | .| Department store. . 10 32 10 % 35.3 28.7 125 125 5
10 | Power, llg,ht and heat . . . .| Office building. b0 3.5 | 9 3.1 26 19. 4 106 112 5
11 | Light and heat. ... .. h (‘ounty jail... 24 1. 8 24 13 20. 4 15.7 93 81 5
12 | Power, light, and heat. ... .| Uniform..._..... .. 11| Factory................ T S S 7 18.5 17.9 53 50 5
e R LTI (3t n Rt e B e e S SRl T M AT T e S b AW 1D A SO Tt T 10 3.9 26. 2 23.4 72 68 4.5
171 HORER N do. 2 Oﬁices and Ia(tory ..... 24 50 24 39 13.7 12.2 58 58 4
15 ["Power <. 2u. .74 i .| Waterworks............ 24 | 586 24 58.6 16. 4 16. 4 74 80 4.5
16 | Power and light.......... 100 ags 10 12 18. 4 17.5 73 74 4.5
17 | Power, light, and heat. .. 101004 10 9.2 15.5 14.6 61 83 5
AR Tl Ol end e Rt L T e ) 10. 5 4 31. 6 29.8 105 108 4.5
19 | Power and light.......... Ol TS 9 Be] 30 27 105 111 5
20 | Power, light, and heat...... Variable Packing house....... ... 14 | 112 14 112 29.9 29.9 139 139 5
21 | Power and lightecce et s -..| Uniform Department store...._... o e ) 11 45 28 27 115 115 5
22 [1ii s 13 F (B RO T TS il Variable. . .. Refrigeration............. AR SR 24 20 21 19 83 83 5
23 | Power and heat . Uniform. s Factory and offices.......... 585 ‘ 20 85| 16 21 20 130 130 5
24 | Power and light.. AR r d QAntinees R RGLOLY G e tled i St - M K e DR SN 6 12 4.5 18.5 16.3 71 67 5
25 | Power, light, and Heatis e | Varable. d ooi o oo . A0 uy bt S U 1051785 10 2 | 39 SLo | 137 167 5
do Shops and car heating.. 10 15 10 28 | 24 S 114 100 5
Fact ory .................. 24 110 24 110 | 29.2 29.2 | 123 123 5
........................ 125 11 L et e 32 130 130 5
................. Packmg hotgeseal el e 38 14 3R] lDsr 28.7 | 136 136 5

a Boiler rated on 10 square feet of heating surface per horsepower.

‘SHEMOLS TVOINVHOEW HIIM SLNVId
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TABLE 5.— Details of observations at plants with chain grates—Continued.

Load. Rating. .
Average load. Coal burned per
square foot~ of | Percent- | T ercenft—
- grate per hour | ageof |, 2880, | Assumed
No. of Heavy. Light. (pounds). boiler rated | amount
plant. horse- Aos. t())f coa[l1
i g Nature. (& ter. DOWSK L
Requirement ature harac Hours 5 Co ald s Coald 0%2‘(;0(1)-11 gg“;‘;"if p;ro 1‘1‘?;:6_
per urne per | burne .
day | per | day er Aﬁ;?ge Average | average ‘;I‘),Z(ria%]é per hour
load | day | load ay | Joad® | load.” | heavy | §/00% | (pounds).
: ison | (short | ison | (short s load. 10a4;
| plant. | tons). | plant. | tons).
Shops and car heatmg... SRS S 50 24 20 19 LL e e 104 104 v 5
Pacﬁmg house: ot 24 25 24 15 17 16 80 80 5
Office building . 12 10 12 9 31 29 133 111 5
Packing house. 24 25 24 15 16 15 70 70 5
12 10 12 6 19 15 80 80 ]
10 60 10 45 32.2 28.2 158 158 5
........ 24 26 24 14 16.9 16. 3 92 104 5
nght and heatol ) <o U o a0 0 CoDepets b L o T 24 18 12 2 22.6 16. 4 92 91 5
Power, Hipht, and beat. 1. ol ool o ot cow oo MR, 24 s ) o e s [ O I D, 62 62 5
SO Power aod ight. oo s ol 0 b Pt i O e h e a2 24 40 24 17 20.2 19. 6 110 110 5
40 | Power, light, and heat......| Variable...............| Store building. ... ... ...... 11.5 3.5 20 5 16 14.5 81 81 i)
41 | Power and llght ..................... 24 | 116 24 1 oyl O DT 15 67 57 5
4211 Power, light, ard heatt } .o Uniform ;. o5 o 20 D MR L 0 e 00T T TR e 12 24 12 24 16.5 16. 5 68 68 5
43 | Power and Hght........ ..o Veriable. .. .. .........] Btrest railway.... . .. ... 24 350 24 G TR s, e A1 O R 88 5
44| Power, light, and Heat... 211 ovdo  iob e = o L Rhatary o 10 22 10 18 30 27.3 106 117 5
45 Ao ety N ad O R MR oo T e e et O e 24 65 24 58 26. 5 250! 145 120 5
______________ 24 23 24 23 21.3 21.3 96 96 5
........ 24 | 25 24 22 28.9 .o ) 18 E e Y 119 5
0101 B el ulh I 24 | 48 24 56 3L7 29.8 105 107 5
Pumping station..._..._.._. 24 35 24 25 28 24 111 111 5
Ofiesbuilding,: o5, TN B SN o 10 14 21 21 90 80 5
Refrigeration .. __.....__.... 24 30 24 12 15.4 12.3 73 67 ]
HACTOTYS Vet st S Ui 10 | 16.5 10 13.5 30. 6 27.8 138 132 5
L anmdrye e b et gl B 11.5 | 4.5 11.5 4 22 20.7 98 107 5
School butldmg ............ 20- 1 7 42 4 19. 4 19 143 93 5
5 | Power and light.. .| Ice plant..... hel 24 | 29, 24 14.2 L7.d 16.9 77 82 5
56 | Power .| Waterworks......._... 24 | 151 24 151 24 24 80 93 4.5
&7 [ o504 do Foundry and ironworks.....[........ fe el s 10 e S S e 23.3 110 147 5
|

6%
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TABLE 5.—Details of observations at plants with chain gralev—Contmued

Bmlers

Thick- Nunégre:ylﬁed to }g(‘,;z?l.
No.of u(()afss Num- Builder’s| boiler’ | Heating 1? u%e;- Steam
plant.| 2 Type Size ber rated rgte(l on (surface coapre | pressure
inches). ¥y 7 in- horse- |10 square| (square at gage
(Rt stalled. 1}]‘;‘;?59 Aﬁzﬁge power. | feet of feet). (ng;gfe (pounds).
load: | load e
i g surface.
1 3 Aultman & Taylor water-tube. .| 168 4’/ tubes; 2 48/ x 203’ drums..._.......... 2 ¥ 1 350 350 3,500 0 140
X 400 394 3,935
R DR a2 00 oo e AR BB S R i e ke {lafd 2 2 { 150 151 | 1,510 } 0 ol
3 126 REbeseS o caie S U i St b e | 4 3 2 250 264 2,640 0 110
4 1204 S EheR T el L e B e e e e 3 2 2 275 264 2,640 0 120
5 1204 TR fribesa ¥ ol o Teatn . e E LG Ss 2 2 2 250 . 264 2,040 0. Lok 140
6 144 4’/ x 18’ tubes, 2 36" 2 L it 300 300 3,000 0 120
7 288 fidvanser siis 2 2 1§ 300 300 3,000 0 120
8 126 4’/ x 18’ tubes, 2 36’/ 6 5 5 240 264 2,640 0 140
9 162 4’7 tubes, 3 36’ x 204’ drums. .. .. s 3 3 1 345 345 3,450 0 80-90
10 117 4/ x 18/ tubes, 2 36/ x 21/ drums. _....... 2 ;] i 250 264 2,640 0 105
11| 35 | Babcock & Wilcox; Henry Vogt | Babcock & Wilcox, (3 4 x 18’ tubes; 1 drum. 4 4 s - 2% wo ! zael 0| 100110
\ 5
12| 445 | Babcock & Wilcox water-tube. .| 1-126 4" x 18 tubes, 2-72 47 x 18’ drums. ..., 3 3 L (- S e 160
13 4-8 72 4L x 1B Gbes. o i o na il AT | 3 3 PO 150 159 1,585 0 125
14 4-6 .| 140 47 x 18’ tubes. .. 12 6 6 300 300 3,000 0 165
15 4-5 2 bd o ; SRR 140 4’7 x 18’ tubes... 8 ] 5 273 233 2, 830 409 150
abcoc Wilcox; Stir mg i c 400 4,000
e { e 192 477 X 18" $ADRS. « - oo oo 3 2 2 400 { ol e } 0 130
iy 3 Babcoek & Wilcox water-tube 1) e o Bt o) e SRS R S U A i IR | 2 2 2 250 208 2,980 0 140
18 4-8 do Sl 724 xR fubes L 2 2 1 155 159 1,585 0 135
19 3-5 72 47 x 18’ tubes | 2 2 2 150 159 1,585 0 150
| 300 300 3,000
20 gegeaii Hain o St swater-tuhe s L Dl B S s e b e o i P s Tk e i m o e | 8 7 7 { 350 350 3, (5)88 } 0 140
| 400 400 4
; 375 375 | 3,750
21 S R G T W A e At Gy O A S e e fr i S Sl o TR et 5 4 4 500 500 5,000 0 150
| 350 350 3,500
22 57 .| 138 3%’ x 18’ tubes, 148" x 20§’ drum ..-..... 4 2 2 250 250 2,500 0 85-90
23 4 Moh}r) 140 33"’ x 18’ tubes, Heine, 138 oi" x 18' | 3 3 2 250 250 2,500 0 80
tu
24 4 138 31“ X 20’ tubes 1 2 il il 300 281 2,810 0] . 120
25 6 .| 278 3%” x 18’ tubes, 2 42”7 drum: 3 2 2 420 510 5,100 0 150160
26 4-5 2|.228 3%/ tubes, 3 42/ x 104" drtmms .. .o ... ..o 6 2 4 300 264 264050 o ses 160
27 6.5 192 334 tubes, 342/ { X 10/ Artims . < o oonn s 6 5 5 300 300 3,000 0 150

‘SHEMOLS TVOINVHOHIW HIIM SLNVId
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TaBLE 5.—Details of observations at plants with chain grates—Continued.

Boilers.
Thick- Number used to Horse-
T ness carry— ower, S
No. of of o f ke (o S N e Builder’s oiler | Heating i u;g_er- Steam

Pl fire Type Size ber rated | rated on| surface ﬂﬁ?fz:geg pressure

inches). . = in- horse- |10 square| (square | at gage
(uhee) stalled.| Average | Average | ouor | T | “Hest). | (square |18,

heavy light heating feet).
load. load. SRt

28 4 Stlrlmg water-tube........._ ... ‘1 340 33’ x 173’ tubes, 3 42"’ x 18’ drums.._.... 3 2 2 350 350 3,800 i s 155
29 6-8 L e e N S S e O R e T 2 2 2 400 400 4,000 0 140
30 -..-| 207 8%/ tubes, 83 86"’ x 103’ drums. : . .._.._.. 4 4 2 200 200 2,000 0 100
31 ---| 272 3¥ tubes, 3 36"’ x 13}’ drums. 2 2 1 304 304 3,040 0 150
32 ---| 209 3}/ tubes, 3 42’ x 11,%/drums 2 1 v 300 250 2,500 0 80-100
33 -] 181 31‘” tubes, 3 357 x 93/ Grums. 3 3 2 200 200 2,000 0 150
34 243 3”' tubes, 3 42’/ x 13/ drums.. 1 1 1 48(0) 488 4,880 0 100
5 3 3 3,000 .
35 R 0L e e e e T e st g 4 5 { 320 20| 390 |t g 1l
36 4 162,820t ubes 181 3614 drupms i A TS L 3 9 159 225 235 2,350 0 120-125
37 o e e Lo b e e 3 2 1 165 164 1,640 0 125
38 5. B3 tbest 3 854 AN T oL LU | 1 1% 1 201 201 2,010 0 115
39 s S e (o R IR S SR I . i e e T e N W S e | 2 2 1 310 310 3,100 0 150
40 : S5 Xttt Gy R Bt P e o U s S et A I P o e S o R AT R R O 2 1 2 150 -150 1,500 0 150

500 375 3,750 L
4l by Hansand Sutlingswatertube Slies con tos st oL Ll T o : 8 8 { 30 3| 340 ' L et

: : 32 . 3,27

2| 455 el W il B S 4 4| 4 o - o } 0 160
43 7 | 240 33 tubes; 340/ x 10 drumsy . Son 24 Vuriah!e. Variable. A e Eora sl Al 0 150
44 3-5 Cahall vertical water-tube.... .. | 108 17 x 29 tubes 4 3 | 3 250 276 2,760 0 115,
45 3 Erie water-tube..._...._... 3 3| 3 300 250 2, 500 0 120-130

46 | 3.5-4 IIenry Vogt water-tube. . 1 ikl i 400 400 4,000 0 15(
47 o e [ e e i £ 1 1 U s B (Gt ied AT 0 120-130
48 4 Cahall vertical water-tube. ... . . 4 3 4 250 254 2558051 e 150
49 8 Cahall horizontal water-tube. . 126 4" x 18 tubes, 2 36’/ x 234’ drums. . ..... 6 a2 2 234 264 2,640 0 185
50 56 Sederholm return tubular. ... . .| 220 3/-87 x 16’ tubes, 4 30" X 12’ drums.. ... A Msen T3 s 2 350 208 2,975 0 150
51 6 Bronson special fire-tube. . 102 33727 x 18’ tubes, 16 47 water tubes. ... 3 3 2 250 228 2,280 0 150
52 e o R o A 7277 X 20/-84 477 tubes, 16 47 water tubes .. ... 9 92 2 250 240 2,400 0 125
53 4-6 Return tubular 26X 18, 7940 tubes 2 1 1 150 159 1,585 0 <125
54 e PRt dopaBaaien 12 x18' 27 6" tubes. . 2 1 i 150 98 975 0 65-70
55 3.5 i RaoR o e [ AR 72" X 18/, 72 4" tubes ’ 4 4 2 150 159 1,590 0 100

= eturn tubular and Bronson | ’” , 7 ’ ’ arr " . 275 2,750

56 Lip Ll ‘}1084 x18/, 1768, 600" x18",1843" and 134", | 16 12 12 g A e 0 130
57 i Return tubular. ............... [ A6 A Cbrbes St W8 Uy b D A ! 3 100 133 1,325 0 100

a Usually.

J
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TABLE 5.— Details of observations at plants with chain grates—Continued.

Furnaces.
Dimensions (feet).
Sty 1 [ Vertical distance f
plant. 3 Grate area per Distance from grates to ! ertical distance from .
1\{)‘3“ Kind. boiler (square | tube heating S rihce: | Distance | grates to coking arch, | Height of
% feet). | | Width of Length of | from front arch
| | ~ furnace of furniace ll=—————— Al roqr of
| i : Minimum | st (D). [ 10 frontof |y pisrong of | At rearof | [UDA%
‘ ‘ Average (A). ‘ (B). i boiler (E). furnace (F).|farnace (G). ()

1 ‘ i S s AT lfa] | 6.4 8.5 ) Bl e s e

2 67, 28 | 5.5 2.5 a8, 4.0 a8.4, 7 0 1.2 1:

3 45.5 4.0 2.5 6.0 T 0 1.26 RS

4 59.5 6.0 4.0 7.0 8.5 0 .9 1.5

5 52 4.5 2:5 ) 8.0 0 1.0 1.75

6 58.5 6.0 4.3 6.5 9.0 3.0 .09 VR i T WS e

7 A B e S B I 8.5 8.5 0 1.2 L R

8 58.5 4.2 3.3 6.5 9.0 3.0 8 1 B A e

9 63 6.5 4.0 7.0 9.0 0 | 1:2 p L S R S S
10 54 5.25 3.8 6.0 9.0 2: 257} .9 1 b T e
i1 31.5, 36 b5.1, b3.75, b3.5, 4 9.0 | 2.0, — ‘ b.8, 0178, — |ceeciiin.s
12 18, 45 5.0 2.5 ¢3.0, 7.5 6.0 0 | 1.25 B G Sl flle
13 18, 19.8 4.5 3.0 3.0 | ¢6.0, 6.75 | 0 1.25 (s T e
14 50. 4 4.0 3.5 6.5 .98 0 1.8 X Mk e A
15 59. 4 6.0 3.5 6.4 9.25 0| 1. 25 I e G b RO |
16 63. 8, 81 b6, 8 3.5 b7.5,9.0 b8.5, 9.0 0 ‘ U125 475, | D16, 12D 1o o lsah .
17 2 67.3 6.0 3.5 8.4 8.0 0 .9 o Sl RO B e
18 2 28, 25.3 5.5, 4.5 3.0,2.0 3.5 8.0, 7.25 0] .4 Tl e M
19 2 28 5.0 r 3.5 4.0 7.0 1.3 g 07 e o r s 0
20 0 72, 76.5, 94.5 [¢6.7,4.3,6.8 [¢4.0,3.3,4.1 |¢8.0,8.5,5.25 9.0 |€0.8,1.0, 0 .9 1.4 |¢3.6,—,3.6
21 5| Tileroof . ... | 88,93.5, 71.56 18.0 4.0 (8.0, 85, 6.5 11.0 3 113 1.3
22 4 | Partial tile roof 50 5.3 4.0 6.0 8.3 0 1.7 2.
23 3 | Plain 76.5, 72 4.0, 16.0 3.25, 13.5 8.5, 8.0 9.0 2.3, — .8 13
24 2 | Tile roof 54 11.5 7.0 6.0 9.0 (18 Aot L TS s
25 3 e d; 90 4.3 3.6 10.0 9.0 2.25 .9 1
26 6 | Plain 63 8.7 6.0 7.0 9.0 1.9 1.0 1.
27 o e 63 7.3 5.6 10 9.0 0 .9 i
28 R s do 67.5 7.3 5.0 7.5 9.0 0 =9 it
29 Bl do [ 078 RN Jh i s g T B e 5.25 13 El PR AR T S o S, e ) I P R
30 : 3 PO do 54 6.5 4.5 6.0 9.0 0 .9 dik
31 2/ I do 67.5 | 6.7 4.5 7.5 9.0 .8 .9 il

a First dimension applies to large boiler. b First dimension applies to Babcock & Wilcox boiler. cFirst dimension applies to small boiler.
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TaBLE 5.—Detatls of observations at plants with chain grates—Continued.

Furnaces.
|
i Dimensions (feet).
Ay Grat Distance f tes b Vertical d f
ant. rate area per istance from grates to § ertical distance from A
¥ 1\{’%:;11- © Kind. boilefr (:quare ‘ tube heating surface. | T e fl]%ﬁﬁpocst grates to coking arch. H(;lr%z%t of
| s | v
| il j | ﬁl‘:nl;]cteh((()]f) furnace of furnace at rear of
Average (A) ’ Minimum : (G kt)gi{;(;n(tEo)f At front of L Atrear of fu(rﬁace
i = 3 B). * [furnace (F).}fumace((}). )
32 i i o 1 ¢ el Ir s (RO ety St e s AN 54 6.8 4.3 6.0 9.0 0 =0 1.5 4.6
33 Optarss v Olse Lol Sa i Erl STl A e 2 o) 45 6.7 4.7 5.0 9.0 . .9 1.4 4.9
34 3ok RS Loy S B e e et o oo SR 90 8.2 5.5 10.0 9.0 0 79 1.5 5.0
35 (o BEWECT: [ e e s e e G N 74.4 6.8 5.8 8.5 8.75 .75 .9 1.5 4.4
36 B (ol e O o e M ey g JOR) 1 68.9 6.25 4.6 i 9.0 0 .9 S Bl 3.6
37 B e e A I 2 R SR s 33.2 6.0 4.4 4.0 © 83 0 .9 145‘ 4.7
38 LRI OO osial e, 00 RITAS S 5% aite LY 56 6.5 4.5 6.2 9.0 0
39 LR e o U I K R S i g R AR E el 74.3 6.0 4.2 8.25 9.0 0 |
40 Dilrse e 0% i Sall L Al B e O Bl 39.1 6.0 6.0 4.5 8.7 0 |
41 o s R e s T e e S 81 a3.0, 7.5 a2.5, 4.5 9.0 9.0 0 |
42 Gl OIS s IS Ll L ST 67.5, 54 8.5 4.0 b 7%5,.6.0 9.0 0
43 Ddlsesl S dost Sl ore . serin T e e 84 8.0 5.7 9.3 9.0 0
44 disDuteh-loven: 2 b nt gl 2L e L 49 |, 10.0 6.0 6.3 T 0D 10.5
45 b 3 b RS e el VB i R 68 4.1 3.9 8.0 8.5 2.0
46 3 b Il R Lot s SO ot i v L Bt M R e U 10.0 9.0 0
47 R LRSS (e [ A P GRS S e Vi etk g e e s
48 diliDutehroven . ot i i T e 42 10.5 6.5 6.5 6.5 11.0
49 (R s [ops e T 51.6 8.5 5.5 6.4 8.0 4.0
50 4| Plain ...... 67.5 17.5 13.0 7.5 9.0 0
51 3 54 7.5 3.5 6.0 9.0 0
52 Al o 54 6.5 255, 6.0 9.0 0
53 2 TRInin S 36 17.0 14.0 6.0 6.0 0
54 ol el 36 5.0 4.1 4.0 9.0 0
55 AFIERe L 6 o s s Ak 36 18.0 13.5 4.0 9.0 0
56 16 | Plain and tile roof . 42 c21, 22 c16, 17 6.0 LAY 0
57 SRR v s e s 31.5 18.5 4.5 3.5 9.0 1.3

aTirst dimension applies to Heine boiler. b First dimension applies to large boiler. ¢First dimension applies to return tubular boiler.

9%

‘IVOD J0 NOILSAIIWOD SSATAMONS-



No.of
plant.

~1

W Q0 bD =

S o

[

TasLE 5.—Details of observations at plants with chain grates—Continued.

Draft.

Smoke records.

Kind.

Chimney. .

Readings (inches of water).

Furnace

0.26
.23-.27
13- .15
.12- .23
.25- .27

.30

.24
.20

.12

Front
tube

[
|
l
sheet. l

|
Rear of boiler. i
|
|

0. 40-0.
45—,

Mg

S 0= 4
.48 .

Combustion |
chamber, .31. | l

Lower, .40; up-
per, .50.

L€0

1.04

63 |

Average for 1 hour Average
Total (minutes). per.g
Num- | length
B g ber of of centage
Conditions under which ob- | observa- of black
readings were taken. ot | % Hons 100 to | 80 to smoke
Sione (min- 80 per | 60 per | Stack | from
f utes) cent cent | clean. | observa-
* | black. | black. tions.
‘ Damper open, thin fire 4 225 0 2 34 8.2
........................... 1 60 0 0 55 Tl
Dampers open 1 60 0 0 43 6.3
D%aft varied by thickness of 1 600 0 0 60 0
re.
.............................. 1 60 0 2 36 8.0
| Dampers open; rear 23’ of 1 60 0 0 20 7.4
grate bare.
Damper open; rear half of 1 60 0 0 12 14.1
grate bare. g
Dampers open.............. 1 75 0 0]l oh=t e 33.3
D%mpers partly closed; thin 1 60 0 0 60 0
re.
Dampers open; thin fire..... 1 60 0 0 37 9.8
d & 1 50 0 0 30 9.6
1 600 0 0 58 .5
1 60 0 0 40 14
2 120 0 0 60 0
Damper open.......... 2 120 0 0 54 2.4
Fan on full blast....... 1 60 0 0 58 S
Damper partly closed. . 1 600 0 0 57 1.3
....................... 1 300 0 0 54 2.0
Dampersopen.............. 1 600 0 0 54 3.0
Dampers open ; economizer 1 60 0 0 60 0
in use.
DATNReHODERT R L 15 61 0 3 27 10.2
Dampersopen.............. 1 60 0 0 60 0
| Dampers open; rear one- 2 97 0 0 25 25.0
| third of grates bare.
.............................. e | 60 0 0 48 5.7
Dampers one-half open; rear 1 60 0 0 45 3.8
of grates bare.
Damper open; rear one-third 1 90 0 0 60 0

of grates bare.

Load
during
observa-
tions.

Heavy.
Average.
Light.
Average.

Do.
Light.

Heavy.

Average. *
Light.

Do.
Do.
Do.
Do.
Do.
Average.
Light.
Average.
Heavy.
Average.
Do.

Light.
Heavy.
Average.

Do.
Light.

Average.
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TaBLE 5.— Details of observations at plants with chain grates—Continued.

8%

Draft. Smoke records.
Readings (inches of water). Total A"e(r;‘fi‘jlff‘tg;)h"“’ A‘If)zrrage
No.of P 2 -
plant. Lo : }l;lirgf ler:)gfth centage Load
Tand Conditions under which ob | \ahserves of black during
5 % Front Base readings were taken. CRiva tions 100 to | 80 to [ smoke ob§ewa-
Furnace. Rear of boiler. tube | Breeching. of tions. (min- 80 pgr 60 p?r S]tack bfrom tous,
sheet. stack. Titesy it CoD O | S O so G
black. | black. tions.
27 | Chimney..| 0.18-0.32 Lg wer 6re {5 s R AR IS I P R, Dampers open.............. 2 122 0 0 45 5.3 | Average.
48-0. 64
28sboy ot N RS e P 0 o S g T R .84 | Dampers open; rear of grates b 60 0 (13| e ] AL 4 ‘ Do.
.38~ .41. | _ bare. /
20 [eridoTs s .17- .18 | Lower DOar) it vhas LT | Damper 0pen. .. iicisiesas 1 60 0 0 60 0 Do.
33- . 38.
SO e i ies 0 S0 b B D06 % U A e e i N S ) . 68 : Thin fire; running conditions | (@) (?) 0 (0 Pt (R SR Oy Light.
.16- . 40. | X
o B s [ A 285 20 owWer, (L AR IpE e e arle o e | Dampers open.............. i 60 0 0 60 0 | Average.
per,.. 90. |
32 Nsdonnsly .08 .10 | Lower ¢ oY e [ M P o LG R IS | Damper open; rear half of 2 122 0 0 45 8.7 Do.
| _ grate bare.
o ) e [ Pl 28 e bl B TV AR el Y [N SO b I sl | Dampers open 1 60 0 0 53 2.8 Do.
upper, .48- .66 | | p
GY B E s TR 11| Lower, .32; Up~|....c..... D7 PRI Gl S Damper open; rear one-third 2 120 0 0 51 3.0 | Heavy.
per, .63. of grates bare.
35 Aoty e .23- .32 | Lower rear, .58 DEMpEry Opep ok it eh i 1 75 0 21 (e 0-3.3 | Light.
36 | Induced.. .09- .15 | Lo Y er rear, Dampers partly closed. ..... 2 45 0 0 60 0 | Heavy.
31- .33. |
37 Chxmney = 27 s el 13 b e T ) W Bhalab sty Dampers open .............. 2 120 0 0 51 4.1 | Light.
38 .do +36~ .85 | Lower rear, .56 |..oocecosclonnnencnnnns .90 | Damper open. 3 il 35 0 0 56 1.7 | Heavy.
39 |. .11 | Lower rear, 52 ______________________ - U 1 ST S - 1 80 0 0 60 0 | Average.
40 |. T 3 e AV S o R T i Tk S | Damper open; thin fire...... 1 43 0 0 21 9.1 Do.
41 o o e 3 Eatinie L B T i .70 1.10 | Dampers open (a) (b) 0 0 30 9.0 Do.
4951 .14- .23 | Lower rear, .30 | do 1 600 0 0 53 3.3 | Do.
. 80-1. 08. [
43 .19- .25 | Lower rear, il €0 0 0 21 L1700 sy
ek N8B 7T
44 |. VO TTAAN] A re e T T AR il 40 0 0 60 0 | Light.
45 |. J11- .14 | .58~ .67 (a) (b 0 0 €0 0 | Average.
46 |. .09 | .36 1 80 0 0 0 30.0 Do.
i I 12 w30 (a) (b) 0 [V PP e ) B TR DO
A8t idot e TR Al St e S Il €00 0 0 €0 0 Do.
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49 don=yas
1
501 Jdo dana
51 !,....do .....
521 s de s
B3 |iosidosal s
54 | Induced
55 | Chimne
56 | Induced...

57 { Chimney. .

«20- . ¢
2= v 1d
10-.
18-

vis liCombustion | iiac: Ul
chamber,.14-.26 {

1.10-1. 5
L6

.55

0

2
0

BRI

Dampers open; rear one- |
third of grates bare.
| Rear one-third of grates bare.

Damper open.
Average running condmons |
Dampersopen.............. |

~3

= DO DD b b

ocoCocoOoCO © O
CooOoOooCS o o

| |

(=)
o

S%33838 &

s L5t
o~Nococooco © ©

Do.
Light.

Heavy.

Average.
Do

nght

Average.
Do.

Light.

a Several.

b Various lengths.

¢ Variable.
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TaBLE 5.—Details of observations at plants with chain grates—Continued.

Breeching. Stack. Ignition arch.
|
Length Number
No. of | |
from : of elbows | Remarks.
plant. stack to, Size Placg al: ngih between | Height Size (sA{g&re Length i
nearest | (feet). mvsgssuta?klgnn boilers | (feet). | (feet). fget) (feet). PALD
boiler ¥ and »
(feet). stack.
1 {3 RSl T Ry e e R AT 0 125 a5.4| 23.0 4.5 | Sprung..| Usually run with damper partly closed. Smokes considerably, 10 to 20
per cent black.
2 9 |. 0 216 6.5 | 33.2 o hm I Lo s
3 4. 1 150 . 0 B s M P e R e PR B Coal runs from 10 to 15 per cent ash. Plant has to run with damper nearly
wide open to keep from making smoke.
4 O e S e SR TS S e 0 175 {3 S0 R e Y LR P L gl ol R B P 2 Range of draft obtained by taking readings on both thin and heavy fires.
: An air injector on each boiler consisting of }-inch steam jet passing
» through 2-inch pipe. When air injector is not in use, stack smoke varies
from 20 to 40 per cent black.
5 LRI s Sl o T G 0 1 125 a5.0 | 19.6 X R Coal as fired runs about 2 per cent moisture and 6 to 9 per cent ash. Smokes
considerably, 10 to 20 per cent black.
6 6.|.4x7 | Nearstack...... 0 175 ab.5| 23.7 [T R 0 P K Usually burns Illinois screenings. Smokes considerably, 10 per cent black.
7 QNP s e e 0 135 a8.0| 50.25 3.0 | Sprung..| When the draft is not reduced below 0.20 inch inside stack damper, stack
%mgkes. éO to 20 per cent black. Reducing draft below 0.20 inch gives
ad stack.
8 28 | 9x 5% | Nearstack...... 0 185 (CAT I W T W R e R R T Stack usually smokes, 20 to 30 per cent black.
9 21 6x12 ... {5 (: L AT e 0 275 8.0 50.25 6.5 | Flat..... Before present arch was installed ignition arch was 1.7 feet from grate at
the rear and 3.5 feet long, and stack smoked badly at times.

10 1 S NS P S s i 116 2.5 4.9 4108 3.do sy On heavy load stack smokes continuously, 40 to 50 per cent black.

1 ol e e 3 85 |3.8x3.8 | 147 4.0 | Sprung..| On account of low stack draft, three boilers are used to carry load not
heavy enough to keep stokers running continuously and stack smokes
considerably, 10 per cent black.

12 R R PR el s Ry 1 110 ad.5| 15.9 30 T R Coal as fired runs about 13,000 B. t. u. per pound, 11.5 per cent ash, and
2 per cent moisture. When boilers run at 75 per cent or more of their
rated capacity. stack smokes badly.

13 2 b R R e M R B i B el T Stack is cleaner when burning nut coal than when burning slack.

14 0 200 11 95.0 10 o DRVl St Coal as fired runs about as follows: Moisture, 1.40 per cent; ash, 3.40 per
cent; fixed carbon, 60 per cent; volatile matter, 35 per cent. Twosimilar
stacks; six boilers for each. Stokers carry a thick fire over entire grate.

15 {210 e O AT Y 0 200 9.0 | 63.6 I e Coal as fired runs about 13,300 B. t. u. per pound.

16 B SRR e S S e Bl 2 2 95 50| 19.6 8, Ba i Babceock & Wilcox boilerand chain grate, 2 Stirling boilersand Green chain
grate. First furnace dimensions apply to Babcock & Wilcox boiler
and grate. Speed of induced-draft fan controlled by steam pressure.

17 D Bl st v tatiah dnme v snles b5 bt 0 15 {1 PR e R T 3:0 [ KiEiniay

18 MR ce Sl gl Ll b 1 100 a4.0 ' 12.56 bl ia

0¢
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19
21

22

26
27

28

29
30

31
32
33
35

36
37

38

39
40

22

30
31

SN

o

oHH o ©

108
200

150

150

115
200

225
185

135

40
136

110

125
125

78.5

12. 56

19.6
6.3

23.7

12.56

3.5
3.5

a Diameter.

Boilers have C tile on lower row of tubes within 3 feet of rear water leg.
Damper regulator on main damper. Stack smokes considerably, 10 to
20 per cent black.

U tile on lower row of tubes. Secondary grates at rear of bar grate, 15
inches long by 6 feet wide; effort made to keep these well covered; area
not included in grate area. Damper regulator connected to damper on
each boiler. Stack is cleaner when burning No. 3 washed coal than when
burning poorer grades.

C tile on secondary lower row of tubes of Heine boilers; Mohr boilers baffled
vertically. Stack smokes considerably, 10 to 20 per cent black.

C tile on lower row of tubes. %

Coal as fired runs 12 to 20 per cent ash. Boilers have 8 feet of C tile and
5feet of U tile on lower row of tubes. Damper regulator on main damper
is so connected that the dampers are never wide open.

This stack occasionally emitted smoke, 40 per cent black, for several
minutes.

Coal as received runs about 12,000 B. t. u. per pound. All boilers are
baffled alike. Boilers are run with dampers wide open; consequently
boiler nearest stack runs above rating and boiler farthest from stack runs
at rating or less.

Dry coal ranges from 12,500 to 13,000 B. t. u. per pound, with 5 to 14 per
cent of ash. A very little smoke, 20 to 40 per cent black. Regulator
on main damper. Coal is wet before firing to prevent waste into ash pit.

Two similar stacks, each resting on rear of boilers. While this plant
runs for long periods with a very good stack, it has been seen smoking
many times; with furnace draft reduced to 0.04 inch water stack smokes
continuously, 20 to 40 per cent black.

Coal is wet before firing to prevent waste into pit.
of boilers.

Two similar stacks. Smoke noted in table due to nearly complete closure
of damper.

Coal wet before firing to prevent waste into pit.

Stack rests on rear

Separate stack resting on rear of each boiler. Plant has variable load;
sometimes dampers are nearly closed and stacks smoke badly, but
usually little smoke for long intervals. Smoke observation taken when
plant was running at about 118 per cent of rated capacity.

.| Speed of induced draft fan controlled by steam pressure.

Stack sometimes smokes badly. Observations were taken during light
load and it is probable that dampers were not open enough to furnish
sufficient air.

Stack rests on rear of boiler. Steam pressure controlled by hand regula-
tion of damper. Stack is clean except when furnace draft is reduced
nearly to zero, when it smokes from 20 to 50 per cent black.

Two similar stacks, each resting on rear of boiler.

Plant usually runs with dampers partly closed and stack then smokes
about 10 per cent black.

‘SHEMOLS TVOINVHOHEIW HIIM SLNVId

1€



-

TasLe 5.—Details of observations at plants with chain grates—Continued.

Breeching. Stack. ! Ignition arch.
No. of I;ength l\qulxgber 5 i
rom hi of elbows emarks.
et stack to| Size Pﬁgssgrteg&%h between | Height Size (SAL?;E Length Style.
nearest | (feet). S boilers | (feet). | (feet). fget) (feet). a0
boiler y and .
(feet). stack.

41 s e e e 0 208 11 95.0 R RS e Coal as fired contains 11.50 per cent ash, 3.60 per cent moisture, and 33
per cent volatile matter, with 12,730 B.t.u. U tile on lower row of tubes
g_f Heine boiler. Stack usually smokes 20 per cent black about half the

ime.

42 I Ao S e 0 171 7.0 | 385 I et e Usually run with dampers partly closed.

43 20 ze. 2 220 14 153.9 b | R :....| All flues underground.

44 0 0 90 3.0 7.06 3.0 | Sprung..| Four similar stacks, each resting on top of boiler. Steam pressure con-
trolled by automatic regulator, which varies speed of stoker engine and
position of damper. ;

45 0 (1) T e T 0 125 45| 159 4.0 | Flat....| Three similar stacks resting on rear of boilers. Coal is wet before firing.

46 T oty U] el T S e 2 125 ad 5| 159 850 1.80.04 Stg;zk 1Eests on rear of boiler; smokes continuously, from 30 to 60 per cent

ack.

47 A2SHE S e 0GR D e 1 125 ad5| 159 DB S s s S Stack rests on rear of boiler; usually smokes from 10 to 20 per cent black.

| Coal is wet before firing.
48 R Rt L LS e s 0 90 8.2 7.85 h G MR L Coal as fired runs about 12,400 B. t. u. per pound; 11 per cent ash; 5} per
cent moisture. Can not keep stacks clean with more than a 4-inch fire.
Four similar stacks, each set on top of boiler.
49 | 15 0 203 9.0 | 63.6
50 80 2 325 7.7 47 Draff readings not of much value; dampers on boilers out of service, not
being closed. .
51 24 2 125 a50! 19.6 | 4.0 | Flat..... U tile on lower row of tubes for 10 feet from front of furnace. Plant has
automatiec regulator on main damper.
52 34 2 125 26.0 | 28.3 4.0 |...do....| C tile on lower row of tubes for 9 feet from front of furnace.
53 | 18 1 125 ad. 5| 23.7 4.0 | Sprung..| Large combustion chambers. Bridge wall is built up to shell and has two
| openings, with total area of 6 square feet. Plant usually runs with
' i dampers partly closed. g

54 BORWI L i S o i 1 35 a4.0 | 12.56 0 |...do....| Fired occasionally through inspection door. Speed of induced dra fan
l I controlled by the steam pressure.

55 | g DO | Ao S T e 0 110 a5.0 | 19.6 4.0 |...do....| Large combustion chambers.

56 | 01 LA [T RN oy S 2 250 11 95.0 o35 B0t 2 o Coal as fired runs about 13,700 B. t. u. per pound. A considerable task to

| | keep grates clean.

57 i 7(3%x 7 ; Near stack...... 0 100 |[4.5x4.5| 20.25 IR | Sl AR Boilers arched over top for gas passage.

a Diameter.

(44
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PLANTS WITH MECHANICAL STOKERS. 33

SUMMARY.

The chain-grate stoker was found in plants carrying uniform loads
and in plants where loads were extremely variable. With a uniform
load and a proper setting there should never be any smoke with this
equipment, but when a variable load is carried a faulty method of
operation may cause the emission of dense smoke. In a chain-
grate plant having a variable load, with the fire carried up to the
water back, a sudden release of load will require a reduction of
draft. Too often the damper is nearly closed, so that the coal on
the grate and the fresh coal fed to hold the fire are burned with a
imited air supply, causing the stack to smoke badly.

Plants equipped with the chain grate can be made to carry a very
variable load with good results by changing the thickness of the fire,
the speed of the grate, and the position of the damper to suit the load. -
The draft should not be reduced below a certain value, which can be
determined for each plant by gradually closing the damper and
watching the stack. In a plant where the maximum variations of
load are nearly the same, it might be necessary to vary only the speed
of the grate and the position of the damper. The damper regulator
is often the cause of a smoky stack, because it is usually set to choke
off the entire draft, a condition which is never necessary.

Both the speed of a chain grate and the slope of the ignition arch
are important. Too often the grate is run so fast that volatile
matter is being driven from the coal as far back as the center of the
grate; usually in this case there is not only a loss from incomplete
combustion of the gases but also losses from unconsumed carbon
in the ash and from injury to the grate. Live coals in the ash pit
will not only warp a grate but gradually burn it up. The grate should
not be run so fast that it will be hot when reentering the furnace.
In one plant where a high draft was carried a sloping arch was removed
and an arch built parallel to the grate. With the sloping arch the
stack smoked, but with the flat arch it was entirely clean.

With chain-grate equipment a plant may run very inefficiently
if the fire is carried only on the front half of the grate, as sometimes
happens. When coal is burned in this way with a proper setting, it
is because the fireman finds it the easiest way to carry a variable load
and have a clean stack, demanding less of his attention in operation.

At some plants the boiler is forced by firing considerable cos!
through the inspection door. Although the desired result is accom-
plished by this practice, the plant becomes the equivalent of a hand-
fired plant and the stack will invariably smoke badly.

74897—Bull. 373—09——3



34 SMOKELESS COMBUSTION OF COAL.

FRONT-FEED STOKERS.

GENERAL DISCUSSION.

Inclined-grate stokers were patented years ago. As a result of the
competition between different makers and the consequent improve-
ment in details of construction, the present types have been evolved.
They have been installed at many places and handle a great variety
of coals. All those in extensive use have grates with mechanically

- IL

N

FIGURE 5.—Front-feed stoker and Babcock & Wilcox boiler, usual setting. 1, Air space; steam jets
enter furnace at this point.

operated grate bars. From the difference in position of the hopper
supplying the grates, these stokers are conveniently divided into two
classes—front feed and side feed.

In the front-feed type the hopper is in front of the boiler, extending
from side to side. Immediately back of it is sprung a coking arch,
usually short. A reciprocating pusher feeds the coal to a dead
plate beneath the front of the arch, where it begins to ignite. The
construction and movement of the grate bars, which cause the burning
coal to move down the grate, vary in different makes of this type.

These stokers can force a fire quickly and are often given severe
treatment, but tests have shown that with the average setting, in
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FIGURE 6.—Front-feed stokerand Cahall boiler. 1, Air space; steam jets enter furnace at this point.




36 SMOKELESS COMBUSTION OF COAL.

which the grates are placed close to the heating surface, more than
average attention is required to keep down smoke; consequently
‘such stokers should be so set that when the fireman pushes green
coal down the grate there is sufficient space for the combustion of the
gases before they strike the tube heating surface. Failure to provide
such space usually results in a smoky stack.

To intensify the combustion most stokers of this type are fre-
quently set with an air space at the front of the ignition arch, through
which steam jets enter the furnace. The accompanying illustrations
show some boilers having stokers set in this manmner. Figure 5

FIGURE 7.—Front-feed stoker and Heine boiler. X, Point at which air and steam jets enter; Y, C tile
on lower row of tubes, forming a tile-roof furnace.
represents a Babcock & Wilcox boiler with stack at the rear and
baffled so that the gases from the burning coal travel but a short
distance before they strike the bottom water tubes.

Figure 6 shows a stoker of the same make as installed at a plant
having Cahall water-tube boilers. Here the fire-brick arch back of
the hopper covers a larger proportion of the length of the grate than
in the setting illustrated by figure 5, and as the boilers are vertical
the furnace is in a Dutch oven the arch of which covers the space
between the ignition arch and the front tubes of the boiler. The
travel of the gases to the first heating surface is much lengthened in
this setting and ample space is provided for combustion when forcing
the fire.
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A Heine water-tube boiler, with uptake in the rear and a furnace
fired by a stoker of the front-feed type, are shown in figure 7. In
this installation the bottom baffling of tile on the water tubes lengthens
the course taken by the gases in reaching the first heating surface.
Ample space is provided for complete combustion when the boiler
is carrying heavy loads.
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Figure 8 shows the usual methods of placing a front overfeed
stoker beneath the arch that is part of the regular setting of the
Stirling boiler. Figure 9 represents a similar stoker, with longer
ignition arch, under a return tubular boiler.

DETAILED DESCRIPTION OF PLANTS.

Detailed information was collected at 32 plants, ranging in size
from 200 to 2,500 rated boiler horsepower, where front overfeed
stokers were used. This information is presented in condensed form
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in Table 9 (pp. 40-47), in which the same order of particulars is
followed as in Table 5. In Table 9 the grate area of the front over-
feed stokers includes the area of both the sloping grates and the
dump grates.
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p22227777 7 7M. WOZZZ27Z,

Y rrzzrrrrrrrzzzags
S

222 s Zi
2z B

FIGURE 9.—Front-feed stoker and return tubular boiler. X, Point at which air and steam jets enter.

The different plants burned various sizes of coal, but at 11 plants
the stokers were handling run of mine. The depth of fire ranged
from 3.5 to 7 inches. The source of the coal and the depth of the fire
are summarized in the following table:

TaBLE 6.—Kind of coal and depth of fire at plants with front overfeed stokers.

Average Average
. Number . . Number
Kind of coal. depth of Kind of coal. depth of
of plants. gre. of plants. Ere.
Inches. ‘ Inches.
JHERGIS o St e TR TR 10 4 Portgyivanis 'y =t e Lo 4 4.5
Indiana. .. 3 4 Virginia U et LA o
Kentucky . 2 3.5 || West Virginia.. . __...__.__ 2 5
Maryland. 8 4 Miscellaneous. . .. ............ 1 7
)T A e R e Pl 1 5 ‘

At 40 per cent of the plants the stokers were under boiler units of
200 horsepower or less, and at 4 plants the stokers were in a Dutch
oven, this setting having been installed at two plants because the
boilers were of a vertical water-tube type. At 6 of the plants vis-
ited the boilers had a variable load and at2.6 a uniform load. The
least ratio of heating surface to grate surface that was determined was
28.4 to 1 and the highest 58.3 to 1, the average being 40 to 1. The
coal as received burned per square foot of grate surface per hour aver-
aged 15.6 pounds; the smallest consumption of coal per square foot
of grate surface per hour was 6.4 pounds, the largest 34.7 pounds.
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The percentage of the rated boiler horsepower developed on mean
heavy load (the boiler being rated on 10 square feet of heating surface
per horsepower) averaged 84, the lowest and highest values being 55
and 111 per cent, respectlvely The percentage of boiler horsepower
developed by dlﬁ'erent makes of boilers, the coal consumption, and
the least and average distances from the grate to the tube heating
surface have been summarized for ready reference in Table 7

TABLE 7.—Summary of various observations at plants with front overfeed stokers.

l - Coal Percent- | Distance
[ burned | ageof |from grates
per rated to tube
square | boiler |heatingsur-
Num- | Fur- | footof | horse- face. Black
Type of boiler, - Kind of coal. berof | mnace |gratesur-| power S
plants. | draft. | face per | devel- A
hour, oped, ‘
average | average | Aver- Mini-
heavy heavy | age. mum.
load. load.a l
1 Inch of l
water. | Pounds. Feet. | Feet.| Per ct:
Babcock & Wilcox. .. Illinois, Maryland, 9 0.31 16.8 871 6.3 ‘ 5. 8 7.5
Virginia and West |
Virginia.
Helng o o a2 20y Illinois,  Kentucky, 4 .22 12.4 8L P50 5.0 14.1
and West Virginia.
Bllphingthcasrs) SO0 - Illinois, Indiana, b .24 14.5 BB = AL A 5.6
Maryland, and
Pennsylvania.
Miscellaneous wator- | Indiana, Kentucky, Tof = 1032 19.7 91 - T2 80T T
tube. Maryland, and g
Pennsylvania. [
Return tubular. ... .| Illinois, Maryland, i) .21 13.2 78 1 17.6 | 15.6 5.2
| and Ohio. l

a Boiler rated on 10 square feet of heating surface per horsepower.

The average drafts, as determined at the furnace {ront, at the
rear of the boiler, and at the base of the stack, are given in the fol-
lowing table:

TaBLE 8.—Summary of draft measurements at plants with front overfeed stukers.

|
Number of | Average
Type of boiler. Measurement taken at— Plv%ﬁitghat (1%‘:33}£L0f
taken. water).
Babceock & Wl]CO‘( ....................... Farigee o) N s el Lt e 8 0.31
Rear of boiler. 51 .36
Base of stack . = 6 | .87
Helne s s o, T8 08 s iy el Furnacee: ... Al 3 .22
Rear of boiler. 4 4 .48
Base of stack . ! 3 .76
Bhrhmg o s e e Furnace. .. .. & .24
Rear of boiler. 4 .52
Base of stack . 4 .69
Retnrninbular. - Tors o s ol et e BUrHnee. —...-: 9 o h
Front tube sheet. | 4 .54
’ Base of stack. . . [ 3 .66
Miscellaneous types...................... Furnace. .. .. 6 .32
Rear of boiler. ‘ 4 .43
Baselofstacie s s oetat o L LS | 4 .76

Range of furnace draft, 29 plants, 0.09 to 0.62 inch; average, 0.26 inch. Range of
draft at rear of boiler, water tube, 17 plants, 0.25 to 0.74 inch; average, 0.44 inch.
Range of draft at base of stack, 20 plants,0.38 to 1.30 inches; average, 0.76 inch. Aver-
age drop of draft from furnace to rear of boiler in water-tube boilers, 0.16 inch. Aver-
age drop from furnace to front tube sheet in return tubular boilers, 0.33 inch.



TaBLE 9.—Details of observations at planis with front overfeed stokers.

Coal.
Total
No. of 5 builders’ |—— - il tuin. i A g e A
plant. State. Kind of stoker. ﬁated Cost per ‘ Short tons
oL Commercial name. ‘Where mined. Size. short ton, | burned
power. delivered. | per year.

bl L i

58 | Illinois. . 1,200 Carterville, Tll......... e o TR ¢

1R e [ SRR 300 B e i S N O I e s o i s el s e o

60 | Pennsylvania. 1,400

61 | Maryland. ... 800

B2\ e dorc ot 800

63 |0k do. 700 |. £

64 | ....do.. . i1 750 e 1 P TR AN 3 10 UL ooy 5 SIS

65 | Missouri. . g in 2,700 | Various coals. Hareanings S e hni S o e T 33,200

661 :0hI0 et +d0.. o 600 | Pocahontas. ... ... West Virginia. .| Nut and slack 2.25 2, 600

67 | Missouri. . _do.. 49 500 | Various washed coals Tilinois. . . B N 1.30 2,440

,,,,, do. 300 | Bellevile......._.. sarrdosy 1. s

69 | Ohio... 1,800 | Laurel; Jellico. .| Kentucky. 22 QA el S = O

FOM S do.. E oz o 230 | Pocahontas...... ..| West Virginia....... Run of mine. 2.

71 | Missouri.. .. a0y o 750 | Bellevilie........ Illinois Screenings. . A b Sl o)

TR e S done. o 600N Stanton Leas L1 s b o i 50 do. 11

DA do 50001 Belloville. &2 el v b ol s (et G 1.

7L ) dozss 375 ‘ashed. . ..| Carterville, Ill. 2.

T ls doses el o doLs s s 8 ey Aot 1

76 | Maryland -do. . A8 500 | Georges Creek.. Maryland. .

TS Ohio L Ear .do.. 4 480 | Glen Run...... LT et

78 | Missouri. o 500 | Washed.. Collinsville, Ill. . i . 5

79 | Indiana. .. D00 IR RN S o Tridinngetieds o Sos NI ande sladkess s ot B e nad o (R At

80 | Maryland. 700 | Georges Creek Maryland. .

SE it do ot 500 |7 LT d

82 1,740 | Pittsburg.

83 | Indiana..............J.. ..do...oooooof B0 || Indiana....................| Nut and slack..........|....o..ooo

84

85 Kentucky.

86 | Maryland..... Georges Creek.. ..| Maryland..... Run of mine.

87 | Pennsylvania. 2,800 “Rivereoal. .- <= o 10 Pittsburg, Pa... .| 13-inch slack. ..

88 | New York.... 4 i 1,100 | Rochester; Pittsburg....| Pennsylvania. .. -..|- Various sizes ..

89 | Maryland......._._... T SR iy e P e 1 (o [ IO L S e i Run of mine...........

0y
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TarLE 9.—Details of observations at plants with front overfeed stokers—Continued.

No. of
plant.

Load. Rating.
Average load.
ot B0 777g, 1 | Coal burned per
square foot of grate
Heavy. Light. per hour (pounds).
Requirement. Nature. Character.
o s Hours Coald HOl(lirS bCoal
perday | burned | per day| burned | Average
load is [per day|load is [per day| heavy Alx';(;rgge
on (short on (short load. :
plant. | tons). | plant. ‘ tons).

["Power and heabt..... b.osail Eniform e e Oﬁice buﬂdmg ........... 24 60 24 20 26 26
Power, light, and heat....._|..... (6 Vo pel A S S et it R AL 16 ot R S LI A 10 7.5 10 5.5 18.3 15.8
Powerand-heat.._..... ... lao..s doiliaass Factonyaeotecssiis s 24 50 24 50 17.4 17. 4

ight, and heat......l..._. do... Rolling mill 7.5 EBAIANT S L3 Lo SRTLY 11 11
..... do... d 3.5 VLG BRI AN 15.2 15.2
..... do. 8 9 8 9 14.8 14.8
..... 2 Oﬁ"lce building. : 12 12 12 6 16.6 16.6
Varlable ,,,,,,,,,,, 24 125 24 50 14.5 13.1
Uniform. . thce building 12 7.5 12 7.5 17.4 17.4
..... do.... 10 8.5 10 7.5 11.7 11
..... 4 % Factory 10 5.75 | 10 4 11.8 10
Va.nable - .| Brewery 24 71 24 39 13.3 11.2
Uniform. . Office building. .. 14 2.5 12 1.3 12.6 10.3
..... do. Lol Bactory oo si s 10. 8 10 8 23.5 23.5
Power alrtilighte s £ o se Sliol do. .| Brick manufacture. 12 4.3 12 4.3 6.4 6.4
Power, hght and heat...... s 10 4 10 3.5 16. 4 15.3
do. | 24 8.25 | 12 4.25 9.2 9.2
10 5 10 5 13.3 13.3
11 6.5 11 6.5 13.3 13.3
s 24 20 24 20 10.1 10.1 |
.| Manufacturi g ..... 12 5.5 12 9 12.1 8 s
15V el VR 10 6.5 10 6.5 17.3 17.3 ]
Rolling mill........ 8 9 8 9 14.8 14.8
...... i U SR e R L e 6.25 4.5 6.25 4.5 12.3 12.3 |
Salt works 24 82 24 82 15.8 15.8 |
...| Factory.. 10 11 10 11 20 20
5 : Hospital 24 12 24 10 14.4 13.2 |

..... ” Variable . . ..| Office building..... 24 | 28 24 20 34.7 29.0

..... do. Uniform. .| Rolling mill 8 | 3.4 8 3.4 17.3 17.3 |
Power Varighleasnit s oifens (Sl {5 (opspAit i 24 TOUEE iz S i TR T s ki, 14.4
Power, light, and heat......[..... QO tt e s e A e 12 ‘ 17 12 10.5 13 10.9 |
Bowel - aac bl nus i e Uniform. o cov oo | Pumping station......... 24 126 24 26 19 19 |

Percent-
age of
boiler
horse-
power
devel-
oped

on aver-

age heavy
load.a

Percent-

age of
builders’
rated
horse-
power
devel-
oped
on aver-
age heavy
load.

Assumed
amount of
coal
burned
per
horse-
power
per hour
(pounds).

1

o
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a Boiler rated on 10 square feet of heating surface per horsepower .
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TABLE 9.—Details of observations at plants with front overfeed stokers—Continued.

Stoking. Boilers.
)
‘ Number used Horse-
to carry—
No. of J Build- | RO Steam
plant. | Thick- | Num- ers’ boiler Heating | Superheating| pres-
n%srseof Frequencgrgr gicaning Type. Size. ber in- Ter e ey rated fgge?lgl{le surface surface sure
(inches). J stalled. age age horse- fegt o1 (square feet). | (square feet). at
heavy | light | POWeT | heating gage.
load. | load. surface.
5813 -4 8 times in 24 hours. ...| Babcock {)Sz Wilcox | 140 4” x 18 tubes, 2 36” drums. . 4 3 il 300 300 3,000 0 165
water-tube.
59 | 2.5-3 2 to 3 times in 10 hours. St%{lldard Babcock & | 80 4”7 x 18’ tubes............... 2 2 2 150 167 1,670 0 125
ilcox
L0 (o Y LR B S S R e S e S Babcock & Wilcox | 168 47 x 18’ tubes, 2 42” x 203/ 4 4 4 350 350 3,500 0 150
water-tube. rums.
Bleyliiaeieset A A L e do.. 108 4” x 18 tubes, 2 36” x 18’ | 4 Y ARt 200 226 2,260 0 140
drums.
(320 ey et o TN O I M 2 log 4” x 18 tubes, 2 36” x 18’ 4 e AT 200 226 2, 260 0 | 100, 140
| rums.
Gadle ot et N S LN e Sy 16240 % 186 tubes. . o J. si Lol 2 2 2 350 340 3,400 (a) 140
{1 RS e 2 times in 24 hours. 126 4” x 18’ tubes, 2 30” drums. . 3 2 1 250 264 2, 640 0 60
65 I O Y e e e 1284 x 18 tuhes, ..o toc il susl 10 10 S 270 266 2, 660 0 160
66 6 4 times in 24 hours. ... 168 4”7 x 16’ tubes, 2 30” x 16’ 2 i 1 300 313 3 130 0 140
drums. |
67 3 3 times in 12 hours. ...| Heine water-tube. . ... 138 33" x 18’ tubes............: | 2 2 2 250 253 2,530 0 140
68 5 5 times in 10 hours....| O’Brien and Heine | 85 34” x 18 tubes, 78 3} x 18" | 2 2 2 | 175,125 | 156, 143 | 1,560, 1,430 0 140
water-tube. drums. |
69 8.5 | Variable-.. .. ... ..d .. Heine water-tube. . ... | 140 3%” x 18’ tubes............. ! 6 6 5 300 256 2, 560 0 110
7013 -4 Once'in 14 hours... 4. :fae. o« s 63} i MRl C AR 23 3t 160 fubes: < o0 Al = 2 1 1 115 87 * 865 0 85
! 2 2 times in 10 hours....| Bronson special fire- | 84” x 18/, %)50 33", 18 4” x 18/ 2 ! it 375 325 3,250 0 140
water tubes.
72 2.5 | 2 times in 12 hours. ... 60” x 16/, 44 4” tubes..... 6 3 3 100 87 870 0 110
73 4 3 times in 10 hours. . .. .| 72" x 207, 70 4” tubes. 2 1 1 250 172 1,725 0 145
74 5 3 times in 12 hours. . .. .| 66” x 18/, 54 4” tubes 3 2 2 125 120 1,200 0 130
75 5 2 times in 10 hours. . . .| 66” x 167, 54 4” tubes 3 2 2 110 107 1,065 0 110
i3 e SRR LR e il ) B 72" x 18/, 74 4” tubes.. 4 2 2 125 164 1,640 0 85
74 -5 4 times in 24 hours. . 4 60" x 16’ 46 47, 2 607 x 16/, 6 6 6 80 [107, 93 | 1,065, "932 0 75-80
54 47,
78 4 2 times in 12 hours. . .. Stu‘llng water-tube. . 192 33" tubes. . ... ... Lo oias 2 1 2 250 250 2, 500 0 125
79|13 -4 2 hnes INNHIhoBurS: ', . e AOFIeia - ST 198 33” tubes, 3 36” drums... ... 1 1 1 260 260 2 600 0 120
oL L R e b T el S do ................. 25%()1 31”7 tubes, 2 42”7 x 124 2 2 2 350 354 3 540 (b) 140
rums. 2
LT T e SR TR W i LY e A OREL Nt ad DS L R i Sl T M e e 1 1 1 {10 | BT e I 0 140
CPA PP RO e e R e R (o R Gl S T R R e B 5 5 5 | 230, 525 | 230, 521 | 2,300, 5,208 0 125

IVOD J0 NOILSNdIWO) SSHTEAMOWS
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3 -4 2 times in 10 hours....| Wickes vertical | 1124” tubes...................
water-tube.
3 4 4 times in 24 hours. ...| Atlas water-tube...... gt ABLTbes L. Lt

tube.

4 -6 2 to 3 times in 24 hours.| Rust water-tube. . .

4 4 times in 24 hours. . ..
d

0

................. National water-tube

Standard water-tube. .

Henty ol VioRteiWatars: [ty e o s dagl sl R

tube.
Cahall vertical water- | 108 4” x 18" tubes.......... AIEE

ww N

W 00

i -1 I )

[ SFEN-

o

0O W O

225 225 2,250
150 150 1,500
3007{SRRNTL SRRt
200 226 2,260
350 335 3,350
250, 350 | —, 268 | ——, 2,680
b | e i T

ooo o oo o

120

100
125

100
150

175
140

a125° F. at boiler.

b175° F. at boiler.
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TaBLE 9.—Details of observations at plants with front overfeed stokers—Continued.

No. of
plant.

Furnaces.

Num-
ber.

Kind.

Grate area per
boiler (square
feet).

Dimensions (feet).

Distance from grates to
tube heating surface.

Average (A).

Distance

from front

Width of Length of

Vertical distance from
grates to coking arch.

of furnace
to front of
boiler (E).

furnace (C). |furnace (D).

At front ’ At rear
(F). (G).

Height of
arch at
rear of fur-
nace (H).

1

= e

BROHEWRNINONHO R WWRNONND NN

15 CYF o R G NS St Wy L
Dutch oven ... ..
Plains tonss, o s

55.25, 42.25
73

G
COoOOooOoON

ag. 5,

o o

=

oWttt

ov W
o o

200050000 P NN NPNWDHPHPOD

cotn

o First dimension applies to O’Brien boiler.

b First dimension appli es to small boiler.

4%
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TaBLE 9.—Details of observations at plants with front overfeed stokers—Continued.

7 =
| Draft. Smoke records.
1
: : Average for 1 hour
Noof Readings (inches of water). Total (minutes). Ry .
plant. Num- | length of Al Load
Kind - Conditions under which | ber of | observa- page of during
p » Front | Base readings were taken. | obser- tions 100 to 80! 80 to 60 black observa-
Furnace. Rear of boiler. tube | Breeching of aniCan i (U per cent per cent Stack | gmoke g
Sheat } 4 utes). clean. <
. 2 stack. black. | black. |
58 . 0.30-0.33 {1 W et L E i n e ) 0k € T Diémper and poke-hole 5 333 0 0 50 4.4 | Average.
00r's open. g
59 l Sl RO Dampers open......... 1 60 0 0 56 .6 | Light.
60 d 2 59 0 2 50 3.9 | Average.
61 1 93 0 7 48 7.4
62 1 93 2 9 25 16.5
63 1 93 0 2 52 3.4
64 2 195 0 0 0 5 Do.
65 K 60 0 0 0 19 Light.
66 (a) ®) 0 1 R A R L i RCR Average.
67 A 60 0 0 52 3.7 Do.
68 1 60 0 0 0 10.7 | Light.
69 2 120 0 12 0 28 Do.
70 (a) () 0 (0] e L ST i Yo S PR Heavy.
71 1 60 0 0 54 2.7 | Average.
72 1 60 0 0 0 19.2 Do .
73 1 60 0 0 55 4.2 Do.
74 1 60 0 0 54 10 Do.
75 1 60 0 0 60 0 Do.
76 i 120 0 0 60 0 Do.
7 1 60 0 0 60 0 Do.
78 ; 1 QO 0 3 28 16.6 | Light
79 .25 | Lower rear, 1 62 0 0 55 .1 | Average.
80 .21- .33 | Lower rear, . 1 93 0| 4 55 2.8
st 28 |{gower 1 93 ol 2 52 il
s
82 .10~ .40 | Upper rear, . ! 1 600 0 2.5 51 5.5 Do.
83 .20 | Lower rear, 1 62 0 6 40 10 Do.
84 20~ .25 4 2 80 0 0 (a) 17.1 | Light.
85 .26 2 170 3 "8 34 18 Do.
86 ; Lower rear, 1 93 el 2 59 2.5 | Average.'
Gy Rl o MRS EN (8 i Gl L o MRS VR S et 1 60 0| 0 59 .3 | Heavy.
88 1 60 0] 0 43 6.3 | Light.
{40 B s o Y RERTTS (AR I ) TR S B G MO [T e 1 60 0 0 60 0 Average.

a Several. b Various lengths. ¢ Front water leg. d Variable.
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TaBLE 9.— Details of observations at plants with front overfeed stokers—Continued.

Breeching. Stack.
Length Length of .
No. of Number :
‘plant. ffom . Place at which | of elbows : . Area coking arch Remarks.
stack to Size menstreriient vas. | hatween | eighb Size (square (feet).
nearest (feet). taken Hotlorand (feet). (feet). feet)
boiler i S !
(feet). .

58 | 25 5x5 Near boiler...... o 0 265 a6 28.3 2.4 | Bar never inserted through poke holes in front of furnaces. Four i-inch
steam jets on each boiler run continuously. Stack sometimes smoked
badly for several minutes. Always run with goke—hole doors open.

59 2 212X 7.8 YR b P v Fire never poked through poke holes. Two }-inch steam jets on each boiler
used continuously. Run with poke-hole doors open.

60 0 150 a6 PRSI A S Steam jets across front of furnace used continuously.

61 0 150 a6 28.3 3 ¢

62 0 150 a6 28.3 3 Coal runs about 12 per cent ash.

63 0 125 a6 28.3 3

64 0 220 ah 19.6 2.8 | Fire poked through poke holes very carefully. Stack smokes nearly con-
tinuously, 5 per cent black. Automatic regulator on main damper.

65 0 200 al2 113.1 2.2 Stg%m kjets run continuously. Stack smokes steadily from 10 to 40 per cent

ack.

66 1 260 a4 12. 56 3 Steam jets used part of time.

67 0 90 a43 14.7 3 Steam jets run continuously.

68 1 140 ab 5 1 L it Lo et el C tile on lower row of tubes. Steam jets run continuously. Smoked
steadily, 10 to 20 per cent black. Some refuse burned.

69 1 164 ab 19.6 3 \ i‘.)llle (])(n lower row of tubes. Stack smoked continuously, 10 to 40 per cent

ack.

70 4 175 a3.5 U R e A IR V tile on lower row of tubes.

71 1) 125 a7 38.5 4 Steam jets used continuously.

72 0 78 a3 7.06 2 Steam jets run continuously. Three similar stacks, two boilers per stack,
{)(;Still(lg on front of boilers. Stacks smoke continuously, 10 to 40 per cent

ack.

73 2 128 ab AR T e B e Steam jets run continuously.

74 3 125 | 3x2 Bin's Ledll L g Induced draft used on heavy load. Regular steam jets installed, besides
twomoresteam jetsentering through front of furnace, all run continuously.
Some refuse burned.

75 1 Steam jets run continuously.

76 0 Steam jets used.

7 3 Four #,-inch steam jets to each boiler used continuously. Some smoke in
cleaning fire, usually about 20 per cent black.

78 0 Steam jets run continuously.

79 0 Four steam jets run continuously.

80 0 Two similar stacks resting on rear of boilers,

9¥
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81
82

84

85
86

87

89

o © O

b
10

- © ©

==

96

120
110

105
130

195

50
120
130
150

a4

ab
a3.3

ab
ab.5

a4
5x5

a6

12.56 | 1.75
19.6 |\

G R
T9a3E L D
23.7 | 3
19.6 2.5
00505 2 i o
12.56 2.75
25 3
g RioRE s

{

Stack rests on rear of boilers.

Three boilers have four 3-inch jets and two boilers six 4-inch jets. Separate
stack resting on the rear of each boiler; three 110-foot stacks and two 120-
foot stacks.

Three steam jets on each boiler run continuously.

Two steam jets per boiler run continuously. Automatic regulator on main
gamper. Stacks smoke from 20 to 50 per cent black when regulator closes

amper.

Six J-inch steam jets on each boiler run continuously.

Coal runs about 12 per cent agh. Stack rests on top of boiler. This stack
was seen to smoke three times in a 93-minute observation for only one-
half minute each time.

Coal as fired runs about 13,500 B. t. u. lpelr pound. Five }-inch steam jets
across front of furnace run continuously. Eight similar stacks.

Twenty-three and twenty-six f;-inch steam jets across front of furnace; are
hand operated and do not run continuously.

Three }-inch steam jets in furnace and fifteen i-inch steam jets above the
first gas passage, all run continuously.

a Diameter.
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48 SMOKELESS COMBUSTION OF COAL.

SUMMARY.

A review of the remarks in the preceding table shows that with
the front overfeed type of mechanical stoker, success in smoke abate-
ment has been attained by one of three methods—the continuous use
of steam jets, a generous admission of air, or careful operation.

SIDE-FEED STOKERS.

GENERAL DISCUSSION.

Like the front feed, the side-feed stoker has been in use for many
years, the first American patent for this type having been taken out
in 1878. Several firms now make such stokers, which differ chiefly
in the manner of feeding coal and getting rid of clinkers and ash. In
all the coal is fed from two magazines, one at each side of the boiler.
At the bottom of each magazine is a flat built-up iron and steel plate
called the coking plate; beneath this is an air duct and on it rests
the coal-feeding mechanism. Over this feeding device is a heavy
casting, the arch plate, on which rests a fire-brick arch extending
over the whole grate area and having along the upper side an air duct
connected with the fire space by small openings in the skew-backs
supporting the arch. These openings are designed to admit hot air
above the coal at a point where the volatile hydrocarbons are given
off. The movable grate bars and a clinker-breaking device at the
bottom of the V-shaped space between the grates are actuated by a
small engine that forms part of the equipment.

Stokers of the side overfeed type are characterized by large coking
space per foot of grate area and an ample combustion chamber.
They have been installed at both large and small plants, and are
successfully carrying both uniform and variable loads. In the field
investigation here reported no other type of stoker was found doing
as well under so great a variety of conditions. Its chief defect seems
to lie in the devices for getting rid of the ash. Though supposedly
automatic, they often require the service of a fireman. This intro-
duces an element of varying value in the operation of the plant.

The two makes of this stoker that are most used formerly differed
in arch construction, one having only side arches over the coking
plates. As now installed, the arch in both makes extends over the
grate area and the two styles differ merely in the devices for dis-
tributing coal to the grate and for getting rid of refuse. One employs
for coal distribution a shaft rotating through a small arc to move
stoker boxes on the coking plates; as the boxes work forward, they
push coal toward the edge of the plates. Between the lower ends of
the grates and supported by a bearing shaft is a hollow iron bar with
projections on its surface; this bar, when rotated, grinds up the
clinker. The other make feeds the coal by a screw and has heavy iron
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disks actuated by a reciprocating bar for crushing clinker. Both
these stokers are frequently set in Dutch ovens.
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Figure 10 shows the stoker first mentioned in a Dutch oven having
a chamber above the arch for heating the air admitted over the coal,
74897—Bull. 373—09——4
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Fi1cure 11.—Side-feed stoker in Dutch oven and Cahall boiler.
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as set at a battery of Babcock & Wilcox boilers. This setting, with
its ample combustion chamber and fairly long travel from the grates

F1GURE 12.—Side-feed stoker and Heine boiler. 1, C tile on lower row of tubes, forming a tile-roof furnace

Wl v

[oerea]
44, Vo TR

NN

iz

NN

NNl

| -

N
AN

A
S

o

V7727727777777 7
T

Em

S
il k D
[+

B2iets . L L i e e

7

0z
FIGURE 13.—Side-feed stoker in Dutch oven and Stirling boiler.

to the tube heating surface, allows nearly perfect combustion of the
hydrocarbons from the bed of coal.
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The other make of stoker as installed under a Cahall boiler is shown
in figure 11. As the boiler is vertical, the stoker is placed in a Dutch
oven. In this setting also, the combustion chamber is large enough
to permit thorough mixing of the gases from the burning coal and a
moderately long travel from the grates to the first row of water tubes.

A side-feed stoker set in a Dutch oven under a Heine boiler is
shown in figure 12. The ignition arch extends over the grates, and by
baffling the bottom row of tubes the space between the back of the

) ' :

FIGURE 14.—Side-feed stoker and Stirling boiler. 1, Continuous screw for distributing coal.

arch and the rear end of the baffling becomes a tile-roofed furnace.-
The gases are given a long journey from fire to heating surface, and
the construction insures a smokeless fire under heavy loads and forced
feed.

The chief difference in the two patterns of side-feed stokers under
discussion are shown in the accompanying illustration of these stokers
under Stirling boilers. Figure 13 shows the stoker first mentioned
set in a Dutch oven. The feeding device is not shown, but the
rotating clinker baris. . Infigure 14 the screw for feeding coal and the
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FIGURE 15.—Side-feed stoker and return tubular boiler, elevation.
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device for crushing clinker, the special features of the other make of
stoker, are evident. One stoker is set in a Dutch oven; the other is
placed beneath the arch that is a characteristic feature of the Stirling
boiler. Both in-
stallations exhibit
a meritorious fea-
ture of the side-feed
stoker—the large
combustion space
over the grates.
The fact that a
large number of the
plants visited have
a side-feed stoker
under a return tu-
bular boiler indi-
, cates that this type
= has given satisfac-
By R N - ~ tion whenused with
I & Sl L I tubular boilers.
Details of a sample
2 “ installation, show-
ing the particular
3 3 features of the side-
feed type that have
been mentioned in
O\ this discussion, are
presented in figures
15 and 16, which
represent sections
through the stoker
FIGURE 16.—Side-feed stoker and return tubular boiler, cross section. and boiler. Figure ;
1, Coal magazines; 2, hot-air duets; 3, air-admission openings under cok- 15 ShOWS the hlgh
ol b arch overthe grates
and the long distance from grates to tube heating surface. The situa-
tion of the coal magazines, of the hot-air ducts above the arch, and
of the air passages under the coking plates, as well as the ample size
of the combustion chamber, are made plain by figure 16.

7 2,

DETAILED DESCRIPTION OF PLANTS.

In all, 76 plants with side-feed stokers were visited; at 44 the
stokers were installed under return tubular boilers, at 30 under water-
tube boilers, and at 2 under boilers of both types. The plants ranged
in size from 50 to 6,750 horsepower. The coal used came from Illi-
nois, Indiana, Kentucky, Ohio, Pennsylvania, and West Virginia,
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and ranged from slack to run of mine. Eleven plants were burning
slack. The other 65 used small nut or nut and slack.

Plants with water-tube boilers—At the 30 plants where stokers of
this type were installed under water-tube boilers alone the kind of
coal used and the depth of fire were as follows:

TaBLE 10.—Kind of coal and depth of fire at plants with side overfeed stokers under water-
tube boilers.

Number | Average Number | Average
Kind of coal. of depth of Kind of coal. of deipth of
: plants.a fire. plants.a ire.
Inches. | Inches.
i 81 R0 SR ey SO T L | 6 5| Pennsylvania................. 7
IR a2 o i i TS 6 1 6 || West Virginia. ... e 4 5
Rentneky .l ool Loy 1 7 | Miscellaneous. : c j...ooinveatn 5 6
@OBig: et n sl | 7 5

a One plant used both Ohio and Pennsylvania coal.

At 35 per cent of the plants with side-feed stokers under water-tube
boilers the boiler units were 200 horsepower or less. The coal as
received burned per square foot of grate per hour ranged from 10 to
41 pounds. The percentage of the rated horsepower developed on
average heavy load (the boiler being rated on the basis of 10 square
feet of heating surface per horsepower) ranged from 37 to 189.
These and other details are summarized in the subjoined table.

TABLE 11.—Summary of various observations at plants with side overfeed stokers under
water-tube botlers.

|
‘ Coal iDistance
burned | g, | from erate |
\ per
Fur. | sdlarg | Bome | hooting | tance
Num- foot of surlace.
: = . draft devel- front of | Black
Type of boiler. Kind of coal. blp:rn (t)sf (inch sﬁ?fg(e:e oped, |[—— foinace stk
B % of er hour,| Average to front
water). [;vera ’| heavy oy of
8¢ | 10ad. (a) | AVer-| Minid| 5.,
heavy f age. [mum. i
load.
Pounds. Feet. | Feet. | Feet. |Per ct.
Babcock & Wilcox.| Illinois, Ohio, and 8 0.24 22.6 91 85| 5.7((b)6.9 5.2
West Virginia.
Stirling............ Illinois, Ohio, 9 .36 23.1 8 | 9.4| 6.5 4.1 2.8
Pennsylvania,
and West Vir- | ‘
ginia. 3
Miscellaneous | Illinois, Indiana, 15 .22 23.7 81| 7.9 55 |(c9)41 6.0
water tube. Kentucky, Ohio,
and Pennsyl-
vania. i

a Boiler rated on 10 square feet of heating surface per horsepower.
b From 7 plants.
¢ From 13 plants.
The average ratio of heating surface to grate surface at these plants
was 59.1 to 1, the range being from 33 to 1 to 72 to 1. The grate

area of this type of stoker was taken to be equal to the distance
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between the coking plates multiplied by the distance from the front
of the furnace to the rear of the grates.

Natural draft, supplied by a chimney, was used at most of the
plants. The furnace draft varied from 0.10 to 0.35 inch of water,
but most of the readings were between 0.15 and 0.25 inch. The
draft measurements are summarized below:

'

<
TaBLE 12.—Summary of draft measurements at plants with side overfeed stockers under
water-tube boilers.

Number of  Average

i T plants at draft
Type of boiler. Measurement taken at- ich (inch of

taken. | water).

Bahoado & Wilcox="4 o= - < DL ol kLT Burnaee. .. oo i s i TRl 7 0.24
Resrobbolleri oo e st o e ot 7 .43
Baseolistack. oo DT 0 n LSt e 2 .58
i e RO e e e s Furnace...... 8 .36
Rear of boiler. 6 .47
Base of stack. 5 .81
Miscellaneous water tube................. Furnsce.... .. 12 .22
Rearoft bellor ol st A 7 .51
Baseafstack - ..o 0l oo ot 8 .67

Furnace draft, 27 plants, 0. 10 to 0. 53 inch water; average 0. 27 inch. Draft at rear
of boiler, 21 plants, 0. 18 to 0. 90 inch; average, 0. 47 inch. Draft at base of stack, 15
plants, 0. 18 to 1. 10 inches; average, 0. 71 inch. The approximate average drafts were
as follows: Furnace, 0.25 inch; rear of boiler, 0. 50 inch; base of stack, 0.75 inch.
These figures show a draft drop of 0. 25 inch of water through the furnace and of 0. 25
inch from boiler to stack.

Details of the observations at plants with side-feed stokers under
water-tube boilers are given in Table 13.



TaBLE 13.—Details of observations at plants with side overfeed stokers under water-tube boilers.

Coal.
 Total &
No. of __ uilder’s e o
plant. State. Kind of stoker. ﬁ%ﬁg_ Cost per | Short tons
Commercial name. ‘Where mined. Size. short ton, | burned per
BAWEE. delivered. year.
90 L OIS N T e P SR sl Green County, TIl........... e T PR iR FERSEPRRR L A § bR Dt
91 "500 | Washed. ... . .| Williamson County, I11 ..| Nos. 2 and 4. -+|$2.85-83.00 |....ciennn.-s
92 500 | Hocking Valley . o (S 10 o Je i L e T S B S 1 T AP e 1.50 6, 000
93 2005 Massillon . 5. A T sl s (i (5 Bk o T L R :}-ipeh to 1-inch screen- | 1.80 1,455
ings.
94 Run=of miney .. os oz
95 Nut and slack.

Pennsylvama
Illinois......
do.

Indiana.
Kentucky.
Ohlof

Kentucky.
Pennsylvania .
New York. .
Michigant b L ah ot

Various coals. .

You h.ogheny i AR

Plttsburg _______________
Westmoreland gas slack.|..... Sade, TR
Kanawha. .o L0
do--

Llnton No. 4..
Straight Creek
Various coals....
Pittsburg No. 8.

Youghiogheny.. .. s Penmylvama
Lincoln gas slack.. i et O CTRRTS
Youghiogheny . .

Pittsburgl o ef

Indlana
Kentucky ...........
Ohio; Permsylvania. 3
Dillonvale, Ohio.

Run of mine. .
Nos. 2 to5...
N0, 3L 50 e
Pea and slack.
l-inch nut.....

.| #-inch screenings
Pea and slack. ..
l-inch nut.......
Nut and slack.

NUbato i st

Run of mine; slack.
1-inch screenings. .. ..
Nut and slack.........

‘SHHUMOLS TVOINVHOUW HLIM SLNVII
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TaBLE 13.—Details of observations at plants with side overfeed stokers under water-tube boilers—Continued.

Load. Rating.
Average load. Coal burned per | po ... | Percent-
square foot of Banvor age of Msenraed)
grate per hour b%iler bulldet o e
No.of Heavy. Light. (pounds). fomec rated ofcanl
plant. ; power | Domse- | pymeq
Requirement. Nature. Character. developed| ; POWeT _|ner horse-
Hm(lirs Coal Ho?irs bCoal‘ o devc(a)lr(l)ped power
perday| burned |perday| burned | Average average r hour
load | perday | load | perday | heavy Aﬂ)zrgge heav; average (g?)unds).
ison | (short | ison | ‘(short load. : load.e | heavy
plant. | tons). | plant. | tons). load.
90 | Powerand heat.._..._.._.... Variable 24 150-200 24 100-130 23.8 22.8 114 114 5
91 | Power, light, and heat | A doias vl 28 12 24 8 29 24 106 80 5
{12 ) SEe do .| Uniform. 24 19 24 19 31.7 3.7 106 106 5
08} [k do... do... 10 4.7 10 4.7 22.4 22.4 104 118 4
94 | Power Y 24 60 24 25 22.3 20.5 98 104 4
95 o o 10 2.6 14 2.4 12.4 10.2 44 46 4.5
{, o PRRCR Q0% oot aat Lo .| Variable. 10. 25 {3 W PR e S S 1T e PR e K 65 69 4
97 | Power and heat..... .| Uniform. 1t 70 12 6 ST e L 145 145 5
98 | Power, light, and heat Variable . . o 9 6 9 4 34 LR PR LT 133 5
99 | Power and light.... ... A B D0V 1 7 1§ el BNERE S Municipal waterworks...| 14 1553 18 10.4 14. 6 181 50 54 4.5
100 | Power, light, and heat b s e Gosbidiongl e nhey FACHITY st B o 10 T3 10 7.3 17.4 17. 4 68 59 5
A e d ............... Aliriad 0 i i do... el e 7 10 7 21.9 21.9 68 68 5
10R A Qi b oo {s e e AOR NS L do.. 10.5 15.5 10.5 14 20. 6 19.5 73 73 4.5
103 Power and light. S5 oy O P S Refrlgeratlon 24 10 24 8 17 15.8 68 68 4
104 | e l0is o iy e SO Dol Ly, S Union depot. . 5 6 19 11 33.3 R Bl S 120 5
105 Power and heat.. feraeedos -| Depot.... v el Db A el PR e FoRs R B I D0 S RS S o 65 4.5
106 | Power and light..... i Office bu 11 6. 75 11 6. 75 35 35 123 123 5
107 | Power, light, and heat .| Variabl Fotoboe il X 24 20 24 8 26 18 111 111 5
108 | Power and heat....... Uniform. Office bui 12 14 12 12 33 32 109 80 5
Power, light, and heat......[..... .| Hotel....... 14 GBI ol el 1855 el s T e 88 5
. B Varlable ........... Brewery.... | 24 A2 [T i G N NS Rt B S 96 5
Sl o (o (o B S L S Factory..... ) 24 12 il 14 12 62 62 5
el Uniform v e sl Shops... ... 10 19 10 19 26. 4 26. 4 90 95 5
s (e LB L e 8 it Faetory.....: - i 8.7 10 8.7 17.4 1 0 A R i 100 5
AoNVatiablo s Sioe a1 Store building 2Yud0:5 b3 SR eyt it PR e e 0T 16.7 16.7 69 86 4
R Uy R e S Hobel 0. ald. .| 24 20 24 20 G T 14 46 46 4.5
A [o Lo B O TN O Refrigeration.. 24 R H] AR R e R g e R L e 98 5
oot Lo M op N SO Eactory. iz .: el el i e e A 172 sl 78 71 4
Power and light... e 5 1l e R e R > 8 80 8 80 30 30 104 92 4
11911 Power and heat o oo Lo ow e Sl v e s O Sl e A 10.5 5 10.5 5 20.5 20.5 63 63 5

a Boiler rated on 10 square feet of heating surface per horsepower.
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TaBLE 13.—Details of observations at plants with side overfeed stokers under water-tube boilers—Continued.

Stoking. ‘ Boilers.
! Number used
to carry—
Il;llgh‘{f Thick. | P Num-
ness o ‘requency of cleaning : er
fire s ﬁ’re. Type. Bize. in- Aver- | l Aver-
(inches). | stalled.| age age
| heavy | light
’ load. 1‘ load.
90 6 | Continuous............ Babcock & Wilcox. ...| 198 4” tubes, 3 85X 203’ drums 12 () ()
Varxable d 90 4’ x 18’ tubes, 2 30’" drums. 2 1 1
.| Small boiler, 72 4" x 18’ tubes. 3 2 2
.| 108 4”7 x 18’ tubes 1 4l 1
154 4 x 18’ tubes, 1 27X 205’ 4 4 2
drum.
...................... 126 4/ x 18/ tubes.ic..: . fo 0o 2 1 1
...................... 1- 12684” x 18’ tubes, 1-108 4 2 2 senediehd
............... 2-181 3%/ tubes, 3-403 3}’ tubes 5 4
181 34" tubes, 336" drums. ... .. 2 il
................................ 4 3
..................... 2 2
..................... 1 1
....................... 4 3
168:B3/ Ibrbes ol sl s sk L il
1o itiThes L L Ll 3 2
0 I Tl 1o C e 2 2
do 170 83 bahes L ies i VLR 2 1 1
.| Aultman & Taylor....| 1444’ x 18 tubes, 2 36’’ drums. 2 i 1
15 bl AG I sl WG KD 113 33" x 16’ tubes, 2 30"’ x 16’ 4 2.5 2
drums.
1O (B e e St ot O el pi S M A vl 2 2 2
1 5 a1 0y AR I e et e e e 2 s QT (RESECR
sleHelnes Btrlag ... bl L e et e L 6 6 6
.| McNaull 1004 x 177 tabes) . coc o0 6 4 4
ageltpn To Lo, SRERSil ale d e RE L DR 1 1 1
National o 2 ATX JALAUDeS S i s 2 2 2
Aultman & Taylo: Lss s 3 2 2
.| Henry Vogt.... 2 1 1
Heine; Edgemoo 3 2 1,2
118 6-10 | Once in 8 hours....... Standard.....- . 5. 15 12 12
2 0| (R RS Continuous........... Atlagr o et e 2 2 2

! | Builders’ Heating Super- Steam
rated Horse- surface ]g‘(;%}légeg pee
horse- power.a (square (square it
power. feet). feet). gage.

420 420 4,200 0 160
250 189 1890 0 140
200,150 | 200,150 | 2,000, 1,500 0 130
200 227 2,265 0 100
300 318 3,180 0 145
250 | 264 2, 640 0 95
250, 208 !\ 264, 226 | 2, 640, 2,260 0 85
2, 500, 5, 000 g iOg
.............. 5
3,223 0 145
2,135 0 100
4,130 0 100
3, 000 0 150
el e
B SN 0 100
2,000 0 115
: 3,000 0 150
250 184 1, 840 0 100
0 115
0 | 105-120
140, 380 | 140, 380 | 1,402, 3, 795 0 110
200 21 A 0 200
b TN e i B B S 0 100
100 120 1,200 0 100
400 | 402 4,022 582 150
150 fotehe et il NERE TS s 0 100
150, 300 1 110, 300 | 1,100, 3,000 0 | 110-115
450 402 4,020 0 110
150 | 150 1,500 0 110

a Boiler rated on 10 square feet of heatmg surface per horsepower.

b Variable.

‘SHEMOLS TVOINVHOIW HIIM SINVId
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TaBLe 18.—Details of observations at plants with side overfeed stokers under water-tube boilers—Continued.
2 ]

Furnaces.
Dimensions (feet).
No. of plant. : t Vertical distance from
Grate area Distance from grates to - .
Number.| per boiler | tube heating surface. Distance grggelsxe;gilf?ktg%ac%th Height of
(square feet). | Widthof | Length of fffomgggg &8 *  archatrear
T L R U R furnace (C). |furnace(D). olont of | of furnace
Minimum boiler (E). | At front of | At rear of
Average (4). (B). furnace (F). furnace (G).
{ A R T O
24 70 10 6.5 5 7 9 8o D meh dois e als ] 3.9
2 35 9 5.5 5 7 8.8 3.75 BoBEl e
3 36,25 8,8.5 5.5 5,6 5,6 4 4 4
1 42 9.5 6.5 7 .6 6.6 5 5
4 56 8.5 5.5 8 {f 7.2 il 6.
2 42 8 6 v 6 6.5 4.8
2 42,36 a8,7 a5.5,4.5 6 a6,7 6 4.4
8 38.5,77 14 10.5 5.6 7k 9 4.5
2 39 7.5 4.5 6.5 6 2 5
8 50 11 9 5 5 6.6 4.5
2 42 7 3.5 7 6 0 5
1 64 7 3.5 8 8 2 6.5
4 48 8 5 8 6 3 6
X 49 14.5 11 7 . 7.5 5.25
3 36 8.5 6 6 6 4.5 4.8
2 24 9.5 6.5 4 6 4.5 3.5
2 35 5.5 3.5 6.75 5.25 0 4.8 |.
2 49 20 16.5 7 7 9 B3 2D L S 5e2b 7 Ko al Ul
8 30 9 6.5 3 5 0 2.75 75
2 P e 5 6 1.25 A e et e NIRRT
2 4.7 5.5 T e L e AP
8 6,7 b7,4.5 | AT e N R At R et )
6 6 6 Bl A B S N A B ST e Sl
4 5 (il B I s A [ P R R | R el ot SR
2 4 5 5.3
3 7 8.5 9 i
2 4.4 6 [ e Bl SR oo d
3 b5,7 b5,7 0 3.9 3 i
15 8 v 8.5 6 6 o
2 5.25 4.4 0 5.5 5.5
1

aFirst dimension applies to small boiler. b First dimension applies to Heine boiler.
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TasLE 13.—Details of observations at plants with side overfeed stokers under water-tube boilers—Continued.

Draft.

Smoke records.

Readings (inches of water).

Total

Average for one hour

No. of (minutes). Average
blant. TSR R Num- | length of _
: : : Conditions under which readings | ber of | observa- parconia|Hoad Gun
Kind. i age of | ing obser-
‘ Base of el obser- | - tions ;0 ¢4 89| 80 t0 60 black | vations
Furnace. Rear of boiler. Breeching. e vations. (ml}’l- per cent|per cent Stack Sthoke. 5
; utes).  Splack. | black. | °lean-

90 | Chimney..| 0.18-0.27 0.44-0.54 |, cooiinnnc]onncainn DA pPerSiopenel il a0 b s St ig S0l 3 160 0.5 0 0 14.1 | Average.

(o] P ol AN .18 w1 IO RS SR R Ash-pit doors open, dust doors 1 60 0 0 48 3.3 | Light.

cracked.

92 L17- .19 R AN of - BERCAEI 0.56 | Dust-pit doors open............... 1 60 0 2 56 2.2 | Average.

93 09~ .12 sl G= vl O A0 9-008T Fe i e e S e S Ll T e e 1 300 0 v 56 L7 Do.

94 .25- .30 44— .45 (/IO Ash and dust-pit doors open; 1 60 0 0 56 .8 | Light.

damper partly closed.

95 stdo e 4T .37 NBOMERR 3 8 A B LU e T Damper and ash-pit doorsopen..__| (a) () 0 (3 Il TR, BN s o Do.

961 elo- ol .87, .42 Boo R GRS RS .60 Dmnp]t{‘rfi open; ash-pit doors | 2 0 1 27 9.1 | Heavy.

cracked.

Ol e Onlt ol .20 Lower rear, .35 |.... ... ... .75 | Door in stack open............... 3 183 0 0 44 3.5 | Light.

R S ed oo it It Ll S e e PR 1 77 0 2 50 4.9 Do.

99 1t idos ks 18- .24 .32- .38 1 45 0 0 57 .9 | Average.
100 |2oodo.s .t .18 .28 | Lowerrear, .56 .64 2 120 0 2 49 5 Do.
1yl et o S R .18- .36 | Lower rear, .34- .58 2 120 0 i 56 1.8 Do.
40T ool R 11- .18 | Lower rear, .40~ .60 1 60 0 025 53 2.5 Do.
108400 1doL ey Lower rear, .60 1 46 0 0 57 1.3 | Heavy.
104 |... (a) (b) 0 ® ...| Light.
105 |... (a) (b) 0 0 .| Heavy.
106 ... Dampers open; thin fire. .......... (a) (DYt B0 2 Average.
107 |...do. Damperiopens it St i tlde s o 3 211 0 0 60 0 Do.
108 |... .| Dampers open. 5 333 0 0 56 1.4 Do.
b o A e et 1R T N LS SRR OO et ot Bt Ot O W K S s E L AR e 1 60 0 {08 Bl 12.7 | Light.
10 1 Damper and ash-pit doors oper 2 115 0 4 48 12.5 | Heavy.
R L (o e B e Lt e G s ey ¢ Sl et SO P i N o U R S R B it 60 0 0 44 7.7 | Average
11251 Damnpersiopent: Lo os 1 60 0 .5 55 2.5 Do.

o TRl (oo s SO I s i B b S P b S SR T At e o (R ¢ () e T P S BT SR e P 2 120 0 0 60 0 Do.
114 ... Dampers partlyclosed............. 1 30 0 0 30 7.7 | Heavy
1157400 Ash-pit doors open................ 1 600 0 0 49 5.7 | Average
116 |...do. Damper partlyclosed.............. 1 110 s 1 43 7 Heavy
117t idos Dampers open; heavyfire.......... 1 60 0 0 35 7.2 | Light.

J B ORI A0 RO s | e T e b e BB L s St i e 02l h el IV O e e RS T 1 60 0 0 39 8.3 | Average
JEORCI dore. Tt P 82 R0 [ A Uy T 089~ M9 2 e it il G e BB atmeenn s e, Sl S LU G Es e 1 30 0 0 30 5 0.

a Several.

b Various lengths.

‘SHEMOLS TVOINVHOUIN HIIM SLNVId
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TaBLE 13.—Details of observations at

plants with side overfeed stokers under water-tube boilers—Continued.

Breeching. Stack. -
Length Number
No. of
from : of elbows Remarks.
lant. 5 Place at which 4 Area
P stack to Size measTrEment was | Delyeen Height Size (square
nearest (feet). taken boilers (feet). (feet). feet )
boiler < and 5
(feet). stack.

90 . O PR SR O R R i e 0 203 al6 201 Coal as received contains 16 to 20 per cent ash; 11,000 to 11,500 B. t. u. per pound. Steam
pressure regulated by opening and closing ash-pit doors. Plant runs in connection
with storage batteries which are used to assist in earrying peak loads. Stack smoked
considerably, 10 to 20 per cent black.

91 1 110 ah 19.6

92 0 105 4x4 16

93 4 71 3x3 9 ‘

94 0 150 al2 113.5 | Automatic regulator on main damper in breeching. Stack reported bad at times on
heavy load.

95 i 165 a5.5 23.7

96 1 122 ab.b 23.7 | Automatic regulator on main damper.

97 1 305 213x6 70.3 | One 250-horsepower boiler carries the light load; three 500-horsepower and one 250-
horsepower the heavy load. Try to carry draft of about 0.25 inch water in furnace.
Run with dust-pit doors three-quarters open and ash-pit doors half open.

98 12| 4x4.5| Nearstack........ 0 125 ah 19.6 | Coal as received contains about 12,000 B. t. u. per pound and 7 per cent ash. Furnace
too large for light load. On light load run with damper half closed, ash-pit and dust-
pit doors closed, furnace door three-quarters closed. No draft readings taken on
account of these conditions.

99 ik 140 6x6 36 ‘Wet coal banks on grates and has to be poked down, producing smoke.

100 0 108 a2.5 4.9 | Two similar stacks, resting on rear of boilers. Smoke average is from both stacks.

101 0 0 100 a3 .06 | Stacks rest on rear of boilers.

102 15 0 152 a6.5 33.2 | Smoke observation taken when carrying furnace draft of 0.15 inch water. With furnace
draft reduced to 0.07 inch stack smoked continuously, 20 to 40 per cent black.

103 35 |... i 150 a8 50.24 | Automatic regulator attached to main damper.

104 3 0 125 a4 12.56 | Smoke observations include some readings 10 and 20 per cent black. Total length of
Murphy and Stirling arch, 9 feet.

105 {1 e L FEb el 0 O Rt 0 80 2x2 4 Draft assisted by #-inch steam pipe entering breeching. Smoke observations include
?onge readings 10 and 20 per cent black. Total length of Murphy and Stirling arch, 10
eet.

106 ) s hod PRt SRS o D e e e e 0 252 a4 12. 56 | Smoke observations include a great many readings 20 per cent black and several 60, 80,
indtl()() per cendt glack. Stoker does not distribute the coal evenly along grate, and fire

as to be poked down. i

107 20 4x4 | Near stack........ 1 127 ab 28.3 | Coal as recei%ed runs about 12,000 B. t. u. per pound. A gas-mixing pier is in combustion
chamber, also 16-inch projections built on bridge wall to deflect gases inward. Gases
cross the tubes four times. Very hot fire.

108 11 1054 5.2 Aodb et 0 305 a7 38.5 | Coal as received runs about 12,000 B. t. u. per pound. Arch 5 feet 9 inches long. C tile
on lower row of tubes. Run with ash-pit doors open.

%9
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a Diameter.

Fired oceasionally through furnace door.

Coal as received runs about 12,700 B. t. u. per pound and 10 to 14 per cent ash. One
stoker per Heine boiler; two stokers per Stirling boiler. U tile on lower row of tubes
of Heine boiler. About half as much coal burned per furnace under Stirling boilers
as under Heine boilers. Stirling boilers have poor draft.

Boiler baffled vertically.

Stacks rest on top of boiler.

Automatie regulator attached to main damper.

Stack smokes sometimes from 20 to 30 per cent black for ten to fifteen minutes.
Either the two small boilers or the large one will carry the light load. Edgemoor boiler
hs baffled like Heine. U tile on lower row of tubes. Automatic regulator on main
amper.
Fires sliced often. Rubbish burned also at this plant.
Smoked considerably, 10 per cent black.

b Ellipse.
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64 SMOKELESS COMBUSTION OF COAL.

Plants with return tubular boilers.—Side overfeed stokers were in-
stalled under return tubular boilers at 48 plants, with rated boiler
capacity varying from 50 to 180 horsepower. At two of these
plants the stokers were set in a Dutch oven. The kinds of coal
burned and the thickness of fire were as follows:

TaBLE 14.—Kind of coal and depth of fire at g)lants, with side overfeed stokers under
return tubular boilers.

3 Average “

) | nep | AVerage
Kind of coal. (;\ggfggfsr | deggl of I Kind of coal. g;f;ﬂ’g | depth of
i . ' | fire.
| ;i |
Inches. | | Inches.
Tmols o s e s /4 5 || Pennsylvania. .. _...........c 11 l 5
571 b1 11 e Sl e gt 2 3 4 || West Virginia. . _............. 8| 6
Reenibncleya.t Floor doimd e 5 4 || Miscellaneous. . - ............. 8 | 5
(9.123 VNS S A et e 6 5 . |
| i

Other details given in Table 15 regarding the setting and operation
of side-feed stokers at these plants may be briefly summarized thus:

Draft through fire, 0.17 inch; coal as received burned per square feet of grate surface
per hour, average heavy load, 20.6 pounds; percentage of rated boiler horsepower
developed, average heavy load (boiler rated on 10 square feet of heating surface per
horsepower), 90; average distance from grates to tube heating surface, 14.5 feet; aver-
age vertical distance from clinker grinder to coking arch, 3.75 feet; per cent of black
smoke, 5.6. Approximate draft averages gave a furnace draft of 0.15 inch and a drop
through the boiler of 0.25 inch. The drop from the boiler to the stack averaged 0.20
inch.

Details of the observations at plants with side-feed stokers under
return tubular boilers are given in Table 15
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TasLe 15.—Details of observations at plants with side overfeed stokers under return tubuler boilers.

[ | . Coal ’
| Total
builder’s
No. of £
plant. State. ‘J Kind of stoker. ﬁgf:g' . Cost per | Short tons
power, Commercial name. T/here mined. Size. short ton, burned
X delivered. | per year.
Illinois. . 1,080 Marion County, Ill. . No, 2.8
640 Illinois; Indiana.. .| Screenings..
360 Benton, Ill........ -.-| Through a 3-inch screen
320 inoi Nos. 2 and 3, mixed. .
250 INOUBE AT S S 5 e
240 No. 3 nut and screen-
ings.
176 | Carterville, washed WO, Boasie drnsaeg o - D180 [ o a Sl
400 2T inton: % ot R s S T ANO AN e e 203610 ot S el
1954y a2 Nt and slaclod e S THAS o ile Sl R o
GO0 e Pea and SIHERE S IR C o S s T
e R e B (e P (s e R e
B0ORIEEA S0 50 Nut a.nd HIGOR ot an o s
BH0 {2 B AR bt - Peaand slack:. ... cio|osolio ok
100 | Laurel; Jellico........... Kentucky ......... A" Nat and slack.... -5 2.00
600 | Pittsburg No. 8......... Dillonvale, Ohio. . L--|"Pea‘and slaples oo o0l 2.00
600 |..... {o (o gy OGP RIS Ohig e st G0 BOR - E oy 2 o 2l 2.05 7,300
500 = - - - T (e SULFton ) ol PAipends (o initns SReila e RS B e M 0. e 5 ot R 2.35 5,500
450 |..... (3 I U el Peg 'and slack. ..licinl 2.00 5,100
300 | Youghiogheny.......... (0] 0T e A0eh DL s Sl . i 4 EQ0H e 205
- 874 | Pittsburg............... Elk County, Pa. IRQK < o i s 2.40 6, 000
Kentucky... {1, el 0 R B s B e Pittsburg, Pa..... Nutahdslaeleie —Eoe SlIE S 5 i T s sy Ak
141 | Pennsylvania. 405 | Clearfield. ...| Pennsylvania..... o= Runsofpmina 2 2wt LI . TR P B
142 | Ohijo.... 360 | Pittsburg. B LIV TR 2 e .| Nut and slack.......... 1T [EcoNire RU
143 10202 do e
144 Pennsylva
145 HAQ s s e
146 300 | Rochester; Pittsburg;
Reynoldsville.
T |eOhton .. L e e WAl e Y doL MR el 200 | Pittsburg
i Segnes (o R i SR PR e S e 50 E et o a
e R0 I Sl 50 | Pittsburg.
SO E I oy Sl B AR 1,000 | Kanawha...............
SEdos S ole SRRy SR
- SR H e, © S B e
Pennsylvama .......... QO3 e PR s iaiies o 0 .
154 | Michigan.......... Dotrolb e LRIt Lo PlttsburgNo 8; Thacker. | Ohio; West Virginia. . N andisiaeke Tt s SR
185 | OB, .. \onceenrasy sl eMErDhiL. Soe B el L D Kanawha. .. West Virginia....... N BT A0 b e
156 |'Miehigan.............- Datroits o s .0 KO LD 250 | Red Jacket..............l..... o Lo el S R s Pt e s (i DR e
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TasLe 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

No. of
plant.

Joal.
Total il
builder’s TS
State. Kind of stoker. rated Cost per | Short tons
hocrs:r- Commercial name. Where mined. Size. short ton, burned
DOYEE: delivered. | per year.
Kentueky............. 140 Runiof mize; peacand: [soods . &l Slo el il s
slack.
Pennsylvama. 1000 pCkasislgolc = ot a Lt oy Wi 1B b s, S b e S e o L T g
,,,,, 0 b s Mo I e 450 Run of mine. .
Ohig .. Jer il 250 |- Nut and slack...
Michigan 200 Slack.. X
Pennsylvania 180 Run of mine. .
do 179 |. Slack..
150 Nut and slack.
150

Elale s R ]

99
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TasLe 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

Load. Rating.
Average s - |
st ired Coal burned per | Percent- e rgelglft |
square foot of grate | age of b:ig,ider's Assumed
No. of Heavy. Light. per hour (pounds). gg;ls%{ rated ag}lg;l;it
plant. ; _|power de-| Dorse- | pymeq
Requirement. Nature. Character. ‘ | veloped power de- per horse-
Honérs bCoald ]IOl(llrS : Coald ‘ ofl Velgrll’ed power
per day| burned [per day|burned | Average r average er hour
load ~ per day| load ~|per day| heavy Afozrgge heav%r average (Il))ounds).
ison | (short | ison | (short | load. : load.a | heavy
plant. | tons). | plant. | tons). load.
120 Power light, and heat ...... Hniform G te s iR els Department store........... i 33 11 39 26 25 110 143 5
O iable......... Office building. . ............ 18 16 18 13 21 19 95 7 5
salSUniormy. oo i Hotel 18 10 18 8 31 28 134 123 5
= Vanable .............. dozte 24 14 24 12.5 24.3 23 124 146 5
................. Factor 9 7 9 6 23.5 21.9 106 123 5
......... Ofﬁce bulldmg 1% 6 17 6 L7 107 75 88 5
. 18 8 12 5 29.6 28.6 189 214 5
Store bui 9.5 11 9.5 9.5 23.2 21.6 95 116 5
School bulldmg 24 10 16 4.5 17.4 17.4 109 81 o
........... 17500 0 o oty iy R 24 20 24 16 37 33.3 83 83 5
130 Poweriand Hght L2l s tmilidd idos . st oda ool faa do.. 24 20 24 18 | 41.3 39 105 113 5
Power anchedtBUs b s St i an Se s Sl Factory 10 3 10 g 33.3 33.3 75 80 5
Pottery 5 1.6 11 1:6:) 10 10 37 39 5
Printing office. . il 9.5 2.5 9.5 1.4 } 21 17.8 85 105 5
Offiee bullding.--. .5 .. ... 14 o B e e | 173 |en s aeis 71 85 4.5
.| Store and office building. ... 17 11.6 17 9.2 19 15.5 61 68 5
Office bulldmg .............. 12 10 12 9 25.8 24 104 89 5
........................... 12 8 12 8 14.8 14.8 64 66 4
Fa,ctor ..................... 10 4.4 10 4.4 17.6 17.6 72 88 5
s Refrigerations o i s Ll 12 S e o e e 2 S BB e 107 107 4
Power and light... ... ..| Apartment house........... 24 10.3 24 9 17.4 16.3 58 57 5
141 | Power, light, and heat. L Uniform . 2. ik IR EACHOry: cex Ml e SR ot Mo el Lo e ) SRR e 65 75 4
142 |..... do ............... ..| Variable........... Office building 18 | 7 18 4.5 15.6 12.8 64 65 b
75 5 T [ T S e SdofSG e e Brewery 12 10 24 16 16.7 16 e e 104 5
144 Power andhes s, Jin e irn R fopm s 5 b Ml L 11 10 151 7.8 27.6 24.5 182 152 4
Jdb e Power and-lightieoel S eebr i e ond gl o A e Factory 10 5.5 10 5.5 14.7 14.7 94 82 4.5
146 | Power, light, and heat......|.....d0.-cc.o.coaiooentn Hotel . 24 6 24 6 14 14 79 83 4
147 ... o Lo et S50 SR G £ e arlable .............. Brewery . 12 550 n2d 9 14 b | e 93 5
148 | 'Power............. ASUntform RAGHONY.: oo b ot bl ot 10 2.81 10 o 14 12.5 73| 93 4

a Boiler rated on 10 square feet of heating surface per horsepower.
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TABLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued. g
Load. Rating.
l k Average load. 5
| Sl Coal burned per | Percent- P;rge;lft
square foot of grate | age of bu;gld or's Assumed
No. of oo Light per hour (pounds). | boiler rated amount
plaht 23 Efibe horse- Mo of coal
Requirement. Nature. Character. : i power de-, o e buflned
Hours | Coal | Hours | Coat Vefﬁ’ed veloped pe;ov:')errse- (é
per day| burned per day| burned| Average on hour
load ~per day load |per day| heavy Al\(rggge aﬁ’e‘*;@%,e average (%%runds Y Q
ison | (short | ison | (short | load. it load.a heavy =
plant. | tons). plant. | tons). load. ?‘
; : S S 3
Dyeaworks Sso o Gl el Tl il ‘ 2 11 1 16.2 12 119 146 8 2]
BYSWOLYir s onb ookl sl 2 | 11 12.9 ik 9.1 15,9 14.8 64 84 4.5 A
Department store........... 10 9 10 6 19 16.4 71 62 5 3
Office bmldmg .............. 16 8 16 4 20 20 72 67 5
s 10 13.4 1 10 10 25.5 22.7 138 147 5 E
13 450 13 4.5 23.5 23.5 86 45 ©@
24 LB 8.5 14.2 14.2 47 53 4.5 4
10 | g.e 107 sl 2 23.6 20.9 84 92 g.s &
r S i e e il R Lol NPt R D R 42 60
............ 12 28 12 20 28 24 131 17 4 8
............ 24 30 24 22.5 25.3 22.1 92 139 4 2
Power, light, and heat S Lt S e SRR DY 0 el e b SRR R 14.5 3.5 10 6 20.7 20.4 79 96 5
161 | Power and heat............. T e B inltans S e s 24 6.7 10 1.6 (2 e 2 RS TAbe 40 62 45 O
d ............ 10.5 3.4 10.5 3.4 14.4 14.4 67 80 45 H
................. 9.5 3 9.5 3 15.8 15.8 73 88 4
[ADTAEY S ased st R sy ) S e 13.5 5 13.5 3 25.1 23 81 99 5 8
BhopaG: oo IR 2oL 0 GEk 10 4 10 4 22.2 22.2 89 107 5 =
&

a Boiler rated on 10 square feet of heating surface per harsepower.



TasLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

Stoking. Boilers.
Number used THorse-
No. of S ower
plant. Thick- Nitin. Builder’s oiler Heating Superheat- | Steam
ness of Frequency of e Siz Beapink rated | rated on surface ing surface | pres-
e cleaning fire. M o rolod | Aver- | ‘Aver- | horse- |10square| (square (square | sure at
(inches). stalled.| “age | age | power. | feet of feet). feet). gage.
heavy | light heating
load. | load. surface.
120 4 | 3 times in 24 hours 72" x 20, 56 43/’ tubes......... 9 7 9 120 155 1, 550 0 100
121 3-4 | Continuous. . ..... 1 48" x 14/, 32 33 tubes; 6 9 7. 5 60, 65, 75 49, 55 490, 550 0 100
48’ x 16,32 3%’ tubes; 2 42/
36 o s tabes 83 830 0 120
10 BRI S 1 RSl o L B s g D s e 66” x 167, 42 pRbes: s vl et 4 2 2 90
123 4-5 | 3to4 times in 24 hours. 60 .x 16’ 48 47’ tubes 4 2 2 80 94 940 0 90
124 6 | Continuous 78rx 19’ 84 3’ tubes.. 2 2 2 125 147 1,470 0 110
125 34 |..... doyi it 54’7 X 16, 48 4’ tubes 3 2 2 80 94 940 0 85
« 126 | S (0 R B, 061X 1()’ 54 4" tubes; 1 60" 2 i) i 93, 83 106, 94 1,060, 935 0 85, 90
x 18/, 42 ‘4’7 tubes.
127 4 3 66’ x 16/, 64 4" tubes; 1 66" 4 4 4 100 | 126, 109 1,260, 1,085 0 80
x 14/, 72 33" tubes.
128 3 6070 x 207, 512/ tubes.. . Jistaie 3 3 2 65 51 505 0 70
129 4. (B8 I e tbesy . ey 3 2 2 200 200 2,000 0 100
130 3 |- 7 1BY 247 talhes L, o il iy 3 2 2 150 159 1, 590 0 105
131 4 . 2 x 18’ 7247 tubes.s. -5 suaee 2 1 1 150 159 1,590 0 90
132 4-6 do 60" x 18’, 7240 tubes. . .t 1 il k 150 159 1,590 0 80
133 5 | 3 times in 10 hours. . 66’ x 187, 56 4 tubes.. . ....... 1 1 1 100 124 1,240 0 80
2 17 Tl IR e ol Continuous. ...... 727 x 187,92 3% tubes......... 4 LU P B o 150 178 1,785 0 100
135 4 | Once in 17 hours 78It x 20/ 84 4" tales. ot bus 2l 3 2 2 200 225 2,250 0 120
136 | 4 | Continuous. . ... 60" x 18/ 48 4" tubes.......... 4 3 3 125 107 1,065 0 110
137 {7 W (i o g e o e 3 60" x 16’ 48 4”” tubes; 1 72" 4 4 4 | 100, 150 95, 176 950, 1, 760 0| 90-100
x 187, 90 3"’ tubes.
L S poam b e G G R A R e T Pl
return tubular....... X es; 1 90 125, 58, 16 ,580, 1,6
139 5. 0. oeuiinnnnnes 13 Babcock & Wilcox ..| 47 x 16’ fubes; 1 108 4” x 16" } 5 s (1% 294 | 201, 204 | 2,010, 2,233 } g 240
tubes; 1 120 47 16/ tubes.
140 Returnstubular. ......| 72" x 18/, 70 4" tubes.......... 4 2 2 150 147 1,470 0 100
a2 o R 2 ) Bl o Lo e SN SRR RIS (6 Lo R ol Bt S48 3 60”” x 187, 36 43”’ tubes; 1 72" 4 A Sy 85, 150 | 108, 146 | 1,080, 1,460 0 100
x 18, 60 43" tubes. \
}g &Z 3Ctir€es in 24 hours. . ;... OOt ol Lol | 607 x lg’ 48 4” tubes.......... I‘; 2| 2 1?;3 122 1,220 8 3(5)
ontinuous ()2 >l U T sl R R B 4 L R N S R S R et
144 Al e dorrlikel \ 72/* x 18/, 45 57 tubes. ........ 2 2 | 2 150 125 1,250 0 120
145 35 ...... (oo R | 607 x 16/, 44 47 tubes........-. 3 31 3 100 87 870 0 100

‘SHEMOLS TVOINVHOIW HIIM SLNVId
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TaBLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

Stoking. Boilers.
Number used [ Horse-
No. of ; to carry— ower
plant. | Thick- Nur. Builder’s oiler Heating | Superheat- | Steam
ness of Frequency of Mo Sive e ‘ | rated | rated on surface ing surface | pres-
fire cleaning fire. AL 8 stalled. | Aver- | Aver- | horse- |10square (square (square | sure at
(inches). *|  age age power. feet of feet). feet). gage.
| heavy | light heating :
load. “ load surface.
131; 2 Cougnuous ........... 72:: X 16:, 92 33"’ tubes ; 1 1 150 159 1,585 0 gg
1 0. : > BT ER L 2 2 e e 0
148 3-4 60" x 16/, 36 43”” tubes 2 2 2 75 96 960 0 65
. 149 (a) 3 to 4 times in 11 hours 607’ x 16/, 18 6 tubes. .. ...... 1 1 i 50 61 610 0 45
150 8-10 | 5 times in 24 hours. . . . 4727 x 16/, 84 41” tubes; 472”7 x 8 5 4 125 | 175, 155 | 1,750, 1,550 ) 85
16%, 72 4’ tubes.
151 6-8 | Once in ten hours..... Return tubular; Heine | 1 72/ x 187, 70 47 tubes; 1 113 4 4 2 (140, 200, | 166, 142 | 1,560, 1,420, 0 110
water-tube. 33 x 16/, 2 87 33" x 16'. 250 184 ,840
152 6 | 6 times in 24 hours. ...| Return tubular....... T21x 161704 tubes. S L oo 5 2 1 150 138 ,380 0 80
153 34 | ConfiRUOUS. . .- cocoiosnlonons GO0 e R 4 6()'1’81’( 146’, 4:1 4’1') tubes; 1 727 5 4 4 80,125 87, 127 870, 1,270 0 80
X 5 57 tubes.
¢ 2 i 1 175 180 1,800 0 110
15 03545 tah 2 2 2 150 | 158, 179 | 1,576, 1,785 0 100
b.<s s ’’ tubes.
156 12/ 16!, 40 tubesi Lo oL 2 1 1 125 137 1,372 0 80
157 54" x 18/, 36 4/ tubes.........- 2 1 1 70 80 800 () 80
158 2 72’2’03< %(())’,4 }G’g ‘ti”btubes; 372" 5 5 5 200 | 168, 184 | 1,680, 1,835 0 115
t e 37 tubes.
159 .| 718 x 50’, 86 4" tubes. ......q. 3 3 3 1 226 2,260 - 0 95
160 i 172" x 18, 94 4;’) tubes; 1 60" 2 2 2 150, 100 209, 93 2,085, 930 0 95
x 16, 47 4 tubes.
161 72 x 16/, 84 33"’ tubes......... 2 2 1 100 158 1,575 0 105
162 60" x 18/, 36 44" tubes......... 2 2 2 90 108 1,080 0 100
163 L 72'1’43( ;g’é ;[é i?”bl;ubes: 1 54 2 2 2 123,56 | 144, 74 1,440, 735 0 90
5 ubes.
164 0 60 X 16/, 46 4 tubes.......... 2 2 1 75 91 910 0 85
165 4 | 2 times in 10 hours....|..... {o Ly jesd Al i) sh s S A QR B ek A 1ol S RS S U 1 1 i 150 180 1,802 0 100

aVariable.

0%

IVOD d0 NOILSNIIWOD SSATAMONS



TaBLE 15.—Details of observations at plants with side overfeed stokers wunder return tubular boilers—Continued.

Furnaces.

Dimensions (feet).

Distance from grates to

Vertical distance from

No. of plant. Grate area B ety selaoe 1 A
H 3 Distance. grates to coking arch .
B p((;rq?lglrlgr d o Tength of | fromiront |- or heating suriace. Helé‘iht tOf
feet). ke Wt o 010 SRR v oo d.
C ) (D) to front of | furnace
Average Minimum. 4 . boiler At front of \ At rear of (1)
(A). (B). (E). furnace ‘ furnace i
(F). (G).
9 33 21 18 5.5 6 0 4 i Clon = 00
9 14 16, 18 14, 16 3.5 4 0 2. 2.7
4 18 ‘ 16 14 4.5 4 0 3. 3.5
4 24 iyt 14 4 6 0 3 3
2 33 | 17.5 14.5 5.5 6 0 4. 4.5
3 20 | 16 13.5 4 5 0 3 3
2 30 | 10017 12, 14 5 6 0 2. 2,25
g %(55 [I515,75,13.5 13, %1 5 i 0 4 4
| 20 8 4 (08 (A L vl SRR e

3 22.5 | 18 15.5 5 4.5 0|
3 20.3 18 15.5 4.5 4.5 0|
2 21.8 18 16 4.7 4.6 (31l
1 29.3 18| 15 5.3 5.5 (1 e
1 25 17 15 | 5 5 0 4
4 33 17:5; 14.5 | 5.5 6 0 3.75
2 36 19.5 L7 6 6 8 4.3
4 22 17.5 | 15.5 | 5.5 5 4
4 20, 30 15, 17 ‘ 18, 1475 | 4, 5 5, 6 0 3.5
3 25 17.5 15.5 | 5 5 0 4
5 36, 45 1058, ‘ 6 (i3 0, 6 £4.25
4 24.75 18 5 | 5.5 4.5 {48 D e S R e e
41 22,5, 97 18+ \ 4.5 5, 6 0| 3.5, 4
3 2 17 | 5 5 0 3.4
4 25 15 | i 5 5 0 3.4
2 33 17.5 W 5.5 6 0 4
3 25 15.5 | .5 | 5 5 0 3.1
2 | 36 15 ‘ | 6 6 | 0 3.5
2 | 33 17 5.5 6 | 0| 4
,i, gg " 15.5 ‘ | 4 5 | 0 3.2

.5 15.5 13.5 4.5 Sl 0 3.75
R e L T i R T 5.6 6, 5 0 38|
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TaBLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

Furnaces.

Dimensions (feet).

Distance from grates to

Vertical distance from
No. of plant. Grate area tube heating surface. Dista grates to coking arch s
per boiler ance ¢ Height of
Number. (square Width Tengthiof from front | or heating surface. Svhlat
feet). of furnace | furnace | Of furnace rear of
(C) (D) to front of furnace
Average Minimum 5 3 boiler At front of | At rear of (H).
I (A). GB); (E). furnace furnace
(F). (G).

4| 30-39, 33 6, 6,16 4.5, 4.5,13.5 6,6,5.5 (5,6.5,6 0/ 4250425, 4 | sil e 4.25, 4.25, 4
5 25 13 5 5 0 G I et e T e 4
5 25, 30 16, 18 13.5, 15 5 5, 6 0

2 29. 17 15 5.7 5.25 0

2 25 17.5 15.5 5 5 0

2 22 16 14 4.4 5 0

2 13.5 18 16 3 4.5 0

5 30, 36 26, 26.5 23.5 6 5,6 6.5

3 19.5 16.5 5.5 6 0

2 33, 25 17, 16 14 5.5, 5 6, 5 0

2 25 15 13 5 5 0

2 22.5 18.5 16 4.5 5 0

2 25, 15 20.5 19, 18 5 3,5 4.5

2 17 15 13 4 4.4 0

il 36 17 15 6 6 0

oL
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TaBLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

Draft.

Smoke records.

: : Average for one hour | A
i f T). ‘ g verage
No. of TN A of witan) Num.- || Tottgl 4 (minutes). percenfb—
nt. SPEe S iy U AL RS T B e/ T L NI oS e [ e e R (T en; o age o
DiAHk Kind | Conditions under which é’ﬁ; e(;f \ obsgerVd‘ | black };loagbcég:_'
3 Front ‘ & i readings were taken. V- (t ons 100 to €80 to tini fsmok% v{étions
ase 0. : min- | 80 per | 60 per | Stac Tom ob- )
Furnace Rear of boiler stﬁ]el;% Breeching. | oo tions. utes). e il
f ‘ black. | black. tions.
| |
120 | Chimney..| 0.08-0.12 0P ot 0.81-0.68 |........ Furnace doors cracked; pit 4 237 0 0 32 5.6 | Average.
doors and dampers open.
04 T L 1o Pl AL i B PP R e M S e e 0. 38-0. 48 52— .68 [i..i..-- Dust pit and dampers open. 1 61 0 0 57 1 Light.
122 % Q0N e OB T S SRR B e S LIS o 3 8ottt Dampers and ash-pit oors 2 90 | it 1 30 12.1 Do.
open; thin fire. |
1235 e d00 i e RSl R RS e A 34- .35 s SR Dampers and ash-pit doors 2 90 il i 48 15.3 | Average.
open.
424 o tdo. Ao -7 M N B ke . S O SR S A [ SRE T Dal%pers partly closed; thin 1 60 U] 3 22 16.2 | Light.
fire; dust doors three-
fourths open.
126 1. 0Dy i ven RV ) (PP AT 48 A8 {2 0 0T e Al Dampers and pit doors open. d 40 0 (PP W R iy Average.
1265 52006 - Chws ) R IS T | O S 548 e Damper and ash-pit doors i 30 0 0 44 2.7 Do.
open.
Rt stdodeta Hib P G e ) S S s L L e 0.64 | Dampers open; ash and dust- 2 90 2 4 42 17.7 | Light.
pit doors closed.
128 Dampers and pit doors il 30 0 0 37 7 Do.
open; thin fire.
129 Dampers open.............. 1 40 0 0 0 20 Average.
130 .| Dampers open; thin fire. ... 1 55 0 0 0 30 Do.
131 Damper open 1 60 0 0 50 1.4 Do.
ot B o I B R L SR (1 S ety Bl - S T e PRt W (e RSN | o Pl i R e o S e 1 60 0 1 b7 s Do.
133 2 60 0 0 60 0 Heavy
134 (®) (©) 0 0 57 1.5 | Light.
135 1l 240 0 0 59 .3 | Average.
136 1 240 0 | 0 57 1.2 Do.
137 (©)] (¢ 0 0 0 10 Do.
138 « 2 120 0 0 60 0 Do.
139 Ash-pit doors open.......... 1 60 0 0 58 .7 | Heavy.
140 Dampers open; ash-pit doors 2 170 2 4 49 9.2 | Average.
cracked.
141 Dampers Open. .« -+ .covess p 30 0 0 58 0 Heavy.
&5 VIR ol e (1S T e S W ol SRR e St s 7 08 SN o 8 0 o N s o (b) () 0l 0 60 0 Light.
a Combustion chamber. b Several. ¢ \’anovs lengths.
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TaBLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

Draft. Smoke records.
| Average for one hour | A
i i f 3 & ] verage
X, ot Readings (inches of water) Nem. |, T‘)tﬁl ! (minutes). e
< ength o age of -
bl Kind Conditions under which gg; eorf- observa- black %;loagbdsg;_
; Biont = 2 readings were taken. e (tions 100 to | 80 to B fsmok% vgtions
: : ase 0 . min- | 80 per | 60 per | Stac rom ob- i
Furnace. | Rear of boiler. s'i?e]«);t’ Breeching. | ‘o501, OS5 v ag) e | aeritl | oerit o| cloan’ || serva-
5 black. | black. tions.
143 | Chimney..| 0.12-0.14 Ash-pit doors and dampers 2 60 0 {1 LR L T Light.
open.
14410 = A 00N S o o U Average conditions; damp- 1 57 2 4 50 10 Heavy.
ers partly closed.
145 o ndon oy S L0 oty e et SRR (o 0 0 150 gl e SR A G e T e SR e S S il 60 0 il 53 3.7 | Average.
14615 R0 5 Sl b ) I i o e g o8 L B e e o R T ) I oI S O S TR I R 1 60 0 0 60 0 Do.
147 12,40, . aat .16- .18 Ash-pit doors and damper 2 60 0 (T ot g | e e el Light.
open.
148 |...do...... (125 ) e S et e TR PR S Lo e AR e B s Damper and dust-pit doors 2 60 0 2 55 1.7 | Average.
open.
149 Damper open; thin fire. .. ... (b) () 0 0 Light.
150 Dampers partly closed. . . ... (b) (¢) 0 0 Do.
151 Dampers open.............. (b) () 0 0 .| Heavy.
VA hee s PR MR el IR deiRels ARG USRI ST T G S o [0 e oty S e s, () (¢) 0 0 Do.
153 | Dampers open; thin fire; ash- 1 30 0 3.5 Average.
pit doors cracked.
154 1 60 0 2 Do.
155 1 60 0 0 Do.
156 1 60 0 1 | Heavy.
157 Damper and ash-pit doors 1 110 2 2 Average.
open.
158 Dampers open..........._.. 2 55 0 0 Do.
159 Thin fire; dampers partly 2 65 0 0 Light
closed.
160 | riado o0 .10~ .75 | Dampers open (b) (°) 0 0 Do.
Q61 Ao sty . 16— 5 R e s S T (b) (e) 0 0 Heavy.
16201 sedo . S s ) HEBE T A s St S o At A S G S S [ DAMPELOPeN. - .t b s dnons 1 40 0| 0 Average
188 4. adb. et L B e T A e D s e A LA el B B | Damper partly closed. ...... 1 57 0 ik Do.
164 |...do...... .27- | .50 | Dampers and ash-pit doors () (¢) 0 0 Light.
| open.
16652 d o e 1 et o RO R .43 .60 } SO Phin Breseat e Dl s 1 ‘ 300 0 0 56 1.7 | Average.
a Upper rear. b Several. ¢Various lengths. d Combustion chamber.
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TaBLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

Breeching. Stack.
No.of L;angth I\flullgber = o
3 TOIM i of elbows emarks.
plant. stack to Size ?ﬁ?ﬁuafterg élnlgh between | Height Size ( s?fﬁﬁr &
nearest | (feet). 1 T ocToran boilers | (feet). (feet). Ielet()
boiler K and 5
(feet). stack.
120 16| 6x5 Near stack...... 1 185 @10 78.5
121 il 230 6x6 36
122 1 160 4x4 16 | Smokes considerably. 10 to 20 per cent black.
123 il 150 a5.3 22.2
124 il 125 5 25 Shavings fed continuously through openings over the furnace doors. Automatic reg-
ulator on main damper.” Stack smokes considerably, 10*to 40 per cent black.
125 1 180 23.5 9.6
126 1,2 | 100, 90 |@3,2.2x2.7 7.06,5.8 | Plant has damper regulator but it is not used; when it is in service there is difficulty in
keeping smoke down. Trouble in carrying load and keeping down smoke when coal
smaller than No. 3is burned. Plant often runs with furnace door open.
127 il 90| 3.7x3.7 13.4
128 3! (I e C R e e Smoke due to poking fire. Coal not equally distributed along grates.
129 ! 1 120 ab 19.6 | Smokes continuously, 20 per cent black.
130 0 100 a4.3 14.7 | Smokes continuously, 30 per cent black.
131 0 100 a4.3 14. 76
132 0 53 a2.5 4.9
133 1 85 4x4 16 Plant has automatic regulator on stack damper.
134 0 220 4.3 18, 7
135 | 1 220 ab.5 33.2 | Boilers arched over top for gas passage.
136 | i 135 ajb 19.6
137 it 140 3.6x3.5 12.3 | Smokes continuously, 10 per cent black.
138 2 88 a4 6 16.5 | Boilers arched over top for gas passage.
139 0 138 a6.5 33.2
140 | 2 150 a4.5 15.9
141 | 1 100 ad 19.6 | Boilers arched over top for gas passage. Automatic regulator attached to rnain damper.
142 | il ity ] RSl el e i e Boilers arched over top for gas passage.
143 | 0 100 a6 28.3 | Readings include some 10 and 20 per cent black smoke. Boilers arched over top for gas
assage.
144 1 100 4x4 16 e
145 s [e)s AR e et IS S e Fires have to be poked frequently to keep grates covered.
146 3 120 a3 7.06
147 0 100 ab 19.6 | Stack rests on rear of boilers. Readings include some 10 and 20 per cent black smoke.
Boilers arched over top for gas passage. }
148 0 115 a3 7.06 | Boilers arched over top for gas passage. With ash-pit doors closed, draft in furnace
varied from 0.17 to 0.32 inch water.
a Diameter.
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TABLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued.

Breeching. Stack.
No.of L{ength I}Iulxgber 8 k
rom ; of elbows emarks.
plant. | sro6k to (fSizte) (sl s between | Heigh ( fSize) (S‘gfle;o
nearest eet). oilers feet). eet). 2
boiler was taken. i (feet) feet).
(feet). stack.

149 0| 100 3x3 9 Smoke observations include some 10 and 20 per cent black readings.

150 0 165 ajb 19.6 | Boilers arched over top for gas passage. Very clean stack; observations include a few 10
per cent black readings. \ .

151 3 158 4x5 20 None of the observations showed more than 20 per cent black smoke.

152 0 150 ah 19.6 | Observations include several 20 and 40 per cent black readings. i

153 1 103 a4 12.56 | Coal does not work down grates properly and fire is poked vigorously every eight to
fifteen minutes, causing two to three and one-half minutes of smoke each time.

154 i 100: |42, 7xi4 10. 7 | Stack generally good. Trouble sometimes with coal feed. )

155 0 100 a4 12.56 | Observations have been taken that are not as good as record given. Automatic regulator
attached to main damper.

156 2 110 2x3.4 6.7

157 0 149 a2.5 4.9 | Oneside of each stoker flanked with fire brick.

158 0 160 a6 28.3 | Boilers arched over top for gas passage.

159 2 150 ab 28.3 Do.

160 2 120 a3.2 7.85 | A }-inch steam jet entering the furnace through a l-inch opening in door runs continu-
ously. Observations include some 10 and 20 per cent black readings. Automatic
regulator on main damper.

%gé (1) 100 a4 12. 56 | Boiler arched over top for gas passage.

L O S R T e TR

163 1 90 a3.b 9.6 | Usually a very good stack. Damper controlled by automatic regulator. Boilers arched
over top for gas passage.

164 0 100 a2.5 4.9 Stack smokes occasionally, 10, 20, and 40 per cent black.

165 0 100 4x4 16 Boilers arched over top for gas passage.

a Diameter.
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PLANTS WITH MECHANICAL STOKERS. T

SUMMARY.

The importance of installing the side-feed stoker with an arch
over the entire grate can not be too strongly urged. At nearly every
plant observed where this stoker had been installed with a.short
ignition arch only, trouble was experienced in keeping down smoke.

Some of the stacks having this stoker under them smoked badly
because the fireman took advantage of the opening into the furnace
and fired a part of the coal by hand.

There was some trouble in maintaining a uniform feed of coal at a
few of the plants visited. This seemed to happen when very fine
coal was supplied. With this stoker as ordinarily set, a banked fire
can be maintained and the boiler thrown into service with only a
small amount of smoke. The stoker has the valuable feature of a
large coking plate area.

UNDERFEED STOKERS.
GENERAL DISCUSSION.

Stokers of the underfeed type differ radically from those described
in the preceding pages. The fresh coal is forced into a horizontal
retort, beneath that which has already ignited, and burns in a long
heap that forms in the middle of the furnace. The unburned refuse
is largely fused to a clinker, which slides down the sides of the heap
and is hooked out by hand through the front of the furnace. The
method of burning compels the use of mechanical draft, a fan being
employed to force air through openings in tuyére blocks along the
sides of the retort, at the level where the volatilehydrocarbons from the
heap of burning coal are given off. Two makes of this stoker that have
been put to the test of use under average power-plant conditions
differ chiefly in the feeding mechanism and the device for handling
the partly burned coal after it leaves the retort. In one pattern the
coal is forced in continuously by a cone-shaped screw driven by a
small steam engine, and the partly burned coal falls on a flat grate

~through which air is drawn by a chimney. In the other pattern the
coal is pushed beneath the burning heap in large charges, and the
partly burned-coal that rolls down the sides of the heap falls on a dead
plate, where combustion is completed by the excess air that enters
through tuyeére openings. This method of burning coal has proved
to be the better, and the plan of using air from the tuyéres for com-
plete combustion has been generally adopted as correct. The newer
models of underfeed stokers are always installed with automatic con-
trol for coal and air.

" Inall underfeed stokers the air and the distilled gases are intimately

mixed and intensely heated by rising through the incandescent coal,

so that combustion is complete within a very short distance from the
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FIGURE 17.—Underfeed stoker and Babcock & Wilcox boiler.
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F1GURE 18.—Underfeed stoker and Heine boiler. 1, C tile on lower row of tubes, forming a tile-roof furnace.



PLANTS WITH MECHANICAL STOKERS. 79

retort. Ience the combustion space required over the fuel bed is
less than with any other type. By reason of its compactness and the
small combustion space it demands, the underfeed stoker sometimes
gives good results when installed in the 36-inch corrugated flue of an
internally fired boiler.

The customary method of placing this stoker under a Babcock &
Wilcox boiler with uptake in the rear is shown by figure 17. In the
setting of the IHeine boiler (fig. 18) the C tile on the lower stow of
water tubes make a tile roof for the furnace. This increases the travel
of the gases from the fire and permits complete combustion of the
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. Ficure 19.—Underfeed stoker and Stirling boiler.

carbon before the gases are chilled by contact with the tubes. In the
regular setting of the Stirling boiler (fig. 19) the stoker is placed under
the fire-brick arch. The construction of one of the makes of under-
feed stokers is shown by figure 20, an elevation of a stoker under a
return tubular boiler; figure 21, a cross section through boiler and
stoker; figure 22, a plan of the stoker.

Attention has been called to the compactness of the underfeed
stoker and the small amount of space required above the grate. An.
illustration showing such a stoker set in the corrugated flue of a
Scotch boiler is given in figure 23.
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FIGURE 20.—Underfeed stoker and return tubular boiler, elevation
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PLANTS WITH MECHANICAL STOKERS. 81

Having the advantage of positive draft, the underfeed stoker allows
a plant to be run without regard to weather conditions that may make
the attainment of high draft by a stack impossible. The effects of
weather changes on furnace draft are considerable and are very notice-
able at plants which require all the available draft to carry their loads.
Another valuable feature of this stoker is the ease and economy with
which a variable load may be carried. The change from heavy to
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FIGURE 21.—Underfeed stoker and return tubular boiler, cross section. 1, Dead plates; 2, retort; 3, tuyére
blocks; 4, air chamber; 5, space through which air passes before entering retort.

light coal charges or vice versa can be made without loss, because
when the fuel supply is altered the air supply is at once regulated to
the amount of coal being burned.

It sometimes happens that, to meet the competition of other types;
a single underfeed stoker is installed under a boiler unit as large as
200 horsepower. It is easy to show that such overloading of a stoker
is not good business economy, particularly in localities where poor
coal is supplied. On the assumption of an average ratio of heating

74897—Bull. 373—09—6



82 SMOKELESS COMBUSTION OF COAL.

surface to-grate surface of 50 to 1, a 200-horsepower boiler should
have 40 square feet of grate. Now while it is possible to burn, say
30 pounds of average coal per square foot of grate surface per hour,
or 1,200 pounds of coal per hour for a 200-horsepower boiler, it is not
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F1GURE 22.—Plan of underfeed stoker.

considered good practice to try to burn over 700 to 800 pounds of
coal per stoker per hour with an underfeed stoker, as heavier feeding
gives questionable results. The consequence of trying to feed 1,200
pounds of dirty coal per hour with one stoker of this type is evident,
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FI1GURE 23.—Underfeed stoker and Scotch marine boiler.

z, Pipe through which air is admitted under retort; ¥, air-admission openings in tuyeére blocks.
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It is the general opinion that it is harder to keep down smoke at
the small hand-fired return tubular boiler plant than anywhere else,
but the underfeed stoker has replaced many hand-fired furnaces at
such plants. The only variable element in the operation of this stoker,
once it is correctly installed, is the cleaning of fires, but if the fireman -
is careful to burn down the fires before breaking them up there will
be no necessity of making smoke.

DETAILED DESCRIPTION OF PLANTS.

The underfeed type of stoker was found at 48 different plants in
eight different States, the size of the plants ranging from 75 to 3,500
rated boiler horsepower. These plants burned coal from Illinois,
Indiana, Kentucky, Ohio, Pennsylvania, and West Virginia, the cost
of which ranged from $1.03 to $2.75 per ton, the conditions at the
different plants varying widely. - The size of the boiler units ranged
from 50 to 500 horsepower; at 33 plants the units were 200 horse-
power or less, and with two exceptions one stoker per boiler was
installed at these plants. All but five of the plants had automatic
regulators for coal or air. But two of these stokers were set in a
Dutch oven; this setting was used because the boilers were of the
vertical type.

Plants with water-tube boilers.—Underfeed stokers were found under
water-tube boilers at 22 plants, at 4 of which the fuel was run-of-mine
coal. At 13 plants the load carried was uniform, and at 9 it was
variable. The thickness of fire ranged from 8 to 18 inches. The
kind of coal burned is stated in the following summary:

Kind of coal burned at plants with underfeed stokers under water-tube boilers.

Number of
plants. e
Ilinoigsr et hrrr bt R e e Sl Sl sl et a e O Sl ot e 5
{EOEE e AR R e E e S B R i e e D I E it
Jeentncloy B ol e R AR e i S e e e e 1
(0157 1o Pt e e 2 iy LT A Py St i R M e e e AR O 7
Pehngylvanias-te e Sl S Sl a ) s S ie S18 e ah, T v S K 8
WestaViroinins ot el o bnier T i e e ai B s S s ed 1

Some averages of the observations at these plants are given below:

Difference of draft between ash pit and furnace, 3 inches of water.

Coal as received burned per stoker per hour, average heavy load, 560 pounds;
extremes, 330 and 1,060 pounds.

Percentage of rated boiler horsepower developed average heavy load (boiler rated on
10 square feet of heating surface per horsepower), 92; extremes, 58 and 146.

Average distance from grate to heating surface (dead plates to shell), 4.9 feet;
extremes, 3 and 7.5 feet.

@ One plant burned both Ohio and Pennsylvania coal.
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Least distance from grate to heating surface (dead plates to shell), 3.8 feet; extremes,
2 and 5.3 feet.

Smoke, black, 2.4 per cent.

Average draft conditions: Pressure in ash pit, 17 plants, 2.45 inches of water; range,
1 to 4 inches. Draft in furnace, 19 plants, 0.33 inch; range, 0.01 to 1 inch. Draft in
rear of boiler, 13 plants, 0.48 inch; range, 0.17 to 1.07 inches. Draft at base of stack,
11 plants, 0.80 inch; range, 0.24 to 1.50 inches. The approximate pressure and drafts
deduced from these readings are as follows: Pressure in ash pit, 2.50 inches of water;
draft in furnace, 0.35 inch; draft at rear of boiler, 0.50 inch; draft at base of stack,
0.80inch. This gives a drop of about 3 inches through the fuel bed, of about 0.15 inch
through the boiler, and of 0.30 inch from the boiler to the stack.

Details of the observations at plants with underfeed stokers under
water-tube boilers are given in Table 16.



TaBLE 16.—Details of observations at plants with underfeed stokers under water-tube boilers.

. 1.
i ’1‘{: tal Coal
No of uilder’s

plant. State. Kind of stoker. ﬁzg.gg_ Cost per | Short tons

ower Commercial name. ‘Where mined. Size. short ton, burped

p delivered. | per year.
...................... Various sizes........... I R R
................ (D ER T e 1508 8 S ioes e
................................. 1 03¢ TE S e

Screenings. . .
Washed nut.

Straight Creek .

do
Marion County, Ill.
Indigna... ... ..

|

I COSHOCEON oo i) 2 e i 3

| Hockmg Valley 15
| Cam r1 gL Ee ST Sl lack .................. 3518515707 | ot e
o do b e oA e AT R LR TR o), M A IS e 15651275/ r s i
i Plttsburg No. 8 Tinelimut. P ohiio b 2.40 1,400
Hocking Valley Pea and slack.......... 1.80 4,800
EClerfald e s W el St s Pennsylvania. . oA MR TIOf TANe Sty bt LR e L R L S
| Pittsburg nut and slack.|..... O .| Through 1-inch screen. 1280 Hoils Sk (LIS
| Pittsburg second pool...|..... GOty e L Ll BIaslentta s sloe Tl ae s 2 1.30 5,200
| Various coals........... Ohio and Pennsylvania. #-inch screenings. ...... 1.50-1.65 |...........
Pennsylvama. | Nanty Glo. . L.--| Pennsylvania._....... - Rinisofmtines soe d o 8200 S
184 | New York... | Youg mgheny ..... e o 2 MR R S .| Slack and run of mine..| 2.35-2.50 6, 900
185 |..... (6 1o o r A I Bl 300 Rochester and Pitts- [..... O B e et e (5] 6o oL G DI e T 2.35 1,500

burg; Reynoldsville.

186 | Pennsylvania. 206 [CPistsburg. . oo L hi i JERun of nine 5 of ot 2D |
187 | Michigan...... 275 ’ hRcKen: - foletia West Vlrgmla... {2 EToY ol S Rl S 2. 50 1, 500
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TaBLE 16.—Details of observations at plants with underfeed stokers under water-tube boilers—Continued.

Load. Rating.
|
Average load. |
; Coal g P;;%e:ft' 11))2%3:3}1’;- Assumed
i : urned H uilder’s | amount
Nl:'n‘%f Heavy. Light. per stoker ;’g}lsee{ rated | of coal
B . AL per hour, | horse- | burned
Requirement. Nature. Character. average povi'er ds,- power de- per horse-
velope ] .
Hours bgrox?é 4 | Hours bcogé BeRVY dfro ot veloped [power per
er da er da urned load onaver- | hour
Iioad isy per day %6&(1 ig per day |(pounds). 288 P€aVYlase heavy| (pounds).
onplant.| (SPOTC |op plant.| (Short i T i
BRI fon) Rlans. i tons).
Street ranlway ............... 20 111 20 111 528 76 64 5
...................... 20 20 64 533 76 ?i g
b et DU LD S e b e [ B e DL O o et SR R e 20 64 20 64 533 76 i 5
g Oﬂ.‘ice ballding e ol s, 8 22 8 | 18 450 79 80 5
R T forriie dp i s ) Refrigeration.... ... cccceeea. 24 10 24 12 420 | &1 83 5
s b o) T O O e Bkary 2 kel sl i e i A A 24 5 416 | &3 72 5
L8 018 10) ¢ DR g N S actoryil ol m A e oy 9.5 10 9.5 13 1,060 150 150 5
GO0 Rl o = ool Bt B Storg bufldine, S0 w 10 L L 10 15 €00 ‘;)2 ZQ Z %
10 8 10 8 400 £ £ k
Bosr ¥ o o@ Boow ¢
] 1 4. 3. 5 I i
Y - ()fﬁce hulldmgs ............. 24 6 12 1.3 25 78 63 4
-...| Variable_ Commereial. .. iis i bens. 24 12 24 9 500 91 100 5
179 Power and heat. . SRR B8 T s B O B R R e do.. 24 60 24 20 €25 112 90 4
180 | Power, light, and heat ......| Variable.................. Factory 10 04 | e o e e | 1,040 115 115 4.5
PRI o ot e SR ) b b DY Gt e e Office building. 16 O e S e s | €25 8 58 4
R R ol i e Tot A R R R Factory 12 17 12 STy 710 95 81 5
183 | Power and heat. . YN mableluie Ll el Ll e do 9 15 9 8 830 139 139 4
184 | Power, light, and hea Uniform. Hotel. 24 19 24 19 527 146 165 4
185 [1eces 002 do Organiza 24 7.9 16 4 330 68 60 3.6
186 | Power ..do Factory 10 10 7 700 146 127 4
187 | Powerand heat.........c.-.f-c-- (o (Ve o S T o e Office b 10 3.5 10 3.5 35 78 78 4.5

a Boiler rated on 10 square feet of heating surface per horsépower.
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TaBLE 16.—Details of observations at plants with underfeed stokers under water-tube boilers—Continued.

Stoking. Boilers.
Number used Horse-
to carry— power,
gt Thick- ) Builder's| boiler | Heating | SUPCT- | Steam
P v Method ness of Frequency of T Elza Beriny rated | rated on | surface surfacg pres-
o fire cleaning fire. yPS. . stalled Aver- | Aver- | horse- |10square| (square (square sure at
(inches). *| age age power. | feet of feet). fget) gage.
heavy | light | heating 3
load. | load. surface.
166 | Automatic. ... 14 | 5 times in 20 hours.| O’Brien .| 22833’ x 18’ tubes. 7 7 4 500 418 4,180 0 160
7 (O e &) (TR d ............ e 4 4 4 500 418 4,180 0| 160
g e G Il Ot s SO G e | 4 4 4 500 418 4,180 0 160
3 times in 24 hours.| Stirling....... 286 31" tubes, 336" x 14 drums | 5 4 3 375 378 3,780 0 150
6 times in 24 hours.| Scotch marine.| 142 4" X A2 10’ shells s tosicy o0 2 1 2 200 205 2,050 0 | 140-145
4 times in 24 hours.| B %Vblcock & | 544’ x 16/ tubes, 1 36”” drum. . B 1 115 100~ 1,000 0 80-9
Vilcox.
2 by RC Ve dotie sl e it Once in9 hours. .. .| Stirling........ Two, 176 3%/ tubes; one, 280 3 2 1, 2 | 200, 328 | 200, 328 (2,000, 3,280 0 115
3%/ tubes—3 36”” drums each..
.......... 4 times in 24 hours. do 3 2 3 303 262 2,618 1,345 150
Variable.| Once every 4 hours 2 2 2 300 304 350350k 0.2 e s 100-120
12-15 | 2 times in 10 hours. ] i 1 s 300 307 3,065 0 15
itk oy R e R T R e e 1 1 1 300 307 3,065 0 150
.............................. Scotch marine.| 56 33”” x 124’ tubes. . A 2 2 1 100 80 800 0 100
12-15 | 2timesin 8 hours..| McNaull....... 128410 1B tubes, cat/odi s Drie 1 1 1 200 220 2,200 0| 95-120
.......... 2 to 3 times in 24 ’ Edgemoor. ....| 131 4”7 x 18’ tubes, 3 35" x 20’ 4 4 3 350 280 2,800 0 85
hours. | drums.
Variable. | 2 times in 10 hours.‘ AR sa e JoAT 140 4”7 x 18 tubes between 2 1 1 400 401 4,013 (a) 120
water legs.
15-18 | Oncein8hours....| Gill........ ... ' 96 4 x 16 ubes ool IANET L 4 ol R 180 180 1, 800 0 120
: Stirling 2 2 2 350 300 3,000 0 110
.......... 3 times in 9 hours. B%‘}qlc ock & 2 2 2 300 300 3,000 0 125
ilcox.
15 (3 {;10 6 times.in 24 |..... doliueiae } 4340 3 167 tubes . . i Jaeidous 4 3 3 80 90 900 0 90
ours. | |
8-15 | 3 %o 4 times in 24 | National..... 1 Pl S < Tk b o B e ey 2 P e i L 150 135 1,345 0 100
ours.
.......... 2 times in 10 hours. B%‘;Qlcoc k & | 644 x 16’ tubes, 1 36”7 drum 2 2 2 138 120 1,200 0 110
ilcox.
187 | Ho“},;‘te% op- } 12-15 {1 L ‘} _______________________________ 3 2 2| 100,75 { e } 1,000, 750 0 125
| |

210° to 24° F. superheat.
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TABLE 16.—Details of observations at plants with underfeed stokers under water-tube boilers—Continued.

)

No. of plant.

Furnaces.

Dimensions (feet).

Distance from grates to

Number of | h
Kind. stokers per | tube heating surface.
boiler. | Width of Length of
| furnace (C). | furnace (D).
Average (A). Mn(lgx)mm
E

3 4.5 4 11 6.3

3 4.5 4 11 6.3

3 4.5 4 11 6.3

3 7:5 5.3 12.2 6.3

2 10 7 3 7.5

1 4.5 3.8 3.8 6.3

Cay A e e s e e o S e st e e s

2 | 75 4.5 8.5 6.3

2 5 4 8.75 6.3

2 6 3 8 6.3

2 6 3 8 6.3

1 11 8 3.2 6.3

2 4.3 4 8.5 6.3

2 4.75 4.5 9.5 6.3

2 4.8 4.8 8.8 6.3

il 3.5 S Ut 6.3

2 7 : 3l A S 6.3

2 4 3.5 9T 6.3

1 3.5 3 4 6.3

1 3.5 3 5 6.3

il 4 3.5 5 6.3

i 3 2 4 6.3

Distance
from front
of furnace
to front of
boiler (E).

|

COCOOOCOOOOOPVLOOoCOOOCOCO

B0 4 00 1 i i G0 Q1 TT s 14 Ot STOT s 0 UL s Gt Ot

ciotor go Lttt

Vertical dis-
tance at front
of furnace
| from grates to
coking arch
or heating
surface (F).

W v

(¥}

[

o GO B

a Two on 328 horsepower; one on 200 horiepower.
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TaBLE 16.—Details of observations at plants with underfeed stokers under water-tube boilers—Continued.

Draft and pressure. Smoke records.
Readings (inches of water). Average for one hour | Aver-
minutes).
, : Total S Age
Nf;n(f Draft. I ) N];grn- | le%%th cent- Load
P 2 Kind ’ Cond&pons unde{ \ghlch of ha abgl:e (]:\f (}l)urmg
- readin; €] : > < -
Preissure adings were taken obser- | vations 100 to 80| 80 to 60 P sm%cke otis:nrgla
i Rear | Front | p.o. | Base vations.| (min- \per cent/per cent| S8 | “from
DI | Furnace. of tube | ST of | utes). 'black. | black. * | obser-
boiler. | sheet. g stack | vations
)
166 | Chimney and forced. 3.6 0.28 1 60 0 0 56 1.3 | Average.
147 joN e dolls I i 2.8 4 y ot 1 60 0 0 56 1.3 Do.
alfs ! s R o I et 3 .34 .54 o i 60 0 0 56 1.3 Do.
1690 s (Lo, S5 S o o) OB S 0. 88=14021a,08- 1508 |4 TNl der ety 1.50 | Dampers open, fan running 9 501 0 0 40 10.3 Do.
| at maximum speed.
170 | Induced and forced. .|0.90-1.13 ST e R R 070525 e R Rl e D e DAL R O e 1 60 0 0 57 1.1 | Light.
171 | Chimney and forced . 2.25 .32 2y R MR o S A S Average conditions; damper 2 80 0 0 (¢) 4.8 Do.
partly closed.
20 s Ty L ST A b (U T 1) f Average conditions; ash pit il 50 2 0 53 5.8 Do.
doors cracked. \
78kl Tl HO S el 2 1 600 0 0 60 0 Average.
Sl Gt e e d 1 i 60 0 0 60 0 Do.
178 |t (s [ e Rk 2 i 60 0 0 59 .3 Do.
178 {ooeas gofe L P P il C TR, 10 T (e PR RS O e e Ao TR 1 60 0 0 60 .3 | Heavy.
S (o [o LR & (AR i e e e LI G (B (B AT B AT 0 S e Tt W 8 il 600 0 0 60 0 Average.
ol R Aot ol 4 . Damper open. ....... 1 60 0 .5 58 1.9 Do.
3 gt LS o[ o - e 2.1 5L R e £ L IS OO SRR e Dampers wide open il 40 0 0 48 5 Heavy.
180 =N, (6 DA e 1C e UG R Sl IS e L e DR BRI e Damper open; fan running (GOl A e 0 (LS o= A S E 5 (el | Do.
at average speed.
A8 s A0 S 2-3 1 60 0 0 60 0 Light.
82| (o B it N Y 1.5 1 60 0 2 49 6.7 | Average.
183 s lc (o Lo A I 3-3.2 Damper one-half open: fur- if 90 0 0 60 (1} Light.
nace doors cracked 3 inches.
g % 120 0 8 50 3.2 I@Iverage.
60 0 59 .4 eavy.
3.5 2 58 10 5 55 4.3 | Average.
.......... 1 60 0 1 55 3.1 Do.

a Lower rear boiler. b Upper rear boiler. ¢ See remarks. d Several.
0l
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TABLE 16.— Details of observations at plants with underfeed stokers under water-tube boilers—Continued.

Breeching. Stack.
No. of Lfength l\qulxlr)xber i e k
g rom 5 of elbows rea emarks.
plant. stack to Size ﬂfé:ﬁe‘xvnlégzg between | Height Size (square
nearest | (feet). Was taken boilers (feet). (feet). feet).
boiler : and
(feet). stack. i
166 e e e R e B 0 80 a4d.5 15.9 | Seven stacks, each on rear of boiler.
167 8 4x 4 | Near stack........ 0 158 ab. 4 32.3
168 (e S AR PR L LBt by e 0 80 ab - 28.3 | Two stacks, each on rear of boiler.
169 2 330 a8 50.25 | Coal varies from 11,000 to 12,000 B. t. u. per pound of dry coal; coal as received contains 10
to 12 per cent moisture, 11 to 17 per cent ash.
170 1 37 a4 12. 56
171 1 85(3.3x3.3 11.1 | With damper partly closed, as soon as fires begin to get dirty 20 to 30 per cent black
smoke produced for about twenty seconds every time coal is fed. One observation
;iaken while cleaning fire. Some smoke when coal is wet and usually while cleaning
re.
172 1 123 6.2 29. 86
173 2 165 ab 19.6 | Coal as fired runs about 12,800 B. t. u.; ash, 12 per cent; moisture, 3.5 per cent.
174 0 120 |6 x6 36 Stack on rear of boiler.
175 2 80 /4 x4 16 Stack smokes about 20 per cent black for about one minute when cleaning fires.
176 0| 80 | a3.8 11.6 Do.
177 2 200 [2.5x2.5 6.3
178 1 162 a6 28.3 | Boiler baffled vertically.
179 8 150 |6 x6 | 36 Boilers baffled vertically, four passes. Four separate flues join main breeching. Stack
[ smokes 10 to 40 per cent black for about half a minute every two or three minutes.
180 1 135 a6 28.3 | Observations include some 10 and 20 per cent black readings.
181 1 200 ab 19 6
182 0 125 a6 28.3 | Coal as received runs about 12,700 B. t. u. and 10 to 14 per cent ash.
183 0 120, a4 | 12.56 | Coal runs about 8 per cent ash. Stack rests on rear of boilers. Get best results when
| - running at about rated capacity. ”
184 1 145 a5 | 19.6 | Boiler baffled vertically with top half of first baffle removed.
185 2 150 a3 | 7.06 | Coal as received runs about 13,600 B. t. u. and 10 per cent ash.
186 2 58 a3 | 7.06 | Cleaned fire during part of observations. Plant has burned 1,000 pounds of coal per
| stoker per hour, but made considerable smoke.
187 i e i be e G RS U 4 175 a6 1 28.3
a Diameter. b Square feet. *
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92 SMOKELESS COMBUSTION OF COAL.

Plants with return tubular boilers.—Underfeed stokers were installed
under return tubular boilers at 26 plants. The fires carried ranged
in thickness from 12 to 18 inches. Four of the plants burned run-
of-mine coal. Seventeen carried a uniform load, and 9 a variable
load. The kinds of coal burned were as follows:

Kind of coal burned at plants with underfeed stokers under return tubular boilers.

Number of
plants.a
T ois NErse s a0 IR D e Ol M D b A B B Ry ) i
Tadianararnebalitn S0 ns e T e Sl e e R o) e R e 4
Kentucloy=sal=asl e e arloe Pl rie eelier 2001 S SER LT Sl I g s 1
(8] e T Ao e e e AN E e Ll 3
Pennaylvantia wor i e b o o e p e e e O R R TR S e 8
WegtrVaro g te. Aol e o et RS S ol 4
Miscellaneougrs s b i ERlis e rs i O Sl el e s AR e 7

Various particulars regarding these plants are condensed in the
following statement:

Coal as received burned per stoker per hour, average heavy load, 513 pounds; range,
225 to 750 pounds.

Percentage of rated boiler horsepower developed, average heavy load (boiler rated on
10 square feet of heating surface per horsepower), 74; range, 57 to 135.

Average distance from grates to shell, 2.8 feet; range, 2 to 3.75 feet.

Smoke, black, 2.6 per cent.

Approximate average pressure in ash pit, 1.75 inches.

Approximate average draft in furnace, 0.20 inch; at front tube sheets, 0.30 inch; at
base of stack, 0.50 inch. This gives an average drop of 2 inches between the ash pit
and the furnace, 0.10 inch through the boiler, and 0.20 inch from the boiler to the

stack.
-

Details of the observations at plants with underfeed stokers under
return tubular boilers are given in Table 17.

aT'wo plants burned both Ohio and West Virginia coal.



TABLE 17.—Details of observations at plants with wnderfeed stokers under return tubular boilers.

Coal.
Total | _
No. of ; builder’s
plant. State. Kind of stoker. 1rlated Cost per | Short tons
ol Commercial name. ‘Where mined. Size. short ton, | burned
power. 4
delivered. | per year.
200 [-Wiashed ==t oo s oo Williamson County, Ill. .. ... Mosddis e e i
i A e R -| Indiana Screenings
..... do.. Run of mine, nut, and slack.
..... do Nutc_iandslack..............

Ohip = So s as .| Slack
.| Ohio; West Virginia
.| West Virginia........... .| Run of mine
.| Ohio; West Virginia........
o “West Virginias oo o owis .| Slack
Pengs_vlvania ....................

580: | ‘Goshen. -......i
300 | Various coals.. ..
200 | Kanawha........
200 | Various coals. ...

1,104 | Shawmut. .

800 | Rochester; Pittsburg....|..... e S e e w8
Tofin Sha Wil W ey ] 2ol o o G .| Slack...

625 | Youghiogheny..... It g A sl Yat d
SO0~ [ Shawmutsc et orst e 2% 1058 A O

.| Slack
1-inch screenings.
...... .| Nut and slack. .
..| 1-inch screenings.

Pea and slack..........
Run of mine. .

do
Pennsylvania
243 [ IHImONS . i e S S

|
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TABLE 17.—Details of observations at plants with underfeed stokers under return tubular boilers—Continued.

Load. Rating.
Average load. Parsents P;gﬁeﬁt'
| pooaly | Benaf | pofders | Asmmed
No. of Heavy. ‘ Light o R il ratad!ta S i
s Requirement Nature Character AT T e ‘Il))er hour,| power 3855:; burned
o | oot | S0P K ST | Ty ekl
ELORTR ke BOUES burned loa,dy a}‘j‘em e | oped on gr hour
per d9¥ | per day | BOTdaY | por gy (pounds).| heavy | average (pounds)
loa(li is (short loa(li is (short P! 1 loa }; heavy [P 3
on plant. tons) | on plant. tons). load.
188 | Power and heat FIROEOr Y s s S e i L 8 4.5 8 4 560 135 112 5
189 | Lightand heat..... . ........[..... ON 2 -.-| School buildings........ A 17 54 17 13.5 582 57 73 5
Power, light, and heat. A Untorm. ...l ; B Va1 e B R s G IR 43 10 168 10 | 15 500 | 79 100 5
d Variable. ..... .| Store building... SRMTHL 11 3.5 e 3.5 320 | 70 77 5
.| Uniform. .. S Datmdry el et i 11 4 | 1 3.3 728 88 116 5
.| Variable. ... -..| Organization building . . 18 4 | 18 | 2.8 225 70 89 5
Uniform. .- S aRte el e 24 15.4 | 24| 126 | 427 50 68 5
PR (el o Il Sl BREIOrY Jur ottt 10 5 10 | 5 500 58 74 4.5
3 1 Variable. ..... Glass Works.. ......... 12 (R R e R ol O 75 100 167 4.5
--| Uniform... %. Printing office....... 10 3.6 10 | 2.3 360 58 72 5
............. ADISHBCIDEY S e Py 14 3:5 14 | 295 500 104 148 4.5
-.| Variable.... .| Oil refinery..... 24 51 24 51 706 69 96 4
eI ormP il (iSOG SR I RN it 24 24 24 i8 500 55 58 4
| .| Office building 14 13 14 4 620 66 79 4
...| Oil refinery . 24 35 24 35 730 70 100 4
tl Balt worlsl, S R leis 12 13.6 12 11. 4 565 70 100 4.5
Oilrelnery ..t (ol 10 10257 10 L7 585 102 117 4
-.-| Refrigeration......._.. o 12 4 24 | 10 S804 e 92 4
Ss 5l R T - 24 | 4 24 | 2.4 335 63 89 5
.| Refrigeration............ - 24 | 22.3 24 | 17.8 620 76 88 5
.| Commereial............. ki 24 -, oty SRR Rk L oA 545 80 87 5
24 1 MR R ) [N 1 416 61 67 5
24 (50 IS TSR, A R, 225 82 gg i ¥
g ¥z 12 5.5 12 5.5 0 6 3
I Refrigeration.. . ... ii... i 24 14.5 24 13. 4 600 104 121 4
Machine shop............... 9| L5 9 1.25 340 68 91 5

aBoiler rated on 10 square feet of heating surface per horsepower.
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TaBLE 17.—Details of observations at plants with underfeed stokers under return tubular boilers—Continued.

Boilers.

Number used to I{Exsz‘;‘ {
carry— ey . Super- | Steam
: Builder’s I ploatiie healt)ing pres-
Frequency of cleaning : rated on surface
A6 Size. rated 10/50 tioen (square surface | sure.
g horsepower. Ll a (square| at
Average | Average feet of feet).
heavy light heating feet). | gage.
load. load. surface. |
1 to 2 times in 8 hours. .| 60" x 167, 42 41’ tubes............ 2 2 2 100 83 830 0 110
Once in 8 hours....... 72 x 18, 135 3’ tubes. . ke 20 10 3 175 223 2,225 (1 ESEra e
4 times in 10 hours. . 86!/ x 16,64 47 tubes.). ... 2 ... 1 6 6 100 126 1,260 | 0 90
2 times in 11 hours....| 160" x 14/, 60 3 tubes; 1 60" x 2 2 2 80,85 78,108 75,1,030 | 0 85-90
16/, 52 47 tubes. . Ff
72" x 16/, 84 4 tubes............. ¥ 1 1 125 165 1,650 0 80
.| 48” x 16/, 36 33" tubes........ % 2 2 2 50 63 625 0 80
2 7%;’): lté’ 14)2 4 tubes; 278 x 18, 4 3 3 115,150 156,200 |(1,560,2,000 0 85
4" tubes.
92 times in 10 hours....| 72 x 18, 100 34" tubes..........: 2 2 2 150 194 1,940 0 100
4 times in 24 hours. . ..| 72" x 16/, 84 4" tubes A 2 O Lo 100 166 1,655 4 | 90-100
Once in 10 hours......| 60" x 16’ 72 33 tubes x 2 2 1 100 124 1,240 0 80
Once in 14 hours 1 65(1”;( lf’ li')44”1;ubes, 166" x 1b” 2 1 1 7 120,107 |1,200,1,065 0 100
’/ tubes
4 to 6 timesin24hours.| 787 x 18, 154 3" tubes............. 6 6 6 184 257 2,565 | 0 95
4 times in 24 hours....| 84 x 18, 104 4" tubes. 4 4 4 215 229 2 290 0 125
3 to 4 times in 24 hours.| 78 x 18/, 104 4/ tubes. 4 3 1 200 231 2,310 | 0 125
4 t0 6 times in 24 hours. | 787 x 18, 154 3/ tubes.. . 4 4 4 184 257 ..,.)64 0 95
6 times in 12 hours....| 4 72 x 17/, 100 3% tub 5 4 4 125 183,174 |1,830,1,740 0 115
x 15/, 94 4” tubes.
Every 4 to 6 hours....| 72”7 x 16/, 72 4 tubes 4 4 4 125 144 1,440 0 80
3 timesin24 hours....| 18 long............... 3 2 3 bl P 1, O s R S 0 100
........................ 60" x 18, 48 4 tubes d 2 1 1 75 106 1,060 0 60-80
4 to 6 times in 24 hours.| 3 172’“ X 18’ 7‘]’3 4” tubes; 1 60 x 4 3 3| 3150,1125 |3177,1134 |1, 110,1,340 0
&, 54 47 tubes.
6 times in 24 hours....[ 172" xlﬁ’ 72 4 tubes; 2 72" x 16/, 4 Al 125 (142,134,136 |1,420,1,335, 0 60-75
90 3" tubes 172" x 16/, 92 3 1,360
8 times in 24 hours....[ 72" x 16’ 92 3" tubes 4 L et 125 136 1,360 0| 90-100
Gititaes 24 howes s il et idofs . v les il So ey 3 I e 125 136 1,360 0 60-75
2 times in 12 hours....| 72 x 18’, 70 47 tubes. . 2 2 2 150 156 1,550 0 100
7 times in 24 hours. ...| 72”7 x 20, 47 5" tubes. . 2 2 2 125 145 1,450 | 0 90
2 times in 9 hours. . ... 1601 X 18’, 44 47 tubes ih & 1 75 92 920 | 0 100
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TABLE 17.—Details of observations at plants with underfeed stokers under return tubular boilers—Continued.

Furnaces.

Dimensions (feet).

No. of :
| Distance from grates to Vertical
lant. Number of 5 ertica
p \ Kind. stokers per tube heating surface. fDiSt?ncet fdismn?ei at
boiler. Width of |  Lengthof | fromiront | {front of fur-
| furnace (C). | furnace (D). ot t#(l;ggx:ef to nacet fr(%m
Average Minimum L) Graleaitd
(A) (B) boiler (E). heating
' 8 - surface (F).
LSRRI Xg e e e e IR e o e e RN e DR RS e s il 15.5 12.5 5 6.3 0 3
89 e G o e s P e R 1 15.5 12.5 6 6.3 0 3
AT o (e et s R b e ol 1k "B 12 5.8 6.3 0 3
QY ke (¢ e AL e AR DO T e i 13,15 10,12 5 6.3 0 255
19201 a8t s (DAL i it & i 15 12 6 6.3 0 2575
1981 e O T B s KM 1 16 13 4 6 { U A Co L e
94 i e (Helt N R S e 1 15,17 12,14 6,6.5 6.3 0 2.5
1961 % (3 (ol U AL B La L e (IR 4 e e L i 16.5 1 6 6.3 0 2.5
19671 O St T D e Ry oAy 1 15 12 6 6.3 0 3
197 Pl 0 QR0 I W iV T S 1 15 12.5 5 6.3 0 3
19RZIGES S 13 [ A S ol e ST TR il 1 17,15 14,12 5.5 6.3 0 3
19950 (3 (e S e B e s S i il 14.5 6.5 6.3 0 3
0011 E3 Qg e LI RS LRl 1 17 14 Wi 6.3 0 3.25
10 I e O e e, o e Lk ¥ 17 14.5 6.3 6.3 0 3
202|357 s 1 U R (S o o O N 1 17 14. 6.5 6.3 0 3
203 7| -25s do il 16,13 13.5,12.5 6 6.3 0 3
204 1. ... do . : 15 12. 6 6.3 0 3
205 |.. 2.« do il 17 14 6 6.3 0 2.5
206 . do i 18 15 5 6 (I T S
ROT e doiies3 1 17 14.5 7.5 6.3 0 3.75
208 L DR OTeH L e 1 19.5 16.5 6 6.3 4.5 &)
00U Blain el S AT S e il 20 7 6 6.3 4 2.3
210 | Plain and Dutch oven .............. 1 14.5,19.5 11.5,16.5 6 6.3 0,4.5 2.5,2
YR 5 S Rasa el B INEE R S S A Ra 1 1 14 6 6.3 0 3
il 19 16 6.2 6.3 0 3
1 16.5 14.5 5 6.3 0 3
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TABLE 17.—Details of observations at plants with underfeed stokers under return tubwwar boilers—Continued.

Draft and pressure.

Smoke records.

Readings (inches of water).

No. of
plant. Draft.
Kind.
Pressure in
ash pit. Rear Front tube | Breech-
Furnace. b o?lfer sheet. ing.
188 | Chimney and |..:c--vcnee- 18 b IR R B et R a(.52

forced.

Total Average for one hour ge‘;?:faangt?
Conditions under | Num- |length of | (Tinucss). ageof | Load
which readings ber of | observa- black during
wrere taken. 8 obser- tions i s;noke olt)gerva-
3 i in- om ions.
St vations.| - (B 1100 to 80| 800 60 | Biack L dbbetvls
aok o per cent|per cent, tions.
St black. | black. | ¢lean:
.......... Agerage conditions; 1 60 1 g 47 7.7 | Average.
ampers open.
0.60 | Dampers wide open. ! 60 0 0 58 .6 [\Light.
.40 A\éerage conditions; 1 62 0 0 46 | 12,7 | Average.
ampers open.
doI.) 5 1 60 6 0 49 13.8 Do.
1 60 0 0 a7 3.1 | Light.
/L 40 0 0 47 3.0 Do.
1 600 0 0 58 .5 | Average.
1 60 0 0 56 2 Do.
® 1 ( )60 8 8 gg 8 Hi*)avy.
c 0.
.90 A\('ierage conditions; i 60 0.5 1 55 3.7 | Average.
amper open.
1, 60 0 0 53 1 Do.
1 60 0 0 50 1.7 | Light.
1 60 0 0 60 0 |Average.
it 60 0 0: 58 Ll Do.
1 300 0 0 59 .5 Do.
1 60 0 0 58 ; HDo.
| 1 60 0 0 59 . eavy.
| Damper open. . 2 55 0 0 54 2.1 | Light.
0 1 600 0 0 57 2.1 | Ayerage.
() (©)] 0 OPhe (@) o e s Heavy.
1 60 0 2 55 3.7 Do.
e e qjiit ADO'
verage.
One boiler in serv- 2 61 0 0 55 1 Do.
ice; damper open.
1 60 0 0 60 0 Do.

a Near stack.

b Several.

¢ Various lengths.

d See remarks.
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TABLE 17.—Details of observations at plants with underfeed stokers under return tubular boilers—Continued.

No. of
plant.

Breeching. Stack.
Lfength 1}Iu11t1)1ber .
TOm : of elbows Remarks.
stack té) ISizte mzézﬁi:;lzmlglas between | Height Size (sﬁfleaa} & U
neares eet). i ,
ol (feet) ey bgggrs (feet). | (feet). | “roop).
(feet). stack.
|
0 110 a3.25 ’ 10.5
2 200 a8 50.3
0 8 | @b.5 23.7 | Observations include a cleaning of fires.
1 140 a3.1 7.45 | Distance to heating surface 2.5 feet.
0 65 a3 7.07
1 s e S R RS Large combustion chamber. Fan running at maximum speed when pressure in ash
\ pit was measured. Stokers not run continuously on light load.
1 95| 5.5 23.8 | Boilers arched over top for gas passage.
1 80 a3.5 9.6
0 80 a4.25 14.1 | Some smoke when cleaning fires, usually about two minutes of 60 per cent black.
2 97 | 4x 4 16
i 130 a3.5 9.6 | Large combustion chamber.
0 100 7.5 x 7.5 56.25 | Boilers arched over top for gas passage.
3 150 | a6 28.3 | Cleaned fire during smoke observations.
0 200 a4 12. 56
0 70| 5x5 25 Boilers arched over top for gas passage.
i 90 a6.5 33.2
2 65| 3x3 D Two similar stacks.
0 75 3x3 9
1 100 | 5x5 25 Coal not well burned and refuse usually refired. Stoker mot run continuously on
light load. Fire sometimes requires poking; then stack is notso good as recorded
observation. Stack rests on front of boiler. Coal nearly all slack.
1 125 a4.5 15.9 Boilers arched over top for gas passage.
0 100 | a4 12.56 | No smoke except when cleaning fires; then each furnace gives off 60 per cent black
(or lower) smoke for about half a minute.
1 75 a4 12.56
1 o5 I d o [ 20U5R Do. y
% 12025 X g : | 23 i Each furnace gives off about 40 per cent black (and lower) smoke for about one minute.
7 a3. 2
i 55 |2.5 x 2.5 5 Burned 728 pounds coal per stoker per hour. Distance to heating surface, 2.75 feet.
Some smoke when cleaning fire.

aDiameter.
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PLANTS WITH MECHANICAL STOKERS. 99

SUMMARY.

The underfeed stoker affords a means of increasing both the econ-
omy and capacity of plants which by gradual growth have added so
many boilers to a single stack that the draft capacity of the stack has
been exceeded, and natural draft does not supply the necessary amount
of air to permit the required amount of coal to be burned with high
efficiency.

A very much smaller stack will suffice with the underfeed stoker
than with some other devices, as it is only necessary to have enough
stack draft to carry away the gases of combustion, all the air neces-
sary for burning the coal being forced through the fire.

It will be seen that this stoker is meeting with most success in dis-
tricts where low-ash coal is used.

The notes show that the greatest difficulty in keeping down smoke
came when cleaning fires, but in general at the plants visited there was
little trouble on this account.

In this stoker the ash accumulates at either side of the retort.
The furnace temperature is so high that most of the ash fuses and
is pulled out of the furnace in large pieces. Both for this reason
and to permit complete combustion of the fuel it is advisable to have
the dead plate on which the clinkers accumulate of sufficient width
to permit cleaning fires without breaking up the fuel bed.

SMOKE PREVENTION AT BOILER PLANTS WITH GREAT VARIATIONS OF
LOAD.

The data already presented show that bitumnious coals high in
volatile matter can be burned without smoke. Smokeless combus-
tion at large plants carrying loads that fluctuate widely, where boilers
over banked fires must be put in service quickly and fires forced to
the capacity of the units, is no less possible. The accompanying load
diagram (fig. 24) shows the variations in boiler horsepower in service
and in power output at a plant of about 10,000 horsepower. The
sudden increase in output and in boilers in service between 5.30 and
8.30 a. m. and the heavy peak load in the early evening are strikingly
brought out. Yet the stacks at this plant, though frequently watched
at the time of peak load, were quite clean. No better demonstration
than this of what can be done by proper equipment, efficient labor,
and intelligent supervision could be given.

HAND-FIRED FURNACES.

GENERAL STATEMENT.

None of the problems of combustion have received more experi-
mental treatment than the burning of coal in hand-fired furnaces.
Hundreds of devices for smokeless combustion have been patented,



100 SMOKELESS COMBUSTION OF COAL.

but almost without exception they have proved failures. This record
may be explained by the fact that many of the patentees have been
unfamiliar with all the difficulties to be overcome, or have begun at
the wrong end. Numerous patents cover such processes as causing
the waste gases to reenter the furnace, and schemes for collecting
and burning the soot are legion. So many manufacturers who have
been looking for some cheap addition to a poorly constructed furnace
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FiGURE 24.—Load and boiler-service chart of large power plant with mechanical stokers. The total
rated boiler horsepower used to supply the demand for power varied from about 2,000 to 12,000. This
plant is absolutely smokeless. 2

to make it smokeless have experienced inevitable failure that the
work of educating the public to rid cities of the smoke nuisance has
been hard, long, and only partly successful.

The total number of steam plants having boilers fired by hand is
far greater than the total of plants with mechanical stokers, but if
the comparison is based on total horsepower developed the figures
show less difference. Particularly is this true in sections of the Middle
West, where mechanical stokers are generally used at large plants.
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As a general rule hand-fired plants do not have proper furnaces, and
methods of operation are far from conducive to good combustion.
Coal is usually fired in large quantities, and little opportunity is given
for the air and gases to mix before the heating surface is reached and
combustion is arrested. In all the hand-fired plants visited success
in smoke prevention has been obtained chiefly by careful firing. The
coal was thrown on often in small quantities; the fire was kept clean,
enough ash to prevent the passage of air through the fire never being
allowed to collect on the grate; and more air was supplied at firing
than after the volatile matter had been distilled. Even with such
precautions the plants might have made objectionable smoke at times
but for the fact that usually some method was employed for mixing
the gases and air before they reached the heating surface.

COKING FURNACE.

One pattern of furnace that requires less attention from the fireman
and less care in operating than'the usual hand-fired types was found
at several plants. This is known as the coking furnace, which in its
earliest form was the invention of James Watt. With this furnace
large charges of coal may be fired at one time. The coal is shoveled
or fed from magazines to a dead plate at the mouth of the furnace,
where the volatile compounds distill, and the coal is later pushed
back. Unfortunately, in the model of this furnace generally used
the magazines are open after the coal on the dead plate has burned
down, so that the coal is consumed with a large excess of air.

STEAM JETS.

A clean stack with hand firing is not as good evidence of efficient
operation as it is with almost any type of mechanical stoker, because
of the special devices used with hand-fired boilers to prevent smoke.
Steam jets are the most common of such devices. Usually they are
not automatic, and at many plants they are allowed to run longer
than is necessary or else are not used at all. Any steam jet that
will so mix the gases and air at the times of greatest need, when coal
is fired, as to prevent smoke will, if allowed to run continuously,
probably waste more of the energy in the coal than it will save. At
the same time a steam and air admission device allows a regulation

“which, if properly made, will keep a stack clean and save coal.

The steam jet is found in an improperly designed furnace or in one
where the air supply is too small. It is an expensive device, all
conditions being considered. The only purpose it can serve is to mix
the air and gases intimately and prevent the combustible gases from
coming too quickly into contact with the heating surface. The
claims sometimes made that the use of a steam jet will increase the
thermal value of the fuel are erroneous.
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It takes the same amount of heat to dissociate a pound of steam
into hydrogen and oxygen as is given off when a pound of steam is
formed by the union of hydrogen and oxygen. Moreover, the fact
must not be overlooked that to burn hydrogen in the average furnace
is extremely difficult, and therefore if some steam were dissociated by
a jet it is probable that part of the hydrogen would escape to the
stack unburned. The same quantity of oxygen that is formed by the
dissociation of a pound of steam would be required to burn enough
hydrogen to form another pound of steam, therefore there would be
no oxygen available from dissociation to burn the coal.

In a water-gas plant, sometimes cited by makers of steam-jet
attachments, the heat required to dissociate the steam is supplied by
the coke and is later utilized when the gas is burned. The process is
as follows: Air is blown through the fuel bed until combustion is
fairly well started. The air is then shut off and steam is blown
through; this is dissociated, the fuel loses its heat and if the operation
continues too long the fire goes out; but after a certain length of time
the steam is turned off and air is passed through until the fuel bed is
in condition to give up more heat. Then steam is turned on again
and the process repeated. After several hours of operation several
thousand cubic feet of gas have been formed from the union of the
dissociated oxygen of the steam with the glowing carbon of the coke,
but there has been no gain in thermal units.

Another fact to be remembered in using steam jets is that all steam
entering the furnace must be heated to stack temperature, and the
heat required for this is supplied from the coal.

As most air is required in a furnace at the moment of firing fresh
“coal, and the requirement diminishes as the volatile matter in the
coal is distilled, steam jets need close regulation for good economy.
To make this regulation independent of the fireman several devices
for automatically turning the steam on and off have been patented.
Figure 25 illustrates one of these devices at a furnace under a water-
tube boiler, and figure 26 gives a section through a return tubular
boiler with similar equipment. Opening the furnace door turns on the
steam, and a dash pot suitably connected shuts off the jets after a
short interval.

MIXING DEVICES.

There is no question as to the value of mixing the air and gases in
a hand-fired furnace, and if the mixing could be done by some
effective arrangement of fire-brick piers the losses resulting from the
use of steam jets would be avoided, but to build arches and piers
that will stand the intense heat from intimate mixing and combustion
has proved a difficult matter. Moreover, the piers and arches take
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up room and diminishing the space in a furnace will usually reduce
the available furnace draft, so that less coal can be burned even
though there is more perfect combustion. The easiest and most
nearly perfect solution of the problem is a mechanical stoker properly
‘set under the boiler.

DETAILED DESCRIPTION OF PLANTS.

During the field investigations 71 hand-fired plants run without the
emission of dense smoke were visited. The types of boilers installed
at these plants were as follows: Return tubular, 44; water-tube, 22;

40909000
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FIGURE 2a — \utomatlc steamand air admission device and water-tube boiler. 1, Dash pot used to control
length of time steam jets are in operation; 2, air admission through furnace doors.

Scotch marine, 5. Tables 20 to 25 give all the essential data that
could be collected regarding these plants.

Plants with water-tube and Scotch marine boilers.—Hand-fired
furnaces operated under water-tube or Scotch marine boilers were
found at 27 plants. These furnaces were of the following patterns:
Plain, Dutch oven, Burke, Dorrance, down-draft, Puddington, and
twin arch. Brief descriptions of three of these, including the down-
draft pattern, are appended, and some of the others are described
in the discussion of hand-fired furnaces with return tubular boilers
(pp. 117-124).
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One of these furnaces is virtually a Dutch oven with a long,
rearward-sloping arch that entirely covers the grate and projects into
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the space back of the bridge wall. The grate also has a rearward
slope. The accompanying illustration (fig. 27) of one of these furnaces



HAND-FIRED FURNACES. 105

under a Babcock & Wilcox boiler shows how the travel of the burning
gases is lengthened.

The distinguishing feature of the down-draft furnace is an upper
grate, which may be formed of tubes through which water circulates,

FIGURE 27.—A hand-fired furnace and Babcock & Wilcox boiler.

connected to headers and supported by lugs. The fresh coal is thrown
on this grate, whence, after partial burning, it falls to a grate of ordi-
nary construction a foot or more below, where combustion is com-

@i

3

, ‘ s

FIGURE 28.—Down-draft furnace and Heine boiler. 1, Water-tube grate; 2, C tile on lower row of tubes,
forming a’tile-roof furnace.

- pleted by the excess of air drawn through the upper and lower

grates. The air and the distilled gases from the fresh coal are heated

and intimately mixed in passing through the fuel bed, facilitating
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combustion in the space between the grates. One of these furnaces

under a horizontally baffled Heine boiler is represented in figure 28.
The third furnace has back of the bridge a fire-brick wall with

two arched openings at its base separated by a projecting angle. The
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F1cukEk 29.—A hand-fired furnace and Babcock & Wilcox boiler, elevation. X-X’, Line of sectional plan,
figure 30.

long minimum distance from grate to first tube heating surface is
shown by figure 29. The plan of the furnace (fig. 30) and the cross
section (fig. 31) show the construction of the mixing wall.
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FIGURE 30.—A hand-fired furnace, plan along line X-X", figure 29. y-y’, Line of cross section, figure 31.

These 27 plants ranged in size from 75 to 1,500 horsepower. Seven
were equipped with steam-jet devices. Ten had a variable load and -
17 a uniform load. At 9 plants the coal supplied was either run-of-
mine, egg, or lump. The coal as fired burned per square foot of grate
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surface per hour varied from 10.8 to 40.4 pounds and averaged 23.9
pounds. The average ratio of heating surface to grate surface was
49.6 to 1, the lowest being 26 to 1 and the =
highest 73 to 1. Thirty-five per cent of
the furnaces were installed under boiler
units of 150 horsepower or less and 50 per
cent under units of 200 horsepower or less.
Forty-four per cent of the plants had either
rocking or dumping grates. All plants ex-
cept one with induced and one with forced
draft ran on natural draft. Thirteen of the Ik
plants were fired by the spreading method, 8
by the alternate method, and 3 by the cok-
ing method. The kind of coal used and
the average depth of fire are summarized in the following table:

L
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FIGURE 31.—A hand fired furnaco,
cross section alongline y—y’, figure 30.
1, Openings in mixing structures.

TaBLE 18.—Kind of coal and depth of fire at plants with hand-fired fumaces under water-
tube and Scotch marine boilers.

Average | Average
= Number | : Number |
Kind of coal. of plants. deg;:g of i Kind of coal. of plants. i de; th of

= ‘

Inches. Inches.
Flnoid e e T P e 14 7 || Pennsylvania i} 11
L Fn s T o WS S ek 2 8 || West Virginia. . 4 7
Manyiands -t el R g 2 ’ 15 || Miscellaneous 3 8
(8133 1o el S AR 17 4
i

Details regarding type of furnace, kind of coal, amount consumed,
draft, furnace setting, ete., are summarized below:

TABLE 19.—Summary of various observations at plants with hand-fired furnaces under
water-tube and Scotch marine boilers.

e i ' @
SE |29 | Distance |5 |Bg
5 |2 | from grates | _ 5 E‘bé
Sydlocal loiube |50 gk
= e eating |2 Sa
g:'g %;2‘ surface. | 5% S e
Kind of furnace Qb HT b E2 |88
Type of boiler. | and number of Kind of coal. = |BE R SEPER
plants.a g d |wgg|°82 sE|es| g
S |Hool8de o e
g BE2%E2% ¢ | B [82(120)|
Qe E Diae Ao g (2 g8
g wglo 23| 8 E |83|85| M
g8 @==l8Ck| o golaalE =
5 |8%as|5Ss| b E |2 go| =
= < A < A A |PT A
Inch
water.| Lbs. £ 50 e B o N o S 4
Babcock & | Dutch o ven 2, | Illinois and West | 0.24 | 20.5 | 107 | 11 8 4.8|3.1| 45
Wilcox. | plain 1, twin Virginia.
arch 1.
Heine........-. Dorrance 1, Haw- | Illinois, Maryland, | .41 | 30.5 | 103 | 86 | 6.2 | 0. 2.6-1 43
ley 3 Puddmg— Ohio, and West
e ton Virginia.
Scoteh marine.. Burke 2, Hawley | Illinois and In- | .21 | 19.7 84| 42| 3.0/43(17] 40
1, plain 2. diana.
Miscellaneous. . Dorranco. 3, Dutch | Illinois, Indiana, <8051 24,8 |- 10479, 4 || = T2 291290748
oven 1, Hawley Maryland,
3, plain 4, Burke Pennsylvania,
2, twin arch 1. and West Vir-
ginia. ‘

2 One plant has both Hawley and plain furnaces.
b Boiler rated on 10 square feet of heating surface per horsepower.
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The draft observations may be briefly summarized thus:

Average furnace draft, 25 plants, 0.29 inch of water; least, 0.07 inch; most, 0.60
inch. Average draft at rear of boiler, 11 plants, 0.54 inch, least, 0.32 inch; most, 0.70
inch. Average draft at base of stack, 19 plants, 0.75 inch, least, 0.50 inch; most, 1
inch. From these readings were deduced the following approximate draft averages:
Approximate average draft in furnace, 0.30 inch of water; at rear of boiler, 0.55 inch,
at base of stack, 0.75 inch. This gives an average drop of 0.25 inch of water through
the boiler and of 0.20 inch from the boiler to the base of the stack.

Details of the observations at plants with hand-fired furnaces under
water-tube and Scotch marine boilers are given in Table 20.



TasLe 20.—Details of observations at plants with hand-fired furnaces under water-tube and Scotch marine boilers.

Total Coal.
No. of State Device used to facilitate com- b\;lé?e%r >
plant. 4 bustion. hi Cost per | Short tons
e Comimercidl name. Where mined. Size. short ton, burned
power. delivered. | per year.
- 214 | Tllinois Nona e o s, s L, 450 | Washed......ccceeeanae. Carterville, Il.............. OB Sk 7 it e
T2 - AR NS G B 825 | New River.......c...... ‘West Virginia... Slack.......
0o e S AR 8 e PR (o SR RO Bl R T e S RS | E S A S S .| Nut and slack
........ fo bttt AT s £H aele. il
..... Pl 900 | Washed... .....| Carterville, Ill. 2| Nos.4and5...
Steam Jet o 424 | Somerset big vein.......| Maryland..... .| Run of mine..
Air admission. 820 Massillon . . be 2t vl SO hiOsGes Biaele 5 ol Blaek: Db s 0
.......... 500 | New River.. ...| Nut and slack...

.......... 200 | Pocahontas. -..| Sereened lump
.......... 750 | Washed... ...| Nut and pea..
............... 80O R [ .| Nos.2 and 5...
D0 IbRE B o o SO IR Bl B RN R QR SoRectts el ANDZ s Lot

1,500 | Miamilump............| Indiana______. -| l-inch screenings. .

e BT BT I R e e e [ R e ~.-'Runofmine......

aTiE (o] (RIS At Sl ary el 900 | Washed........ccunnunn. (‘artervule, 1116 -++) Nos. 4and B.......

229 | Missouri. 900 | Staunton.. % |63 o Yo SO S

Illinois. .

298 | Marplend. . oo
239 | New Yorlce . ba.ivas
2407 (OhT0GA Sl S e S

Majestic...
Buckhorn.

Illinois.......

West Virginia

.| Pennsylvania. ..

13—inch sereenings.
4
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TaBLE 20.—Details of observations at plants with hand-fired furnaces under water-tube and Scotch marine boilers—Continued.

Load. Rating.
Average load. - Coal burned per Percent-
square foot of P:rceeélit- ageof | o ed
| grate per hour b%iler builder’s SOk
No. of Heavy. Light. 1 (pounds). v rated ofcoal
plant. ‘ ower | DOISe- | 3 ed
Requirement. Nature. Character. [ gevel- pOwWer | o, Horses
Hours | Coal | Hours | Coal | oped on devel- power
er day| burned | per day|burned | Average Average | average oped on per hour
oad is | per day| load is | per day| heavy 1 oeadg heavg" average | (ounds).
on | (short | on | (short | load. 1 load.c | ~LeayY
plant. | tons). | plant. | tons). load.
214 | Power, light, and heat...... DLt b R R s Offices and manufacturing. . 10 et i1 | 10 9 30.6 27.8 140 147 5
215 | Power and light............. Uniform thOMee  hullding (o it 12 10 12| 10 7.1 ik 74 68 4.5
2EG oW T G R QoI e o BOCHOTY &= et R IE oot 9.5 e PP ey Y S 71 80 5
217 Power, light, and heat.. ... j<:-- dooelidse ol Transfer company.......... 12 2 12 1 16.7 12.5 143 186 4.5
S do s s b e Sl el e dorditteiiiy Hotalll st £ LT 24 19 24| 16 35 32.1 100 106 5
219 Power {16 (o W (1 F RN G AR 4 Aot Post-office. . 12 6.2 12 4.8 18.3 16.3 115 109 4.5
220 Power anddightoll il dees Variable. ... Commercial 17 15 17 7.4 36.8 27.5 95 109 5
........................... Uniform. ... Office building. .. ....<....o.f - 12 s e R T P Bt 140 125 4
Postegffita sy nd s g baa e 174 4.3 17 S0 i Sliele e 63 63 4
Offices and theater.......... 24 20 24 8 i 16 90 66 5
.................... 15 oo Rl R B C e S 5 24 22 24 [ 15.5 25.5 21.5 97 80 5
.................. Store building. . 11 3.5 14 3.25 14 10 81 64 5
..... Waterworks.... 24 60 24| 60 31 31 100 132 5
.......... Landey sy e iohns o 12 4.9 12 3.4 10.8 9.5 50 36 4.5
298 | Power and light wfcOffice Bulldimg izt onilice 8 12.5 247 20 33.9 26 93 104 5
229 | Power, light, and heat_...._| .. .. do. i Commeraial' == o el il 17 ] (RSN e S e 190 N SN 57 47 5
230 | Light and heat.............. Variable . - Bremweise s T oAl Rl BEE 24 12 24 15 16.2 13.4 76 80 5
231 | Power and heat............. Umform Office building..........z... 10 5 10 3 31 25 111 111 5
............. Factory e codie S b S 10 8.8 10 6 34 28.5 170 141 5
Varlable o Office DUUARIE . .- - <o v viee 16.5 6 10 3 29 27 97 97 5
Uniform 12 00 Wl s el N ST O 18 16 18] 16 32 32 112 118 5
Variable Office bulldmg .............. 11 18 11 8 40.4 40 160 153 5
105510 5 31 Bt Mol PR S T [ St el Rl TR B 12 6.5 12 5 20 18 108 108 5
Variable Pmmng Offieb.rLe sk KT 10 3 10 2 28 O NS Pl o 160 5
..... {1 (o R 14 Ve ] IS R RS e 17 14 17 14 14.2 e tesin 79 4.5
Uniform Office building. oo .2 5000 i 20 76 R 14.7 13.3 60 79 5
..... dar S St La bl sl sRiere bhilding. 1L Dhdal i s ) 255 11 2.5 12,7 127 |l c) 61 5

a Boiler rated on 10 square feet of heating surface per horsepower.
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TaBLE 20.—Details of observations at plants with hand-fired furnaces under water-tube and Scotch marine boilers—Continued.

Stoking. | Boilers.
ngber
used to
. of Fre- Coal carry— ild- L
Il:{gn% quency| fired at | Thick- Num- o Bel;'}sd Heating Super- Steam
Method of of each ness of Frequency of T Si reafil Horse- | surface 12 pres-
firing. firing | firing per,  fire cleaning fire YRe: L) ber in- | | rated | Geral (square |D€3HNE| G gt
; B : stalled. |[Aver- Aver-| horse- o surface.
(min- | boiler \(mches) i talled. (A A b i feet) i gage.
utes). |(pounds).| j 828 | age | power. ; ;
) S ID! f heavy‘ light
} load. | load.
214 | Alternate....| (?) 75-90 10-12 | Once in 10 hours. .| Babcock &bWilcox 84 47 x 16’ tubes .. 3 ' 2 2 150 157 1,570 0 165
water-tube. |
120 4”7 x 18 tubes . 3 2 2 275 252 2,520 0 150
z 5; ;1:: x }8’ Eu})es L 1 % 1 128 llg l,é%g 8 %
3 x 14’ tubes. . _| 2 1 5! |
218 | Alternate. . .. (v) 45 6-8 | 3 timesin 24 hours. Heine water-tube.| 1703} )((i 18’ tubes, I 3 1 1 300 319 3,185 | (1] 150
2 36" drums. |
219 | Spreading...| (?) 250~-400 (b) 2 1:{) 3 times in 12 |-.... dpsil R T 5413%31,"}((118’ tubes, 4| 2 2 106 | 100 1,000 0 120
ours. 6" drum. | |
b (o (s I 15 150-180 3-4|3 %{) 4 times in 17 |..... e R 176 4 x 18’ tubes. . 1 1 i 325 370 3,700 (U 105
ours. |
So1M T Aol i b (® BERUSACRIE, = A el iy o o g o sl Erdiao 116 3% x 19’ tubes, ) 1 250 | 224 2,240 0 150
: 1 40" drum | |
222 o do il 20 L 270-870 . ot i Oncein24hours... ..... (s Vo il e Sidieedl 58 3}’ x 18’ tlibes..- 2| 2 2 100 | 100 1,000 0 120
228 || Coldng... .-~ () ‘ [©) (b) 3 times in 24 hours | Scotch marine..... 84 4”’ t}x]xhl(i‘;s, 9%’ x 3 2 1 250 175 1,750 0 | 100-110
| 18’ shell. |
224 | Spreading...| (b) 60 6-8 j----- do............| Inverted Scotch ; 94 }Eli”l tubes, 947 3 2 2 237 | 190 1,900 0 145
4 marine. 1. | |
2050 Cokdng s .t (®) () (?) .| Once in 11 hours.. Scotch marine..... 4473‘,:’ 5 5 tubes, 2 2 2 1 100 { 75 | 746 9| 90-100
873 ll
226 | Spreading... 18-25 | 350-400 8 | 6timesin24hours. ..... GOt 2 Bl L) 138 é”}x 11” tubes, 6 4 4| 250 | 190 | 1,900 0 130
‘ 10’ shell | {
L g RS 40 dlEls i ook S 5-6 | Once in 12 hours..'..... {6 oy AL et A b 0 gs" flues, 2 42 2 2 s’ 2 200 300 142 225 1,423, 2,250 0 100
{ | ues.
228 | Alternate.... 4-6 50-70 6 | Oncein 8 hours ... Cahall horgzontal lﬁg 47 x 18, 2 427 | 3 2 | 2| 300 1 335 i 3,350 0 135
water-tube. rums. | | |
229 | Spreading...| 15-30 150 10 | 2 timesin 12 hours ‘ O’Brien water- | 140 x 18’ tubes.....| 3 2 ] 300 | 250 \ 2,500 0 140
ube. |
280 [oli 2, doraibtie f () 400-500 c8 | 3timesin 24 hours.| Cahall horizontal | 162 4”,x 18, 126 4”7 2 3 2 250,350 264,340 ‘2,640, 3,400 0 120
| water-tube. x 18,
231 | Alternate....| 5-7 40-60 6-8 | Oncein 8hours....| Detroit water-tube | 96 4" tubes, 1 30" 3 i 1 180 l 180 | 1,800 0 125
| I drum. | i i i !

aBoiler rated on 10 square feet of heating surface per horsepower.

b Variable.

¢ On top grate.

‘SHOVNYNA dUIII-ANVH

ITI



TaBLe 20.—Details of observations at plants with hand-fired furnaces under water-tube and Scotch marine boilers—Continued.

Stoking. Boilers.
Number
No. of Fre- Coal i
0. 0f carry— ild- i
plant, quency| fired at | Thick- Rl ¥y B;‘,lg Heating | g\, | Steam
Method of of each ness of Frequency of Tvoa Bio Panins rateq | Horse-| surface heating| PTes-
firing. firing | firing per| fire cleaning fire. Jpe: : stalled.|Aver-|Aver-| horse- | POWer-| (square |0 0 .~ sure at
(min- | boiler |(inches). 4 age | age | power feet). | gage.
utes). |(pounds.) . heavy| light P ¥
load. | load.
232 | Spreading. .. 20 100 11 | 2 timesin 10 hours.| O’Brien water- | 113 3} x 18 tubes. 2 1 2 250 207 2,070 0 140
tube.
233 | Alternate....| (a) 30-35 G ) LSS Ao Aultman & Tay- | 72 47 x 18 tubes, 3 it 1 150 150 1,500 0| 90-110
lor water-tube. 1 36”7 drum
284l L dojuss: 10-15 60-75 4-5 | 3 times in 24 hours.| Detroit water-tube| 1103}"” x 14’ tubes. 3 2 2 150 158 1,575 0 120
285 |aue dori-4ty, (@) 45 Bl i douas Lad ooy Aultman & Tay- | 2 36’7 drums....... 4 2 1 |200,228 |188,226 (1,875, 2,260 0 125
lor water-tube.
236 | Coking...... (a) [§2 9 Clone M s 1 to 2 times in 12 | Standard water- | 54 4” x 16’ tubes, 2 2 2 100 100 1,000 0 120
2 hours. tube. 36’ drums.
Y P i) A (a) (a) (a) Once in 10 hours. . | Stirling water-tube 1 i g 0123 LU on T ot 0 100
238 | Spreading. . 8-12 | 120-150 14-16 | 2 times in 24 hours.| Edgemoor water= 8 2 1300165651, LR sl s 0 150
¢ tube.
A e e T 7| 120-150 9-12 | 3 timesin 24 hours.| Geary water-tube.| 1404 x 16’ tubes. . 4 3 3 200 260 2,600 0 135
240 | Spreading. .. 10 50-90 5-6 | 2timesin 11 hours.| Stirling water-tube, 144 33"’ tubes...... 1 1 1 e e 0 100

aVariable.
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TaBLE 20.—Details of observations at plants with hand-fired furnaces under water-tube and Scotch marine boilers—Continued.

Furnaces.
Dimensions (feet).
Distance from grates to Verti
No. of tube-heating surface. § di&;ﬁé‘é
plant. | o b e Gra]te zlxrea lesrga;gce at front
ind of furnace. ind of grate. er boiler a
ber. Bt (Square feet). VfVidth of Lfength of %ront ot «|0f g;lgngme
urnace urnace urnace
iy i (D). to front | Brates to
Average Minimum of boiler coking
(A). (B). (E) arch or
¥ heating
surface (F).
214 B0 Wi archy 20 TR N TR e Shakmg ........................... 36 17 14 3 6 5 2.3
215 BasDufelrovent .l L 1 I A st g e O R AR 48.75 8.5 5.5 .8 6.5 ) 4.5
216 PpPlain . .ot Rocklng ................ s (S I ] S 3.8 6 (1 s (e T
217 2 | Dutch oyen .. ... .. Elathollow os. soo sl 2l iiiie s 20 7.5 4.5 3.3 6 7 2.8
218 61| Dorranee L i Rockin, e e e T S 45. 6 10 71 4 G 0 2.2
219 4| Hawley cccocoeveanns 12 9 4.8 58 (et (A L e
220 1 | Puddington ........ 3 2.5 8 6 0 3
221 2 | Hawley 9 6 6.5 6 O et SR
222 Vi qod 9 (TR Sl o ey LU ST (L e T R
223 3 Burke Ll Ui Rockmg 8.5 5.5 8 6 Tl SR e
224 6 | Corrugated flue ..... Flat.. 36 1.5 1.5 3 6 0 1.5
225 LRSI 510t A SR G Rockmg. 5 L 23.6 7.5 5.5 5.26 4.5 6.25 |. o
226 12 | Hawley, down draft Water-tub A Aty o L 40 4 2 8 5 7.75
227 4 | Corrugated flue ..... Bl e e L e o 38 b1.6,2 b1.6,2 53.2,3.5 b6,5.6 0
228 Ig I]}omla‘nce ........... i 46 12.5 9.5 4 5.75 6.5
2 ey 20t e Syl Mo -
229 i p e ey LR R R T e Nt 10 ol s S el L
230 20 Hawleyd ool .t N e 50, 815 B[ Slaiam BARRO SR Sl S U e e [ S S s A S s
231 3 | Dutch oven and tile roof .. 33. 17 13.5 | 4.75 7 3.3 2.6
232 2 INE e W eyt i B e T R A el ST 8 6.5 04 e R e A
233 3 1~ DOrranee .. .\ - s ea s 25 11 9 5 5 6.3 2.3
234 Sul i winsarchy ST s I 27.5 9 6.5 2.5 5.5 0 2.2
235 4 | Dorrance ............. 36,47 11.5 8 05,8,6.7 6.2 6.5 b3,3.3
236 2 | Burke 2 9 6.5 6 4.5 4.5 2
237 S do . e 21.3 11.5 9.5 4.75 4.5 L VR R el
238 3 | Plain .. Elats ol oo o8 el 75,41.25 4.5 4.5 |c10,5.5 ) 0 55
239 7 L do . A McClave flatacs 53.5 2.5 2 8.9 6 0 2.5
240 R, do et 13 Y RS ¥ I B | e o o 35,75 5 3 6.5 5.5 0 3

aIn down-draft furnaces, area of upper grate only.

b First dimension applies to small boiler.

¢ First dimension applies to large boiler.
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TaBLE 20.—Details of observations at plants with hand-fired furnaces under water-tube and Scotch marine boilers—Continued.

.

Draft.

Smoke records.

5 ’ A
No. of Readings (inches of water). & lTOtall1 ver?;g:nf]o;tg?f hour i
plant. o ; LA Letie percent- | Load dur-
s Conditions under which read- | ber of | of obser- r
Kind. ings were taken obser- | vations age offfliing oheers
Rearof Front v Base of = ‘ vations.| (min- 100 t0 80| 80 t0 60 | gia01e black vations.
Furnace. boiler. s%l:a%%. Breeching. Rtahl utes). p&ra%ei(x?t pgfa%els{n.t lean smoke.
Chimney.... Damper open, door in base 2 128 0 0 54 3.4 | Light.
of stack cracked.
Damper partly closed....... (a) Eb) n Average.
Damper open, ash-pit doors (2) b) 0 Heavy.
three-quarters closed.
.............................. 1 60 0 Light.
Damper open 4 262 2 Do.
Damper partly closed (a) (b) 0 Heavy.
.............................. 0
Damper and ash-pit doors | (a) (®) 0 Do.
open.
Danipers open. i anis .o e S (a) () 0 ()R S SR e Do.
Door at base of stack open.. . 8 515 0 3 50 5 Light.
Dampers open- s -.--iu:..- 4 272 0 0 52 3.1 Do.
Damper and ash-pit doors 1 60 0 0 60 0 Do.
open.
Dampers open; ash-pit doors i 60 1 3 47 7.9 | Average.
cracked.
1= (Hles o 2T1RE (1 ) R e et 1 [ e e Tl e s A B 1 60 0 0 54 4.2 | Heavy.
it Damper open. 3 211 0 0 51 b Do.
.............................. 1 60 0 0 49 5 Do.
............ Dampers partl 2 114 0 2 40 6 Light.
Door in base of stack open . . 7 399 8 5 44 12.6 Do.
Ash-pit doors open.......... 1 60 0 (1] 36 6.5 Do.
Damper half open........... 2 150 0 0 60 0 Do.
Dampers and ash-pit doors 4 187 0 0 60 0 Average.
open.
.24-.. Dampers open 4 272 0 0 56 4.2 | Light.
S O AN A6 S AT | BTN S A et TS v fop At 3 183 0 0 54 2.4 Do.
4 Fan runnin, 1 60 0 0 60 0 Do.
speed.
238 | Chimney.... L 1g) (M R ANE B B o S il S0 et Dampers open.............. ) R R P C Pt L B B - S R O MR N e Average.
239 | Forced...... .22- .44 82~ .46 |k .92 1 Fan blast in ash pit......... 1 120 0 0 30 11.8 | Light.
240 | Chimney.... R B e R o el r5: 6,1 Y K v i Damper open............... (a) (b) 50 3 Average.
a Several. b Various lengths. ¢ Upper rear boiler.
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TaBLE 20.—Details of observations at plants with hand-fired furnaces under water-tube and Scotch marine boilers—Continued.

No. of
plant.

Breeching.

Stack.

Length
from
stack to
nearest
boiler
(feet).

Size
(feet).

214
215

216

217

218
219

220

221

222

223

oLl

10

32
22

40

12

28

5x3

3.5x6

4x6

Place at which
measurement was
taken.

Near boiler....._...

Near stack.... ...

Number of
elbows
between
boilers and
stack.

Height
(feet).

Size (feet).

Area
(square
feet).

Remarks.

DO =

130
270

90

100

235
108

100

152

306

a4
a4 4

a6
a3

a 4.25

a4

a4 b

a5.5

12. 56
14.7

14.2

23.7

a Diameter.

Small combustion chambers. Furnace doors cracked for short time after each
firing. Must run with dampers wide open to keep clean stack.

Two hoilers equipped with automatic steam jets and air admissions. Stack
good with these two boilers in service. Smoke observations include some
10, 20, and 40 per cent black readings. Bach furnace equipped with eight

?—inch steam jets.

Draft in front of furnace increased about 0.07 inch of water with steam jets on.
Automatic steam and air admission; six {-inch steam jets across front of fur-
nace. Success due to careful operation. Stack smokes from 10 to 20 per cent
black for one-half to one minute at each firing. During firing ash-pit doors
closed, but opened as soon as furnace doors closed. Some shavings burned.
Device in service about two minutes.

Forced draft through hollow grate bars. Half anthracite and bituminous coal
usually burned, to keep smoke down. Some straw refuse burned.

U tile on lower row of tubes. Total length of arch over furnace 11.25 feet.

U tile on lower row of tubes to a point within 3 feet of rear water leg. Heating
surface figures do not include heating surface of water-tube grates. Fire-brick
checker work at rear of lower grate. Two boilers have 14 }-inch steam jets
entering through rear water leg; two boilers have 21 steam jets. Jets not
automatic but turned on before firing and left on two to three minutes after
firing. Ash-pit doors opened during firing. Two similar stacks. Stacks
smoked 20 per cent black for short time at long intervals. Coal wet before
firing. Dry coal contains about 15,000 B. t. u. per pound; moisture plus ash
in coal as received, 5 per cent.

U tile on lower row of tubes. Three 3 by 24 inch air openings through front of
furnace, also two 10 by 16 inch air openings leading from back of boiler through
ash pit to front. Combustion assisted by steam-oil-gas jets. All jets and air
admissions automatically operated. Stack on rear of boiler.

U tile on lower row of tubes to a point within 3 feet of rear water leg. Fire occa-
sionally on lower grate, which causes40 and 60 per cent black smoke from stack
for one-hali to one minute.

U tile on lower row of tubes to a point within 3 feet of rear water leg.
24}-inch steam jets pass through stay-bolt holes in rear water leg, not auto-
matic: in use during firing and shortly after. Smoke observations include
several 10, 20, and 40 per cent black readings. Automatic regulator on main
damper.

Coal as fired runs moisture 16.5 per cent; ash, 9 per cent; B. t. u. per pound,

10,8
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226

227
228
229

230

231

239

240

TaBLE 20.—Details of observations at plants with hand-fired furnaces under w ater-tube and Scotch marine boilers—Continued.

Stack.

Size (feet).

Breeching. }
s ‘ 7, L
L;g%h i el N ulrlr)nber of
: ace at whicl elbows .
sggcll'{ Stg (fSeIeZtS measurement was | between I(Ifz;gt})zt
bgilgr s taken. boilers and :
(feet). stack.
10 4x7 | Near stack........ 1 250
\J
25 b3 looie Aot e dis oty 2 135
7 A S e
20 3 80
18 q 260
15 0 200
1l 1 150
e [ e T e e 1 279
0 110
200
1 225
1 165
1 210
1 125
1
T o e e 1 140
RO e O Sl T, R e 1 125

3.2x3.1

Area
(square
feet).

10

Remarks.

Furnace doors cracked after each firing. Grates have 55 per cent air space.
Plant usually runs with dampers partly closed. Alternate doors fired, spread-
ing method.

Furnace draft on this type of furnace varies greatly as coal magazine is or is not
kept filled. Occasionally, 40 and 60 per cent black smoke at first firing after
cleaning fires.

Water-tube grates have two rows of tubes staggered. Ash-pit doors kept cracked.

Air admission at bridge wall and patent air-admission doors.

Total length of arch over grates, 9.7 feet. Boilers baffled vertically. -

Boilers baffled horizontally. Steam jets in furnace and brick checkerwork in
combustion chamber on boiler with plain grates.

Staggered water-tube grates. Dampers kept partly closed to carry about 0.5
inch of water in first pass. Brick arches built on bridge wall.
sionally smoked badly when fire was cleaned. Usually run with ash-pit doors
closed. Figures for heating surface do not include area of water-tube grates.
Considerable 10 per cent black smoke.

Fired by spreading method, using alternate doors. Large combustion chambers.
Lower row of tubes covered with C tile leaving 5-foot gas passage at rear of
boilers. Furnace doors cracked after each firing. Damper regulator.

Figures for heating surface do not include area of water-tube grates. Some rub-
bish burned.

Large combustion chambers.
wide open.

Detroit water-tube boiler is of Heine type.

Spreading method of firing; fire alternate doors.

Draft o 0.80 inch of water in last pass with damper

Automatic steam and air admission device. Large boiler has 27 §-inch steam jets
across {ront of furnace; small boiler has 14 }-inch jets. Device automatically
opens and closes air-admission openings in furnace doors; is on during firing
and one to two minutes later. Very small amount of black smoke for one-half
to one minute at each firing.

Coal burned, 3 parts anthracite and 2 parts bituminous. Boilers baffled verti-
cally. Stack smokes 20 per cent black about half the time. Using all bitu-
minous coal makes offensive smoke.

Thickest fire in front of furnace. Steam and air admission device runs continu-
ously. Twenty g-inch jets for superheated steam enter furnace.

b Diameter.

Stack occa-

91T
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HAND-FIRED FURNACES. 1417

Plants with return tubular boilers—The size of the 44 plants having
hand-fired furnaces under return tubular boilers varied widely, the
smallest being 50 horsepower and the largest 1,000 horsepower. At
45 per cent of these plants run-of-mine, egg, or lump coal was burned.
The cost of coal at 31 plants averaged $2.49 per ton, ranging from
$1.60 to $4.10. Uniform loads were carried by 34 plants and varied
loads by 10. On the average 90 per cent of the rated boiler horse-
power (boiler rated on 10 square feet of heating surface per horse-
power) was developed on mean heavy load. The furnaces in use at
the different plants included 10 types, as follows:

Furnaces used at plants with hand-fired furnaces under return tubular boilers.

Number of
plants.

Dorrance (with Dutch oven). .. ... .. ..o, 1
o T e e et e s 10
M e = e e A e 5
U1 o o s L e et D P SO e e R U S e e 1
AT S C LG B b S S B S e L it Lt e R ST 1
Burke (western, with Dutch oven)........ . .. ... .............. 2
Bunke!(eastern)itasassatar s S Je il el ge R et S Iee 1 1
2 gl o SHER MR B Sl e L e et W SN SR 2]
OorriclFeconpmizen i+ s il it e pe miln s e st i b e e ] 1
PraddingtonZismeeE i S - L e ol e e e el S e 1

Of these furnaces, 20 had steam-jet attachments. Eleven were
equipped with either rocking or dumping grates. At 33 plants either
the spreading or the alternate method of firing was used; 5 plants
used the coking method.

The average length of travel of the gases to the tube heating sur-
face and the height of the combustion chamber are indicated by the
following figures:

Average distance from grates to tube heating surface, 44 plants, 16.6 feet; shortest,
13 feet; longest, 24 feet. Average least distance from grates to tube heating surface,
44 plants. 14.2 feet; shortest, 11 feet; longest, 22 feet. Average vertical distance
from grates to shell, 31 plants, 2.3 feet; shortest, 1.5 feet; longest, 5 feet. Average

ratio of heating surface to grate surface, 44 plants, 45 to 1; lowest, 26 to 1; highest,
67 to 1.

The draft readings taken at these plants may be summarized as
follows:

Average furnace draft, 39 plants, 0.23 inch of water; range, 0.03 to 0.55 inch.
Average draft at front tube sheet, 15 plants, 0.41 inch; range, 0.27 to 0.68 inch.
Average draft in breeching, 25 plants, 0.51 inch; range, 0.22 to 1.42 inches. Average
draft at base of stack, 16 plants, 0.66 inch; range, 0.35 to 1.10 inches.

The following approximate draft averages were deduced from the above: Furnace,
0.25 inch of water; front tube sheet, 0.40 inch; breeching 0.50 inch; base of stack,
0.70 inch. Approximate average drop through the boiler, 0.15 inch.

For convenience the furnaces and devices in use at these plants are
discussed in three groups—down-draft furnaces, steam jets, and mis-
cellaneous furnaces and devices.



118 SMOKELESS COMBUSTION ' OF COAL.

The essential features of the down-draft furnace are described in
the account of hand-fired furnaces under water-tube boilers. Its set-
ting and operation at the 10 return tubular boiler plants where it
was found in use are taken up here. All the down-draft furnaces at
these plants were set under units of 150 horsepower or less, and none
were set in a Dutch oven. Nine of the plants carried a uniform load.
At 4 of the plants the coal fired was run-of-mine, nut, or egg. The
average cost of coal at 6 of them was $2.68 per ton. At all 10 plants
firing was by the spreading method. The kinds of coal burned and
the average depth of fire carried were as follows:

TasLe 21.—Kind of coal and depth of fire at plants with down-draft furnaces under return
tubular boilers.

Number | Average || Number | Average
depth || Kind of coal burned. depth

Kind of coal burned. [0 [©
plants. of fire. plants. of fire.

Inches. Inches.
10

11

i

|

|| Pennsylvania.........c......
5 || West Virginia. ... ............

|

[V) )

© 0o~

1
Kentueky . -~ oo siocla.o il 4
Ohi 1

The draft, coal consumption, percentage of rated boiler horsepower
developed, distance from grates to tube heating surface, and smoke
observations show the following averages:

Draft through fire, 0.30 inch of water; range, 0.03 to 0.36 inch.

Coal as received burned per square foot of grate surface per hour, average heavy
load, 20 pounds; least, 13.3 pounds; most, 24.4 pounds.

Percentage of rated boiler horsepower developed, average heavy load (boiler rated
on 10 square feet of heating surface per horsepower), 96; range, 58 to 157.

Average distance from grates to tube heating surface, 17.1 feet. Least distance
from grates to tube heating surface, 14.7 feet.

Smoke emitted, 5.6 per cent black.

The plants visited that had steam jets in the furnaces numbered
20, one of which is included also in the group with down-draft fur-
naces. At all of them the furnaces were run under boiler units of
150 horsepower or less. The coal burned came from eight States. At
10 plants the size of coal was lump or run-of-mine; the cost ranged
from $1.50 to $4.10 per ton, the average being $2.32. Eighteen
plants carried fairly uniform loads. Nineteen had furnaces with flat
grates. The kinds of coal and the thicknesses of fire carried are
shown below.

TaBLe 22.—Kind of coal and depth of fire at plants with steam jets in furnaces under
return tubular boilers.

Number | Average H Number | Average
Kind of coal. of depth | Kind of coal. o depth
plants. of fire. ‘ plants. | of fire.
Inches. Inches.
Indignaia i F8. o ere o s e 2 2IE R | A o) 0 o (ol IR PSR o 1 9
Marviand = ibo s o 00 EIE s 1 15 West Virginia. @ ool <. il 5 8.5
O ot s et o T S 3 6 Miseellaneous: - cc i oo 5 7
PennSYIVAnIa. - e oot 3 7
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FIGURE 32.—A hand-fired furnace and Scotch marine boiler, elevation.



1E0E) SMOKELESS COMBUSTION OF COAL.

The draft through the fire, the coal consumption, the furnace set-
ting, and the smoke given off were noted at only 20 plants. The
average of the measurements were as follows:

Draft through fire, 0.23 inch of water; range, 0.15 to 0.37 inch.

Coal as received burned per square foot of grate surface per hour, average heavy
load, 17.6 pounds; least, 11.2 pounds; most, 25.3 pounds.

Percentage of rated boiler horsepower developed, average heavy load (boiler rated
on 10 square feet of heating surface per horsepower), 78: range, 46 to 174.

Average distance from grate to tube heating surface, 15.9 feet. Least distance
from grate to tube heating surface, 13.7 feet. Vertical distance, grate to shell, 2.2 feet.

Smoke emitted. 4.2 per cent black.

The miscellaneous group includes all the hand-fired furnaces under
return tubular boilers not already described. Three of these furnaces
with their distinctive features are briefly described below. Three

4ia fasd’
m m1711111¢
;\)\\\\,»))\\}}\.\E 7
NN
AN

Jisalilias \ Vo A

FIGURE 33.—A hand-fired furnace, cross section.

others, including the down-draft, are described in the account of
hand-fired furnaces under water-tube boilers (pp. 104-106).

In the first furnace the coal is fired from side hoppers in the fur-
nace wall to a combustion chamber, virtually a Dutch oven, having
short sloping grates at the sides with a wide rocking grate between
them. The furnace is thus practically a hand-fired side-feed stoker.
The Dutch oven construction gives a hot combustion chamber and
lengthens the travel of the burning gases. An elevation and a cross
section of such a furnace placed in front of a Scotch boiler are
presented in figures 32 and 33.

Another furnace having distinctive features intended to insure
complete combustion and prevent smoke is shown on page 121.
In this pattern (see fig. 34) the furnace gases pass through circular
openings in the bridge wall. Immediately beneath these openings



HAND-FIRED FURNACES. 121

are small rectangular holes by which air that comes through a passage
in the bridge enters the furnace. The object of this construction is to
admit air in such a way that any unconsumed carbon in the gases
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will be brought into contact with the necessary air for burning it
without cooling the combustion space.

Another furnace intended to effect smokeless ecombustion by special
fire-brick piers and arches in the combustion space is shown in fig-
ures 35-37. Its characteristic features are two furnaces, each with
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FIGURE 35.—A hand-fired furnace and return tubular boiler, elevation.



HAND-FIRED FURNACES. 123

an arch extending the entire length of the grate, virtually making
small Dutch ovens; a wide-arched passage, in which are openings for
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air admission, in the wall back of thegrates; and anotherarched passage
of greater height back of this. This construction gives a long, irregu-
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lar combustion space, evidently intended to permit thorough mixing
of gas and air. Figure 35 is an elevation of the furnace as usually
installed under a return tubular boiler; ficure 36 is a horizontal
plan, and figure 37 a cross section.

Y 5800000000 Y
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FI1GURE 37.—A hand-fired furnace and return tubular boiler, cross section.

The observations on seven different styles of furnaces were averaged
to obtain the figures given in the tables below. All of these furnaces
were installed under boiler units of 150 horsepower or less. Nine
were equipped with either rocking or dumping grates.

The coals burned and the thicknesses of fire carried at the 15 plants
classed as miscellaneous were as follows:

TaBLE 23.—Kind of coal and depth of fire at plants with miscellaneous hand-fired fur-
naces under return tubular botlers.

Average
Number -
of plants. Kind of coal. deggl of

AL LA o R S SR e Bk Rl O U S e et B
Indipmg - cos s T e e L NC U S n il oo |

Pennsylvania =
VA A T e g e e e SR NS e ¢ % el NP R O U e

W =D 00




HAND-FIRED FURNACES. 1845

~ The average draft through the fire and the average coal consump-
tion were as follows:

TaBLE 24.—Average draft and coal consumption at plants with miscellaneous hand-
Jired furnaces under return tubular boilers.

Coal as
received
burned per
Number square foot
Kind of furnace. of Félrr:[%ce | of grate
furnaces. © | surface
| per hour,
[ average
i heavy load.
|
| Inch cf
| water. Pounds.
81 Y TR R e o e e e SR -SSR L L 1) R o) 5 0.14 | 22
Dorrance. . 52 1 .23 47
Twin arch. ‘1 SR T S
Wooley... . iy 21 16
Burke..... 2 11 18
Puddington. . 1 12 13.2
PRI e i e s R S DR e e e e e S e e 4 28 14.6

The averages of various items are as follows:

Coal as received burned per square feet of grate per hour, average heavy load,
21.8 pounds.

Percentage rated boiler horsepower developed, averaged heavy load (boiler rated
on 10 square feet of heating surface per horsepower), 91.7; lowest, 53; highest, 184.

Average distance from grate to tube heating surface, 16.3 feet. Least distance
from grate to tube heating surface, 14.1 feet. Vertical distance, grate to shell or
arch, 2.1 feet.

Smoke, 6 per cent black.

Details of the observations at all the plants with hand-fired fur-
naces under return tubular boilers are given in Table 25.



TABLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers.

State.

Michigan.....
New York

(in (o e
Indlana .......
Maryland .
Ohio. .

Device used to facilitate
combustion.

1 Total
| builder’s
rated
horse-
power.

‘ Coal
Cost per | Short tons
Commercial name. Where mined. Size short ton, | burned
delivered. | yer year.
100 CAVIRAL o i Y B e B L2 _‘ e - el Tl
| 3-inch egg |

Pittsburg No. 8

Massillon. . .
Plt’rsburg

Rochester Pittsburg.
1753 HCY o534 - A R
Jellien. -ou i clees

Herons eIy
.| Maryland. .
hi

¥ ’l‘ennossee ...................
Vet Vapeinia, ool slas ookl Ll
do

Rochester; Pittsburg;

Reynoldsville.
.......................... RivtShureg sBas oo sho g
Pocahontas....... .| West Virginia
.................... Powellton, W. Va
Logan block. .. ... Indiana. ...

..| Nut and slack.
. 4 to Linch nut.

=i Large lump

| Nut and slack.....
Nut, pea, and slack
Pea and slack....

Nut and slack. |
Run-of-mine. Ay
Slaelc o) 1r S e s

Nut and slack
Secreened lump .
Run-of-mine. ..

Nut and slack .
Run-of-mine. .
Nut and slack.

3 to 6 inch eg

IR Rt R IO
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22| Alir admission
‘ INone. 2 i

580 [ Washa@. ...« eetaamien Carterville, II1
240 Jo s i A R P T doioheds
..... dosat
,,,,, do.
(LS yor

160 | 1 Reynoldsvxlle ........... (Ad do
|

Pennsylvania. .

4 to 6 inch egg
4-inch screemngs
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TABLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers—Continued.

Load. Rating.
Average load. Coal burned per | po oo | Percent-
square foot of Seniof age of e
grate per hour b%iler builder’s amount
No. of Heavy. Light. (pounds). hotse- rated of coal
plant. > power horse- | 1 imed
Requirement. Nature. Character. devels power | o horse-
Hours | Coal | Hours | Coal | - oped on | devel- [Fh o
per day| burned [per day|burned | Average Average | average oped on per hour
load |per day| load |per day| heavy loadg heavy | aVerageé |i,,unds).
ison [ (short | ison | (short | load. i load.c | heavy
plant. | tons). | plant. | tons). | load.
-
Umiformna ol St s Hospital 24 14 ; 24 7 20 20 84 1 92 5
Nadable oLl s o v, Manufacturing. . 24 16 Pl 7 13.3 12.5 58 | 45 5
Uniorht .8 ot Post-office. ... 24 15 15 6.7 22.1 21.3 112 | 119 5
..... do.. 16 3.25 16 2 V.7 14.3 86 102 5
SOOIt A e G RGOl L R T 19 3.2 19 2.4 20 17.5 114 ‘ 112 5
Fadnt TG R PR atory it L0 10 3.6 10 3.4 24.4 23.7 112 96 5
! Power, light, and heat. . LGl SRR Office bmldmg 17 12.5 17 8 19.6 16.1 84 98 4
248 | Power and heat......... B o OSSR e I S e FRCHORyLR . S IEE 10 5.25 10 5.25 24 24 157 131 5
Power, light, and heat. . S Lo e S Post-office. . .. 17 4.3 17 i) e e R U o d S 60 63 4
do Rl e M s e pi it e B B qORes D 13 10 13 a2b! 19.2 16.6 93 128 4
edo L Ry L e B alteny. el 18 2.5 | 24 2.5 1122 9.8 46 75 5
Sadomrii il Rl g dny. 0. s Ol 10 G R (1] 2.5 22.5 20.5 113 120 5
il [ RO 18 S sk 12 2 | 12 1.4 16 13.7 92 111 5
e Ee e I RO e hE 9.5 8 | 9.5 6.5 18.7 16.9 78 105 5
A A OLIENE A e I 10 2.4 ‘ 10 2 16 14.7 70 84 5
..... do Zarnt 10 2.4 10 2 16 14,7 81 109 5
Variable . 18 58 {6 7 14.5 12 66 84 5
Power, light, and heat 4o B 24 81l 2 5 22,2 18.1 85 107 5
259 | Power and heat....... Uniform . .| Office building. . 10 2 10 2 22.2 22.2 174 94 5
260 | Power, light, and heat......| Variable............... Brewery........ 7 6 ‘ 17 9 25.3 20.5 61 69 5
261 | Heat... S nHarmes e LR School buildings 12 6 e BN R 16, TS et 56 67 5
262 | Power, s eVeapiable S ST S Office building. . 19 5 | 19 3.5 16 I S e S ie 5
263 |..... d BV foronuicnitsoss MERINe by e T dolti St o 14 aRvlen1d 1.5 17.3 13 89 89 4.
FotRl S d o il S XU R BN R do. . 10 325 10 | 225 22.5 19. 4 99 120 5
2B = sd0 s s e e M do.. 10.5 1.5 | 10257 L2ad, 14.1 Al Rl 48 57 5
266 | Power and heat.............1..... do. 10 1.5 10 | L2 15 13.5 70 74 4.5
20725 Aol a i Sn d ) e e do. 10.5 1.25 10,572 12 10.8 53 56 5
2085 (o (g R B T AL GO e do. 12 6 ToREEG 14 14 61 73 5
269 | Power, light, and heat......[..... 05 AR 8.5 JOSESe5 18.9 18.9 91 113 5
270 | Power and heat....... R s o GO DG e S Store bulldmg .............. 11 TR TR e 20. 4 20. 4 62 91 5
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271 | Power and light 25 0 | 25 b2 1802
272 | Power and heat 145 10 .75 16.7
273 | Power, light, and heat oz y 3 9 2.75 22
ot S eI (LR A s OO ERLE I do.. ..| Manufacturing 7 10 6.5 23
i {3 (v S e L i Edig | SRgetory. - S ML 3 8 2.5 30
276 | Power and light............|..... d ...... ..| Manufacturing 4 10 3 19
277 | Power and heat............. R .| Pactory... .. i...... 3.5 8.5 .75 16
26 12 26 47
....................................... 2 10 3 i R S
.............. 6 15 3 16
5 18 3.5 19.4
........................ 9 1l S AR
...... 13.3 24 13.3 13.2
1.4 5 it 21.6

P A S S S S S

o

@ Boiler rated on 10 square feet of heating surrace per horsepower.
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TABLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers—Continued.

Stoking. Boilers.
7’—1
Number used Horse- ‘
to carry-- |
No. of Fre- Coal ) ] power,
oo fitod at || Thick z Build- | boiler : Super-
6 Method of | 4OHCY “each | messof | Frequency of cleaning ; i 0 Wiiiated Isliffgé% heatmg\ St;e‘?sr_n
firing. TGl fring per | fire ol Size. berin- i, oo .. | rated | on 10 surface | 2
(min- £ | stalled ver- | Aver- | ;. (square | sure at
utes). boiler |[(inches). *| age age B e guars feet). (squarel gage.
(pounds). heavy | light power. | feet of feet). |
load. | load. heating |
surface. |
241 bpreadmg 0 20 200 6-8 | '3 times in 24 hours. .. .. 7277 x 18, 62 4”” tubes. 2 2 ' 1 150 138 1,380 0 80
Z v v i e e 7 7 tubes. .. ... 1 i
Vel V| 7 lmms paDatms oo 4 gl g) W) ) D) o)
Var. Var. 8-10 | 2 times in 16 hours. .... 60" x 167, 48 4”” tubes......._..... 2 1 i 80 95 950 0 100
Var. Var. 8-10 | 2 times in 19 hours..... 507 x 16/, 34 33"/ tubes............ 2 X 1 60 59 585 0| 90-100
8-10 90-110 a8-10 | 2 times in 10 hours. .. .. 66" x 18’, 58 4”” tubes 2 i ik 150 129 1,285 0 110
Var. Var. | al0-12 | 2 times in 24 hours 7277 X 167, 66 4”7 tUbes. . ... o.... 4 3 3 125 145 1’45’J
Vor. Var. | 8-10 | 2 times in 10 hours_ . | €6 X 16/, 34 4" tubes............. 2 2 2 80 & et 0 "%
5 20 %’;g:{liég ......... On_ce m‘24 hours.. ... 60:: X 18:, 54 3}-;: Tabes. et sl 4 2 2 100 106 1,060 0 120
"k alr7 s 48/, X 18[, 48 3;/ tubes.. .. i ik 4 4 3 75 104 1,040 0 105
o - -7 (‘)0" X 18’, 54 4” Gbesiian e sl 2 1 1 7 120 1,200 0 85
20:48 0-50 66’/ X IG, 54 4 "tub” ............. 1 ! il 100 106 1,060 0 85
i 80 50,,A 14, 56 2%” 50" x 167, 51 62%". 4 2 il 1( 60,70 | 72,82 720 820 0 80
Sy I 128 60” x 16’ 47 4” ‘tubes el 4 4 4 108 1,015 0 90
- - R x 16/ 70 4, tubes e 2 1 1 115 138 1,380 0 80
%(2;%(8) 123:%28 63: : x %g/ 312; 3 ’”tubgs ....... 1 1 1 88 105 1,050 0 80
..| Var. 60-80 6-8 | 3 times in 24 hours..... 72"; 18' 70 4}’ tltllll)e(ses MRS S g 6_§ (1i gg %gg %,ggg g o
9 | Coking. . 12-20 75-90 8-10 | 2 times in 10 hours. ... . 547 % 207, 483" and 2 10” tubes. . . 2 1 1 85 46 "4 8 gg
260 | Alternate....| 7-10 40-50 | 4-10 | Once in 8 hours. .. ..... 72" x 187, 64 4" tubes. . . 5 4 4| 125 142 | 1,420 0 85
ggé Spr?dmg A 10 73»90 8 | Once in 12 hours. . . .... 80 47 X 18/ tUbeS. ... .o 3 Y e [*15 178 | 1,780 0 80
A2 itoes 8 e Lo ar. o e > 2 R CRET T SRR G e N R S T B P 3 1 0= B [ e e s 0| 95-100
263 Coklng ...... V ar. | ro_gg GGZ X 18:, 54 4; : tobhes. s aaae e 2 i) 1 120 120 1,200 0 100
50-60 QO// }E 14/, 46 4” tubesaik. e s ok 2 2 1 75 91 0 75
o [{0” X 18,, 54 4// Lubess e, Juana bl e 1 il 100 120 1,200 0 80
1 ()0" X 16,y 48 4" tubes. .ol e s i 1 1 90 95 950 0 90
]009128 58” X 1(), 46 4” 77 16T c R s JUEIEE 1 1 il 86 9.1 910 0 80
40-60 7-8 | 2 times in 10 hours (I)g"i }g gi g%”t ?Eggs --------- i ?1 3 1% lgg 1’%0 0 108
50-60 6 | 1 to 2 times in 11 hours.| 607 x 16/, 72 37 tubes. .. .......... 2 i 1 72 107 st o 0 .
50-70 5-6 | 2 times in 10 hours. . ...| 66" x 18/, 54 4"/ tubes. . ........... il 1 1 87 120 1) (2)83 8 gg
40-50 7-8 | Once in 10 hours. ...... 607 x 16/, 54 33"’ tubes............ 1 1] 45 100 92 920 0 80

0€T
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273 Spreadmg Var. | 100-120 4 | Once in 9 hours........ [ 72 x 18’ 70 4" tubes 2 1 T 125 159 1,590
do. e 2-5 80-100 4-10 | 4 times in 24 hours..... e Ll R SR L orl 2 ‘ 2 125 | 159 1,590
10-12 60-90 6 | 2 timies in 8 hours...... | 60 x 16’ 46 4”” tubes 2 1 1) 83 | 85 850
.| 10-15 | 120-180 3-5 | 2 times in 10 hours. .. .. | 54" x 16’ 52 337/ tubes 3| 2 2 | 80 | 90 900
277 | Alternate.. Var. 30-60 4 | 1 to 2 times in 10 hours. ‘ 607 x 16’ 37 4 tubes 2. 2 | 1] 58 | 74 | 740
278 Spreadmg 4-5 70-75 5-6 | 6 times in 24 hours. ... | 60”7 x18’,4833”; 13 4” water tubes 4| 4| 4 145 } 118 1,180
279 | Alternate....| 12-15 60-70 (T e S e e 60" x 16' 44 4" tubes............. 3 2| 2 | 80 | 87 870
.| Var. 30-60 5-6 | 1 to 2 times in 15 hours.|..... [+ ) P! B S L U 3 2 | 2 60 87 871

Var. Var. Var. | 1 to 2 times in 18 hours.| 60’/ x 18/, 46 4’/ tubes............. 2 | 2 | 1 80 ‘ 102 1,020 |
Var. Var. Var. | Once in 9 hours........ ‘ b2/4 516 32 4 tDes - L el 1| 1] At 50 | 63 625
283 | Spreading...| Var.| 100-120 || 72 47 x 16/ tubes; 144 47 X 18’ tubes 3 2 2 125,250 ‘142 302 { B

| | )
DRALIG T do.......| 78 45-90 | 8 | Once in 5 hours........ | 66/ x 147,94 3" tubes............. | 2 | 1 1] " 1,220 |

0| 12|

a On top grate.
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TaBLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers—Continued.

TFurnaces.
|
Dimensions.
|
No. of Distance from grates to Vertical
plant. Nilme iy Nt %‘é‘?&ﬁ‘{g? tube heating surface. | Distaios fdistance at
ber. PR sl R (square | Width | Length | from front |rontoffur-
feet).a of fur- | of fur- | of furnac ngr‘:g%es o
Average | Minimum nace (C). | nace (D). tt)gi{s;n(tEo)f coking arch
(A, (B * | or heating
| surface (F).
241 2 le e wle g L S e Water-tube and flat......... .. .__...... 30 17 14.5 6 5 0
242 4 d lo 22 20 6 4.2 0
243 4| ..do.. b 15 4.5 4.5 0
244 2. .do.. 16 13.5 5 4.6 0
245 2 .do 16 14 4.2 4 0
246 2 Shdne g 17 14 4.5 6.5 0
247 4 do.. 15 12 5 5 0
248 2 do.. 16 14 5.6 4 0
249 4 do.. 17 8 [ R M A LA (et
250 4 do.. 17.5 15.5 4 5 D]
251 v BT Ao CR SRR o e = 0T ) o S 17 14.5 5 5 0 | 2.2
252 1 Rocking. . 16 13.5 5.1 5.25 0 2.2
253 2 Elaph Se b stodn SRl I 513.5,15.5 | b11,12.5 4.2 |\b5,5.5 0 2
254 4 Flat and dumping 15 4.5 5 0 2.5
255 2 LE SO IR ) T 6 5 0 2.4
256 il do.. 6 5 0 2.4
257 8 do.. 6 6 050 2.5
258 9 do- - 6 5 0l 1.7
259 2 dofs 4.5 4 L
260 5 sedol 6 4.5 0 | 21
261 3 ..do.. 6 5 0 2.5
262 3 sidos v5,6 b.5,5.5 (i 2.5
263 2 do- - 5.5 45 0 .| 219
264 2] do.. 5 4 {{ P 2.5
265 iy do.. 4.5 4.5 0 ’ 2.2
266 S do.. 5 4 O 2.3
267 16 do.. 5 4 0 ’ 1.75
268 8 [ do. 6 6 0 | 2.5
269 4 do 5 4.5 (VS8 LT

3!
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= 00 = 10 G0 00 W B 00 D B B = D

Puddington
Plain with Cornell economizer.......|..... dawsic.

16 15
27.5 16.5
18 15
30 17.5
30 17.5
25 15.5
21 15.5
22.5 17.5
23 24
28 15
25 16
19 20
20. 25 21
42 c3.5,14
____________________________ | 25 13

13 4 4 0 2.5
14 5.5 5 R
13 4.5 4 0
15 6 5 0
14.3 6 5 0
13 5 5 0
13 4.5 4.7 0
15.5 5 4.5 0
22 5.1 4.5 77
12 2% 6 0 |
13.5 5 5 0
18 4.75 4 5
19 5.1 4 biiwlk
cige1q 6 7 0 |
11 5.5 4.7 it
I |

a In down-draft furnaces; area of upper grate only.

b First dimension applies to small boiler.

¢ First dimension applies to tubular boiler.
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TABLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers—Continued.

Draft. Smoke records.
Readings (inches of water). Average for one hour Average
No. of : Totﬁl : (minutes). percenft-
ength o _ age o
i ’ | Conditions under which read- | yumber observa-| black | Load dur-
Kind. A of obser- : ing obser-
gs were taken. : tions smoke LEhe
Rearof'| LIonsEiEa -t Bhseof vations. (min- 100 to 80 | 80 to 60 | o) e ova vations.
Furnace. | poijer, o in stack Iﬁzsn) percent | percent | ;loan. | observa-
OLEL. | sheet. g ; utes)- | plack. | ~black. )
241 | Chimney.. {1 e e e s S e e Dampﬁrd open, ash-pit doors 1 50 il 2 35 11.7 | Average.
cracked.
24 =ik d 0 T R0 R20 = BYNET I S R 053 s el ae Dampers and ash-pit doors open. 1 60 0 ] 0 48 3.301 Tight,
2435 slidocs e CorAlla e R s -40 0.46 Da{up%rs open, ash-pit doors i1 110 0 ‘ 1 36 6.4 | Average.
closed.
O £ T o [y 55 (S i o SR Ash-pit doors closed, damper 2 94 0 0 58 .7 | Light.
| open.
245 Tdo N s o R TR N (O b Dalmp%r open, ash-pit doors 1 60 0| 1.5 58 125! Do.
| closed.
| Lower furnace doors cracked. ... it 60 0 4 54 5 Average.
.................................. il 60 0 0 58 7 | Light.
Damper open, ash-pit doors 2 7 0 0 85 3 Average.
cracked.
Damberstopen. . 2. Al ety 4 295 0 0 Heavy.
..... (O R e LT e e 1 75 0 0 Do.
.| Damper open, thick fire......._. (a) ®) 0 0 Do.
Damper opett. .= 220 s civnbhe vt 2 45 0 0 Light.
dourete e e % e L 0 0 Heavy.
e 1 60 0 0
1 60 0 0 Average.
1 60 0 0
1 60 0 0 Light.
(a) (v) 0 0 Heavy.
_____ o e e R e Rl [ (00 () 0 0 .| Average.
Dampers open 2. o 44 L iil w0 (a) () 0 0 Heavy.
Damper open. . (a) (®) 0 0 Do.
............................... 1 60 0 0 Light.
Damper open, thin fire (a) (v) 0 0 Heavy.
Damper open, ash-pit doors two- | (a) (v) 0 R v S e 0.
thirds closed. |
265 .. .do. SOLSERE NI Damper open I (@) () 0 0 Do.
266 |....do. .50 |- dop=ee (a) () 0 0 Do.
237 oL .43 G PR e (a) () 0 0 Do.

129!
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Damperogen, ash-pit doorspart-

1y close

DAMper epen .2, tCioie ol e

Dampers

open - kL

Damper and ash-pit doors open.
Damperopen:. o8 iUt
Damper and ash-pit doors open .
Damperopen, bankedfire.. ......

Dampers

and ash-pit doors open.

Darréper OpeRt Sl ey

@)
(%)
ah

bbbt bt 00 RO b b B

COOOCOOOoOONO

o

o

co, oCwSo ;WM

Average.
Do.

Do.
Do.

Heavy.

Average.
Do

Light.

Average.

Light.
Heavy.

Light.
Heavy.
Light.
Heavy.

b Various lengths.

¢ Combustion chamber.

a 56 water tube, 46 tubular.
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TABLE 25.—Details of observations at p’lants with hand-fired furnaces under return tubular boilers—Continued.

No. of
plant.

241
242
243
244
245
246

247
249

250

251

252

253

254

Breeching. Stack.
L&ngh Number -
0 ;
stack to |  Size PlalIlifamst?rt e r?lvle}lx?}‘; ‘ge%:lvt;ggxf Height | Size (sa\ll;gafe
ri?aﬁest (feet). was taken boilers and | (feet). | (feet). \Fpoop)
oiler i g
(feet). stack.
27 3x4 | Nearstack........ 0 100 (4.5x6 | 27
L g L S e 0 100 ab5 | 19.6
56| 2.2x4 | Near stack' ....... 3 106 | 3x4| 12
VS b L e S e e U e Y 2 95 al.8 2.64
SORLERE-L e e R, e 1 1300 A e cas s t
0 ONILE S et e T 0 105 a4 | 12.56
0 112 3x4 12
1 115 a4 | 12.56
3 152 ad 5| 159
O e e S A e gl R a4 | 12.56
M e s m e o EO D R T e 2 90 a3 7.06
VIl S AP PO & el e 0 50 |2.7x2.7 5. 65
e e O . (i FH Pt e e It Sl s e Lo
R S O A e e e A 4 100 a4 | 12.56
1 B G Ry T oA R LA i P 1 85| @3.75 | 11.1

Remarks

Heating surface in water-tube grates not figured in heating surface.
single row of tubes. Considerable, 10 to 20 per cent, black smoke from stack.

Large combustion chambers. Stack occasionally not as good as recorded observations.

Coal as fired runs 12,500 B. t. u.; ash, 15 per cent; moisture, 5 per cent. Figures for heat-
ing surface do not include heating surface in water-tube grates. Stack occasionally not
as good as recorded observations. Automatic regulator on main damper.

Heating-surface figures do not include heating surface in water-tube grates. Large com-
bustion chambers.

Large combustion chambers.

Five-inch fire on secondary grates. Heating-surface figures do not include heating surface
in water-tube grates. Stack on front of boiler. Stack smokes 60 to 80 per cent black
about one-half minute at every firing.

Three- to 4-inch fire on secondary grates.

Large combustion chambers.

Twenty 3-inch steam jets at base of bridge wall in combustion chamber; not automatic;
turned on before firing and left on for three to four minutes after. Considerable, 10,
20, and 40 per cent black smoke from stack. Automatic regulator on main damper.

Coal breaks up easily, and nearly all slack as fired. Heating-surface figures do not include
heating surface in ‘water-tube grate. Boilers arched over top for gas passage. Eight-
to 10-inch fire on secondary grate. Wk ]

Steam jets and air admission, 73-inch jets across front of furnace. Device in service about
two and one-half minutes at each firing. Stack smokes at each firing 40 per cent black
or less for one to two minutes. 9 by 4 inch air opening in each dead plate.

Six {-inch steam jets enter through front of furnace, automatic with opening of furnace
doors. Average firing produces about 40 to 50 per cent black smoke, for one-half to
three-fourths of a minute. : e .

Boilers arched over top for gas passages. 16 to 17 {-inch steam jets in combustion chamber
at base of bridge wall; not automatic; turned on before firing and allowed to run from
three to four minutes.

Two coking ovens per boiler; also four {%-inch steam jets in bridge wall which draw heated
air into furnace. Air taken in over the fire and through ash-pit doors. Boilers arched
over the top for gas passage.

Arch sprung across combustion chamber just at rear of boiler. Twelve -inch steam
jets across front of each furnace, automatic with two 6 by 10 inch air inlets in each door.
Smoke preventer in operation five or six minutes at each firing.

Water-tube grate,

Boilers arched over the top for gas passage.

961
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256

257

258

260

261

262
263

264

265
266
267
268

269

270

271
272

15

24

53

20

0

14

42

15
23

(8]

85 |

140

160
165

a3.75 |

a3

2.5x2.5

3.5x3.5

7.06
28.3

19.6

23.8

Arch sprung under rear of boiler makes gas passage longer and aids in mixing and dis-
tributing gases. Smoke preventer in operation five or six minutes at each firing. Nine
$-inch steam jets across front of furnace, automatic with two 6 by 10 inch air inlets in
each furnace door. §

Two steam jets, each with six 1%-inch openings, not automatic, enter front of each furnace.
Patent air-admission door. Threesimilarstacks. Considerable,20per cent, blacksmoke.
Success due to careful operation and firing.

Automatic steam and air admission device. Seven tinch steam jets across front of fur-
nace. At average firing stack smokes 30 per cent black and less for one and one-half
to two minutes. Device in service about two and one-half minutes at each firing.

Four §-inch steam jets across front of furnace; not automatic. At average firing stack
smokes 20 per cent black and less for one to one and one-half minutes.

Four {-inch steam jets; not automatic. Two arches, one in front and one behind bridge
wall. Smokes about 40 per cent black and less at each firing for one and one-half totwo
minutes. I ire carried about 2 feet back from furnace doors. Two2 by 4 inch air open-
ings in each coking plate; also a 14 by 24 inch ofpening always open for air admission.
Steam jets turned on before firing and kept on from three to five minutes. Jets enter-
ing furnace pass through air-admission pipes.

Automatic steam and air admission device. luight i-inch steam jets across front of furnace.
During average firing stack smokes from 20 to 40 per cent black for one-half to one minute.
Air openings 1 by 6 inches in each dead plate.

Large combustion chambers. Four {-inch steam jets across front of furnace; not auto-
matic; jets used during and shortly after firing. Smoke kept down by careful operation.

Retorts in bridge wall for gases to pass through. Less than 20 per cent black smoke for
about one minute when firing. About 50 per cent air space in grate. Furnace not very
hot. Lumps of coal 8 to 10 inches in diameter fired.

Automatic steam and air admission device. Seven -inch steam jets across front of furnace.
At each firing stack smokes 40 per cent black and less for three to four minutes. 5 by
12 inch air opening in each coking plate. Lumps of coal 8 inches in diameter fired.

Smoke ohservations include some 10, 20, and 40 per cent black readings.

Coal cokes badly, and fire requires frequent poking. Stack rests on boiler.
stack smokes 60 per cent black and less for about one minute.

Lumps of coal up to 6 inches in diameter fired. Smoke observations include some 10, 20,
and 40 per cent black readings.

Automatic steam jets and air admission; eight i-inch steam jets across front of furnace.
also an 8 by 20 inch air opening in each dead plate.

Automatic steam jets and air admission. Six #-inch steam jets across front of furnace.
Four similar stacks. During average firing stacks smoke from 60 to 20 per cent black for
three-fourths to one minute.

Six J,-inch steam jets across front of furnace.
auiomatic; also a patent furnace door for air admission, not automatic.
careful firing and operation.

Stfeam jets and air admission device run continuously. Twenty ;-inch steam jets enter

urnace.

Automatic steam jets and air admission. At each firing stack smokes about one minute.
40 to 60 per cent black and one to one and one-half minutes 20 to 40 per cent black. Seven

L-inch steam jets and two -inch steam jets across front of furnace. Device in service

;rom three to five minutes.

At each firing

One steam jet at either side of furnace, not
Success due to

a Diameter.
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TaBLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers—Continued.

Stack smokes 10 per
cent black for one-half minute at each firing.

Breeching. Stack.
Length T
No. of Number
plant. %tg(?]l(nto S Place . at which | of elbows Height Size Area Remarks.
‘nearest (feet). measurement lqetween (feet). (feet). (square
boller was taken. boilers fmd feet).
(feet). S

273 6| 3.5x3.5  Nearstack........ 1 97 |3.5x3.5 | 12.25 | One mixing pier on bridge wall, 18 inches wide. Furnace doors perforated but plant
| | usually run with one furnace door three-fourths open. Water in ash pit to cool grates.
| Success due to careful oFeration, light firing, and cracking of furnace doors after firing.

274 84 1.8.6 xid.5 1.0 (el St o 1 A0/ e s o S Mixing pier on bridge wall 18 by 24 inches. Perforated furnace doors.

275 20 3x3|..... (o AR AT 1 100 2o IE i, e B 4 Large combustion chambers. Mixing pier on bridge wall. Some refuse burned. Patent
| furnace doors for air admission.

276 o e e O (W A e 1 120 3x3 9 Large combustion chambers. Three retorts in bridge wall. Considerable wood burned.
‘ Perforated furnace doors for air admission. Stack smokes from 10 to 60 per cent black.

277 s - e s i 1 60 ab 19.6 | Fire thick, practically banked, on light load Onemixing pier on bridge wall. Perforated
| furnace doors. !

278 | 12 235 ab,3 22.3 ||Coal as fired runs about 12,000 B. t. u. per pound. Always one furnace door on each boiler

SR A e TN TR S R i 5.5%x4.5 24.7 [ open when running.

279 L et L e e 1 LR 1 235 b 5x3 7 Two 4 by 6 inch openings in rear of bridge wall for air admission. Ash pit kept filled with

water.

280 i R e A 1 110 6x6 36 Side grates not included in grate area. Side grates for air admission; mixing structures
| in combustion chamber. :

281 PRl SR s e PR S e e 1 190} 83.5 9.6 | Large combustion chambers. Some of the coal very fine and cakes, so magazines are not
[ kept filled; probably necessary to break up fire to keep magazines full. With magazines

| not full considerable air enters.

282 22 | 2.5x 2.8 | Near stack........ 2 65 |2.2x2.2 4.8 | Large combustion chambers. Ay

283 0 OF o AR e LS TR 0 85,125 a3,¢3.5/7.07,9.6 | One large and one small boiler always carry load. Automatic steam and air admission
| in furnace; mixing structure in combustion chamber. Three stacks resting on boilers.
| Automatic steam jets, in use at each firing for three to four minutes.

284 UM e LA 2 Bl e 1 80 | @3.75 11.1 | Forty 4-inch openings across front of furnace for superheated steam.
\

a Diameter.

b Oval.
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OBSERVATIONS AT SURVEY FUEL-TESTING PLANTS. 139

SUMMARY.

The remarks in Tables 20 and 25 show that in many of the hand-
fired furnaces an attempt was made to lengthen the travel of the gases
from the grates to the heating surface. The design of some furnaces
showed recognition of the value of mixing the air and the gases, and
arches, retorts, piers, or steam jets were used to accomplish this end.
Where steam jets were used they were usually installed so as to be
automatically thrown in and out of service.

The regulation of air admission was accomplished at some plants
by cracking the furnace door after firing, at others by taking air
through the dead plates or through openings in patent furnace doors.
These openings in the dead plates and furnace doors were usually
automatic with the opening of the doors and were slowly closed by a
weight and dash pot. This arrangement allowed the most air to
enter the furnace at the required time.

All hand-fired furnaces which will burn coal without objectionable
smoke approach the theory of the mechanical stoker, but owing to
the variability introduced by the personal element, they can not under
average conditions give as good results.

SMOKE OBSERVATIONS AT GEOLOGICAL SURVEY
FUEL-TESTING PLANTS.

TESTS AT NORFOLK, VA.

The boiler plant at Norfolk was equipped with two furnaces—one
fired by hand, the other by a mechanical stoker. The hand-fired
furnace had plain grates and mixing structures in the combustion
chamber. The mechanical stoker was of the underfeed type. Figure
38 shows the elevation and plan of the boiler setting; figure 39 gives
a cross section of the setting and the plan of the bridge wall. All of
the coal used in the tests was of the same general grade; it coked and
was low in volatile matter. An expert fireman was employed. Each
test lasted about eight hours.

HAND-FIRED TESTS.

The hand-fired furnace was set under a IHeine boiler which had
C tile on the lowest row of tubes. The tile-roof furnace thus formed,
in combination with the mixing structures, proved to be a good
design for burning coal low in volatile matter. With this boiler six
tests were made, a number too small to permit the drawing of any
very definite conclusions. The plant developed from 78 to 155 per
cent of the builder’s rated capacity and made very little smoke; on
no test did the smoke average 10 per cent black. The boiler efficiency
on the six tests averaged 66.90 per cent, varying from 65 to 69. The
dry coal burned per square foot of grate per hour ranged from 13.7 to
27.6 pounds.
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The tests showed that the percentage of volatile matter in the
combustible is an element always to be considered. Even with
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small variations the percentage of efficiency follows it closely. High
volatile matter gives low efficiency, and vice versa.
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The highest efficiency was obtained when the plant was run at low
capacity. The most carbon monoxide was found in the flue gas and
the greatest unaccounted for loss in
the heat balance when the plant was ?"_,
run at high capacity, showing that
forcing the furnace decreased the effi-
ciency. Thesmoke determinations do
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ings vary a great deal and are not as
reliable as some of the other items. In
determining efficiency it must not be
overlooked that incomplete combus-
tion is not the only varying element. _y
In all six tests the percentage of black

smoke was so small that a variation in

not seem to harmonize with some of B
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FIGURE 39.—Cross section of setting of hand-fired ITeine boiler at Norfolk, Va., and plan of bridge wall.

temperature could make the smoke determination and the efficiency
noncomparable.
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Five tables compiled from the data collected during these tests are
given below:

TaBLE 26.—Results of hand-fired smoke tests at Norfolk, Va., on basis of boiler efficiency
125

Combus-. | Volatile |Percentage
Efficiency Black tion-cham- | matter in |of builder’s| CO in flue
72% (per |smoke (per | ber tem- combus- rated ca- gas (per
cent).a cent). peratur tible (per pacity cent).
(a0 (cent). developed.

i 64. 91 5.5 2,192 20. 36 81.0 6.26
64.93 6.2 2,523 19.31 2950 s
66.29 5.6 2,442 19.97 154.8 6.73
67.69 8.2 2,678 17.05 102.2 10.93
68.61 8.6 2,264 16.78 78.3 6.96
68.94 8.4 2,016 16.48 80.6 7.04

|

a Efficiency 72* figured from pounds of combustible ascending from the grate, the ash being determined
by analysis of the dry coal. ;

TaBLe 27.—Results of hand-fired smoke tests at Norfolk, Va., on basis of unaccounted
Jor loss in heat balance.

|
e : . Percentage
o (o COzin flue | CO in flue | of build- Loss up Black
for (per gas (per gas (per er’s rated | stack (per |smoke (per
n{)) cent). cent). capacity cent). cent).
OeIli) | developed.
|
|
5.02 6.73 0 154.8 23.67 5.6
9.42 7.04 0 80.6 18.14 8.4
9.86 6.26 0 81.0 21.51 5.5
11.02 6.96 .06 78.3 16.43 8.6
13.05 10.93 | .09 102.2 14.97 8.2

TABLE 28.— Results of hand-fired smoke tests at Norfolk, Va., on basis of black smoke.

Combis- Volatile | Percentage
Black e Efficiency | matter in |of builder’s | COz in flue
smoke (per ber't T 72% (per | combusti- | rated ca- gas (per
cent). hsoIDe cent). ble (per | pacity de- cent).
ature (° F.). cent). veloped.
5.5 2,192 64.91 20. 36 81.0 6.26
5.6 2,442 66. 29 19.97 154.8 6.73
6.2 2,523 64.93 19.31 429, Bl Jo s T
8.2 2,678 67. 69 17. 05 102.2 10.93
8.4 2,016 68. 94 16. 48 80.6 7.04
8.6 2,264 68. 61 16.78 78.3 6.96

TABLE 29.—Results of hand-fired smoke tests at Norfolk, Va., on basis of combustion-
chamber temperature.

. Percentage of

c%%?n%gitégg; Efficiency 72* | builder’s rated | Black smoke

perature (° F.). (per cent). ca‘g:l(g;zdﬁe- (per cent).
2,016 68. 94 80.6 8.4
2,192 64.91 81.0 5.5
2,264 68. 61 78.3 8.6
2,442 66.29 154.8 5.6
2,523 64.93 129.5 6.2
2,678 67.69 102.2 8
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TABLE 30.—Results of hand-fired smoke tests at Norfolk, Va., on basis of CO, in flue gas.

Combos: Volatile Pounds of
COzin flue tionicham- Efficiency | matter in Black air per
gas (per |y o T e 72*% (per | combusti- |smoke (per | pound of
cent). atllre '(o % ) cent). ble (per cent). conll)ll)usti-
£ * cent). 6.

6.26 2,192 64. 91 ‘ .20. 36 5.5 54. 96

6.73 2,442 66.29 | 19.97 5.6 32.74

6. 96 2,264 68.61 | 16.78 8.6 31.81

7.04 2,016 68.94 | 16. 48 8.4 31.74

10. 93 2,678 67. 69 ‘ 17. 05 8.2 20. 64

TESTS WITH MECHANICAL STOKER.

At the same plant 23 tests were made with an underfeed stoker
under a Heine boiler. The boiler was baffled so as to form a tile-
roofed furnace. It contained 2,031 square feet of heating surface
and was rated by its builders at 210 horsepower. The boiler efficiency
72% averaged 67.4 per cent and varied from 61.83 to 73.71 per cent.
On arranging the test data and calculated results on the basis of effi-
ciency it was shown that there was no general relation between effi-
ciency and any other item. The combustion on all the tests was
nearly perfect, the highest average percentage of black smoke being
5.3. The percentage of rated capacity developed ranged from 53.8
to 175. The average percentage of CO, in the flue gases ranged from
5.97 to 11.61. The average combustion-chamber temperatures varied
between 1,792° and 2,575° F.

The results of these tests are shown in Table 31 on the basis of black
smoke observed, and in Table 32 on the basis of dry coal burned per
hour.

TABLE 31.—Results of smoke tests with underfeed stoker at Norfolk, Va., on basis of black

smoke.
Percentage | Combus-
Black COgzin flue | CO in flue | of builder’s | tion-cham-
smoke (per| gas (per gas (per |rated capac-| ber tem-
cent). cent.) cent). ity devel- peratur:
oped. (U e
0 6.81 0 54:8 1,792
0 9.01 0 74.8 1,97
0 7.38 0 70.7 2,014
.5 7.88 0 75.8 2,192
i) 7.99 0 51.7 1,920
.8 8.58 0 93.0 2,070
.9 10. 00 0 94.9 2,196
L0 5.97 0 83.1 2,136
1% 7.66 0 58.9 2,053
11 9.58 0 73.5 2,133
1.2 9.58 0 71.4 2,003
1.3 7.55 0 131.5 2, 381
1.8 8.76 0 124.7 2,311
1.9 7.62 0 56. 4 2,016
2.0 9.61 .06 106. 3 2,205
2.2 8. 58 06 105.0 2,192
2.2 10.74 .04 126.0 2,352
2.3 6. 85 .10 124.0 2,296
“3.4 9.49 04 91.9 2,336
3.9 10.74 03 115.3 2,298
3.9 11. 61 11 175.0 2,575
5.3 11.25 16 127.9 2,347
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TaBLE 32.—Results of smoke tests with underfeed stoker at Norfolk, Va., on basis of dry
coal burned per hour.

Combus-
Dry coal | Black |Efficien-| COzin CO in tion-
burned smoke cy 72% | flue gas | flue gas |chamber
per hour (per (per (per (per temper-
(pounds).| cent). cent). cent). cent). ature
(B
376 0 69. 58 6. 81 0 1,792
396 .08 67.60 7.99 0 1,920
414 LA 66. 52 7.66 0 2,053
421 1.9 65.04 7.62 0 2,016
469 L 73.71 9. 58 0 2,133
482 12 68. 62 9. 58 0 2,003
489 0 68. 44 7.38 0 2,014
497 0 70.01 9.01 0 1,978
531 .5 66. 62 7.88 0 2,192
570 120 68. 47 5.97 0 2,136
636 29 69. 41 10. 00 0 2,196
682 .8 63. 44 8.58 0 2,070
711 2.2 69. 62 8.58 .06 2,192
735 3.4 68.98 9.49 .04 2,336
813 2.0 63.91 9.61 .06 2,205
872 2.2 68. 00 10.74 .04 2,352
879 3.9 63. 90 10.74 .03 2,298
887 2.9 65.97 10. 76 0
894 1.3 69.13 7.55 0
901 2.3 64. 51 6.85 .10
921 5.3 €8. 59 11.25 B |
938 1.8 61.83 8.76
1,209 o=l EsER 11. 61 11

It will be noted that, as has been pointed out by Breckenridge,®
a high percentage of CO, is not necessarily an indication of high econ-
omy. When the air supply is reduced, the furnace temperature,
CO,, CO, and smoke are all increased after a certain capacity is
reached.

Theoretically, better results should be obtained with only enough
air to supply the necessary oxygen, but in practice with most equip-
ments there is a limit to the capacity of the furnace for burning the
volatile matter in the coal, and the limited supply of air results in
incomplete combustion, which more than offsets the effects of high
furnace temperature and high CO,.

The following general relations have been deduced from a study of
the data collected: When the percentage of black smoke was the
highest, the CO, and the CO in the flue gases, the capacity, and the
combustion-chamber temperature were highest, and vice versa; there
was no definite relation with boiler efﬁc1ency This may be taken to
mean that a stoker properly instalied can be operated under wide
variations in capacity with different conditions of operation, and yet
run smokelessly and with high efficiency.

TESTS AT ST. LOUIS, MO.

The plant at St. Louis had two hand-fired Heine boilers; one fur-
nace had a flat grate, the other a rocking grate. Either natural draft
or forced draft supphed by a fan could be used. The bottom row of

a Brockenndge, L. P., A study of four hundred steaming tests: Bull. U, S. Geol. Survey No. 325 1907.
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water tubes in each boiler was incased in tile, forming tile-roof fur-
naces. In most of the tests these furnaces contained some sort of
structure to mix the air and the gases from the fire, and thus hasten
combustion. An expert fireman working under the direction of a
competent engineer was employed in all tests.

The following tables and deductions are compiled from tests
made at this plant and supplement the observations in the field and
at Norfolk, as they throw light on several points which have hereto-
fore been little considered or at least not fully determined. All
the tables have a bearing on the problem of smoke prevention and
they are presented because they may be of assistance in its solution.

Table 33 shows the results of six tests made to determine the best
method of hand firing a high-volatile Illinois coal, nut size, using
natural draft. The proximate analysis of the coal as fired showed
the following: Volatile matter, about 36 per cent; ash, about 10 per
cent; moisture, about 13 per cent; British thermal units average,
10,948.

Four different methods of firing were used—ribbon (firing alter-
nately in narrow strips across the full length of the grate), coking,
alternate, and spreading. In every test a reasonably thin fire was
carried, from 2 to 3 inches of incandescent fuel above the clinker.
When firing by the spreading method three shovelfuls of coal were
thrown on the back of the grate and two on the front. When firing
by the ribbon method the fire doors were kept cracked.

The average of tests 500 and 504 was taken as representative of
the alternate method of firing. On test 500 the furnace doors were
closed tightly after each firing; on test 504 they were kept cracked.
This cracking of the furnace doors, while it caused a slight reduction
in smoke compared with test 500, proved to be wasteful because the
combustion space was not constructed so as to make the excess air
of value in hastening combustion. A compromise method, cracking
the doors for a short time after firing and then closing them, ought
to give as good if not better results for alternate firing than those
shown in the table.

The ribbon method of firing, where the coal was fired most fre-
quently with the smallest amount per firing, gave the highest effi-
ciency and practically no smoke. The usual spreading method of
firing gave the lowest efliciency and caused the most smoke. The
results with the alternate and the coking methods showed that one
was about as good as the other.

74897—DBull. 373—09——10
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TABLE 33.—Results of comparative tests on Illinois coal to determine best method of firing.

J ?
| ‘

Kind of \
draft.

Method of | Eff-
: | ciency
firing. 9%,

| Average
Black | interval
smoke.  between
‘ firings.

i 1

Per-
cent-
\ age of
a0 \ rated
: capac-
ﬁrmg.\ i%y
| devel-
oped.

|

Observation of stack for
one hour.

503

B MR doZzi5]

505 | Forced....

62.22

Alternate. ..’ 59.87

Spreading .. ’ 57.56

|

|

|
Alternate. .. { 60. 20

|

2er ot

1
J Per ct. | Minutes.
| 5.0 | 2.3

15.0 7.4

3.5

14.9 3.4

Pounds.
| 50 106.

-

140

70 | 106.5

170 92.7

131.6

Twenty per cent black
smoke 15 minutes; clean
45 minutes.

Twenty per cent black
smoke 48 minutes, very
seldom as high as 40 per
cent; clean 12 minutes.

One hundred per cent
black smoke 44 minutes,
80 per cent 44 minutes,
60 per cent 3 minutes, 40
per cent 13 minutes, 20
per cent 6 minutes; clean
41 minutes.

Forty per cent black smoke
6 minutes, 20 per cent 24
minutes; clean 30 min-
utes.

One hundred per cent
black smoke 15 minutes,
80 per cent 1} minutes, 60
per cent 14 minutes, 40
per cent 4% minutes, 20
per cent 6 minutes; clean
32 minutes.

Sixty per cent black smoke
4% minutes, 40 per cent 3
minutes, 20 per cent 24
minutes; clean 29 min-
utes.

a Average.

Table 34 is instructive because it shows the possibility of utilizing

high-ash coals.

Although the grate area was too small to obtain the

rated capacity of the boiler, steam was produced at a reasonable
efficiency. Owing to the distribution of the combustible in the coal
as fired and to the low rate of the combustion, no smoke was pro-

duced.
" TABLE 34.—Results of tests on high-ash coals.
g
o e Ty i |
Vol | | cent |
tile i 2 .

» i ; : ink- | age of ’ CO in .
l\gff" Field designation | Kind of C;;Illg mz;ltlter Ash in“ rated cilzri}:l:} Black. | dry t{‘fr%'?;l
o5t | uel. draft. | cese. | com- | €08l | ca_}gac- 7o%_° | Smoke, | flue oalt

| busti- { d]vyl A
i ble. | o
—} et ].—_ o e
¢ ‘ : Perct. | Perct. | Perct, ‘ |« Per eti| Pericts v Periet. [ Bex:ch,
451 | Argentina No.1..... Forced.. 60 | 39.32 | 50.16 | 34.20 | 51.01 0| 015 6.94
458 ‘ Ar(gentlllng) Nodil<izt odo: i 2 48 | 34.41 | 31.33 ‘ 52.90 | 57.82 0 ‘ .26 16. 48
washed). ;
479 | ‘Washery refuse...... EERE s Lo IR 69 | 36.35 | 41.82 | 72.60 1‘ 57.08 0 .40 10.83
i SAVOragEr i LT W Los 59 ’ 36. 69 ' 41.10 ’ 53. 23 ‘ 55. 30 0 ; .27 11. 42
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Tables 35 and 36 were compiled to show the effect of size of coal
on efficiency developed and smoke produced. All coal used in the
tests summarized in Table 35 had an average diameter of over 1 inch;.
that used in the tests summarized in Table 36 had an average diam-
eter of less than one-half inch.

TABLE 35.—Resulls of tests with coals having an average diameter of over 1 inch.

' Percenft— i ‘Pornds
T Average Effi- g a0 0 | of air per
Field designation of coal. I\;gs't‘.)f di;:;,_rg:;ler t ci%lfy. s?riglc(e. w;:gitc;" | pound of

[ e com-
1 %%Zgl_ 1 bustible.

Alabama: | Inches. | Per cent.| Per cent. |
No.2 B g | [ I
e e s e SG } o } 1.12| 6583 30.0 93.9 23.73

Illinois:

339 1.97 65.13 19.7 97.8 20. 33

o
S
=3

430 1.27 66. 82 12.0 90.3 | - 20.55

1.14 67.27 19.4 96. 2 19.74

1.29 66. 20 25.1 99,618 1926

474
Do R e e VS s i 475
Pennsylvania:
go. (hd ........................... 286 | [
o bGwaghed ). o 2wttt e TSty 194 | o
T P s g SR 195 1.29 66. 90 23.8 99. 6 19. 67

1.03 66. 90 41. 4 95.9 17.63

1.20 68. 59 ‘ 12.8 109. 3 19. 89

1.22 61.72 18.6 83 6 20. 61

344

345

346 &

369 s

250 1.58 | 66.26 | . 24.1 106. 6 21.38
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TABLE 36.— Results of tests with coals having an average diameter of less than one-half inch.

Percent-
age (()lf
- - . No. of | Average |Efficiency| Black rate
Field designation of coal. test. |diameter.| 72%. smoke. | capacity
devel-
oped.
Alabama: Inches. | Per cent. | Per cent.
Mot ASE TRkt o Lo Uipss Sl r it 377
478 0.39 67.25 8.5 91. 4
480
o
el .wm| enz 0 79.3
INFOSS O LY Wkl S ot e ST MU Sl LR s 160
Blge it S e e 161
DE-ESR e 163 .36 66. 40 13.5 90. 3
0 5 1}t e e ke OO 170
1 R e 171
Indiana: No.4b.._... 166 .45 66. 38 2.0 74.7
Indian Territory: No. 9. 449 .35 65. 20 3.0 97.0
Maryland: No.1..... 222 .34 65. 28 8.2 80.1
New Mexico: No. 4B .. ... comeeeroicinmnn.e | 395 .39 65.12 18.0 100. 6
Pennsylvania: |
NOL8...: - 242
Do. 239
Do. 238
Do. 237
Do. 236 .36 66. 87 3.6 87.5
No. 15.. 472
Do. 473
No. 16... 471
Mo-i17--. 506
Tennessee: No. 9 / e 365 .44 64.24 12.0 98.8
Virginia s N0, 6. - oo D dioon S8 IS el 507 .46 63. 39 3.0 101.8
West Virginia:
gt 180
225
= 46| 68.93 9.8 86.9
447
446

Pounds
of air per
pound cf
combus-

tible.

26. 53

26. 50

19.27

23. 64
23.77
21.45
25.13

23.14

24.93
25.84

22.18

a Test 129 omitted, no smoke having been recorded.

b Tests 164 and 176 omitted, clinker having caused trouble.

These two tables show that both large and small sizes of coal from
the same State were burned. All tests in which owing to some factor,
such as trouble with clinker, the air distribution was not due to the
size of the coal were omitted in compiling results. Table 37 gives a
comparison of the average results of Tables 35 and 36. It shows that
with either large or small coal about the same efficiency resulted.
Unfortunately for direct comparison the large coals burned more
readily and produced higher capacities than the small in nearly every
test; also with the large coal less air was used per pound of combus-
tible. Nearly all the small coals burned with little smoke, while all
the larger sizes caused considerable black smoke.

TaBLE 37.—Comparison of average results of tests with small and large sizes of coal.

Percentage Pg‘ilrndes of
Number [ Average | Efficiency Black | of rated ca- ourﬁl rf
of tests. | diameter. 2%, smoke. pacity de- gombug-
veloped. Gble,
Inches. Per cent. Per cent.
31 0.39 66. 88 7.4 88.6 23.07
53 1.46 65.97 21.3 98.3 20. 28
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Table 38 is of especial interest, for it shows that lignites, peat, and
subbituminous coals with 47 to 67 per cent of volatile matter in the
combustible can be hand-fired with the production of only a small
amount of smoke. The average indicates that the boiler was run up
to the rating at an efficiency of about 60 per cent. The smoke
averaged less than 10 per cent black.

TABLE 38.—Results of tests on lignites, peat, and subbituminous coals.

Per- |
otk Volatile c(fentagg‘ S cgur;na{tced
: - : No. of | Kind of |Clinker matter |ofrated g ioncy| Black m for in
Field designation of fuel. in ref- | in com- capac- - |dry flue
test. draft. use. | busti- | ity de- v2r smoke. gases. %:?f
ble. | vel& i
oped.
Percl. | Peret. Percl. | Percl. \"Per'ct. | Per ct
Arkansas No.10.......... 340 0 53.77 | 104.0 60. 25 0 (157 RERE e
Florida No. 1 (briquets). 386 29 67.24 | 113.2 58.19 13 10 9.34
Montana No. 2.......... 470 |...d 0 42.07 | 113.2 68.11 18 02 6.00
Montana No. 3.... s 151 58 41.76 115.2 65.78 12.5 07 8.65
North Dakota No. 3..... 206 57 56.71 90.7 57.46 13.32
201 =2 0 54.88 89.1 61.37 0 0 6.88
Texas No. 4-. .. i-anann 298 |..-do...-. 0 55.14 | 104.1 52.01 12 0 17.59
303 |...do..... 28 53.07 96. 4 53.05 14 .24 14.84
Washington No.1B..... 290 | Natural. 0 47.99 81.8 65. 04 10 .07 8.89
Wyoming No.6......... 4001 doe, . 14 47.19 93.1 57.84 3.5 .04 16.22
Ayerage Il ieldh oo v bt deien 18.6 | 51.98 | 100.1 59.91 8.3 .08 11.30

Tables 39 to 41 supplement one another. Table 39 gives the
average results of tests which showed a high percentage of black
smoke; Table 40 gives the coals used in these tests and contains some
remarks explanatory of the high percentage of smoke in partieular
tests; and Table 41 gives the results of tests with coal which made
little smoke.

A comparison of Tables 40 and 41 shows that the coals which
smoked the worst clinkered the most. The smoky coals also had
higher percentages of volatile matter in the combustible, were burned
at higher capacities, and gave a lower efficiency than the less smoky
coals.

Antong the comparatively smokeless tests were two on Utah coal
and two on Missouri coal in which, for some unaccountable reason,
the coals burned with a low efliciency; with these four tests omitted
from the average, the low-smoke tests gave an average efliciency of
66.93 per cent, with a percentage of builder’s rated capacity developed
of 96.6. The high-smoke tests gave an average efliciency of 64.32
per cent, with a percentage of rated capacity developed of 99.2,
showing a good percentage in efficiency in favor of the low-smoke
tests. There are many briquet tests included in Table 41, and Table
42 shows that as a general rule the briquets made very little smoke.
The other tests which gave low percentage of smoke were made with
coals low in volatile matter, or slow burning, or else some means
besides the automatic operation of the air-admission doors was
employed to supply more air.
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TABLE 39.—Results of tests showing 35 per cent or over of black smoke.

[Tests using natural draft, 34; forced draft, 5.]

| Average. 1 Range.

i
Glinker inTatase -t 2R ot b S per cent. . 49.9 \ 0 to 67
Volatile matter in combustible. ... ... .. =do: =0 42.88 | 36.38 to 51.58
Percentage of rated capacity developed... ... ... ... . ... ................ 99.2 ‘ 84.4 to 129.9
TR E s e L o per cent.. 64.32 | 56.64 to 69.36
Blaegk smoke. .- .t oo R s o R 41.8 [ 35.0 to 54.8
CO in dry chimney gases. 2 .28 .07 to .73
Unaccounted for in heat balance. - - .- -.-................_.___...____ Mol . 12.55 | 5.71 to 19.03

TasLe 40.— Coal giving over 35 per cent black smoke.

Field designation of fuel. )ggét(?f Remarks.

Illinois:
No. 516 | Forced draft; automatic air admission not operated.

144 | Automatic air admission operated.

152 | Clinker removed with difficulty; automatic air admission

7
No. 13 (washed)
No. 15 (washed)

operated.
IO LB s e e s ot 150 | Automatic air admission operated.
Indiana:
O B o B e e e e S eh e e 153 | Heavy clinker formed on grate; automatic air admission
operated.
\Io 0 (wa.shed) ................ lig Automatic air admission operated.
........ 15 0
No 8 (washed) 184 Do
AT S ie S T 168 Do
Nos 9 A and 9 B (briquets). Hog 334 Do.
NG e e Ty 167 Do.
No. 10 (washed)...... st 177 Do.
Kansas: No. 6 (washed).. Sk 323 Do.
Missouri: No. 7 (washed)............... 332 | Forced draft; clinker solid; automatic air admission not
operated; maximum-capacity test.
Ohio:
No. 3 203 | Automatic air admission operated.
No. 202 Clinkgr adhered to grate; automatic air admission oper-
ated.
No 220 | Automatic air admission operated; coal caked badly.
219 Clinkgr fused into grate; automatic air admission oper-
ated.
190 | Automatic air admission operated.
186 0.
269 Clinkgr adhered to grate; automatic air admission oper-
ated.
Now G v B | waiie e SR 5 e 246 | Automatic air admission operated.
No. 9 B (washed)...... 241 Do.
No. 9 B (washed and drie 243 Do.
Pennsylvania:
No. 5 (washedyiasie A s el 195
No. ik 217 Do.

367 | Maximume-capacity test; doors cracked after eaeh firing;
combustion wall down during test.

251 | Automatic air admission operated.

247 Do.

260 Do.

240 | Clinker fused into grate; automatic air admission oper-
ated.

216 | Forced draft; automatic air admission operated.
D s 215 | Automatic air admission operated.
No. 21 (washed). ey 267 0.
SVyomiing: Nos? B ittt T uels o 213 | Forced draft; maximum-capacity test; automatic air ad-
mission not operated.




TABLE 41.—Results of tests showing less than 6 per cent black smoke.

Volatil M s Unac-
Clinker olatile " foisture | age o Bffi- CORNSIN s
: ; . No. of ¥ matter | Ashin | incoal |ratedca-| _: Black dry )
Fiald destguntion of fuel. test. refllxllse incom- |drycoal.| asre- | pacity | “5Y | smoke. |chimney |y efﬁ e Hemariy
* | bustible. ceived. devel- g gases. anice
oped. i
Alabama: Per cent. | Per cent. | Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent.
No 410 Some of these coals caked in fire; they
No. 390 * burned with both long and short
No. 378 39 35.13 16.18 4.22 93.0 66. 88 2.3 QL0 i e D2 flame; automatic air admission oper-
No 413 ated on]y on test 378. Furnace doors
No. 478, 480 cracked after each firing on test 390.
Ark&}\?sas fe
NO.TA.coreiercinecneninns 203,294 . Coals slow burning; ic ai
0 & B g; automatic air ad-
%:Ilg: g(wa,shed) 297 } 45 15.16 10. 98 5.21 85.2 66.17 0 15 8.18 Tmission not.operated.
Georgia: No. 1 1 65 D142} il 3.11 111.8 70.31 2.6 .08 6.19 | Coal burned freely; automatic air ad-
mission not operated.
Illinois:
No % B (briquets) ........... 313
No,:9 Cbriquetsyc. o= s 492, 497
No: 11 € Chriguets) s S vy 312
No. 12 B (briquets)........... 463
9C
Coals free burning; automatic air ad-
mission operated only on the coal
tests. On test 503 furnace doors were
49 42.01 13.41 11.94 92. 6 64. 58 7 .06 8.57 cracked continuously; on tests 420,
424, and 425 the furnace doors were
. 342 cracked for a short interval after each
No. 28 A (washed; briquets).. 459 firing.
No. 28 B (brlquets) ........... 457
No. 29 B (washed; briquets).. 465
No. 30 (washed; briquets). ... 511
Noi SI(briguens) .. s dws 20 489, 491
Noi 33 (briguets). o, 2 deis 513
Collinsville . =22 o or oo 503
Indiana:
No 166
288 & ¢ g
. Automatic air admission operated on
gg 41 43.28 14.04 11.49 83.4 05. 34 2.7 w1t 8.80 { all the coal tests.
464
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TABLE 41.—Results of tests showing less than 6 per cent black smoke—Continued.

Percent-

7 : Unac-
s Volatile Mmsture age of CO in
Clinker s Effi- counted
: : : No. of : matter | Ashin | incoal [ratedca-| ; Black dr ;
Field designation of fuel. test. reflf]lse in com- | dry coal. ‘ as re- pacity c‘%},‘CY smoke. |chimney hég{ g;ﬂ- Remarks.
* |'bustible. f ceived. devel- ' gases. Hhce
oped. i
Indilz\tfl Tégl}gry t5) Per cent. | Per cent. | Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent. 4
0. 2 e s o 453 ~- |/Coal burned with short flame; auto-
go' 9(b fl‘(il‘léié)‘ """""""" iég """"" 37.14 7.64 3.50 101.4 67.54 2.5 -09 7.7 { matic air admission not operated.

Kansas:

No. 2 B (briquets)............ 487, 488 ! Burned with short flame; automatic air

. No.2 B gwaghed )l)rlquets)... ’495 } 46 anala 16.50 7.24 96:7 65.88 L3 -03 8.42 admission not operated.

aryland: d
No. 1 (wdshed ).z o2 2 st Dae 231 Coal burned slowly; automatic air ad-
o e IS Rl ety i SR O 490 35 19.42 9.16 4.29 110.3 68.76 1.6 .05 9. 46 mission operated on one of the coal
No. 2 (briquets) 493 tests .
Mlssoun ............ J
_________________________ 320 e Coal caked in fire; automatic air ad-
No 10 (briquets) - 486 } ...... Vi 45.11 18.92 8.38 93.4 60. 50 1.3 .01 15.63 mission operated.
New Mexico: No.3 B 389 0 40.94 17.87 3.01 98.5 68. 45 (1 E s el et Free-burning coal; long flaming; fur-
@ nace doors cracked after each firing,
Pemlljsylvama
o . 236, 237
No. 15... 472,473
go. %g ggrlquegg ............. 467
2 CHALOE forion s e s Coal caked and burned with short
No. 18 (briquets)............. 499, “ég 40 25.30 8.86 3.75 101.8 65.72 1.7 .08 9.23 ! flame; automatic air admission not
N b 58 operated.
No. 20 (briquets). - ........... 514
*No. 20 (washed; briquets). . 512
No. 22 (bnquets) ............. 510 .

Tennessee: Test 352, coal burned rapidly; auto-
No. 1 (washed; briquets). . 409 matic air admission operated.. Tests
g ------------------------ 5 352 379 and 381, coal caked in fire; burned
No: 8*(",;,'&'5‘11};&5“' S, 08 47| 87.34| 13.40 3.32 96.2 |  66.79 0 .05 8.11 || with short to medium flame; auto-
No. 9 B (washed; briquets) 393 matic air admission operated. Test

bt e 388, furnace doors cracked after each
No. 10 (washed; briquets)....| 407,408 i

Utah: No. 2 (briquets)............ 402, 404 0 47.44 6.99 10.78 74.8 56.21 0 0 4.58 Shortt ﬂamei; \;xutomatlc air admission

not operated.

GST

TIVOD d0 NOILSAIWOD SSTTIAMONS



Vi rgmla

Wa.shmgton No. 2 (briquets)-

‘West Virginia: No. 1 1o o

Wyoming:
+2 B

476

494

507

412
285,289
210

r 211

49| 2057 149 | 45| 120.6| 66.35 L5 a0 767

26| 43.3¢| 1L36|  2.66 |  99.3|  66.06 0 i H

52| o247 6 2,761 5 80T 0.7 0 0266

30 50.21 20.33 12.34 77.7 64.34 0 .08 10.52

8| sas1| 18.%| 6o 00t 50 ‘} 1.1 07| 8.56
e

3| 348 | 12.07 12 { .95%| eogorlf 14 .07 8.64

Automatic air aamission not operated.

Do.
Coal burned slowly; caked; automatic
air admission not operated.

Coal burned with cnort flame; auto-
matic air admission operated.

a Tests on Missouri and Utah fuels omitted.
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TABLE 42.—Results of tests on briquetted coals.

Field designation of coal.

Size of briquets.

)
2B (wa.shed slack). .
. 8 (washed)

Do..
No. 2 B (washed)
Maryland: No.2

NSO INOAT00 D210 3 Ul Tl ias

Pennsylvania:
No. 6

i Large

‘l Clingey | Volatile P;gge&t‘
v “linker | matter |
! Kind of draft. A A r:gietd C;é.
bustible. Pv 2 og o
Per cent. | Per cent.
}Natural ............... 23.5 | 37.64| 100.5
12 natural, 4 forced.... 45.5 42.68 97. 4
}Natural ............... 35.0 | 44.40 88.2
[ itidas e au i i 29.8 35.68 100.7
‘
|
}....do ................ 45.7 39.02 96.7
..... doid st e el 56.0 22.99 12152
..... 3 S TR A O SR R TR0 ) 92.0
[
.\8 natural, 1 forced.. 39.4 28.56 | 109.2
|
1
‘

Efficiency
2%

Per cent.
67.24

64.08

65. 30

65.19

€5.90

: Unac-
Black |4, 9000 | counted
smoke. ney ases, fOF in heat
Yy & ‘| balance.
Per cent. | Per cent. | Per cent.
2.5 0:054f-(Enaite 08
4.9 .08 9.04
2.8 .05 8.19
5.6 .13 9.72
1.3 .03 8.42
0 .02 8. 42
2.5 .02 20.09
2.8 fpial 8.81

IVOD d0 NOILSNIIW0D SSATIAMOIWS
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Temﬁfsseief hed) | 409
0. WHSHIOM YL o v i S R P TL e Sina m ool o in o B b b LI S N R A G
11:110. ;.].3.(. Pt | %arge and small... ... 3%
0. was 5 PTG PO T ers o T 5 . i
go' (‘1)012 (wa}fh;;l)' basd do ________________ igg Natutal. . el RE 35.5 38.71 101.6 67.10 1.8 .01 8.50
0. washed). . Yosm s P R Gy O
DO- e fasmigllnnasd . o 408 ¥
ety tar %o 4. Ty e ‘ ol B s &6 o 06 1 anpeinl
ashinEton INOU 21108 e WSl o al Bt o L AOMEY TR Lo ¥ 412 O & 52 e O 6. ] b i6. 06 | +108 ) Sl
v ornpel(by Stales) = s et RN b S R e e R | 82| 3620 1006| 6550 2.9 06 9.37
KyaraselofiZ taste e ATT e Te ; 39.7 37.50 100. 7 65.37 3.4 .07 8.68
| i
o
s v
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156 SMOKELESS COMBUSTION OF COAL.

Table 42 is a compilation of results from all tests made on briquets
at the St. Louis fuel-testing plant. The briquets all had a pitch
binder and gave off little or no smoke, showing that the tile-roofed
furnace used is satisfactory for burning such briquets. The vola-
tile matter in the combustible varied from 23 to 46 per cent and
averaged about 38 per cent. The smokeless combustion of coals so
high in volatile shows that briquetting has an appreciable effect
on burning, especially in the furnaces of steam boilers at the rates
of combustion common in stationary practice. The average per-
centage of the rated capacity developed on these tests was 100.6.

Table 43 is compiled from results of tests made on raw coals and
the same coals washed. All the coals were washed at the fuel-testing
plant, and the reductions or additions in moisture, ash, and sulphur
are of interest. Most of the washed coal either burned freely(wasnon-
coking) or seemed to burn more rapidly than the raw coal. In fact,
the average percentage of rated capacity developed was considera-
bly greater with the washed than with the unwashed coal. This
result does not indicate that the combustion chamber was more
effective in one case than in the other, for the table shows that the
washed coals burned with lower efficiency and made more smoke.

The average results show that the washed coals developed 96.6
per cent of the rated capacity, with an efficiency of 64.82 per cent,
and the unwashed coals 89.9 per cent of the rated capacity, with an
efficiency of 66.95 per cent. This difference in efficiency in favor
of raw coal is more consistent and greater with the poorer coals than
with the best.

The table emphasizes the difficulty of burning wet coal in any but
a properly designed furnace. However, with a good furnace wash-
ing should be of advantage, as the washed coal burns more rapidly
than the unwashed.

Table 44 is compiled from the results of tests made on the same
coals raw and briquetted, natural draf being used in every test but
one. It shows that the briquets usually burned with 1 to 3 per cent
greater efficiency, developed higher capacity, and were consumed
much more completely than the raw coal. Briquetting thus offers
to hand-fired plants a means of developing high capacity. The plant
can be run practically without smoke and obtain good efficiency by
the use of briquets.

Table 45 is a comparison of results of tests made on the same coals
burned with natural and with forced draft. Whenever forced draft
was used the attempt was made to attain high capacity. Usually
this was accomiplished at the expense of efficiency. In the tests with
forced draft the average percentage of black smoke was about double
that in those with natural draft. The combustion space not being
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designed for high rates of combustion, an average variation in capac-
ity of 92.6 to 108.4 caused an average drop in efficiency from 64.31
to 60.94. This table demonstrates that forced draft supplied through
the average grate and fuel bed will neither intimately mix the air and
gases nor allow coal to be burned at high and low rates of combustion
with equal efficiency.

Table 46 is a comparison of results of tests of the same coals burned
on flat and on rocking grates. In all the tests but one higher effici-
ency (from 1 to 5 per cent, with an average of 2) was obtained with
the rocking grate. The average difference in proportion of rated
capacity developed was about 2 per cent and was in favor of the flat
grate. However, as the rocking grate had an area of 36.4 square feet
and the flat grate of 40.55 square feet, it is evident that the rate of
combustion per square foot of grate area was at least equal on the
rocking grate to that on the flat grate, or perhaps slightly greater, but
as the total weight of coal burned on the flat grates was greater it
involved an increased tax on the efficiency of the combustion space.
The average figures for over-all efficiency of the plant show that more
coal was lost in the ash pit with the rocking grate than with the flat
grate, but this loss did not counterbalance the efficiency, which still
shows a gain of a little more than 1.50 per cent in favor of the rocking
grate.

The ash in the dry coal varied from 5.39 to 23.16 per cent and the
sulphur from 0.58 to 4.78 per cent. In the sole test in which the
rocking grate failed to show better results the dry coal contained
about 4.50 per cent of sulphur. With both flat and rocking grates the
sulphur caused trouble. The clinker fused to the grate bars so that
the rocking grate as constructed was practically inoperative and was
actually used as a flat grate. - However, as more difficulty was ex-
perienced in getting the clinker off the rocking grate, the time of
cleaning and inefficient operation was longer with that grate and the
tests showed less efliciency, but as most plants would not have a rock-
ing grate to burn coal so high in sulphur, this point is unimportant.
In practice about 2 per cent of sulphur is assumed to be the maximum
content desirable for a coal to be burned on rocking grates, but this
limit may be exceeded if experience shows that the sulphur is in
organic form or that the sulphur and ash combined have no ill effects.
The high sulphur and ash in the Wyoming coal did not cause trouble;
in fact, the test was exceptional, for the coal did not clinker at all.

The black smoke was about 5 per cent less in the rocking-grate tests
than in those with the flat grate. While this reduction is small the
gain in efficiency with the rocking grate shows the advantage of hav-
ing some means of keeping the fire clean. Such a grate would be of
value in hand-fired plants for decreasing smoke and increasing the
efficiency of operation.



TABLE 43.—Comparison of results of tests on washed and raw coals.

Mois- : Sul- | Sul- 5
Field designation of I\(I)(f)' Description |ture in &S}i ;r; phurin | phurin Ag}rl L
coal. it of coal. coal as ﬁ?e 4. |coalas | dry 00351’
: fired. * | fired. | coal. :
Tllinois: Per'ct.\| Perct. | Perct. | Perct.| Perct.
301 | Washed..... 16. 51 10. 45 3.25 3.89 | 12.51
NOG20%. L e ol
2020 Raw oo oae 14.52 | 15.49 4.32° 5.05 | 18.12
328 | Washed..... 14.35 8.22 3.75 4.38 9. 60
No. 22 A ot s
325 | Raw........ 10.53 | 13.80 6.07 6.78 | 15.43
317 | Washed..... 14. 64 8.88 3.23 3.78 | 10.40
INONZaRAY ot o
306 | Raw........ 14.49 | 13.45 4.62 5.40 | 15.73
Indiana:
154 | Washed..... 14.80 7.19 2.12 2. 49 8.44
OSSR R e
165 | Raw........ 13.82 | 17.26 2.43 2.82 | 20.03
159 | Washed.....| 11.27 9. 63 3.57 4.02 | 10.85
Nov 8t o
157 | Raw........ 1051  12.76 4.55 5.08 | 14.26
S, { 184 | Washed... 11.87 9.29 2.87 3.26 | 10.54
OIS 0w S s AR % L
185 | Raw........ 10. 12 12.89 3.54 3.94 14.34
177 | Washed.....| 10.98 6.24 3.50 3.93 7.01
NoSH0- st s
167 | Raw........ 10.60 | 10.16 4.21 4.7 | 11.36
310 | Washed..... 12.87 7.94 3.02 3.47 9.11
NOVED oo S
300 | Raw........ 12.41 | 13.86 4.21 4.81 | 15.82
323 | Washed..... 11.71 | 10.45 2.64 2.99 | 11.83
Kansas: No. 6 .........
SIISIERaw, o5 12 8.28 | 15.53 3.42 3.73 | 16.93

Clinker
in re-
fuse.

66
44

51

51
49

26
30
57

Volatile
matter
in com-
busti-
ble.

‘Perct:
44.04

45. 69
47.60
47.09
46. 71
44.92
42.43

42.25
47.92

45.35

47.15
46.17
49. 69
47.83

45.27
46. 28
38.84
39.81

Per-
centage
of rated
capac-
ity de-

vel-

oped.

99.3
66. 3
121.8
101.0
90. 4
84.3
95.3

84.9

97.0
89.0
105.3
99.4

97.8
103.9
106. 6

82.2

Effi-
ciency
2%,

Berct,

63. 71
66. 51
61. 88
66. 09
62.97
68.31
64. 96

70.13

60.37

64. 36

65. 60
63.11
58. 72
66. 60

68. 06
67.15
64.31
64. 28

Black
smoke.

Per ct.
32.5

27.0
25.6

15.5
19.2

16.1
43.4

18.6

44.8
19.4
46. 6
36.6

16.0
31.4
38.3

7.0

CO in
dry
chim-
ney
gases.

Per ct.
0.16

.02

.16

.05
.18

.09

.25
5

.24

.14
.08
.30
.09

Unac-
counted
for in
heat
bal-
ance.

Per ct.
9.23

6. 96
14.14
9.07
10. 80
7.45
12.02

7.76
1779

10. 26
12. 65
18.34
12. 51

15.83

6.00
13.7
10. 59

Remarks.

Coal free burning; automatic
air admission not operated.

Automatic air admission op-
erated.

Coal free burning; automatic
air admission operated.

Automatic air admission op-
erated.

Coal free burning; automatic
airD admission operated.

0.

Coal burned rapidly; caked;
automatic air admission
operated.

Coal caked; automatic air
admission operated.

Coal burned rapidly; caked;
automatic air admission
operated.

Coal burned slowly; caked;
automatic air admission
operated.

Coal burned freely; automatic
air admission operated.

Automatie air admission op-
erated.

Coal burned freely; automatic
air admission operated.

Coal burned rapidly; caked;
automatic air admission
operated.

Coal burned freely;automatic
air admission operated.

Coal burned freely; automatic
air admission not operated.

Coal burned freely; automatic
air admission operated.

Automatic air admission op-
erated.

8GT
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Maryland: No.1.......

New Mexico:

NOsdRaLL sl

Ohio:

N AT oL e A

NGB B Bl T SRS

NoR GRS h

Tennessee: Nos. 8 Aand
8 B.

Virginia: No. 2 a0

232
{ 222

392

384

{ 260
256

10.13
12. 52

12.23

16.91

11.40
14.58
7.74

13. 81

6. 69
9.73

6. 88

12.07
7.08
14. 89

4.73
7.95

10.94
13. 63

10.23

3.01

3.77
2. 86
3.27

.94
1.01

1.62
2.22

2.92

5.28

.82

1.14
1.55

.75
.69

. 66
.61
3. 46

4.79

3.10
2.75

3.11

3.91
3.11
3.55

.97
1.05

1.70
2.36

3.00

5. 41

.86

10. 48
12. 76

12. 85
17.34

11. 86
14.92
8.50

6. 99
10.11

7. 1L

12.54
7.69
16.16

4.88
8.29

11.50
14.47

10.53
15.24

4.63
6. 46

22
38

34
51

60

45
33

40
47

16. 29
16. 38

39.88

40. 92

40.19

41.61
45.29

43. 66
42. 44

43.11

43.43
45.39
45. 61

38.04
36.97

26. 87
27.04

39.91

39. 42

39.21
37.37

93.2
80.1

119.2

114.8

108.1
103.9
84.4

80.3

93.2
93.2

79.4

85.0

67. 64
65. 28

65. 48

69.18

65.83
63. 86
62. 54

64.33

63.19

64. 08

69. 01
67.13
66. 61

65.33
71.97

67.24

67.17

65. 37

65.94

.08
.10

12

.12
.12
.15

11

<17
.14

.23

.13
.07

.44
.21

.04
.04

.19
.26

12. 86
12.63

7.30

9.34
9. 69
15.17

14.82

16. 02
13.35

9.85

4.12
9.85
11.14

15.11
4.59

12.71
6. 40

Automatic air admission not
operated.

Coal burned slowly; caked;
automatic air admission
not operated.

Coal burned quickly; caked;
furnace door cracked after
each firing.

Coal burned quickly; furnace
door cracked after each
firing.

Coal burned freely; automatic
airD admission not operated.

0.

Coal burned freely; clinker
fused into grate; automatic
air admission operated.

Clinker fused into grate; au-
tomatic air admission op-
erated.

Coal caked in fire; automatic
air admission operated.

Coal burned freely; automatic
air admission operated;
clinker adhered to grate.

Clinker adhered to grate; au-
tomatic air admission op-
erated.

Coal burned freely; automatic
air admission not operated.

Coal burned freely; automatic
air admission operated.

Coal caked; automatic air

admission operated.

Coal free burning; automatic
air admission not operated.

Coal caked; automatic air-
admission operated.

Coal burned slowly; auto-
matic air admission oper-
ated.

Coal burned quickly; caked;
furnace door cracked after
each firing.

Coal caked; automatic air
admission operated; clinker
adhered to grate.

Coal burned freely; automatic
air admission operated.

Coal caked in fire; automatic
air admission operated.
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TaBLE 43.— Comparison of results of tests on washed and raw coals—Continued.

Remarks.

Per- | Unaos
Mois: i Sul- Suls i ] Volatile centage ROOIn i E o ad
Field designation of No. Description | turein Ash in phurin | phurin Ash in | Clinker| matter jofrated| Effi- Black | 1Y for in
coal ot of coal coal as | €031 88 %0001 5| * dry | inre- |incom- capac- | elency |q o | Chim- | joop
: test. o fired. IY | coal. | fuse. | busti- | ity de-| 72%. | ney
fired. fired. | coal. Tia el bal-
5 - gases. | oo
oped. .
West Virginia: Perct.| Perct.| Perct.| Perct.| Perct| Perct| Perct. Perct. LirPerctill Pen ot | Per of.
230 | Washed..... 4.35 6.17 1.36 1.42 6.45 48 | 31.68 89.0 67. 94 23.8 .02 did/ O
INORUZed e niSa R TR
226 [ RawW........ 4.10 7.40 1.21 1.26 7.72 34| 31.55 87.6 67. 81 7.8 .06 9.37
e { 266 | Washed..... 3.14 5.53 1.10 1.14 5.71 45 | 36.57 86.7 66.18 21.8 £08 | 11.73
o [ ) R
273 | Raw........ 2.89 8.43 1.50 1.54 8.68 34 35. 80 83.6 70.07 12.2 207 6.04
No. 21 267 | Washed..... 4.24 3.67 1.07 1.12 3.83 52 | 39.59 95. 4 66. 81 36.0 .08 9.48
e e S 1 296 AWt e 3.42 6.12 1.29 1.26 6.34 47 | 37.87 | 101.8 69. 45 13.5 .26 8. 60
ol { 454 | Washed..... 5.24 6.10 .90 .95 6. 44 25 | 37.98 | 110.3 65. 95 20.0 Fetkss 9. 96
O A L e
447 | Raw........ 5.55 13. 47 1.04 1.70:| '14.26 33 | 36.61 09.1 68. 40 13.0 .04 6.71
444 | Washed..... 4. 06 4.80 95 - 99 5.00 30 | 39.17 88.0 62. 84 8.5 .16 | 10.66
NG 23 BITbes W2
‘ 445 | Raw........ 2.44 | 10.59 1.40 1.43 1 10.85 4 | 38.29 95.9 67.93 27.0 .05 6.97
I 223 | Washed..... 19. 08 6.78 4.26 5.26 8.38 53 | 49.34 81.0 63.34 21.0 .30 | 12.26
Wyoming:. No. 3 ....<:. !
212 | Raw........ 13.60 | 16.21 7.90 9.14 | 18.76 58 | 51.46 88.2 64. 08 22.7 .13 | 11.60
|
Average Washed..... 8. 06 7.84 2.24 2.50 8.58 41 40. 82 96. 6 64. 82 26.3 19 ‘ 12. 40
Heds et n s ahide Raw........ 7.48 | 12.48 2,99 3.29 13.54 42 | 40.50 89.9 66. 95 18.1 12 ‘ 9. 41

Coal burned slowly; auto-
matic air admission oper-
ated.

Coal caked; automatic air
admission operated.

Automatic air admission op-
erated.

Coal burned freely; automatic
air admission operated.

Do. .
Do.

Coal caked; automatic air

admission operated.
D

0.

Coal caked; clinker adhered
to grate; automatic air ad-
mission operated.

Coal burned quickly; caked;
clinker adhered to grate;
automatic air admission
operated.

Coal burned freely;automatic
air admission not operated;
clinker adhered slightly to
grate.

Clinker adhered slightly to
grate; automatic air admis-
sion not operated.

09T

IVOD d0 NOILSNIIWOD SSHTAMONS



TT——60—¢LE ‘TIMI—L687L

TasLr 44.—Comparison of resulls of tests on raw and briguetted coals.

Percent- i Unse-
Y . Volatile | age of ! | coin | counted
Field designation of coal.| Condition of fuel as fired. N&ng ]%;;%t‘)f u? l‘f:fll‘lgg 111111%?1?11‘- C; aatf;?t Eﬂiéx’ekncy Slgllgf{]; dry chim-| for in Remarks.
g v . 8 ¢ RACLTY - - | ney gas. | heat bal-
bustible. | devel- o
oped. 3
Alabama: | Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent.
No.2 B Large and small briquets. . 410 | Natural... 0 38.94 91.4 69. 52 0 (07 T e | Briquet broken before firing.
0.2B.ccucnnnnes 154 NG R SR e L 382 |oidoi L 53 38. 87 108.6 65. 44 30.0 .15 13.63
N Large and small briquets.. 41352 adosiia e 47 36. 33 109.5 64. 95 5. L ) ARt Do.
Ondoiiiai AW e Bty o Tl e vk I [ s 54 35.41 106.9 66. 38 11.5 .05 9.97 | Furnace doors cracked for an
Illinois: ’ interval after each firing.
No. 21 41.83 115.3 64. 00 0 .02 11.01 | Briquets broken before firing,
O-zaleceuccnnnnnnns 42.35 89.3 64. 35 0 0 9. 61
45.79 109.2 66. 91 13.0 .04 8.03
No.29B.. ......... 45. 66 104.2 64.37 7.0 .06 9.80 T
; " 42.84 84.5 66. 08 0 .07 6.77 0.
Indiana: No.7 A 47.33 9.9 |  64.71 45.4 .49 14.84 | Coal caked in fire.
Indian Territory:
39. 88 105. 1 69. 66 4.5 06 6. 02
iNo: BB s
40. 81 95.0 68. 38 15.5 09 8.91
No. 9 19.23 102. 2 67.77 0 .05 8.53
009 = 15 ég 19;/. 0 65. 20 3.0 AT 8.77 (llglinker a%hered 11;01141'9;1:«3.
’ Large briguets. ... . 498 1e sdo 2, E e 56 22. 21.2 69. 18 0 .02 8.42 riquets fired whole.
Maryland: No.2....... i o 490 |- -do... .. 32 18.96 113.9 65. 54 4.8 .10 8.69
P vt Briquets broken before firing;
et Large briquets............. 333 [.. 43 39.45 105.9 65. 64 15.5 .20 5.83 teslitzz too short for reliable re-
217 54 38.59 97.1 66. 39 37.8 30 11.04 | Coal caked in fire.
467 39 26. 53 - 99.0 70. 08 5.5 03 7.89
473 44 19. 92 91.2 66. 46 4.5 408 7.85 0.
468 41 27.43 105.7 68.22 4.0 .04 10.05 | Briquets fired whole.
471 40 24.24 98.9 69. 29 8.0 .02 7.48 | Coal caked in fire.
508 34 37.77 113.7 67.23 0 .02 7.07 | Briquets fired whole.
498 46 35.57 106. 8 65. 84 4.5 .04 8.65
409 26 40. 56 110.3 68. 06 0 (DO ey ) Briquets broken before firing.
411 0 40. 31 134.7 70. 26 17.0 .10 4.45 Testl too short for reliable re-
sults.
345 44 39.87 111..7 66. 09 14.0 21108 )
346 53 38.83 109. 5 67. 96 16. 5 R0 MR e
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TaBLE 44.—Comparison of results of tests on raw and briquetted coals—Continued.

Percent-

- : Unac-
3 . Volatile | age of g IO Int | connted
Field designation of coal.| Condition of fuel as fired. l\ggs‘to L %?adft"f 11(1: ]l'lgf]l{l(sl; ilgigtg_ cafgéggit:y Eﬁ;c;gncy s]?xgg: dry chim-| for in Remarks.
- i "I pustible. | devel- ) il h%atcgal-
I
oped. 3
Tennessee—Continued. Per cent.| Per cent. Per cent. | Per cent. | Per cent. | Per cent.
Large and small briquets.. 405/ codos s Socs 25 39. 92 105.3 69. 00 11.0 [{irer o) T U SOE e Briquets broken before firing.
Nosd- oo WEAET S e e e e 1wy o B o St 38 38.44 110.8 67.05 23.5 27 7.97 | Smoked badly for short inter-
| * val after firing.
5 2 Large and small briquets. 3 8 s o naptietity. 26 43. 34 99.3 66. 06 0 3087] .l ..| Briquets fired whole.
Washington: No. 2..... AR L R el 359 -2 do.. ool 61 43.14 97.4| 6665 i 123 Cracked furnace door for a short
interval after each firing.
Briquetted coal 32.8 36. 44 107.0 67. 66 4.7 .05 7.64
i Lol {Raw coal.......... @®3| 3519 1022| 66.25 16.2 (14 9. 54

9T

IVOD A0 NOIISNIWOD SSHTAMOWS



TasLE 45.—Comparison of results of tests of the same fuels when using natural and forced drafls.

g AR Bttt o Y Black | COind ke
: . No. of ; Clinker in | matter in |of rated ca- ciency ac in dry [counted for
TField designation of fuel. test. Kind of drat. refuse. | combusti- | pacity de- T2, smoke. | flue gases. |in heat bal-

ble. veloped. . ance.

Arkansas: Per cent. Per cent. Per cent. Per cent. Per cent. Per cent.
No.7 A { 294 57 19.07 85.7 65. 07 0 0.02 9. 84
B SR e e A S v R et e e ggg 52 19. 07 g% g 69. 32 0 5 1% 7.48
28 12.51 106. 62. 92 0 W 11.13
Now8:(washed) o on oo e tss e e o e { 308 36 13.03 80.9 67.64 0 .03 6.46

Tllinois: 7 4.

: 505 57 45.8 131.6 60.20 14.9 .10 10.58
Collnsyille:. -..ovontouonezenenicez it one o { 20 55 45,91 12,1 62,53 19.7 u 508
’ 51 45.28 98.2 i 3 ) .8
No. 9 C (briquets). . .....ocooomimiiiiiiiiins { 497 | Natural." 36 .06 85.9 6.37 2, 03 7.08

. 322 orced. .. 62 6. 6. 106. 6 58. : &l 17
No:=28Bi(briguets) LUl oetis o s o { 21 | Natural 62 46. 61 106.0 58,03 2.0 02 17.05
A : 3 orced. . . 61 4448 129. 4 56, 64 .5 17 13.63
Mo NO. 7a(Rashed) S et el e o { 3% | Natural 55 .40 1150 (2. 03 27.5 5 1340
: 506 orced. .. 56 32. 5 . 0 63. 46 9.0 3 . 30
Eermsylyania ANC T 2o i st e e s | i Naturai. 51 33.75 1010 613 0 08 oe

385 orced. .. 55 39. 85 86. 5 63, 5 . e
'5:““"':75%’ s e e S s o \ 384 | NawarallolITNE 57 30, 42 72.8 65.37 10.5 15.24

est Virginia :

No 5 A { 482 62 14.75 147.7 60.23 20.5 .20 15.45
DR e b Ltk e B st 476 51 15.18 9.7 67.13 1.5 .16 8. 68
e [ 216 19 19,92 103.0 60. 30 54.6 45 18,22
e et S e e T e 215 46 2.1 84.4 62.91 i6.2 126 15.31
; 213 0 1. 58 99.9 56. 98 2.0 .53 19.03
Wyorucz, N°2B --------- { 210 0 50. 01 88.3 61. 06 0 -06 16.16
Forced . . 48.9 35.9 108. 4 60. 94 21.2 .21 13.39
Average of 11 tests. .. .oooncnniiitoinen i Natural_ ...l 45.5 35.7 02.6 64. 41 12.2 L08 10. 84
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TABLE 46.—Comparison of resulls of tests on the same coals with flat and rocking grates.

Percent-
- Unac- Effi-
Volatile | age of % :
1 . N : CO in dry| counted | Sulphur : cienc
: S No. of | 1 Clinker |matterin| rated |Efficien-| Black AR : D Ash in b
Field designation of coal. oSt Kind of grate. inrefuse. | combus- | capacity | cy 72%. | smoke. chim- for in in dry dry coal. of boiler
tible dIével- ney gases.| heat coal. and
i oped. balance. A grate.
Tllinois: . Per3ce7ft. Perﬁgmlzg. Per cenf). Per cent. Perlgegt. Per cent.| Per cent. | Per cent.

: ‘ 45 8. 17 94.7 . 28. 0. 34 . 52 1. 50 8.03 67. 93
No. 13 (washed).............ooooemiiieiinnee { 144 30.38 | 103.8| 67.33 36.0 .36  12.05 1.44 8.37 66. 12
b e [ I e ol e R R R
No.19 B 205 36. 74 94.9 71.27 28.8 .10 7.37 61 11. 41 68. 86

""""""""""""""""""""" 175 37. 65 104.7 69. 26 32.0 .21 9. 69 .53 11. 43 | 67. 50

Indiana: I
No'4 166 | Rocking....... 44 42. 85 74.7 ' 66. 38 2.0 28 8.53 2. 96 18.49 | 62. 60
T TR T T R S e | e S S S e R e 151 | Flat.... A5 58 44.15 80.8 64. 37 12.8 19 9. 57 2.94 16. 57 62. 41
No.7B a 164 | Rocking 43 47.79 75.5 60. 89 15.2 08 19. 61 4.39 11. 44 59. 49
Shirsit el S R i KRR g S e al76 | Flat...... g 42 48. 25 78. 6 62. 18 16. 0 04 13.21 4. 60 12.19 60. 94
Kentnoky No.10.._....oorosrroe lEm sl g e b T e e L i
Ohio: No. 4 { %21 Rloctklng élli 42. §4 83(2) gg 14 25.2 é‘l 13. 35 2.75 10.11 64.17
‘ et R Sl e s el R S Bab. oo ls 5 42. 87 95. 97 33. 7 14.25 3.80 10. 45 62. 26
Virginia: No. 2 256 | Rocking 47 37. 37 87.6 65. 93 32.8 26 11. 69 . 86 6. 46 64. 48
g L A RO s R R L G S 2hl L Flate ol o bh 37.43 95. 6 65. 91 44. 4 04 11. 80 .85 6.70 65. 24

West Virginia:

No. 15 214 | Rocking 46 42. 38 75.2 68. 54 32.8 10 12.21 3.07 8.18 62. 76
B R L R D sl gos 1) P e o 46 42.71 84.4 62. 91 46.2 26 15. 31 2. 84 7.86 61. 13
No. 19 285 | Rocking. = 56 22. 62 81.8 70. 76 0 04 6. 04 .94 6.70 69. 04
019 289 | Flat..._...... 48 22. 81 79.6 | 70.65 0 0 7.34 Lo7 6.90 68.00
o — &1 o SR T e e R L
oLy . ocking. ol 50. 01 88.3 61. 06 0 06 16. 16 4. 37 20. 98 58. 66
Wyoming: No.2B.............oooni L { 196 | Flat.......... 0 50. 05 79.3 58. 20 9.6 11 14.75 4.78 23.16 55. 61
; R 41.7 37. 54 85.5 67. 32 18.2 14 10. 99 2.01 10. 34 65. 06
Averageresults of 12 fests..................[.o..e 4.8 37.9 87.8| 6543 23.1 17 a7 A 213 | 10.53 63.78

a Clinker fused into grate and was removed with difficulty.

79T
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TaBLE 47.—Comparison of results of tests on the same coals showing the variation in boiler efficiency 72* as the percentage of black smoke increases.

|
{ Percent-

N 2 Rom Clinker | Volatile e Moisture | 88° (C)lf CO in cgur;at%-d

0. 0! ind o inash | matter shin |; rate Efficien- | Black d. +
Field designation of fuel. draft. and in com- |dry coal. mtffroaé S| capacity | cy 72%. smgl(ie. chirr?zlley fgr 1? . Remaris.
| refuse. | bustible. o devel- gases. | al:?me
| oped. :
| Per cent. | Per cent. | Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent.
Alabama: i[ 390 | Natural..... 43 36.75 21. 42 2.93 92.7 67.43 (TR S e O e AR Coal burned freely; furnace doors
INONG PN O A | left open short time after firing.

394 [..... (s [s PLER AR 52 37.59 18.97 2.88 94.8 65. 62 16.5 0.09 6.35 | Automatic air admission not oper-
ated; coal high in slack; cak

BB I st Aoy 54 35.24 13.97 5.27 77.4 65. 61 0 0 11.89 | Automatic air admission operated;

| coal burned rapidly; caked.
NG | 378 o=k do.iaie. 44 34.83 15.02 4.84 83.2 65. 82 6.5 .08 10. 08 | Furnace doors left open short inter-
e o [ valﬁafter each firing; coal caked
in fire
-7 {7 do...... 54 35.41 10.92 4.04 106. 9 66. 38 11.5 .05 9.97 | Furnace doors left open short inter-
Indiana: val after each firing.
b 1688lo s {5 £ et e 44 42.85 18.49 14.79 74.7 66. 38 2.0 .28 8.53 | Automatic air admission operated.
0. 4....oooooihiinss 165U EH do. it = 53 42.25 20.03 13.82 88.9 70.13 16.1 .09 7.76 | Coal caked; automatic air admis-
sion operatud
| oG dow Ll 41 41.16 9.44 12. 83 87.9 64. 43 0 .09 9.46 | Automatic air admission operated.
oL 15 L aast Jie o, { 428 |..... dows 53 40.12 10.16 13.05 95.6 64.31 TS .13 8.92 | Coal burned rapidly; automatic air
| admission operated.
No. 16 { 50 43.59 14.21 10. 09 78.6 65.32 6.0 .09 9.64 | Automatic air admission operated.
J Iz, P SR T 53 44.89 13.75 9.09 89.1 66. 30 16.5 .09 9.43 Do.
34 39.88 8.59 3.29 105.1 69. 66 4.5 .06 6.02 | Small briquets; burned quickly;
clinker adhered to grate; auto-
Indian Territory: No.2 B matic air admission used for short
(briquets). period.

455 |.....do. 26 40.16 8.28 2.70 93.5 60. 41 8.0 .34 13.59 | Both round and square briquets;
automatic air admission operated
on part of test; clmker adhered
to grate.

Vi R B K dos ot 17 16. 31 11.12 3.70 95.9 68. 56 0 .04 11.28 Volatlle matter burned off quickly;

Maryland: No.1 (washed) automatic air admission on only
short time after firing.

28227 s do. . 22 16.29 10. 48 3.43 93.2 67. 64 7.5 .08 12.86 | Automatic air admlssxon not oper-
ated.

: o r 320 63 44.03 18.36 12.24 94.7 64. 87 0 0 11.17 | Coal burned quickly; caked; auto-
Missouri: No.5............. { : matic air admission operated.

319 61 44.16 17.76 13.37 78.1 63.28 7.2 .04 9.58 Autoinatl‘ilggir admission operated;

coal caked.
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TasLe 47.— Comparison of results of tests cn the same coals showing the variation in boiler efficiency 72* as the percentage of black smoke increases—

Continued.
‘ !‘ Percent
Clinker | Volatile el | “age of Ccoin | Unac-
: : : Moisture counted
o A a1 | ' No. of Kind of inash | matter | Ashin | rated | Efficien-| Black dr; H
Field designation of fuel. | ¢ ¢ draft. and | in com- |dry coal. mé’roég 85| capacity | cy 72%. | smoke. chimyley f}(:r 1{’ ELeTAL I
refuse. | bustible. § devel- gases. balei
| oped. L.
Per cent. | Per cent. | Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent.
352 | Natural .. .. 47 39.72 10. 34 5.59 95. 4 65. 62 0 0.21 9.86 | Coal burned rapidly; automatic air
m ors admission operated.
Tennessee: No.5. ... ... 358 [..... dozic. o 42 39.11 9.98 6.73 115.5 66. 83 14.5 .10 7.91 | Automatic air admission operated;
coal burned freely.
857 =1tk (0 46 39.37 9.41 5.82 111.2 62.73 16.5 .18 10. 31 Do.
Virginia: No. 5 A 476 | Natural and 51 15.18 19.50 4.73 99.7 67.13 15 .16 8.68 | Automatic air admission not oper-
. R, (s forced. ;i ated; forced draft used for 2 hours.
482 | Foreed...... 62 14.75 18.22 4. 60 147.7 60. 23 20.5 .20 15.45 | Coal burned rapidly; automatic air
admission not operated.
Wyoming: 210 | Natural..... 0 50.01 20.98 9. 55 88.3 61. 06 0 .06 16.16 | Coal burned freely; automatic air
No 2 Briasmarade admission operated.
213 | Foreced...... 0 5158 23951 8.94 99.9 56. 98 42.0 +53 19.03 | Maximum capacity test; automatic
air admission not operated.
211 | Natural..... 60 50. 40 19. 67 15.12 67.0 67. 62 0 .10 4.88 | Clinker adhered to grate; auto-
INOUBES Lol e T matic air admission operated.
212 | Natural and 58 51. 46 18.76 13. 60 88.2 64. 08 22.7 .13 11.€0 | Clinker adhered to grate; auto-
forced. matic air admission not operated.

991
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METHODS OF SUPPLYING AIR FOR COMBUSTION. 167

Table 47, compiled from the results of tests made on the same coals,
shows the variation in boiler efficiency as the smoke increases. The
tests of each coal compared were made with the same boiler and same
grate. All the tests but two were made with natural draft; but
inasmuch as the use of forced draft only increased the rate of com-
bustion, as was shown by Table 45, the tests are comparable both as
to efficiency and smoke.

In general the results show that as the percentage of rated capacity
developed increased the percentage of black smoke increased and the
efficiency decreased. This proves that the combustion space was
not efficient over a wide range of working conditions, but there was
a limit for rate of combustion for each kind of coal, above which effi-
cient operation was impossible. The table also demonstrates that
with hand-fired furnaces the combustion space to be most efficient
must have some means of mixing the air and gases. The results
with Maryland and Indian Territory coals show that the most smoke
was made on the tests showing low capacity. Methods of operation
may account for this efficiency variation, as with the Maryland coal
the automatic air admission was used on the high-capacity test and
not on the low. The discordant results in the tests of Indiana coals
are probably due to the variation in air admission. The beneficial
effect of the automatic air admission in reducing the smoke and
increasing efficiency is noticeable in several tests.

The three tests on Alabama coal were run at about equal efliciency
over a wide range of capacity, but as the methods of operating were
dissimilar these apparent discrepancies could easily result.

High smoke values gave high unaccounted for values in the heat
balance. Usually the percentage of CO in the flue gas was much
greater when the smoke was high, showing a cause for the decreasing
efficiency and increasing visible evidence of loss noted with high
rates of combustion.

COMPARISON OF METHODS OF SUPPLYING AIR FOR
COMBUSTION.

METHODS COMPARED.

As supplementing the data already presented to show the results
obtained in tests at the fuel-testing plants, a number of tables have
been compiled to show the relative value of different methods of
supplying air for combustion. The following methods are compared:
(1) Air supplied continuously by means of openings in grates; (2) air
. taken continuously through the grates and an extra amount supplied
automatically at times of greatest distillation of volatile matter;
(3) air taken continuously through the grates and more supplied at
times of firing by cracking the furnace doors. All full-length St.
Louis tests (except the briquet tests) and the hand-fired Norfolk tests
have been used in this compilation.



168 SMOKELESS COMBUSTION OF COAL.

RELATION QF EFFICIENCY TO CAPACITY WITH AIR ADMITTED
THROUGH GRATES AND BY AUTOMATIC DEVICES.

To permit fair comparison of the boiler efficiency and rated capacity
developed, tests were selected on which the same kind of coal was
_used and the same method of supplying air for combustion. These -
tests include two series, one in which the automatic air-admission
device for the furnace was not operated and another in which it was.
The results of the first series are given in the following table:

TaABLE 48.—Relation of efficiency to capacity, automatic air-admission device not operated.

Pegcent%ge % Pel;centzzlge S
s of rate fficiency . of rate ciency
Kind of coal. capacity 79%, Kind of coal. capacity Tk,
developed. developed.
|
Per cent. Per cent.
106.3 62.92 || Virginia.. 101.8 63.39
85.7 65.07 Do. 99.7 67.13
85.0 65.90 92.3 68.25
80.9 67.64 81.6 65.77
72.8 69. 32 99.9 56.98
108.2 67.19 95.2 59.63
108.1 65.83 93.1 57.84
103.9 63.86 88.2 64.08
147.7 60.23 81.0 63.34

The above table shows that, in general, when the air was supplied
by means of the air spaces in the grates the boiler efficiency was
highest at the lowest capacities and decreased as the capacity
increased.

Data from the second series of selected tests are presented in
Table 49.

TABLE 49.—Relation of efficiency to capacity, automatic air-admission device operated.

Pegcent%ge e Pe§centzge e
of rate fficiency s of rate Efficiency
Kind of coal. capacity 9%, Kind of coal. capacity 7ok,
developed. developed.
|
Per cent. | Per cent.
113.9 68. 54 b l 88.3 61.06
93.2 67.64 e 79.3 58.20
80.1 65.28 | 67.0 67.62
I i

This table shows that the automatic air admission is not always
of equal value. With the Maryland coal too much air was supplied
at the capacity of 80.1 per cent, for even at the highest capacity
given neither the greatest possible reduction of air supply nor the
highest efficiency had been reached. With the Wyoming coal not
enough air was supplied at 88.3 per cent capacity to maintain the
same efficiency as at 67 per cent.



METHODS OF SUPPLYING AIR FOR COMBUSTION.
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COMPARISON OF RESULTS FROM DIFFERENT COALS WITH
VARIED AIR ADMISSION.

In Table 50 the volatile matter in the coal as received, the percent-
age of rated capacity developed, the efficiency 72*% and the smoke
readings have been averaged for the coals from each State according

to the method of supplying air for combustion.

The data show that

no unvarying rule can be formulated to cover all coals, but in general
a higher capacity and a higher efficiency resulted when additional air
was supplied at times of firing. Many of the smoke averages do not
fall as might be expected.

TaBLE 50.— Relation of air admission to results when burning different coals.

... | Percent- |
Volatile
Num- : age of :
Kind of coal. Method of supplying air. ber of né%geésm rated ca- %Iﬁ%in- S?I{af(k
tests. | Proq |pacity de-| %V P
* | veloped. ‘
|
Per cent Per cent. | Per ct.
Automatic air admission off....... 5 27.3 95.5 66. 5 14.4
Alabampe s a0l ol {Automatic air admissionon....... 2 29.7 78.3 65.92 0
Furnace doors cracked after firing. 4 28.1 98.8 66. 88 8.0
Arkansasc: Lot o Automatic air admission off ...... 6 15.0 89.1 65.18 0
T e N 32 32.5 91.7 58. 56 24.7
HADINC 25 s e o Automatic air admission on. ...... 40 32.2 91.9 66. 05 18.3
Furnace doors cracked after firing. 11 3L6 92.7 65. 04 5.4
Automatic air admission off....... 1 34.1 103.9 67.15 31.4
Indigngst s n s Automatic air admissionon....... 35 34.8 90.1 65.13 21.9
]iurnacetdoors cgacked afteé firing. % ?g g 93.1 65. 38 22. g
. : utomatic air admission off....._. 3 97.0 65.2 3
Indian Territory .... 3 pumace doors cracked after firing. 1 35. 4 90.5 68.10 19.5
West it 15 In a Automatic air admission off....._. 2 16.9 128.5 66. 99 6.9
e b Automatic air admission on....... 9 it 80.8 66.93 7.0
(Jamestown). ... | Furnace doors cracked after firing. 1 15,8 78.3 68. 61 8.6
K {Automatic air admissionon....... 13 33.1 92.2 66. 47 20.1
= Furnace doors cracked after firing. 1 33.7 68.4 67084 LT Sakie
Merand Automatic air admission off 3 15.0 95.7 67.15 6.8
BEFIANC st Automatic air admission on. 1 14.0 95.9 68.56 0
Mi i Automatic air admission off.. i 32.0 129.4 56. 64 42.
Issourt. . - - - ------- Automatic air admission on. 6 3.5 97.7 63.12 12.
Monfang. & et . Autgmatic air admission off. . 2 gég %(l)g % gg gg ia
B (o S I e e SR L 3 e - S ¥
New Mexico........ Furnace doors cracked after firing. 4 32.6 107.9 67.08 17,
Automatic air admission off....... 1 36.6 81.3 69.01 13.
Oio. L Bis LT Automatic air admission on....... 24 36.6 92.1 65. 69 33.
Furnace doors céacked aite& firing. 12 39.0 11?. 4 g? 22 13.
Automatic air admission o 2 22.7 91.4 .43 6.
Pennsylvania. ... {Automatic air admission on.. 10 312 93.5 67.67 | _ 23.
Automatic air admission off. . 4 32.8 89.8 65.71 20.
Tennessee........... Automatic air admission on....... 12 32.1 103.0 66. 02 14.
Furnace doors cracked after firing. 7 33.0 110.2 65.16 b
PORAS. ko e tases Automatic air admission off....... % Sgg lggg 52. 69 18.
O E | 3 % 64.95 :
Virghia-too Lol ad : 9 34.7 92.3 | 66.77 | 34
Automatic air admission off. 2 ¢! 35.6 108.4 63.98 17
‘Washington........ Automatic air admission on . ) 34.5 81.8 65. 04 10.
Furnace doors cracked after fi i i 36.5 97.4 66. 65 33.
Automatic air admission off 2 20.6 80.7 70.71 0
West Virginia....... {Automatic air admission on. . 27 32.7 93.8 67.59 21,
Furnace doors cracked after fi 2 34.3 103.9 69.10 16.
oo fAutomatic air admission off 5 37.0 9L.5 60. 37 21.
FOMDE L = o \Automatic air admission on. 3 35.0 i 62.29 3
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RELATION OF EFFICIENCY TO CAPACITY WITH VARIED AIR
ADMISSION.

SMOKELESS COMBUSTION OF COAL.

Table 51 gives averages for all tests made with automatic air ad-
mission not operated, automatic air admission operated, and furnace
doors cracked, not classified according to States.

TABLE 51.—Relations of air supply to averages of results.

Percent- Black smoke.
Numbe VOl%gile ag(g, ((’1f Efh
: : umber | matter rate fficien-
Method of supplying air. of tests. | incoal |capacity | cy 72%. A b
as fired. | devel- Amount. fiests
oped. of tests.

: Per cent. Per cent. | Per cent.
Automatic air admissionoff. .............. 88 28.0 93. 62.95 11.8 59
Automatic air admission on. .. 185 33.2 92.9 66. 06 21.6 162
Furnace doorscracked. .................. 35 31.2 99. 66.21 | 15.4 28

The subjoined list shows the names of the coals which fell in the
final grouping of Table 51:

AUTOMATIC AIR ADMISSION NOT OPERATED.

Indian Territory.
Arkansas.

Maryland.

West Virginia (James
West Virginia.
Virginia.

Maryland.

West Virginia (James
Alabama.
Pennsylvania.
Illinois.

West Virginia (James
Alabama.

I1linois.

New Mexico.

Pennsylvania.
Alabama.
Texas.
Illinois.
Missouri.
Montana.

town).

Tennessee.
Indiana.
New Mexico.
‘Washington.
Ohio.
Wyoming.

AUTOMATIC AIR ADMISSION OPERATED.

Missouri.
Tennessee.
West Virginia.
Kansas.
Indiana.

town).

FURNACE DOORS CRACKED.

Indiana.
Kansas.
T'ennessee.
West Virginia.

town).

Virginia.
‘Washington.
Wyoming.
Ohio.

Indian Territory.
Washington.
Ohio.

Tables 52 to 54 give averaged results showing the relation of effi-
ciency to capacity under the three methods of air admission when
high-volatile coals are burned, all the tests on low-volatile coals

being excluded.

TABLE 52.—Relation of efficiency to capacity, automatic air admission mot operated.

Percentage Percentage
of rated Efficiency of rated Efficiency
capacity 2%, capacity 2%,
developed. | developed.
Per cent. Per cent.
108. 4 63. 98 96. 6 56. 69
106. 3 61.97 95.5 66. 56
105. 3 66. 39 86.4 64.69
98.0 66. 19 80.7 70.71




METHODS OF SUPPLYING AIR FOR COMBUSTION, 1kra b

Table 52 shows that the highest efficiency was obtained with the
lowest capacity and that the efficiency decreased as the capacity
increased.

TaBLE 53.—Relation of efficiency to capacity, automatic air admission operated.

Percentage ‘ Percentage ‘
of rated Efficiency } of rated | Efficiency
capacity 2% || capacity | T2%.
developed. f‘ developed. |
[ |
Per cent. | \ Per cent.
96. 6 65.70 88.1 | 65. 65
93.5 67.67 78.3 65. 92
92.2 66. 47 78.2 62.29
92.1 ‘ 65. 69

Table 53 shows that the lowest efficiency was obtained when run-
ning at the lowest capacity and that the efficiency increased as the
capacity increased.

TABLE b4.—Relation of efficiency to capacity, furnace doors cracked after each firing.

Il
Percentage | Percentage I
of rated Efficiency | of rated Efficiency
capacity 72%, ‘ capacity 72%,
developed. ‘ developed.
Per cent. Per cent.
118.4 68. 02 97.4 66. 65
107.9 67.08 92.7 65. 04
103.9 69. 10 ‘ 90.6 ‘ 65. 87
98.8 66. 88 “ 90.5 |  68.10

Table 54 shows that the highest efficiencies were obtained when
running at high capacity and that with one exception, the reverse was
true. Supplying air by cracking the door, while it results in high
efficiency, is more liable to furnish a variable supply than an auto-
matic device, as it introduces the personal element.

With the furnace door cracked after firing, the lowest efficiency was
65 per cent. With the automatic air admission operated, the lowest
efficiency was 62.3 per cent. With the automatic air admission not
operated, the lowest efficiency was 56.7 per cent.

CONCLUSIONS.

Air supply should be regulated to suit the combustion of different
kinds of coal.

With the same coal burned in the same furnace, a proper amount of
air supplied at times of greatest distillation of volatile matter will
aid in obtaining higher capacity and higher efficiency than can be
had without such regulation. :

When air is supplied in the same manner to the same coal in the
same furnace, the efficiency is practically determined by the rate of
combustion.

On the average, cracking the furnace door resulted in highest
capacities with the highest efficiencies, from which it would seem that
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in general not enough air was supplied by the automatic air-admission
openings. : :

Air should be supplied automatically to the furnace, as this over-
comes in a measure the personal element.

In the average furnace the gases and air are not mixed thoroughly
and it is possible, especially by cracking the furnace doors, to admit
large amounts of air into the furnace and reduce the visible products
of incomplete combustion at the expense of efficiency. (See tests of
Illinois coal in Table 50.)

INFLUENCE OF VOLATILE MATTER IN FUEL ON THE
SMOKE PROBLEM.

From a study of the tables giving the results of the tests made
under Heine boilers, it appears that in all tests coal with low volatile
matter was burned most efficiently and with the least smoke. High-
volatile coals are more difficult to burn without loss than low-volatile
Coals, but the difficulty is not directly proportional to the percentage

~of volatile matter. Some coals with less than 30 per cent of volatile

matter give off more smoke than others having 40 per cent. Ob-
servations of the behavior of coals when thrown into the furnace
indicated that some coals gave off their volatile matter at lower
temperatures than others, and that there was a difference in the
nature of the volatile matter.

This phase of the composition of coals is now undergoing laboratory
investigation under the direction of N. W. Lord. When these
investigations are completed valuable data will be at the command of
engineers who are called on to design furnaces for burning coal.
Horace C. Porter, who is conducting the experiments, has furnished
the following preliminary statement, which shows that among the
coals tested there is a wide difference in the character of the volatile
matter:

TaBLE 55.—Results of heating 10 grams of air-dried coal ten minutes.

" ighest" | | Gas composition (calculated to undiluted gas).
'w tem- 1 | G
. pera- W | Ge | |
Kind of coal. im'f{ @1’15 Tar.a f“ ater.| Gas. FAL LN O Dl il [ e
| ‘ 1
At heating temperature
of 600° e | |
; [ C. | P; . ‘ P.et. | Ce 3 =
Connellsville, Pa..... 335 . ouneen v 8| 30.0 0 6.5 6.5 7.0 0 |¢50.0
Zeigler, IN. .. ......... jid o ]‘ ....... [ 90| 14.8 0 S8 180 s 0 [e71.9
At heati}z% gggnzéemmre | ; [
0 x |
Connellsville, Pa..... ‘ 41 | 4.9 3.2 190 6.3 | 8.2 5.9 36.9 23.7 2.0 | ¢17.0
Zeigler, Il ..uuen......] 40| 6.8 13.0 173 | 15.7 | 7.0 | 14.4 1-19.0 22.2 2.81£18.9

e Smoke-forming matter.
b Includes all higher paraffin calculated as CoHe.
¢ Includes small amount of air,’
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TABLE 55.—Results of heating 10 grams of air-dried coal ten minutes—Continued.

'Highest' ‘ Gas composition (calculated to undiluted gas.)

tem- |
pera- | y
Kind of coal. turelain Tar. ‘Water. Gas. % e ety S 2 ?
coal in | COs. b CHie 2Hs. 2. 2.
retort. . nanis.
At heating temperature
of 700° C.
QUGS PP S e Pt 106
Connellsville, Pa..... 562 11.0 3.5 583 3.0 7.2 | 54| 44.1 17.7-} 185 9.1
Zeigler, Il .. _ .. Dok 545 7.8 14.0 471 8.5 5.1113.7| 59.6 0 1.1 | 12.0
Sheridan, Wyo 580 82| 18.5 1,020 | 28.8 3.7120.0| 18.6 6.8 |15.14 7.0
Pocahontas, W. Va.:.}- 599 4.2 1.9 675 1.9 4.4 | 3.9 44.4 16.1 | 28.5 .8
At heating temperature
of 800° C. 4
Connellsville, Pa...... 687 | 12.6 4.5 | 1,375 1.5 55| 6.9 24.9 12.1 | 33.1 | ¢16.0 -
Zeigler, . _._........ 680 9.3 | 13.9] 1,251 3.8 3.8]16.0 | 27.7 6.1]33.7| 8.9
Sheridan, Wyo.......|--...... 7.9| 19.1 (1,780 | 19.8 2.7121.4| 14.1 4.0 | 30.0 8.0
Focahontas, W. Va...|-.zi.... 6.5 2.4 1,59 1.2 3.4 48| 24.4 11.6 | 43.2 | 11.4

| 1

cIncludes small amount of air.

The differences in the ease with which various coals give off their
smoke-producing constituents are strikingly shown by the accom-
panying diagram (fig. 40), in which all these volatile substances are
grouped, the total percentages given off being represented by the
vertical scale and the temperatures by the horizontal scale. The
behavior of the Illinois coal at temperatures between 600 and
700° C. contrasts strongly with the progressive distillation of Con-
nellsville coal, and the decline in production of volatile compounds
at temperatures over 700° shown by Wyoming coal is notably differ-
ent from the even increases shown by Illinois, Pocahontas, and Con-
nellsville coals.

HORSEPOWER FROM DIFFERENT COALS.

The facts presented in Table 56 were obtained by averaging more
than 200 tests on coals and lignites from 17 different States. All
these fuels were hand fired under a Heine boiler. The furnace was
set with flat grates, which were 26 inches from the U tile on the lower
row of tubes, measured at about the center of the grate. Natural
draft was used in nearly all the tests. The damper was usually set
so as to get a draft of about 0.6 inch of water in the hood, this giving
from 0.12 to 0.30 inch in the furnace, varying with the coal and the
condition of the fire. On the assumption that the boilers at the
average good plant are run at approximately the same efficiency as
those at the government testing plant, the figures given in Table 56
for coal per boiler horsepower per hour may be used as a basis for an
approximate determination of the total boiler horsepower at any
plant by dividing the amount of coal used per hour by the figures in
the table opposite the State from which the coal is supplied. For



Smoke-producing volatile products, per cent
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FIGURE 40.—Proportion of smoke-producing compounds given off at different temperatures by several coals.

LT

IVOD d0 NOILSAdIWO0D SSHTAMONS



CENTRAL HEATING STATIONS. 175

instance, a consumption of 460 pounds of best Illinois coal per hour
indicatesthat the total boiler horsepower developed would be about 100.

TaBLe 56.—Efficiency 72* and coal burned per boiler horsepower per hour.

& Coal || ~ Coal
Num- Num-
burned o .| burned
State 1%22{;‘ Ci];:nﬂci-' per boiler ‘ b or of | Efi- per boiler
A ency, Hore il State. tests | ciency, ekt
aver- 72%, power | aver- (2%, D e
| aged. per hour. aged. per hour.
|
| Per cent. | Pounds. Per cent. | Pounds.
ﬁlzi,(bama. TSR 2 6(_; 4.2 Iléentilckg ............ 13 65 4.0
TRENSAS Aol o 6 3.9 arylan 3 66 3.8
Colorado (lignite). . .. 1 61 6.0 || Missouri.... 7 63 55k
Tllinois (best coal).. .. 23 66 4.6 || New Mexico 2 60 5.5
Illinois (fair and poor Ol n=i et 26 64 4.2
5 cdoal ............... 21 61 5.0 || Pennsylvania. 21 67 3.6
alEnan e T 20 63 4,7 || Virginia....... 1o 12 65 3.7
Indian Territory..... 4 64 4.5 || West Virginia........ 36 67 3.6
1oy A e o S 5 61 5.5 || Wyoming (lignite). .. 8 59 B: ¥
[T CHCHER B e 8 63 4.4

CENTRAL HEATING STATIONS.

The possibility of reducing smoke in cities by the use of central
heating plants was taken up as part of the general study of the smoke
problem. There is no doubt that in winter the small heating plants,
both in residences and in store buildings, contribute largely to the
smoke nuisance. This is because the small plant is poorly designed
for burning any but low-volatile fuels. When an attempt is made to
burn the cheaper coals, such as large stations utilize, dense black
smoke results, often lasting for several minutes after each coaling.
Moreover, the plant is not large enough to warrant careful operation
and the coal is fired in large quantities and at long intervals. To
obviate the difficulties of combustion high-priced coal is burned, this
being especially true in congested areas. It is evident that if for the
heating plants of several buildings could be substituted a central
station where a power-plant boiler of standard type could be installed,
a correct furnace constructed, cheap fuel utilized, and the plant
operated intelligently, much of the nuisance and discomfort from
the small plants would be overcome.

The central heating plant is not a new thing; in fact some of the
plants have been in operation for twenty to twenty-five years.
Development in this direction has been very slow, however, until
within the last five or six years, when the idea has received renewed
attention.

The data presented in Table 57 were obtained by sending a circular
letter to each of the central heating plants supposed to be in oper-
ation in the United States—150 in all. Of these, 77 responded, 57
giving the information as tabulated; twenty stated that they were
out of business or inactive. The location of the 130 is given in the
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statement below. The tabulated statistics may be taken as fairly
representative of central heating plant conditions. It will be noted
that the plants are most numerous in the States where coal is rela-
tively cheap.

Location and number of central heating plants.

Number | 3 Number

of plants. | 1 of plants.
Arleansass L s e bR IS iR il T 1 | Montana ....... b e s B o 1
Goloradostoets e = D v B ot 28| MESROTIET: e o T o 4
onneeticutiy vt SER T 1| New Hampshire ................. i}
GebrgiaEs. =S A BT B it Neow York e Shsgii b ber S5t 10
Wlahio it Sat e MR RN e e it N orth iDaketas et Tt o e 2
RO RS et e e e e e S 7 e Qb (e et | TR Bt S gl 24
Endigna i et nle oo s 17 | Pennsylvania_......: T e R, 25
CaTIBAN:: S St ol e b 11 Bhode Tsland 1= .2~ = ey . il
Massachusetts . ....... e VAR B I €Y ol s e e e EE R g i
IMichigan ros el s oot SalWashinoton =2 soeens e it Sf-o ) 1
IVEATeS0ta: s L LU 3 Wisconsin g LIS S R 4
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TaBLE 57.—Details of operation of ceniral heating plants.
P P
.
Boilers. Fuel.
Location of Heating . Horsepower
plant. Purpose of plant. system. s R Style of furnace. of engino,
Character. power. Kind.
Bire tube... J.ivl o 1,500 )\ ot
1 | Colorado...... 3OS R e Witor tibe 2200 COTIDION 2= 55 - oo n iy e s Lignite slack......cccoeeiinnnn.. 0
2 inoi .| Light, heat, and power Water tube. . 4, 200 [NDatoh oven. .ok oh oL A e Bituminous slack. . Ry 4,000
3 d {s (o a0 S 0 il e SrAed by s DM St doli. .. 2L 2,520 | 3 Green; 2 common. ........ Bituminous screenings. ......... 3,150
o] SO (o {5 s ARISE S 1,800 | Chain grates; Roney stokers.| Bituminous pea and screenings. . 360
9 fdo. .| Fire and water tube. 1,350 | Common and chain grates...| Bituminous screenings.......... 1,700
1 LR oo o .| Fire tube il 600 | Common JI}iun of mine and l}lmp .......... ‘1138
..... i Ll Light apd heat.. o -Gl ddo s ot odp s, ituminous run of mine . ......
..... do........| Light, heat, and power Sﬁeam and | Water tube. . Bituminous screenings. ......... 4,100
ot water.
..... {5 o ] Il ) s ol Wl L et ), N e Run of mine and screenings. .... 3,200
..... do. S N oo P Hot water |.....do..... .| Bituminous screenings.......... 1.20 1,250
By b e -dos. = ot Bituminous }-inch screenings . . - 1.47 375
Indiansa.. ... ]...0. do L 0 1,800 Bituminous screenings - 2.50 |
..... do........| Light and heat........|...do 1,720 | Common. ...................| Bituminous slack.... 1.35 2,500
_____ go_ o L Liglat, heat,and power |...d: ¥ 000510 ¥ léun of mine; screfsnmgs. i Zs 570
..... PSS < T 1 R e R e [ EUE T [ 1§15 o) 1 400 |..... ituminous run of mine. D | e o e
..... do.s . Light and heat........|...do......| Water tube 800 | 1 common; 2 Roney stokers.| Bituminous......... 2 2. 61 515
..... do........| Light, heat,and power |...do......| Fire and water tube. 800 | Common...................| Bituminous slack.. 2.20 880
Towa..... ..| Light and heat........ s Lol ‘Water tube......... SODFRR Y = .| Nut and run of mine............ 1.70 425
..... go... s Lt?tohd go Firedtube.... s 400 | Common.. -t %L{n of minel, nut steaming.. ... 3 %sl]g égg
..... o.. .| Lig eatrandpower|. d0.. o ool ad0. . o 0D s e T ad e A s BTN OURS T D S L A SR AaSan 5
..... do... - Light’and heat....... .| Steam.... .| Water tube.. 2,150 | 2 chain grates; 7 common. ..| Bituminous sereenings. 1.70 2,800
Michigan......| Light, heat,and power|...do...... Fire tube. ... 600 | Morrison suspension........ Bituminous siack. ..o ar ety 2.90 . 400
Minnesota.....|..... T by PIOT LN BHRRIANS ROl ‘Water tube. . 725 | Commion , ). - - ....| 2 anthracite, 1 bituminous. ..... 8. 76 700
Missouri. . . 5s Vo RANE it Bie 0 i MR [ e Fire tube. ... 900 | Down draft ituminous lump 1.67 405
........... ‘Water tube. . 900 |2 down draft; Ieommon’: <|- - <80t i ccadcins 2.05 1,264
..... 7o Lo Lol e teti o 750 | Common . ... Bituminous slack 1.75 0
Hirelsubess. = o 0 450 | Down draft. .. ............. Bituminous peaand nut ........ 1.80 280
Fire and water tube. 400 oo QO oS BN Bituminous lump. .....s...c0a0. 2.10 200
Water tube......... American Stoker. .. ...« Bituminousslack. . ............. 4.60 250
Antgra.cite ............... 2.23 0
t [ e U T, Vol o S TR ] B 1,0 (R L Tl e e e 08 h i U e, e 2.23 0
Light, heat,and power |. Buckwhesl. oot icfint-hanes 2.13 1,475
.| Light and heat........ 3 S BITUINOUR. Ch e S e S sy 2.50 705
r Igeat ..... i R 13 anthrsacite,t 1 bituminous .. ' ggo 430
ower and heat Serepned nut.i. i azi.g . .60 0
Light, heat, and power .| 4 anthracite,  bituminous X 4.00 1,500
..... bR e e i P A S 2,00 600
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TABLE 57.—Details of operation of central heating plants—Continued.

Boilers. Fuel.

Location of Heating Horsepower

No. plant. Purpose of plant. system. AT Style of furnace. : TG of engine,

Character. power Kind. ot bon
88 1l Ohif 5. L 0w nght heat,and power | Hot water Water Lt Rt Run ofmifey.. .o senvaoins ot $2.20 3,000
é ARG T DR s [ e B e Run of mine, slack, natural gas. 1.30 550
Waber and fire tube. Peaandslack................... 1.50 750
Water tube......... Bituminous run of mine .. 2.25 1,000
.| Fire and water tube. Run of mine and slack. .... ol 1.75 0
Eivecbube it .l Anthracite buckwheat.......... 1.50 0
...................... Anthracite and bituminous..... 2.28 0
Fire and water tube. Bituminous 2008 o SRy
Fire tube......._... Slack. .o an 1.00 1,200
Fire and water tube. Bituminous. 2.59 1,050
o g n v o R L SRR (el 00 o) BECH PPR S P S S E Wal G (6 1SRN T T 0 ) S R T 1.03 0
..... (o Anthracite rice and buckwheat. 1.14 0
Water tube Anthracite rice and bituminous 2.63 1,050
run of mine.
Hire fuhese sty H00N G oNITION e e e V8 a0 U [ TN R P 1.03 0
3 %re‘i) tubes; 1 water 725 | Wilkinson stokers ... C I Bitnminous g Soctmne o soe ok 2.77 0
ube.

Water tube. Run of mine........... 1.38 300
do .| Fire tubes. . Bituminous run of mine. 1.37 0
Rhode Island. Water tube Bitiminous 2 .2t = 3.75 4,250
56 | Wisconsin. ... Fire and water tube. Bituminous sereenings. ......... 1.90 800
Gy e ey, Water tube......... Bituminous run of mine........ 2.50 800
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TaBLE 57.—Details of operation of central heating plants—Continued.

Mains;&legg%xsl'g fron Pressure (pounds). | Greatest | Total Radiation (square feet).
Location of | Livesteam distance |length of
plant. used g)er . chegt 1sd hxgat_innsg Insulation.
cent). 5 : onveye ai
Size On mains| Drop in ; .
Number. (inches). |at plant.| main. (feet). (feet). Direct. Indirect.
Colorado. . 100 o 50 42 7,650 | 38,173 | Lapped with asbestos inside 4-inch wood log Very little.
TUHNOIS. ..o oeeeeeee. i b } 15 12| 3,960 | 10,560 | Tin, asbestos, and 4-inch wood 108 - .- - .. .......... None.
..... (x P ool ol R AR e 1 20 20 15 7,200 14,784 | 4imch wood 10g o\ il L S Pl s s e wsa .| Very little.
..... o LR 33 % lg } 10 6 2,000 4,000 | 1-inch magnesia pipe covering .....................
..... (o (¢ SRR 0 } g } 3-6 2 3,960 7,920 | 1-inch felt and wooden DOX .......ccceemccvanorsanal " 7770700 NG
..... do i 1 8 6-15 1-3| 2,640 | 2,640 | 6-inch Wood 108S - -« ... ieouniiieiiiaiaeainaaaas R
..... 1 8 3l 1,300 | 4,000 | 7-inch hemlock and hair ... ,000 | :
............. :i %g }as-b50 5,280 {Zé?’ggg }Airchambers and sawdust .. :%?g’%
) )
............. o % 6 6 52000 h.........| Magnesia and oil shavings . 75,000 x 2 | Very little.
..... 6 7 60 10 7,920 | 58,080 | 3-inch wood boxX .......... 100,000 | None.
..... 1 10 88 9 2, 640 17,500 | 2-inch sawdust and lime .. Yoo s tionan Do.
1 20 QORI ol n G SRl S | B o Boxing; mineral wool..... 400, 000 Do.
..... 2 12 48 20 3,960 10,560 | 3-inch wood covering ...... K 120, 000 Do.
2 10 70 40 4, 500 34,000 | 4-inch wood and hair felt ... . ... . .............. 130, 000 Do.
i { } 40 10| 528 | 15,840 | 44nCh W00 108S - nemmeeneeemaeeeaeaninnns 60,000 | Very little.
cl 12 50 25 1, 500 12,000 | 5-inch hemlock boards and air space ............... 70,000 | None.
i g 60 15| 5,000 | 18,480 | 5-inchairspace; boardsand shavings, and tarred felt 115,000
1 8 45-60 10-15 8,520 [ oo Hemlock covering, with two air spaces ............ 85,000 | None.
cl 7 51 8 3,000 48,800 | 33-inch wood 61,000 Do.
1 5 I A 2,000 4,000 (" Wiood o.2 . 0L 20, 000 Do.
il 12 17 15 4,500 12,000 | 4-inch wood log: 138, 000
Michigan.. b 2 10 3 1 1,300 4,000 | 2-inch 85 per cent magnesia................... 50,000 | None.
Minnesota. ) 1 8 5 0 1,600 31060 3-imehiwoediloas o O 30, 000
Missouri i e St 1 16 e b 1,072 1,460 " TInch paper; "air cellis_ o oo ol s s JIten 11,481 | 150,460
..... do-.%~ (9) 2 12 3 0 4 700 | 1-inch 85 per cent magnesia. . . SoLin 4,900 | None.
..... do.. 100 1 10 5 1 | 4,600 7,920 | 4-inch kiln-dried pine; wood log ’, Samae - 83,
..... do.. 7 6 13 0 130 600 | Z-inch magnesia ............... 33,000 | None.
..... do..... 50 1 10 5% i) 400 700 | 1-inch asbestos - ............. 38,267 Do.
Montana......|...ccon.oue- 8 12 10 3 2,000 4,000 | 1-inch asbestos; sponge felt 70,000 Do.
New York..... 100 3 15 95 10 3,200 29,040 ! 1-inch air space; 4-inch mineral wool ingide conduit'............
a Steam b Hot water. ¢ Pair. d Double pipe. e Very little. £75,000 pounds per day. 9 146,000 pounds per day.
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TaBLE 57.—Details of operation of central heating plants—Continued.

.Mainsgi&:gé;g from | prossure (pounds). | Greatest| Total Radiation (square feet).
: Live steam distance | length of
No Loc'«lztxon of used (per heat is | heating Insulation
plant. cent) conve, i ’
s 1 : ; yed| mains " ¢
Number. (in?:ltfgs). g?prﬁfﬁgs D;gi’n’.n (feet). | (feet). Direct. Indirect.
31 | New York.... 100 { . 2 } 55 515 | 7,500 | 58,080 | 1-inch air space; 4-inch mineral wool inside conduit 1,100,000
T 19 } il 922 | 4,070 | 1}-inch 85 per cent magnesia ... ................... 65,430 ‘ None.
4 14 4% 33 3,960 31,680 | 4-inch kiln-dried sectional white pine, wood logs ... 124,000
1 10 20 5 5,280 7,000 | Tin, asbestos, 4-inch wood 10gs - .......... ... ... |oeeueaeeno.. Very little.
1 8 5 0 L2001 St Sl A0l WO 108 ... Lol Sl ot A e it e | s e e
3 10 S Bl AT 1, 500 3,000 | Tin, asbestos, 4-inch wood logs 50,000 | None.
% 1§ } ................... 1,000 2,000 | Tin, ashestos, and wood Iogs s i ln | ahl
2 12 45 30 11,880 47,520 | 5-inch wooden box; air space; oil shavings .. 160,000 | None.
.. i
2 8 740 e = ni R 6,600 21,120 | Wood shavings and mineral wool ............ 110, 000 Do.
2 8 30 6 5,500 10,560 | 5-inch wood; air space; boX ............... Do.
DRI Sl e o 40 15 3,520 7,000 | 2-inch wood covering ........ Do.
18 14 36 3 3,178 5,492 | 4-inch tin-lined wood casing
12 3 50 47 5,280 46,200 | Tin-lined 4-inch wood log. . .
10 3 620 fooco iiase 5,280 11, 88aligineh ool Tog oo el ol S et 000
1 10 12-25 /i 3,917 28,945 | Asbestos and 4-inch wood 10gS-......co.ooeeono... 162,182
2 6
1 14 b NS Y 4,000 13,200 | Tin, asbestos, 4-inch wood logs ............ | 5,600
1 12 15 R s , 5 4-inch asbestos and wood logs ... ’
1 8 200 e e eee 3,960 3,960 | 3-inch asbestos ............ 2
1 10 30 25 6,000 6,000 | 2-inch asbestos and wood log .............. Very little.
1 12 4 2% 3, 550 8,777 | Tin, asbestos, 4-inch wood logs None.
% lg 50-70 35-40 5,000 7,200 4—inctﬁwoodlog(.i....“.....h..“&........_.....l.... 000
3-inch concrete duct; 3-inch and 4-inch wood log;
1 o } 10-20 515| 4,620 | 17,911 { A e 60,900
1 8 6 (a) 3,960 L s 1 4 R e e R S None.
1 8 15-40 10-35 2,640 10,560 | Asbestos and 4-inch wood logs ............. 45,000
1 8 14 5 2,042 5,285 | Tin, asbestos, 4-inch wood 10gs - ........ ... ... .|eeceeeeo.... Very little.
1 4 56 1h 2,000 4, 13-inch wood log - ....oooooononean .. 10,000 | None.
2 8 60 40 7,920 31,680 | 3-inch hemlock boxing and air space 70,658 Do.
aVery little. b Pair. ¢ Nearly 100.
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TABLE 57.—Details of operation of central heating plants—Continued.

‘, Averagep rice of heating. [ Average :
+ cost per
: | Spacein year for ;
No. Locz}tlotn of ‘, buildings Per 1,000 E repairs on ngiftsiéﬁ Remarks.
Pidas (cubic feet). | Per square | &+ T imains, tun- iy s
i foot. 3 eater nels, and
| i insulation.
{ | -
| e
1 | Colorado...... i 700,000 LI I $1,500 26 | Condensation loss, 12 per cent. Price to large dealers, $2 per 1,000 cubic feet of contents.
2 | Illinois. . 1 .24 | $4 per 1,000 cubic feet of contents.
G do. Live steam one-tenth of season.
L do... A 4 £ Radiation direct and indirect.
s (5 CIETIE RN el S WP IR T oy ls Direct system.
Bel- it A0 S S | 3 Profitable when heat is furnished as a secondary product.
st dod Lt | . | None ] AN
9,000,000 | a.25 ‘ ‘ a
b diloaoas { 59,5000 S| R SO { 5| Do
iitle o3 (o ()b P I WU T N e g' ; } | 6% Would advise concentration of mains.
1 P dogs s (aeiasia oyl ’ ‘ 3 6 | Would adv(ilse use of larger mains; also concentration of territory heated. Insulation could be
improved. 3
e A Gl e B Ay 7 I
bl I s v =T o S ol e R AR T 5 y .
i QO B s T 5 | Profitable when heat is furnished as a secondary product.
fld s (e Lo I e e 5 | Charge too low for successful operation.
3 Hs s (R [ Lo e e e il 1) 5 e 7 Do.
TR (o Fo s e E s 2 el 5 | Condensation loss, 5 per cent.
b PR Joo sl de it ettt h L 10 | Radiation mostly direct. Heat should be automatically regulated.
AR Ll owa e s S o 7 | Mains should not extend too far from plant.
g o0 PR (o PRl BRI B SR 6
20 [dslsn O Ao ol e e e 5 | Profitable when exhaust steam is used for heating.
21 ... QO UG senk 10,000, 15 | Radiation mostly direct.
22 | Michigan...... 2,389,900 3
28 Minnesota. .ot Ll Hg L oL 8 | Radiation direct and indirect. Condensation loss, 6 per cent.
24 | Missouri ...... 3, 5
5 do.. : 3; | 4
5, 7 | Radiation direct and indirect. Condensation loss 1 per cent.
1, W 15
| 2, 10 | Mains should not extend too far from plant.
29 | Montana ...... Ty . | 7 | 88,000,000 pounds steam sold per year.
30 [ New e e R P e i O IR 25 | Over one-half of the steam is sold for power purposes.
..... doss: e R0, 00010000 oS ivedds dox SR (L R ) S S R
32 [ Gl SR 16500 0000 o Lok Se g T SUCAD L, o Small. 10 | Profitable when exhaust steam is used. . 1
BB i 10.000°000 I. ... cvuene. | 42} $175 28 | Condensation loss, 3 to 6 per cent. Radiation both direct and indirect.
aSteam. b Hot water.
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TABLE 57.— Details of operation cf central heating planis—Continted.

Average price of heating. Average
5 cost I%er
: pace in year for ¢
Locﬁ‘]ﬂl of buildings Per 1,000 repairs on oY:gi?i(l)!xll Remarks.
.astls (cubic feet). | Per square | - "3 " Imains, tun- B 8
foot. iy ey nels, and
3 insulation.
3 percent. 10 | Condensation loss, 5 to 12 per cent. Radiation both direct and indirect. Business rate 4;
residence rate $4.50 per 1,000 cubic feet of contents.
Very small. 6
0 7 | Condensation loss, 5 per cent on heavy load, to 50 per cent on light load.
____________ 6 | Profitable when exhaust steam is used.
0 3
Very small. 5 | Natural gas 9 cents per 1,000 cubic feet.
$300 7
.............. 1,200, 000 4
..... do.........| 10,000,000 0 7
Pennsylvania.| 26,000,000 |... $2,000 10 | $4.50 per 1,000 cubic feet of contents; should have larger mains,
$0.41 per
1,000 cu-
..... doii s, Ll S T0r00050008 s st A B LA 0 e Ll B foet 19 | $4.43 per 1,000 cubic feet of contents; steam should be metered.
of space
heated.
..... i ST 9129 DETH TS LU NS | S e P $300 14 | Radiation should be direct and steam should be metered. Present price of heating based on
cubic contents.
..... dos iy 3,360, 000 = 2838 iln £ 51 $250 5
..... (e e (LR T 95000, 000 202 A IR e B ol $702 9 | Radiation both direct and indirect. Profitable when exhaust steam is used for heating.
..... RN R N N R £ B A SEm T St $500 20 | $5.45 per 1,000 cubic feet of contents.
..... (s ol Sl IR S T G M S N e i 20 | $4.50per1,000 cubic feet of contents. Insulation could beimproved. Should run with higher
steam pressure at plant.
..... LR 5 | Condensation loss, 9 per cent. Profitable when steam is sold at 60 cents per 1,000 pounds.
..... doL S i 19 | Radiation about 5 per cent. $5 per 1,000 cubic feet of contents.
..... go. i 14 | $6 per 1,000 cubic feet of contents. Radiationshould be direct and service should be metered.
..... (ol i e 10
..... ot 24 | Very little indirect radiation. Mains should not extend too far from plant.
Rhode Island. 6 | Condensation loss, 4 to 15 per cent.
Wisconsin. ... 6 | Profitable when exhaust steam is used. E
..... (o Lo PR SN 8 | Insulation could be improved. Mains should not extend too far from plant. Profitable

when exhaust steam is used.
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GENTRAL HFEATING STATIONS. 183

Of the 57 plants included in Table 57 only 12 were operating for
the express purpose of central heating. The remaining 45 were
supplying either light and heat, power and heat, or power, light, and
heat. Steam heat is furnished by 38 plants, hot water by 17, and a
combination of steam and hot water by 2. The plants which have
been installed in the last five or six years show about an equal propor-
tion of steam and hot-water heating. The plants range in size from
300 to 16,000 horsepower; only 25 per cent are of 600 horsepower or
less. Sixteen of the plants have mechanical stokers. The price of
coal ranges from $4.60 per short ton in Montana to 90 cents in Illinois,
the average cost from all the plants being $2.05 per short ton. Both
direct and indirect radiation are used, but by far the greater propor-
tion is direct. The greatest distance to which heat is sent from the
station varies considerably, but a reasonable distance seems to be
about 4,000 to 5,000 feet.

Payment for the use of steam is made in two ways—(1) at a flat
rate, based on square feet of radiating surface installed or on 1,000
cubic feet of contents heated, or (2) at a meter rate, based on 1,000
pounds of condensed steam. The price paid per square foot of radi-
ating surface averaged 331 cents, and varied from 22% to 65 cents.
The plants selling on a basis of 1,000 cubic feet of contents charged an
average of $4.46, the price varying from $2 to $6. On the basis of
1,000 pounds of condensed steam the payments averaged 50% cents,
ranging from 40 to 66 cents. One plant that sold heat on this basis
for 40 cents intimated that such a rate was not profitable.

The hot-water plants sold heat only on the basis of square feet of
radiating surface installed, the average rate being 174 cents and the
range from 12} to 25 cents per square foot. Two plants, one selling
at 12} and the other at 15} cents, claimed that their prices were too
low for successful operation.

A comparison of the prices charged by central stations, as given in
Table 57, with the cost of fuel only for a house-heating boiler, as
published in Bulletin 366, shows that in many cases the cost of pro-
ducing heat on the premises equals the price charged by the central
station. When heat is purchased the customer avoids the annoyance
of having to supervise the operation of the heating plant, as well
as the dust resulting from the delivery of fuel and the removal of
ashes. Some allowance should also be made for the space that would
be occupied by the heater and for the expense necessary to install
and keep a boiler in repair.

The following suggestions have been made by the managers of the
plants and are worthy of consideration:

Heat from a central plant should be, as largely as possible, a
secondary product.

a Randall, D. T.; Tests of coal and briquets as fuel for house-heating boilers: Bull. U. S. Geol. Survey
No. 366, 1908, p. 39.
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Heating mains should be concentrated and should not extend too
far from the station.

Direct radiation should be installed.

Mains should be of sufficient size to avoid the necessity of high
pressure at the station.

Heat should be under automatic control.

The flat rate is not a successful basis for payment the service
should be metered.

GENERAL CONCLUSIONS ON SMOKE ABATEMENT.

Some general conclusions from the facts set forth in this volume
are as follows:

The flame and the distilled gases should not be allowed to come
into contact with the boiler surfaces until combustion is complete.

Fire-brick furnaces of sufficient length and a continuous or nearly
continuous supply of coal and air to the fire make it possible to burn
most coals efficiently and without smoke.

Coals containing a large percentage of tar and heavy hydro-
carbons are difficult to burn without smoke and require special
furnaces and more than ordinary care in firing.

Briquets are suitable for use under power-plant conditions when
burned in a reasonably good furnace at the temperatures at which
such furnaces are usually operated.” In such furnaces briquets
generally give better results than the same coal burned raw.

In ordinary boiler furnaces only coals high in fixed carbon can
be burned without smoke, except by expert firemen using more than
ordinary care in firing.

Combinations of boiler-room equipment suitable for nearly all
power-plant conditions can be selected, and can be operated without
objectionable smoke when reasonable care is exercised.

Of the existing plants some can be remodeled to advantage.
Others can not, but must continue to burn coals high in fixed carbon
or to burn other coals with inefficient results, accompanied by more
or less annoyance from smoke. In these cases a new, well-designed
plant is the only solution of the difficulty.

Large plants are for obvious reasons usually operated more eco-
nomically than small ones, and the increasing growth of central
plants offers a solution of the problem of procuring heat and power at
a reasonable price and without annoyance from smoke,

The increasing use of coke from by-product coke plants in sections
where soft coal was previously used, the use of gas for domestic pur-
poses, and the purchase of heat from a central plant in business and
residence sections all have their influence in making possible a .clean
and comfortable city.
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MISCELLANEOUS PUBLICATIONS ON SMOKE ABATEMENT,

The following references supplement the list of books and papers
given in Bulletin 334.

BreECKENRIDGE, L. P., How to burn Illinois coal without smoke: Univ. Illinois
Eng. Exper. Sta. Bull. No. 15, Urbana, Ill., 1907, pp. 43. Discusses principles of
smokeless combustion and causes of smoke; describes various types of furnaces and
boiler settings that have given satisfactory results.

KerseAaw, J. B. C., The smoke problem in large cities: Fortn. Rev., February,
1908, pp. 286-299. Mentions measures taken in France, Germany, and Austria to
abate smoke; refers to the work of the Hamburg Society for the Prevention of Smoke
and of the London Coal Smoke Abatement Society.

Krause, Joun W., Smoke prevention: Proc. Eng. Soc. Western Pennsylvania,
March, 1908, pp. 101-120. Reviews progress in smoke prevention in several cities,
particularly Cleveland, Ohio; discusses causes of smoke and methods of abatement.

Kunze, EDpwARrD J., Smoke suppression: Engineer, January 31, 1908. Describes an
instrument for smoke determination and a method of recording observations.

Smoke Prevention in Newark, N. J.: Eng. Record, January 18, 1908, pp. 72-73.
Gives new city ordinance against dense smoke and describes an automatic steam-jet
device for preventing smoke.
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