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THE SMOKELESS COMBUSTION OF COAL IN 

BOILER PLANTS. 

By D. T. Raxpart 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 when 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 14-inch screen. 

2, coal passing through 1$-inch screen and over 1l-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 34} 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 X18 X72 =1,357 square feet in tubes. 
3.1416 X 6 X 18 = 339 square feet in shell. 
(3.1416 X 9) — (72 xX 3.1416 X 0.172) X 2 =44 square feet in tube 

sheets. 

Hence the total effective heating surface =1357 a +44 =1570; 

but Il =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 33-inch 
tube =0.916; then 0.916 X18 X 116 =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)=236 square 

feet. The effective heating surface in drum = Bll nshans 
2 

118 square feet. Thus, the total effective heating surface= 

1,912+36 +118 =2,066 square feet; but ol 0.9254, hence 
J) 

approximately 92 per cent of the total effective heating surface of 
a Heine water-tube boiler is in 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 efficiency 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 mmcreased 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 efficiency 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.



12 SMOKELESS COMBUSTION OF COAL. 

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 PISCUSSION. 

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 
makers, 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 

PE Pd 

  
Fi1GURE 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. 

ge 

.B 1 A 
F=2 

Bp ———= {) 
    

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 

  
Ficure 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.



16 SMOKELESS COMBUSTION OF COAL. 

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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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 fo work 
remarkably well with Illinois coals,



PLANTS WITH MECHANICAL STOKERS. 11 

TABLE 1.—Kind of coal and depth of fire at plants with chain grates. 
  

Number | Average I Number | Average 
Kind of coal. of | depth of || Kind of coal. 0 depth of 

plants.a | fire. plants.a fire. Pad 
| 

  

Inches. Inches. 
Hines. oo ar re Sarre: 21 DONO, ee Terns cn nana s 5 
Indiang. «orig ii eat 8 5.1 -Penngylvania...... in... 6 4.5 
Rendneky i.e sil aii estas 8       4.1: 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. In 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. 

TABLE 2.— Average height of arch at front and rear at plants with chain grates. 
  

At front of furnace. | At rear of furnace. 

  

  

  

: Number Number 
Type of boiler. Average | of plants | Average | of plants 

height | at which | height |at which 
of arch. meas- of arch, meas- 

ured. ured. 

Feet. Feet. 
Ata & BR ayIor. a eR A Ee 13 6 1.7 6 
Babootk & WHeoX © 0. rs ii ae aes rim ase Sst in 1:1 13 145 13 
HOB i te rE Fi hah ee ee AE Ee ee ae Ate a 11 6 1.6 5 
SHAE I sd td si has te ea ba Fra Sn .9 16 1.5 14 
Miscellaneous water-tahe. ct ooo iL Sis a vs av 1 3 1.3 3 
Return CAIIAL ee A A | 1.1 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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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. 
  

  

| Coal Percert- 
burned | age of 

| per rated 
| square boiler 

Num- | Fur- foot of horse- 
Type of boiler. Kind of coal. ber of | nace |gratesur-| power 

wad plants. | draft. | face per | devel- 
| ! hour, oped, 

average | average 
| heavy heavy 
| load. load.a 

Inch of 
. water. | Pounds. 

Aultman & Taylor.| Illinois, Ohio, and 7 0.23 19. 4 83 
Pennsylvania. 

Babcock & Wilcox. Illinois, Kentucky, 12 «21 24.0 88 
Ohio, and Pennsyl- 
vania. 

Heine... oo. Iinols.. Siz. ids 7 .22 21.2 113 
Stirling. isco bo. Illinois, Indiana, Ken- 18 .19 23.5 94 

tucky, and Ohio. : 
Miscellaneous water- | Indiana, Kentucky, 5 .20 26. 2 104 

tube. and Pennsylvania. 
Return tubular..... Illinois, Kentucky, 8 » 15 24.9 108 

Pennsylvania, and 
Indiana.           

Distance 
from grates 

to tube 
heating 
surface. 

Mini- 
mum 

Aver- 
age. 

Feet. Feet. 
5.2 3.2 

5.2 3.3 

8.4 
7.0 

8.3 

6.4 
4.9 

5.5 

19.0 | 14.7     

Black 
smoke. 

  
  

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. 

  

Heine... csri cn. on Tals 

SHIMNG Uv as ani 

Miscellaneous water-tube. .. .. 

Return tubular... ovei   

{ 

Measurement taken at— 

UY NaRe J. ae ro SR a RN I Raed 
Rear ol holler. co 0 oils tr ies 
Base ot stack... 0. rT ST 
FUrpace .. ooh 
Rear of boiler 
Baseolstack......... 0. 
Furnace 

  

FOPOA0E. i is iid Fe trident ie Wa sn ae 
Bear of DOHer 6.5 Jc 0 oi ivi bee Sa a gr BRE 
Bags ol Slack... ree Ts i Jini ed 
AR i ts ee Tio Tan wie we A rem ms 
Rear gb holler vi daln no Dm id Rian 
Basswfstacks. ./ 0 on lian a CLARET | 
FRINACE. oc. L5s sn ida Ta aint ra am nia mA EA Bs as ws 
Front tabe Sheel... cn te das Samia & Shale 
Base of Stack. ii. ou el. Re ees Sane   

Number 
of plants 
at which 
taken. 

pi
 f

un
k 

— 
pt
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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.



+ 

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

    

  

  

              
  

    

Coal. 

No No. of 5 uider’s 

plant. State. Kind of stoker. Saied : Cost per | Short tons 

Commercial name. Where mined. Size. short ton burned 
power. deli ’ elivered. | per year. 

Hhinois. ou. 0a vak Auliman'& Taylor... ...... 700: Carterville... ..c....... THaoIe sur drei NO: Bids iB cdidindiastelsce ss ibid ule sale smo sienmtc 
ONO. si Sibu sata eros do. sie. sar. Aa 1,100 | ‘Pittsbarg No. 8........4 ORIOL dit ond a Dos Slack. iv oud sas Lids $2.00 6,188 

Sale do. ture vo er nde SEA 1,000 |: Varions Coals... vit leas sus rd cos alan cov Lao LL 2-inch screenings. . vo. 1. 50 10,950 
SET 0s ir Seb cose YE Sl Me hs 25. Pittsburg No. 8.0. cou J ORIet Lids dol, cin. eae Lod te ot on, 2.15 6,000 
Sis Ao. EA a SO SR 500 | Bessemer... ...... iv ic. Pennsylvania...............|.....do oi hE nl De 1.80 9,000 
IHinols. co... cor Green. Sgr ps thse 2 Various COS. co snr I ed Ham screenings. ..... LAS LL. 
Loe Oo reas CR Mansel. Ji Lo la do ra rt Sees tains nt rn |S mn eT 
SER 0. Cr RR RS AE 1,440 | Washed... ..... 00 .-Tadd, TN. oo on lL 0, DSNO. itn Vil aii ee 
fois vie I he CA BT EP ER a 03570 ia aan didn nt a 00) Carterville, TL... oc. oo. Ly N08. 3iand mixed... 20. 
Ronmoky Seats ty {hee 40 ae a ey rb Yoder Kentucky us ing Slagle 0h oT RUIN a 

meen eOB0e irene irre ea BO ranean BBB sh seas serdar SE al 0. St a sa WO Sd a ToS ais 
Ohlsson Habeas & Wilcox... 505. "Gaylord... Belmont County, Ohio... ... #-inch screenings... .... 1. 40 3,720 
aie AO, oa vnsnsh Sunnis nire 2 GOs snlns bain sl silts» 0, Sa ent Eastern Ohio. Soul ow Nat and slack... ou. Lo: 2.05-2. 35 2, 500 
Pennsylvania.........|.. Sao cr SR Sl 3,600 [ Second pool............. Monongahela River, Pa. .... 11-inch screenings... |... 0 oy 16,000 
ORO ri sis Saas ou La, QO sh ASO Cs nd 2,184 | Youghiogheny.......... Pennsylvania. ...c....0..... Sock ie 1.75 23, 360 

MER doi... uve. Baboock & Wilcox; Green... 1,200 Pittghmre. oh ce da odo cde vr ca i a0 ea a 1.75 6, 500 
Sa do... aoa) Babcock & ‘Wilcox 5004 Varlousicoals ls cod Hs Sur tnd Ba Sas LOL SL Sa a 1.70 4,700 

d S10] Morgan Bul Sait Subtan s Loe ah SI SE Sd bE Ne yy de a a Se ae ie 1. 60 2, 500 
B00 [ri enka ae nl Say ea aE She Te se Nuat'and slack.......... 1.75 3,000 

GatOD Ir pre re ye Reo! Indiang; JUINOIS. . oo ab. 11-inch screenings. ..... LB aan, 
20075 [isi Sb SL Williamson and: Marion No..3nut......0....... TD A mina s atarns 

counties, Ill. 
1,000 Washed... . i300 Carterville, TU... c0. La. 00s 

750: ivdos sana pesos E8110 REN SRS Lg 
600 | Carterville, washed.....|..... do. ion lin Jain soe 

1,200). i na Es a eT Re Cee 
1,800: Washed... sii. dionions TRING. Lat. dt as, 
3,800]. cede oars iia a eee doc. cite 2. 
1,050: cies orl Sam a Sd ig ESR A SR eh Screenings. ...... 0... 1.00 {0 ait 

SOG a a en SS Indiana; THinols.. ».... 00.5. 11-inch screenings. ..... 1.35 vt sii, 
S00 coh nL ns an Lindy hie te Zinch Sereenings. i. oss eral fess eo ees 
608 Dogon Springfield. ii]. 000: Leese lel 11-inch screenings. ..... ooh as 
600: Washed. ....... .,..0..% 2: Grteoviilo, Ie. No. Si RRA eh GL DREN] 0 i PE ib 
600 Duqhaiy; Springfield. TIINOIS. | ~..  ledrrasasse 11-inch screenings. ..... 1.25 fai oui, 
400: | Washed... cine aninn ibn Carterville, TL laine DoD en hiss w mum sin nina BD B50 nee 

1,520 ce as a Indignd.r. .. i i.e seeanis Te, es ate Oe ee se ad 
O75 | oS oS Si fe ai ime ie id SIRI I a NE Sass Ao do aR eA ds Cl 
405 AO a a eet Nut and Slr RN ee sai a 
201 fr i ROE NE Ss Fae Sion Indiana. os oe aA a ne i ie de a Sl et so He Sn 
B20). isi ot yd See te Western Kentucky.. Pea rd lap ot sd ete 
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TaBLE 5.— Details of observations at plants with chain grates—Continued. 

  

  

  
    

     

“oal. 
Total go 

No. of ; builder’s 

plant. State. Kind of stoker. Joted Cost per | Short tons 
ower Commercial name. ‘Where mined. Size. short ton, burned 

D ; | delivered. | per year. 

40 Romany as Si Qreen: uu. ai  n  aty B00. s sodas nn i el Eastern Kentucky......... Nut snd slacken si a se 
AL ORio sale ey MeRoengle oo. rol atimin 3,400 Cambridge. ....00. 0. 0 Ohl0... i Pea and slack.......... $1.80 110, 000 
42 "2, ai San en Green Todas Lae : 5 170 Sly iy 8h aot AO. ea eS eh Shack... sci. dd. de eh 1.75 9, 600 
43 Olson a i Sa 9, 600 ATIONSI COME. serv asl Loa eS he non ed el eT eR 
dal Indiona. oc iil Babeoek & Wileox.......... 1,000. | Linton No.4... . 00. Indiana. hc) ino nhi Nut, pes, andiglaek. oto CL on lo on 
45" Rentucky............. Green. Jind ie. in O04 A a Weston Kentucky. .... ..... Pea and slack. ooo if iin ch Sa 
46. 1 L tere a Al Sn 3 DPA fas ag G00: Peso a sr a 2 RR hn ae Sag a Yai dois ouand nt st Lr ee 
Fla sls 04 wes ion fe dO I ST BI) a Se hed he hea Ob ee arn wa AO rs ee al Te Jl OR SR 
48° ON. Stand Aultman & Taylor.......... 1,000 | Youghiogheny.......... Pennsylvania... ............ Slack... oanoo ote 1.70 19, 200 
CREE EE Ty SR Di Mansfield 3,054 1X Various Cols... 0. A adeno Dol ie Co i seit Screenings... >. 0000 we WB oll as 
CT IRE TR Re Green. os a 1,400: Washed:..:.. 0... ma Marion County, Ill.......... NOB le nd Ra Ss 
5 Missoula PP Tob AO. oar Collinisville, TM or va log Nos. 2,3, and 4.. 5 1.90 4,400 
52000 dosha iol ian 500 do, Lh die Carterville, T...........000.. oid aL SE Le 780 aro ot ces) 
53 [ciliinols. ool. 0 3 300°... iL COIR ORC VE 0s mina as oan a ae a SEO Dy SR Se 2.75. Laas 
54 | Indiana........ 22 IDB Y ela Eo Se Indonesia Nut id slacle. coi. 1. 00: ]. Jhon si en 
55 1 Rentueky.. i fuiilini AT SG SEN aN TEER CODD ra LC Te Western Kentueley....... Pea amdiglael Josue ia ood salvia vis ad 
56: New York... ii 55.; MeRenzie icin oovii ls 4,000 Youghiogheny..........[ Pennsylvania. ........0. 0... 24-inch screenings. ...... 2.10 55, 000 
57 4 Hlinois. oii. . oie Gragn. oo sib ns seid on 400+ Various cols. uot Lo do tian tis Screenings el BF st                   
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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- Percent- 2 

grate per hour | gage of i] 
No.of | Heavy. Light. (pounds). boiler bails 1oFs 
plant. horse: horse- 

‘ Requirement. Nature. Character. | 4 vel. | power 
| Hours Coal | Hours pens; Bk pe devel- 
| per urned | per urne oped on 

day per | day per Avy Average | average a 
load | day | load | day | Yond had. Ci heavy 
ison | (short ison | (short : load.e | Hood’ 

[om plant. | tons). | plant. | tons). 
| 

. | 
1-Powerand Hehi'... 2. .7 Pslniform: Soi cir. Cold storage... Lo oats 24 6h foes abn ai 24, 5th ron 71 7a 
2 | Power, light, and heat...... [acne do... nid Office building. 0. i 00 [<4 17 a od 17 15 15 58 57 
3 |i 0. ci boar doa oul io Baetory. 0 ri as (ii 10 ay soled 7 31 21 106 112 
i Cag QO. Se ite PEs dois. co ae Toil sl Mr SL 24 80:1 10.3 21 18.4 95 91 
Dif QO a UN Sh (i Pa SACRA ESOP SET | Jo... hi a, Sa 24 Wher 2d 24 21.6 20. 4 106 112 
i A QO. i avs QO. Sai i. QO. oa eset ss SU SE i110 Ora ae 20.5 80 80 
TAs. 2s Le ean i es el Variable BYOWerY...vi. bis oil D4 lod 2 ls 14 Fal Cel: 66 66 
8 Power... ti iri a. Uniform SHOPS. All Le eb a ) i ER 9 40 30. 4 30. 4 135 148 
9 Powerand heat............. Variable Department store........... 10:07. 10 7 35.3 28.7 125 125 

10 | Power, Light, and heat. ..:.. Uniform Office building... ob tr Send 3.5 9 3.1 26 19. 4 106 112 
1 Slight and heat... .0.0 0... Variable Commity jall.. Ll. .i lei 29 | 32 24 13 20. 4 15.7 93 81 
12 | Power, light, and heat...... Uniform Factory as iiewe cis lib e 10 = 7.5 10 7 18.5 17.9 53 50 
Zi. 40 i re do dol, Mb ANNE 0.4 2810 sol img 23.4 72 68 
240000. BO. Er ae doo rim inion Offices and factory... ...... [iid 80 24.180 13.7 12.2 58 58 
13 Power... ret EA dot la ir an Waterworks.... 2. li. 0 [og | 53:6 1: oq i 58.6 16. 4 16. 4 74 80 
16 | Power and light nla dot aries] BaOtOrY, ee i vee {730 dss 10] 52 18. 4 17.5 73 74 
17. | Power, light, and heat......|..... CO ER a Lo QO SE [Fa 2 e104 1071 9.2 15.5 14.6 61 83 
18}... FO el A do... and Joe QO. Si da ae apo thE 18 10.5 4 31. 6 29. 8 105 108 
10 PowerandHght... iin |. do. ois aan foo SEE a Re 9:4 7.5 9 6 30 27 105 111 
20 | Power, light, and heat...... Variable... oi rss 05% Packing house. 7... ou 14° 1112 14.0113 29.9 29.9 139 139 
21} Power and light........ 0... Uniform. 00 sae st Department store........... LR 50 11 45 28 27 115 115 
22... Ao... enn Refrigeration... .. {524 if 95 24 20 21 19 83 83 
23 | Power and heat. ............ Factory and offices. 85 20 85| 16 21 20 130 130 
24" Powerand light. ....oo0 a0 Baetbry. lea noid 12.4 6 12 4.5 18.5 16.3 7 67 
25 Power, light, and heat... Variable... o.oo 0. doy ou a TL a ED) 35 10 20 39 31 137 167 
He Josue ciao Shops and car heating....... (os 0 on Ts 10 28 24 23 114 100 
2 eas.d QO oN i Factory. oat [5 aqrcl 10 24 110 29. 2 29.2 123 123 
28 ny dos. dae tanita i a sor variable. oo Sh ani] doe ofa is Pr eR [Al veln 25 11 2 34 32 130 130 
Bi. dos i Packing house. -............ aed 14 38 28.7 28.7 136 136   

  

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

Assumed 
amount 
of coal 
burned 

per horse- 
power 

hd hour 
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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- Doreonie 
grate per hour | gage of beaks Assumed No. of Heavy. Light. (pounds). boiler rated | amount plant. 

horse- hori. i Gon 
i , Nature. y : power urne Requirement Nature Character. Hours ; Coal Hours Coal Towel Dower pe horse. 

er urne: per | burne ’ 
vi per | day | per Average Average | average Toon per hour 

load | day | load | day | (MV | load. | heavy | %. CC | (pounds). 
ison | (short | ison | (short : load. load. 
plant. | tons). | plant. | tons). 

30 | Power, light, and heat...... Unify lhe Bes ty Ei Shops and car heating... Sed 24 50 24 20 19 it 1 104 104 vo SLL. Op ad sh ne rl dg ae Packingdionse.......%.. . 24 25 24 15 a7 16 80 80 5 
32a AOL Faas Ses nh Lh bs 2 US Ce fd al rans 0 ~nOffice building.....>..0... 12 10 12 9 31 29 133 111 5 > HEA QOL Lh Rar es do: don on Packing honse...: 1.0. '% 24 25 24 15 16 15 70 70 5 3|..... lead BORE Stier i, GA do 12 10 12 6 19 15 80 80 5 35 {ents dos isa ar, 10 60 10 45 32.2 28.2 158 158 5 30 {iin AO. uh aan 24 26 24 14 16.9 16. 3 92 104 5 a? |: Light and heat... x il... i CR 24 18 12 2 22.6 16. 4 92 91 5 38 | Power, light, and heat 2 i 24 Tb et NE ld fol 62 62 5 39 | Power and light atau do 24 40 24 17 20.2 19.6 110 110 5 40 | Power, light, and heat...... Variable hs as Storehuilding. 0.000 11. 5. 8.5 20 5 16 14.5 81 81 5 41 | Power and light Satan dou, dine Commeraial. 00. noe. 2d: 416 24 1105 ods. 15 67 57 5 42 | Power, light, and heat. ..... Uniform .c...0iil Mul... an Aa 12 pv 12 24 16. 5 16. 5 68 68 5 43 | Power and light............. Variable: vo. coin, Street railway....... 0... 24 350 24 NO: laa: 20.8 [iC aval 88 5 44 | Power, light, and heat......|..... QO La Paglory...... nn hin 10 22 10 18 30 27.3 106 117 5 a5, 0 A a a NA 3 EC Np ES 40. il rd 24 65 24 26. 5 25.1 145 120 5 
a6... AO a Uniform vio. ooo | Le ee eG SR 24 23 24 23 21.3 21.3 96 96 5 47 1... ¢ Qo... es Variable: os ala Factory... 00. ..00.0. 00. 24 25 24 22 28.9 271 {ova 119 5 48:10 do. oo ll me Uniform... oo. is v0. Shops... to tn a 24-4 ds 24 56 31.9 29.8 105 107 5 40°F Ro. 2... ill ri Tey dosisite Sioa Pumping station... 0c 24 i 135 24 25 28 24 111 111 5 50 | Power and Hght........ 0.00 qo. .noi.L a Office building... ... o.oo ooo HE 10 14 21 21 90 80 5 Blof a $ i ts Ds hh Saleh he Ao su asta l'Refrizeration ©... ci. 5% 24 30 24 12 15. 4 12.3 73 67 5 Bb oO lS lh CSTR doi ane en wi Pactory. ied vl ound, 10-4: 16.5 10 13.5 30. 6 27.8 138 132 5 
53 Pome, light, and heat. .....|..... dos isan ul os AL amary. La ea L545 11.5 4 22 20.7 98 107 5 Salo do. iii Ss lod iy ort Ln ly [School building... 0.0. 0.. 20 7 12 4 19.4 19 143 93 5 
853 | Powenand light............ foie QO (Yceplant...... is lidno 28 24-0 90.5 24 14.2 17.4 16.9 77 82 5 $8 LPower. TICS [iis do Ee en | Waterworks... ... 00 24 | 151 24 151 24 24 80 93 45 57.1. do iran lo be D ai | \ Foundry and ironworks...._|........ ee: 10 irae 23.3 110 147 5 
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TABLE 5.— Details of observations at plants with chain grates—Continued. 

Boilers. 

  

  

  

    
    

  
  

      

  

        

Thick- Per lived to Horse. 

No. of Boss Nowe Builder’s| boiler’ | Heating 2 we Steam 
plant. 2 Tops Sige ber rated | rated on i ooatil® | pressure 

i : : in- horse- |10 square | (square at gage 

{inohen): stalled. | Average | Average | , wo | faof of feet). (Sine (pounds). 
heavy light heating eet). 
load. load. carioce. 

3 3 Aultman & Taylor water-tube. .| 168 4’/ tubes; 2 48” x20’ drums............. 2 I 1 350 350 3, 500 0 140 
400 394 3,935 

DiS hnez eB0uiss shrtui tar tununan van su ho tnintuncntsinonsnpatn dint sn nshan tannin rast vng 1 2 2 1% 151 | 1,510 } 0 1% 
3 0 IS tubes. St Las ei les 4 3 2 250 264 2,640 0 110 
4 1264 x 18) TUDES. octane ines ddaiivibnns sas 3 2 2 275 264 © 2,640 0 120 
5 100 4. xs tabes. fo. i hai ed 2 2 2 250 . 264 2,840... 408. 140 
6 144 4’ x 18’ tubes, 2 36’ x*20.2’ drums....... 2 1 1 300 300 , 000 0 120 
7 OSS ATS LL LL A nh ah 9 2 1 300 300 3,000 0 120 
8 126.47 x 18 tubes, 2 307. drums...:. .. ei. 6 5 5 240 264 2,640 0 140 
9 1824’ tubes, 3367 X20 drums............. 3 3 1 345 345 3,450 0 80-90 

10 117. 4 x 18’ tubes, 2.35" x 21 qrums. ........ 2 1 1 250 264 2,640 0 105 

11 Babcock & Wilcox; Henry Vogt | Babcock & Wilcox, €3 4” x 18’ tubes; 1 drum. 4 4 3 { Fi 2 3 239 } 0 100-110 
) . 

12| 44.5 | Babcock & Wilcox water-tube. .| 1-126 4” x 18’ tubes, 2-72 4 x 18’ drums. .... 3 3 aff + 1 Pa 4 0 160 
13 £8 0]... dos lal ne PHI en. le Na 3 3 “eZ 150 159 1,585 0 125 
14 4-01 Sf. ae dO. it a Tl 14047. x S tabes SS iE de 12 6 6 300 300 3,000 0 165 
15 4B ici 0s ptrsnnist Lp puso es 140 x18 tubes. tis. Ba ti 8 5 5 273 293 2,930 409 150 

Babcoc Wilcox; Stirling 400 4,000 16| 45 OO ; EN RIB ts... hn {2 2 2 wf 201 Mol 0 130 
17 3 Babcoek & Wilcox water-tube.. [14247 x18 tubes... ...... 0... in. ve irtae ns 2 2 2 250 208 2,980 0 140 
18 4-8 in dO EL Ee NU 2A txAS tubes... as. CT | 2 2 1 155 159 1,585 0 135 
19 8:5 Hla do, ai STL Tx IBA taes. ce a 2 2 2 150 159 1,585 0 150 

300 300 3,000 
20 6-8 Heine: Stirling water-tube..... Lt. oiia dba al iii Lin iis 8 7 v 350 350 3, 500 0 140 

400 400 4,000 
375 375 | 3,750 

21 3-6 Heine Watered i ea ea wh wo a a Bin wia w Bl diets 5 4 4 500 500 5,000 0 150 
| 350 350 3, 

22 Be AO od en a a eas a 138 31’ x 18’ tubes, 148’ x 20%’ drum ........ 4 2 2 250 250 2, 500 0 85-90 
23 4 Mohr and Heine water-tube. . . . Moh 14 34’ x 18’ tubes; Heine, 138 33" x 18’ | 3 3 2 250 250 2, 500 0 80 

tubes. | 
24 4 Heine water-tube............... 13% 33x20 tubes... .. oo in oh ie a, iis 2 i 1 300 281 2,810 Os, 120 
25 GN 37 AES SE ANN 27831 2 18 tubes, 242” drums: . . ........ 5 | 3 2 2 420 510 5,100 0 150-160 
26 4-5 Stirling water-tube............. 223 347, tubes, 3 427 x 107, drams... i. ...... 6 2 4 300 264 2, 040% |. tates 160 
27 GrSiasyro AO A lr ah a 192 34/2 tubes, 3'42//x10/ drums... .... oo. 6 5 5 300 300 3,000 0 150 
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TaBLE 5.— Details of observations at plants with chain grates—Continued. 
  

  

  

  

  

Boilers. 

Thick- | Sa to Horse- 
ness Yr bower 5 No.ot| 5% Num. | or Builder's | boiler’ | Heating Snes Steam plant. | go Type. Sizes ber rated |rated on | surface ony pressure (inches). in- Average | Average horse- |10 square| (square (s quare at gage 

stalled. h ligh power. feet of feet). (pounds). Wary lig 5; heating feet). 

oad. oct surface. 

28 4 | Stirling water-tube............. | 340 31” x 173’ tubes, 3 42” x 13 drums. as a 21 350 sof smol. i. 155 29 | Ge lO A a I 2 2 2 400 400 4,000 0 140 30 Sale. dg > itd EN SEA 207 31’ tubes, 336” x10y drums. ........... 4 4 31 200 200 2,000 0 100 31 1-0 0.0, ne a 272 317 tubes, 336/ x13 Avams. 5 05 C. 2 2 ail 304 304 3,040 0 150 32 3-3.50..... dO: i i rs 209 3177 tubes, S42 x Vl drams. i. 2 1 1 300 250 2,500 0 80-100 33 4-85 {00 AOL. si LNA a 181 31s tubes, 333 x 93’ tome SRE 3 3 2 200 200 2,000 0 150 34 B=5 hl, AG, i. Lalla ie 243 337 tubes, 3 427’ x 13 drums. «nnn : 1 1 400 400 4,000 0 100_ 
3 wml doi Lod een Da a pn Sa 5 5 5 { oa mn 0 150 
35 ddl sos AO. 1, hs eb eA 162,382 tubes, 3 35 dramas. os 3 2 15.2 225 235 2, 350 0 120-125 37 Ls 0d a eT 3 2 1 165 164 1,640 0 125 38 Gagne Os. sa I 192.322 thes 3 3 drums ovo 1 1 1 201 201 2,010 0 115 39 3.54 |..... 0 a wy 2 2 ¥ 310 310 3,100 0 150 40 £5 Be Me 2 1 1 150 150 1,500 0 150 

i {rine X 500 375 3,750 = 41 4:54 Heine and Stirling water-tube if 00 0 iy plans Sita Sea pa 8 8 8 { 350 345 3’ 450 } 0 150 

: 327 328 3,277 42} 4. 3 Slitting water-tube. ool), Joo fir Se eet TE i 4 | 4 { 258 259 2 587 } 0 160 
43 7 Sree QOL a SN rk ¢ 240.31 tabes, 3402. x10’ drams. . ...o.o 0 24 | Variable.| Variable. A002} or SOE tl aly 0 150 44 3-5 Cahall vertical water-tube...... | 108 xn. 4 3 3 250 276 2, 760 0 11 45 3 Triewaterstube il. 0 oe a Ld Tl ea eT 3 3 3 300 250 2, 500 0 120-130 46 | 3.54 Yenty Voguwaterstuhe Lohse al Co oe SN 1 1 1 400 400 4,000 0 1 47 Ble Se dO mh 1 1 1 B50. | SR ee 0 120-130 48 4 Canal vertical water-tube, col rl 4 3 4 250 254 De B30 ae 150 49 8 Cahall horizontal water-tube. . | 126 4’ x 18’ tubes, 2 36’ x 23%’ drums. ...... 6 a2 2 254 264 2,640 0 185 50 5-6 Sederholm return tubular... ..| 2203-87 x16’ tubes, 4 30’ xX 12’ drums. .... A ai 2 350 298 2,975 0 150 51 6 Bronson special fire-tube....... 102 317-72" x 18’ tubes, 16 4’ water tubes.... 3 3 2 250 228 2,280 0 150 52 400m, dot eR Sen 72" x 20'-84 4”’ tubes, 16 4” water tubes ..... 2 2 2 250 240 2,400 0 125 53 4-6 Return tubular... Ss. 2x18, 71247 tabos. re 9 1 1 150 159 1,585 0 125 54  , Qo. li alan 2x 187) ora Ainbesi. vii il aio ie vl 2 1 1 150 98 975 0 65-70 55 3.5 Sis 0s at AS IA hed 4 4 2 150 159 1,590 0 100 eturn tubular and Bronson | ’” arr ’ .. 275 2,750 56 4 { Shier M0847x 18,176 37,600 x 18,184 3, and 13 4”. 16 12 12 250 { ey poh 0 130 
57 7 Return tabular... oon I XAG TY tnbes Ne ds a 3 100 133 1,325 0 100   

  

  

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

  

No. of 
plant. 

C
O
I
 

C
r
 
W
h
 

  

Furnaces. 

  

  

  

       

  

  

          
    

    

Height of 
arch 

at rear of 
furnace 
(H). 

| Dimensions (feet). 

| 
| 

Num- Grate area per | Distance from grates to L Vertical distance from 
% Kind. boiler (square | tube heating surface. Distance | erates to coking arch. 

er. feet). | Width of | Length of | from front 
ea furnace or urnace {rrr 

TEAR furnzee (CO). (DY. | fofrontet 
| Average (A). | Minimum | boiler (E) At front of | At rear of 

| 2 td (B). * furnace (F)./furnace (G). 

2 PIN a A al | ddl nib ras he 6. 4 8.5 Of a ioe Sr 
4 fol dO Lt 67, 28 t- 5.5 2.5 a8, 4.0 al. 4, 7 0 1.2 1.5 
ln QO es 45.5 4.0 2.5 6.0 Cd 0 1.25 1.5 
Soda dO. oe a a 59.5 6.0 4.0 7.0 8.5 120 .9 1.5 
2 doa nar ana a 52 4.5 2.5 + 6.5 8.0 0 10 1.75 
odor QO. aii OE SE Se 58.5 6.0 4.3 6.5 9.0 3.0 .09 2.6 
2 QO a 72,255 ha att pb 8.5 8.5 0 v2 2 
Oxfsiain do. a I Sk 58.5 4.2 3.3 6.5 9.0 3.0 .9 1.5 
Dsl do, nt es 63 6.5 4.0 7.0 9.0 0 1:2 2 
2 igus Qo. areca 54 5.25 3.8 6.0 9.0 2.25 .9 1.6 
Elie dO a 31.5,-38.{ “ b5. 1, b3 75, v3.5, 4 9.0 (152.0, => | 0,8, BLT, wr 
ala. oi do. 18, 45 5.0 2.5 €3.0,.7.3 6.0 0 1.25 1.5 
3h 1 pr BE ES ME NE Si i8, 19.8 4.5 3.0 3.0 ¢6.0, 6.75 0 1.25 1.5 
12.00% Aon Cr LAL 50. 4 4.0 3.5 6.5 1.75 0 | 1.8 1.8 
Soca, AO es 59. 4 6.0 3.5 6. 4 9.25 0 | 1.25 1.9 
Ae, dot rR Ra ae 63.8, 81 b6, 8 3.5 b7.5,9.0 | b8.5,9.0 0| vi.25, 75 | b1.5,1.25 
2 finn QO det 67.3 6.0 3.5 8.4 8.0 0] .9 1.3 

Bi LEA Eh AN ARE ER ARH SATE ding 28, 25.3 5.5,4.5 3.0,2.0 3.5 8.0,7.25 0 | .4 1.6 
ar Ado, dos a a 28 5.0 5S 4.0 7.0 0 | 3 1.6 
wn Aoi fl ba 72, 76.5, 94.5 [€6.7,4.3,6.8 |c4.0,3.3,4.1 |¢8.0,8.5,5.25 9.0 |€0.8,1.0, 0 | .9 1.4 
Bim eveel Cie aR Tn 88, 93.5, 71.5 18.0 14.0 | 8.0, 8.5, 6.5 1.0 .5 1.3 155 
4: Partial tileroof =. 0.0... 0 008.0 50 5.3 4.0 6.0 8.3 0 1-7 2.2 
3 | Plain 76.5, 72 4.0, 16.0 3.25, 13.5 8.5, 8.0 9.0 2.3, — .8 1.5 
2 | Tile roof 54 11.5 7.0 6.0 9.0 0. ad al SL, 
SN. d 90 4.3 3.6 10.0 9.0 2.25 .9 1.5 
6 | Plain 63 8.7 6.0 7.0 9.0 1.9 1.0 1.5 
Silo. d 63 7.3 5.6 7.0 9.0 0 .9 1.3 
Sie do 67.5 7.3 5.0 7.5 9.0 0 29 1.5 
ibis do O45 on Re 5.25 0:0 mre AY A 
440... do 54 6.5 4.5 6.0 9.0 0 9 i4 

VL do 67.5 | 6.7 4.5 7-5 9.0 .8 9 1.4 

a First dimension applies to large boiler. b First dimension applies to Babcock & Wilcox boiler. c¢ First dimension applies to small boiler. 
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TABLE 5.— Details of observations at plants with chain grates—Continued. 

  

  
    

  

  

| Furnaces. 

| Dimensions (feet). 

ba ah Grat D f tes t Vertical d plant. | rate area per istance from grates to ; ertical distance from y 
Hump Kind. boiler (square tube heating surface. . Distance | grates to cokingarch. | Height of 

. feet). Width of | Length of | from front arch 
Ferre htt ee furnace of farnaee |—————————| at rear of 

Wl furnace (C). (D) to front of furnace Average (A). | Minimum > boiler (E) At front of | Atrear of 
! t : (B). : * [furnace (F).!/furnace (G). 

32 UR VE RE LUE Co A a En 54 6.8 4.3 6.0 9.0 0 10 1.5 4.6 
33 Fuh AO ie a Se a 45 6:7 4.7 5.0 9.0 —d .9 1.4 4.9 
34 =). i AO. a A eT 90 8.2 3.5 10.0 9.0 0 .9 1:5 5.0 
35 oe PE do. Ne Ee 74. 4 6.8 5.8 8.5 8.75 .75 29 135 4.4 
36 Biya QAO rn Sap RL Le, 68.9 6. 25 4.6 Td 9.0 0 .9 51.5 3.6 
37 Basha AO rs do da a Ley 33.2 6.0 4.4 4.0 8.3 0 “9 L5 | 4.9 
38 Toph QO a LL PT LY 56 6.5 4.5 6.2 9.0 Oh cand cb a Te a Eh 
39 Df ia dO le Sa Tea 74.3 6.0 4.2 8.25 9.0 0 .9 1.5 | 3.6 
40 15) FA 0 a a ARE Ch 39.1 6.0 6.0 4.5 8.7 0 .8 1.6 | 42 
41 Sl. us AO a Ree 81 a3.0, 7.5 a2.5, 4.5 9.0 9.0 0 1.0 1.5} —y 3.5 
42 dinag.. AO rn i Shere ra 67.5, 54 8.5 4.0 6.0 9.0 0 .9 15a 3.8 
43 of [71 Qo re ane 84 8.0 5.7 9.3 9.0 0 9 1.5 | 49 
44 4h DAN Oven... Ls ol da 49 |, 10.0 6.0 6.3 7.75 M0: S cl si Sr LE a 
45 Plain oT a 68 + 4.1 3.9 8.0 8.5 2.0 «9 Lost ns 
46 Nj oe Qos re a GORI ee Pel a 10.0 9.0 Oras at i Ia Sa 
47 ToL et AO i dis le ssn PR dani sons co a nthe tte ele a Se Sa at ne 
48 di: Dutch oven... be. do i id. 42 10.5 6.5 6.5 6.5 11.0 +7 1.0 5.2 
49 Goyaoinn do ossa. ead adh LL 51.6 8.5 5.5 6. 4 8.0 4.0 1.3 1.3 3.6 
50 GPa a Li a 67.5 17.5 13.0 7.5 9.0 0 1.0 C75 Vol umnsiokog 
51 SiaPHe rool. 5... Loin a ah a 54 7.5 3.5; 6.0 9.0 Ql th rE SR Re Se 
52 2a J Dg Len Aah SNE CO 54 6.5 2.5 6.0 9.0 0.0 led ara acu 
53 SPIN la Js Et a 36 17.0 14.0 6.0 6.0 0 1:9 VO cn Ula ot 
54 Pfs. do a er Sa A tery 36 5.0 4.1 4.0 9.0 0 .9 1S Lo 
55 Ss Lr ER RL a A We 36 18.0 13.5 4.0 9.0 Gilman dh sea TE 
56 16:0 Plain and tile yoof.. i... ..L.......... 42 €21, 22 ¢16, 17 6.0 7.0 0 Loe, 8.7 eit, 
57 SII. se 31.5 18.5 45 3.5 9.0 1.3 Hi 27 | ESE       

  

              
  

a First dimension applies to Heine boiler. b First dimension applies to large boiler. ¢First dimension applies to return tubular boiler. 
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TABLE 5.—Details of observations at plants with chain grates—Continued. 

Draft. Smoke records. 

  

Kind. 

Chimney. 

‘Induced. . 
Chimney. .   

| Inducea... 

| | Gannney.- 

Readings (inches of water). 

  

  

Furnace 

0. 26 
223,27 
»13-.15 
.12-.23 

25 .27 

.30 

+2. 

Very low. 

.24 

.20 

.12   

Rear of boiler. 

Combustion | 
chamber, .31. 

Lower, 40; up- 
per, .50. 

| 
| 

Front | 
tube 
sheet. | 

  

 Breeching. 

  
  

1.04 

Conditions under which 
readings were taken. 

  

  

Dampersopen......i.... 5 
Draft varied by thickness of 

fire. 

Dampers open; rear 23’ of 
grate bare. 

Damper open; rear half of 
grate bare. 

Dampersopen.......... 0. 
Damgers partly closed; thin 

Damper open. .oii is ieee: 
Fanon ifolihlast.......-.... 
Damper partly closed. ...... 

Dampers open 
Dampers open ; economizer 

in use. 
Damperopen..i....... x50 
Dampers opel. ............: 

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

  
Dampers one-half open; rear 

of grates bare. 
Damper open; rear one-third 

of grates bare. 

  

  

Average for 1 hour 
Total an, Avera 

Num- | length p t 
ber of of Soniage 

Ob. | onSeIve- | vito: Soto smoke 
forva ( ons 80 per | 60 per | Stack | from 

$ ie cent | cent | clean. | observa- 
* | black. | black. tions. 

4 225 0 2 34 8.2 

1 60 0 0 55 Li 
1 60 0 0 43 6.3 
1 600 0 0 60 0 

1 60 0 2 36 8.0 
1 60 0 0 20 7.4 

1 60 0 0 12 14.1 

1 75 0 0 {bata vcs 33.3 
1 60 0 0 60 0 

1 60 0 0 37 9.8 
1 50 0 0 30 9.6 
1 600 0 0 58 "5 
i 60 0 0 40 1.7 
2 120 0 0 60 0 
2 120 0 0 54 2.4 
I 60 0 0 58 el 
1 600 0 0 57 LS 
1 300 0 0 54 2.0 
I 600 0 0 54 3.0 
1 60 0 0 60 0 

1 61 0 3 27 10.2 
1 60 0 0 60 0 
2 97 0 0 25 25.0 

la 60 0 0 48 5.7 
3 60 0 0 45 3.8 

1 90 0 0 60 0             

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. 

  

    

  

  

  

  

    
  

  

          

Draft. Smoke records. 

Readings (inches of water). Total AVTA or) hom Average 
No.of Num- | length : per plant. x ; ber of of centage Load Ting Conditions under which ob-" | observa of black during 

: i Font Case readings were taken. Servo: Yions 100 to | 80 to ' smoke observa- 
Furnace. | Rear of boiler. tube | Breeching.| of tions. | (min- | $0 per 60 Der och Pa tions, sieot: “lack. utes). cen cen clean. | observa- 

| black. | black. tions. 

27 | Chimney..| 0.18-0.32 Lo pe 5 PO RPL re dl a ede Dampers open... .. vs 2 122 0 0 45 5.3 | Average. 
. 48-0. 64. 

28:0... dO... So 17-13 Tower rey do toi nt a .84 | Dampers open; rear of grates 1 60 0 Onl a ye | Do. 
.38- .41. bare. 

20 lo ado n; A7=18 0 Lower rear, Lib. oil WB Damper opett. ......c0dn.. 2. 1 60 0 0 60 0 Do. 
33- . 38. 

30. idow ile Od 17 LL oO Wer TeRT sd Sel aE .68 | Thin fire; running conditions (a) (0) 0 Oa al Light. 
.16- . 40. ; 

31 sddoal. «28,:.20 4 Tower; 48: ap-l.u c aL LE ar a Dampers open... hai in 1 60 0 0 60 0 | Average. 
per, . 90. 

32 oradous.., .08-.10 | Lower rear, .25 |.......... $85 1. oii. Damper open; rear half of 2 122 0 0 45 8.7 Do. 
grate bare. 

35 os ido... w= 017 Tower 07 LOBn iv ah Dampers open. ........ 00 1h 60 0 0 53 2.3 Do. 
upper, .48-.66 | ‘ 

by EE 1 DER dix Lower, 32: up-il. a. Lk Toss Damper open; rear one-third 2 120 0 0 51 3.0 | Heavy. 
per, . 63. | of grates bare. 

3b l....do. vie v 23-32] Lower year; . 88: Lo. ooo noch a L12 | Dampers open...... cide: 1 75 0 9 (¢) 0-3.3 | Light. 86" Indaced.../i «00-5 lower rear od. Sr ls al | Dampers partly closed. ..... 2 45 0 0 60 Heavy. 
.31- .33. 

37 | Chimney.. 227 B= Ol al 97 Dampersopen:.....5..0... 2 120 0 0 51 4.1 | Light. 08s Sido. nL. +36="35:] Lower.rear, “56 |. i lal rly +90 { Damperopen... J .a...o 1 35 0 0 56 1.7 | Heavy. 39.1...340.. Le SAL or Lower year, 82 0 cl rl SUE rd dO LS Se 1 80 0 0 60 0 | Average. 
404... do. J... 13 HZ Gah 72 1........| Damper open; thinfire...... 1 43 0 0 21 9.1 Do. Ald odo wl ES ERE RSet Ee ECS 70 1.10 Dampers open... ...caxves (a) (b) 0 0 30 9.0 Do. 
47 lide. a. 2d= 023 LOW OT TORT foosrensssiainevaseeie 1.804. Os ons rr 1 600 0 0 53 3.3 Do. 

| . 80-1. 08. 
48 1. Lado. i... 19-225 Tower year, |...... 0. SOO oe 05 a iN 1 €0 0 0 21 11.7.4 Do. 

bicy 68%. 77, 
44 |. Wilma oi dn Ll ey WILL 0. sl bea 1 40 0 0 60 0 | Light. 45 |. 11-14 rE Ry LO di a RR ta LL AN QO. von sn Lag tne (a) ©) 0 0 €0 0 | Average. 46 |. . 09 BS aa TOL uses GO. Lo SN Sl eh 1 80 0 0 0 30.0 Do. 47 |. 12 | I sie a a etl | Damper open... 00 0 (a) (b) 0 0 Ne Sm A Do. 48 |. =e 2B ol TE le Sy Bit Olas as tan asda] 1 600 0 0 Co 0 Do. 
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SFL Dampers open; rear one- | 1 
third of grates bare. | 

an 3 Rear one-third of grates bare. 7 

Jae 3 Bampton oe ood 1 
SR A se Le, 1 

Damper Opel. uve r asst 1] 
Sedat Average running conditions. | 2 | 
as Dampers open. .............| 2 | 

at 1] 
53 | Dampers.open... vay ¥ | 

| 

C
O
O
C
C
O
O
O
C
 

OO
 

©
 

O
O
O
 
O
O
O
C
O
 

SS
 

©
 60 | 0 

| 

5 | .9 

53 | 3.0 
57 | 1.0 
60 | 0 
60 | 0 
60 | 0 
58 | 7 
60 0 

go e 

Light. 

Heavy. 
Average. 

D 
Light. 
Average. 

D 0. 
Light. 

      

49°]. dou... .25 ve 
| 

50.2... 40. 50; 10-13 ait iran] Beavis 
chamber,.14-.26 

il a Sera FA ZRl sy Sone , 52 
52%. 4.0. Ls wT at Se fem nn 
53 3 doi. dO aa 25 
54 | Induced. . 20S Ve ea Sh 45- . 77 
55 Chimney. . i I LA a ah 
56 Induced. 4 10= 18a. tuoi J 20- . 45 
57: Chimney. Ji 18-" F0L. «onic cuir twin ws sifalas sin 7a 

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. 

i 
Length Number 

No. of from : of elbows Remarks. 
Plant. stack to| Size Flos 2; wild between | Height Size es Length Style 

nearest | (feet). Ha boilers | (feet). | (feet). feet) (feet). ye: 
boiler : and : 
(feet). stack. 

1 NRE a Ob en TRL 0 125 ab5.4| 23.0 4.5 | Sprung..| Usually run with damper partly closed. Smokes considerably, 10 to 20 
per cent black. 

2 OT ir 0 216 6.5 33.2 BiG ris : 

3 dn rh eR SR 1 150 SQ 050. 25 ns a ofS Coal runs from 10 to 15 per cent ash. Plant has to run with damper nearly 
wide open to keep from making smoke. 

4 dO ss a 0 175 0.0528. 3°]. Con, ad ase ia Range of draft obtained by taking readings on both thin and heavy fires. 
’ An air injector on each boiler consisting of i-inch steam jet passing 

h through 2-inch pipe. When air injector is not in use, stack smoke varies 
from 20 to 40 per cent black. 

3 IO bes Fa SS ¥ 125 a50| 19.6 Sil a 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 ad.5| 23.7 FHA RE A Usually burns Illinois screenings. Smokes considerably, 10 per cent black. 
7 Of rl Lo a ea 0 135 a8.0| 50.25 3.0 | Sprung..| When the draft is not reduced below 0.20 inch inside stack damper, stack 

smokes, 10 to 20 per cent black. Reducing draft below 0.20 inch gives 
bad stack. 

8 28 | 9 x 53 | Near stack...... 0 185 Sei 80.25 a aa sae Stack usually smokes, 20 to 30 per cent black. 
9 26x12... 40... 0 os 0 275 8.0] 50.25 6. 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 16. fost ca vs as 1 116 a2.5 4.9 4.0:/...do..».. On heavy load stack smokes continuously, 40 to 50 per cent black. 
11 gl sige gs es Re 3 8 |3.8x3.8 | 14.7 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 AB deat a Aa a 1 110 ed.5¥ 1590 3:0 1.0 ud, 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 Asse shale moto st ve nid Sn 2 O00 fod ee rd a st LL A Lh ae Stack is cleaner when burning nut coal than when burning slack. 
14 0 0 lis fas nadir td 0 200 1 95.0 Bed lr 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 Oak td Ls 0 200 9.0 | 63.6 De. oh, Coal as fired runs about 13,300 B. t. u. per pound. 
16 Bite si 2 95 3.0 19.6 By ii Saas Babcock & Wilcox boiler and 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 0 fester tea lta 0 10Y Clan, fowinanis 80 erica 
18 BE sic dann nata vis 1 100 a4.0 12. 56 BeBe reads 
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19.5 

12. 56 
63. 6 

63. 6 

70.6 

78.5 
12.56 

19.6 

6.3 

23.7 

12.56 

12. 56 
28.3 

9.6     

EL MR Ee 
30. sal 

4.0 | Sprung 

Mohr, 4.0 
Heine; 3-5 > 30 

2.5: Flat... 
AQ es 

Fibs SS 

EV. Meat. 

SB dan 

pd 36. 

4.0 | Sprung. 
3.5 lat... 

3.0 | Sprung.. 

38.1 Flat..... 
3.5 | Sprung 

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. i 
Coal as fired runs 12 to 20 per cent ash. Boilers have 8 feet of C tile and 

5 feet 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. 
of damper. 

Coal wet before firing to prevent waste into pit. 

Stack rests on rear 

Smoke noted in table due to nearly complete closure 

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. 
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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 

plant. | ck to i Puce 5 wha between Height : pa Srinid Linh Style 
nearest | (feet). boilers | (feet). eet). eet). : 
holler was taken. ahd feet). 

(feet). stack. 

41 A mr be a 0) 0 208 1 95.0 lies ed 

42 BN dL UT nT 0 171 7.0 | 385 A Ea bv 
43 fre dh a 2 220 14 153.9 SB fa lL 
44 0 Of aro 0 90 3.0 7.06 3.0 | Sprung 

45 0 Oil: oe ny 0 125 4.51 159 4.0 | Flat. 
46 A rr a a. 2 125 ad 5| 15.9 5.0 --d0.- 

47 Jo lhe a i 125 ad5| 15.9 2.80 

48 0,1: a a 0 90 3.2 7.85 Locsin 

49 15.18 :x 10 Near stack... .. 0 203 0.008.001 Seen ses 
50 80 17: x 54..... Aout ioe ty 2 325 77 47. eer a Ll 

51 241(5 x '38..... dos no inl 2 125 ab0! 19.6 4.0 LL Fiat..... 

52 3414 x 4 enn doll 2 125 a6.0 | 28.3 40:50, a0... 
53 | 18 a4 | Akal dona 1 125 aed'5( 23.7 4.0 |Sprung.. 

| | 

slo sada a. trate tel 1 35 ad0| 12.56 4.0. 1..cdo.., 

55 | Glan Lh Oil 1g a5.0 | 19.6 ¢ 1 de 
56 | B30; [Lilt Vee a i vl fs Sad Te 2 250 11 95.0 8:35:50: fave 2a BS 

| | 

57 | 718k x7 | Near stack...... 0 100 [45x45] 20.25 DED. Thiel 

    
  

              

Remarks. 

  

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 

Heine boiler. Stack usually smokes 20 per cent black about half the 
ime. 

Usually run with dampers partly closed. 
All flues underground. 
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. } 

Three similar stacks resting on rear of boilers. Coal is wet before firing. 
Seo Josis on rear of boiler; smokes continuously, from 30 to 60 per cent 

black. 
Stack rests on rear of boiler; usually smokes from 10 to 20 per cent black. 

Coal is wet before firing. 
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. 

Draft readings not of much value; dampers on boilers out of service, not 
being closed. . 

U tile on lower row of tubes for 10 feet from front of furnace. 
automatic regulator on main damper. 

C tile on lower row of tubes for 9 feet from front of furnace. 
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 
dampers partly closed. 4 

Fired occasionally through inspection door. Speed of induced dra 
controlled by the steam pressure. 

Large combustion chambers. 
Coal as fired runs about 13,700 B. t. u. per pound. A considerable task to 

keep grates clean. 
Boilers arched over top for gas passage. 

Plant has 

fan 

  

a Diameter. 
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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 coe! 
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
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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 

  
F1GURE 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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9   
FIGURE 6.—Front-feed stoker and Cahall boiler. 1, Air space; steam jets enter furnace at this point.
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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 manner. 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. 

  
FIGURE 8.—Front-feed stoker and Stirling boiler. 1, Air space; steam jets enter furnace at this point. 

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. 

  
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 
Kind of coal. Se depth of Kind of coal. Some deni of 

Inches. | Inches. 
YAnols oo cutis Svar to 10 Pennsylvania. >... irda 4 4.5 
Indians... oe it na 3 4 Virginia... oc... 0 0005 Lo. Sones 
Kentucky... i... eR rad 2 3:51 West. Virginia... 0... 00 2 5 
Maryland: Ss oles 8 4 Miscellaneous... :..5 5.1 2 | 1 7 

i 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 at 2.6 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, respectively. The percentage of boiler horsepower 
developed by different 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. 
  

  

    

  

            

| Coal | Percent- | Distance 
burned | age of |from grates 

per rated to tube 
| square | boiler |heatingsur- 

Num- | Fur- foot of horse- face. Rack 
Type of boiler. Kind of coal. ber of | nace |grate sur-| power Shoko 

plants. | draft. | face per | devel- ? 
| hour, oped, 

average | average | Aver- Mini- 
heavy heavy | age. mum. 

load. load.a 

| raat 

Inch of 
water. | Pounds. Feel, | Feel. | Per cl: 

Babcock & Wilcox. ..| Illinois, Maryland, 9 0.31 16.8 8716.3 5.8 7.5 
| Virginia and West 
| Virginia. 

Heine. oii. Illinois, Kentucky, 4 .22 12.4 Sv F501 5.0 14.1 
| and West Virginia. 

Stirling .r cn 2 | Illinois, Indiana, 5 .24 14.5 $647.14 11 5.6 
Maryland, and 
Pennsylvania. 

Miscellaneous wator- | Indiana, Kentucky, Tafiva. 32 19.7 91 7-2. 3.7 ¥7 
tube. Maryland, and ’ 

Pennsylvania. 
Return tubular..." . | Illinois, Maryland, 7 23 13.2 731 17.6. 15.6 5.2 

| and Ohio.   
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 3 Alara 

. Io a plants a raft 
Type of boiler. Measurement taken at Svhiich (inch of 

taken. water). 

Babeoek & WHEOX. ..- 0.0. so ici eain PArns0e. 5 ii a a oi as 8 0.31 
Rearolboller. =. oo. ici hoa 5 . 36 
Bass ofstack...... 00. i 6 | .87 

Heine.» to isu iia ote his Farnace «oc oun si eae in ay > .22 
Rearofboller- iio. coo ro bliin. 4 .48 
Baseolstaeler i. i. adie elvis 3 76 

SI HN, te iru te en dest ae Panacea ie oT a ! 5 .24 
Rearofboller.... oo... revs viin at 4 .52 
Baseoistack..., Garton or 0 4 .69 

Betarntubular. coro i sie lia PUTRB0C «vn lit nh teks sins denn samt i08 7 il 
Fronttube sheet ..v........ 0 0. 0, 4 54 

¥ Bageolstaok.. 0 ii coil i 3 .66 
Miscellaneous types... oi anh FOIA 10a vrnnbs tres ins sos 6 32 

Rear offboHer ul. 0. ce dn a el] 4 .43 
Base of stack... eal Lignin i is | 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.
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| 
Total Coal. 

to of hat = builders’ 2 prin rier PT 

plant. are. ind of stoker. Suing | Cost per | Short tons 
Commercial name. ‘Where mined. Size. short ton, burned power. ) 

| delivered. per year. 

| 

3 Jingis 0 Da Roney Sal Er ee 3,200 No Ds re | $2:00: 0. Lok 
Se QO lr, hs Ss os 05 et et de A OD a a se 

» Porsyivanis CRAP, PA £7 aR 1, 0 Run of mine... gas fir Be 

2 0s aad dO: la 800 ah 
03:1... 5 Ao. oh aii ch QOTT LT Ea 200 todo td a aod Em Lo ts lane do. ronan brs ed sal nee 
64 |..... 0. i coin. ier inden oi: doo. Sag Unseen Ol yr Er aE a rea SN a ti dos. rr re ea 
65: Missomi oc wn oi Le 6 do. anib th ae 2,700 Screenings... oo cA coi 33, 200 
00 cOMo.. sion. or do. os a 600 | Pocahontas. ............. “West Virginia... o.oo. 00 Nut and slack : 2.25 2, 600 
O67 1 Missouri. 22, oo oe dan A0m is wc otid a sh srs ae Sa 500 | Various washed coals.... Timats iT LL Sla 25 Se Hi i rts mae - 1. 30 2,440 
G8 feriodo sso in ro lay doi ica em ea 8500 iV: Belleviller Jo oo or 5 Ead0.,  Gaesites wi de bef as es AO TAY Jie 1.40 1,445 
00:1 OMe. os ete fel QO. i 1,800 | Laurel; Jellico. ..... a Bork LA Nut oud slack ons 200: LT. 
ro REET IE Ee i dosia Td oi nr 230-1 Pocahontas. ©... .00. 00 West Virginia.......0.0. UL, Run ofmine,.......... 2.70 900 
7 Missour]. 5. 00. Aud doco gots roa rk 750: Bellevilie. si ni i wl Minejs sy rs row Sereenings...........0. VlBE est 
12s dos or ona Ar do. Lb aan kn G0 Stanton A os Sra 4 SR RT Slack LL iin 1.00 1, 300 
73 dois lah nha, dy. ros rina er ah 500: Belleville. =i Siva. sisal CAD. os Ce gal de Lr PRR EA Te ok 1.35 1,364 
741.0%. dos si aa HL dos oo a 375 rashedri oi Fa oh Carterville, Ue No qo arog 2.12 1,300 
75:0... dour. se biam nn dos aia na 330s, 0 OL Tat Te Se a a Sr IR Te don Zur Cae 1.90 2, 567 

76 [Mopyland.... co... 10) dolla too tail avis 500 | Georges Creek... ......_. Siarylarid eo i Brunotmime. 00 0 0 na all 
77450hin... oo sien fin AEE Sh SE 430 Glen Run. 5. wis Onig. oor Lea Sook Rare Fea wa Psi tc 
78 IMissonric. 0b foi es RE ne 300i Washed... / 5 coi ll) Collinsville, TE si ny iPay h ei Sy 1.50 | 5,000 
70: Indiana C.ool La SLA S00; foley ns Ba aR ea Indiana. la oo a Net and slaelac von. Lluis ii | Sa ak 

80 Maryland AL RR . Jo Se SE eR 2 Beaton Creal. vi ri Muiond a a Ban of mine... oii edn Sov ins 
Ler evda nto he 00, de ae sas eta ce er BO Ve dy nd Ya OL Sr hi rn UE RT QO Lr Ee Ear Per re si Ee ns naw aa ne 

82 Oto. gon a aR le AOS Ll aa 1,740 Pittsburg SLT as NT Pennsylvania... 00. soESlack, Jo do lett ens 1.30 30,000 
» ndins Cari 3% 2 a a Sa = I DR Indi ve Nut and slack... oo soni cui, ili. Lo Soest, 

wag wie ICY o eum iath ald in me ie Yaw tt CO he et a i Te ale va ew Tae yy de a a twa A eT ur wa dial wo Ce a AL Sia a a rts nares Sid N 6m vm me wim oi rer 

2 i aR is “3 Neer 000; kes ct st a Rentuekyi.. tov. chitin do. ove nn nls ae Slat 
Mar) loons ESSA Set ls JL LR 200 | Georges Creek........... Moryland o.oo. ovis 00s. Runolmine.. . so. ol mo loniey Vi es 

S71 ennsyly Sia Ls dons ate ge 2,500 River aol... oi. Pitsburg, Pac. oss 1-inchrslack. ss sates ender diving fore iai oy 
83 - New York... ......... Wilkinson <n. 2. ova. 1,100 | Rochester; Pittsburg....| Pennsylvania............... . Various sizes .......... 1.95-2.10 | 10, 800 
8S) | Maryland... iio] Roney. cia et B00 Tse ne ne AE ET AO ar a ka Runofmine..:....... 2.79 | dra         
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TABLE 9.— Details of observations at plants with front overfeed stokers—Continued. 
  

No. of 
plant. 

  
  

  

  
  

  
    

      

            

  

    

      
      

Load. Rating. 

Average load. - 
ne | Coal burned per | Percent- Percent age of | Assumed 

square foot of grate | age of hatdbrs" lamotmt ol 
Heavy. Light per hour (pounds). | boiler vated coal 

ro eT — horse- burned 
Requirement. Nature. Char } ower er 

q ater Hours | Coal sous | Coal devel- Cala phe 
per day | burned Average | 4 vorage oped oped power 
load is [per day| load is per day| heavy yore Onl aver- |. "aver- | per hour 

on | (short | on | (short load. - age heavy age heavy| (pounds). 
plant. | tons). | plant. | tons). load.a load. 

Power and hest............. niform... 0. Jivaie ws Office building. iS Te 24 60 24 20 26 26 111 111 5 
Power, light, and heat......|..... do io ol i ude a ek 10 1.5 10 5.5 18.3 15.8 90 100 5 
Poweriandheat..........0 |v. do... ah Firms eh Ls 24 50 24 50 17.4 17.4 75 75 4 
Power, light, and heat......l..... Fy REA SENS Rolling vill. = ooo 7.5 dO le ie 11 11 67 76 4 

a do sx otatugsbuneditiusanlce duran ureseserarenlsss 09 Sa a ee 3.5 iB i Sta fas eS 15.2 15.2 96 108 4 
hard Er RC RS A SA Lei Cp SEAS RE Sn Al pata 1 DIT RAC a pn es 9 8 9 14.8 14.8 83 80 4 
Powerand heat. «li coool ion AOL ve eal LS Giieo building. >... j-.i.0000 12 12 12 6 16.6 16.6 94 100 4 
Power, light, and heat. ..... Nariahles ort: nu Depot. te La 24 125 24 50 14.5 13.1 78 78 5 

anid dO. rs Ra UOT Ss ed off biding. 111111 12 7.5 12 7.5 17.4 17.4 89 93 4.5 
Al Aor isin rae idolL ii csi sa aed a a 8.5 10 7.5 11.7 11 67 68 5 

Po AO. si a de LT ermine ies 10 5.75 | 10 4 11.8 10 Vi 77 5 
wi. dota a Variable Lr A BIEWerY ae sara 2d 71 24 39 13.3 11.2 77 66 5 

hd don, oicit ro al ros ntiorm. sive cn hr Offiee balding Ls La ve onl id 2.5 12 1.3 12.6 10.3 103 78 4 
hae doin son mail Soden a latory. at sa ss LAO 8 10 8 23.5 23.5 98 85 5 
Power and light... o..0..00..... do. cooca i o t Brick manufacture. ......... 12 4.3 12 4.3 6.4 6.4 55 48 5 
Power, light, and heat. ..... bv QO. 5a Pactory.. J.C ii sa oie, 10 10 3.5 16. 4 15.3 93 64 5 

dale Aoi ll AB A ey 24 8.25 12 4.25 9.2 9.2 57 55 5 
Fras er EE NS RO ly SO SNE TT SRS en [1 5 10 5 13.3 13.3 93 91 5 
a dos. ai fod cass dons ann Tee plant st Danial en si Lo 6.5 un 6.5 13.3 13.3 91 120 4 
Power andheat.. ...il..... Ly os QO Sh i . Oil refinery... lai cis... 24 20 24 20 10.1 10.1 | 57 69 5 
Power, light, and heat. ..... Variable. Ci... .. 00... Manufacturing. ............. 12 5.5 12 9 12.1 Mo 75 75 5 
li don Ties le Uniform Ais Retort a 6.5 10 6.5 17.3 1.34 100 100 5 
hn AO ee ge LS Belin SL Tg UO 8 9 14.8 14.8 | 79 | 80 4 

ca BO nay orien yiaate ra AO Slr a Sd ee AO td Sud sp BEB AS 6.25| 4.5 12.3 12.8 vi desssk 72 4 
Ng. 40 ae de a Ra WOrRE. Sr BED 24 82 15.8 15.8 | 88 88 4.5 
a dol ne lr Ao, a se  Raetory. cs a he sik 10 11 10 11 20 20.4 os 98 5 

aielelee dos sre 08 ed tadashi espilal Lc Ls i be si DA {12 24 10 14. 4 13.2 | 67 67 5 
Haat do... nbn arable ns ot 5 Office building. i. sors n dl 24 wot 08 24 20 34.7 20,0: a i 111 5 
nh 0 os ve a AfaIM Ss rr Hone ll dR ee 3.4 17.3 17.3 | 94 106 4 
PROWL orn Bs Variable. 4, ooiv oly AO Lh Ca 24 C00 en le Ra a 14.4 | 104 | 100 4 
Power, light, and heat......|...-. dO. a LR SR EE 12 | 17 12 10.5 13 10,94. ..000 58 4.5 
OWRL. Te a Fis Uniform. si 58 Zoe Pumping station............ 245500020 24 26 19 19 L.oeaeeees 120 | 4.5 
  

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. 

1 

Number used Horse- 
to carry— 

No. of : ¥ Build- Bowen Steam 
plant. Thicke Procnny si olatnind : Num- ers’ oer Heating | Superheating| pres- 

fire fre Type. Size. ber in- Aver Aver. rated 105quare surface surface sure 
(inches). : stalled. age age horse- 35a! ol (square feet). | (square feet). at 

heavy | light power: heating gage. 
load. | load. surface. 

58 (3 4 8 times in 24 hours. ...| Babcock $ Wilcox | 140 4” x 18’ tubes, 2 36” drums. . 4 3 1 300 300 3,000 0 165 
water-tube. 

50 | 2.5-3 2 to 3 times in 10 hours. Signdony: Babcock & [80.42 x 18. tubes.............4.. 2 2 2 150 167 1,670 0 125 
ilcox. 

BOA LSramd Gt a Pld Babcock & Wilcox | 168 4” x 18’ tubes, 2 42” x 203, 4 4 4 350 350 3, 500 0 150 
water-tube. drums. 

Gl tL LR DE nt A0nenrone rein on a 4” x 18 tubes, 2 36” x 18 | 4 Ph 200 226 2,260 0 140 
rums. 

Se SU ee dot..tovn adn 108 4” x 18’ tubes, 2 36” x 18’ 4 ELA 200 226 2,260 0 | 100, 140 

RO ET Ra RE SS outs: kh ey tubes... iin 2 2 2 350 340 3,400 (a) 140 
Qo nla 2 times in 24 hours. ...|..... QOL. ot Sara 126 4” x 18’ tubes, 2 30” drums 3 2 1] 250 264 2, 640 0 60 
65 rR ER doh al, 126403219 tubes... i... ioe 10 10 5 | 270 266 2, 660 0 160 
66 6 4 times in 24 hours. ...|..... Qos. a 163 4” x 16’ tubes, 2 30” x 16 2 1 1 300 313 3,130 0 140 

rums. 
67 3 3 times in 12 hours. ...| Heine water-tube. .... 13833” x 187. tubes.........-... 2 2 2 250 253 2, 530 0 140 
68 5 5 times in 10 hours. ...| O’Brien and Heine | 85 3” x 18 tubes, 78 3% x 18’ 2 2 2 | 175, 125 | 156, 143 | 1,560, 1,430 0 140 

water-tube. drums. | 
69 3-5 Variable. .... 2 iu... Heine water-tube..... 140 3%” x 18’ tubes 6 6 5 300 256 2, 560 0 110 
70 | 3 -4 Once in 14 hours... J... ..... doi iin hie 533%” x 10 tubes: ...... 3 n..5 2 1 1 115 87 © 865 0 85 
71 2 2 times in 10 hours. . .. Broan special fire- | 84” x 18, in 33, 18-47 x 18% 2 ‘ 1 375 325 3,250 0 140 

tube. water tubes. 
72 2.5 | 2 times in 12 hours. ...| Return tubular....... 607 x 16/; 44.4” tubes. .......... 6 3 8 100 87 870 0 110 
73 4 3 times in 10 hours. ...|..... doin en 72! < 20, 704. tubes. is. un. 2 1 1 250 172 1,725 0 145 
74 5 3 times In 12 hours....|..... dO... a 667 x 187) 54.47 tnbes.... 0.0) 3 2 2 125 120 1,200 0 130 
75 5 2 times in 10 hows....l.\.... dos io nine 667.% 16/,'544” tubes... ..v... 3 2 2 110 107 1 065 0 110 
Br Ls A seri as ales da. tb i 727% 18, 7447 tubes... 4 2 2 | 125 164 1, 640 0 85 
7714 -5 4 times in 24 hours....|..... dost in 4 60” x 16, 46 47, 2 60” x 16, 6 6 6 | 80 | 107, 93 | 1,065, "932 0 75-80 

54 47, 
78 4 2 times in 12 hours. . .. Stirling water-tube. . 192.317 tabes..... Lo... fu. 2 i 2 250 250 2, 500 0 125 
793 -4 2times ini homs.... 1... doc iii. 198 34” tubes, 3 36” drums... ... 1 1 1 260 260 2, 600 0 120 
SO Po Serie 259 31” tubes, 2 42” x 124 2 2 2 350 354 3, 540 (b) 140 

drums. 
Sb geile cont ai vs leas 0... 00 ad tH a SS SE ah 1 1 1 B00 asa. facie ees 0 140 
Be A A Sh do. al 5 5 5 | 230, 525 | 230, 521 | 2,300, 5,208 0 125 
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3 4 Sitimesin 10 hours... Wickes vertical [11247 tubes...... A ieoeoilene 
water-tube. 

3 4 4 times in 24 hours. ...| Atlas water-tube...... 034%. 18 tahes.. .... 0. fomest 
LE AO LO SA Henry Vogt =water--l. co. i. oa ll pti oo ee 

tube. 
So RR NA Ly Tne oh vides Cahall vertical water- | 108 4” x 18’ tubes.............. 

tube. 
4 -6 210.3 timesin 24d hous. [Rust water-tube in... of... cui bu Pa SS ae aie 

4 4 times in 24 hours. ... 

a 125° F. at boiler. 

Standard water-tube 
A0.0, 0 so ha bd | National water-tube 
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225 

150 
300 

200 

350 
250, 350 

200 

150 1, 500 

226 2,260 

335 3,350 
sn, DOR ins 7680 

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

Furnaces. 

  

  

Dimensions (feet). 

  

  

  

No. of 

plant. Wane Grate area per | Distance from grates to 5 Vertical distance from 
her Kind. boiler (square tube heating surface." Plaine grates to coking arch. | Height of 

: feet). Width of | Length of J yous arch at 
furnace (C). |furnace (D). o rae rear of fur- 

« | Average (A). i | boiler (E). Ab fron} Alloa nace (H). 

58 APlaln. ir aa J ge ee Ger OR a Se a a Ed Er a 
59 ZaaDuteh oven... .. Lo ala 42.5, 39.5 9.5 7 5.5.8 6 0) seel  mA ae 4 
60 AUPIalN on 0 ER a ie Ee G0: rs a a a 8 7.5 eR i par Ra Le ae 
61 4.2000 OG rr A eT 56. 3 5.5 5.0 7.5 7.5 QS Final i yay Sebi etl ol. 
62 dV QO, 2 RG es 57 5.5 5.5 7.5 7.5 0 CRT a hand Se 
63 Zoli AO i CT A SL SR 76 5.5 5.5 9 8.5 OSE eC eR st Ca 
64 Sf QO Gan ER 60 6 6 8 7.5 OQ: Ens ah Ta a se Bada See 
65 1000s JO Snes Da S he en SEE Se A Fe al le aT ed re 8 a br Ae sn ta essai Sa Rs 
66 Dt ss 0, Se EE 72 5.5 5.5 S Oi Qe nL ie ah Se US aa 
67 Te rool oh Se 72 20 rs st sR ae 8.5 8.5 Qt Gn be aE a Sd la a 
68 Zit Pian FL IR a A 5.08 4p an lo SIA a 65 bo aR 5, BB rs LE I ee 
69 6 73 6 6 4.3 8.5 Oo a a Sa aa. 
70 2 28.6 4 4 4.4 6.5 Ose lodes ooa alae naan ass uk 
71 2 68 8 5.5 8 8.5 Qc rl ede ans ba A 
72 6 37.5 15 13 5 7.5 0 Oe se eg es 
73 2 48 18.5 15.5 5.5 8.5 Ooi ae be sf LE, 
74 3 BiB EE Te 5 Da a hE re a a Tan 
75 3 Bl-Tih, sol sunt slg Ra 5 Odi ala as en oh sl 
76 4 45 18 17 6 73 OC edo a Se od oe 6.5 
77 6 27.5 19 17 5 5.6 OS i rr aA eS A 
78 2 700 chr Eb Le Set 8 0.0 HS a Ce RS Li sels ss 
79 1 75 7 7 8.3 9 Osa ea Lee 6.8 
80 2 76 7.25 7.25 9 8.5 hres at SUR 6.75 
81 2 117 7.25 7.25 6.5 9 Qo rsh ta A a ei a 
82 5 76, 104.5 b6.5,7.5 be, 7 bs, 11 9.5 Qi le el me Ns a 07.25,8.5 
83 2 3D ee aE 5.5 10 iD a et bh Ea es de i 
84 RE PIA of eb ot ei me ie AL A SGA OTR ei 4.3 8 Qi Tien de SaaS 
85 Se AO. re Se ch ERE A tne ATR AR i 6 8 Dah de a 
86 LR ED pr eh a ES NR NE ET BE 49 10.5 8 se ER YI OR se Ee Se 
87 BE dois la A Ne 83 7 3 10 7 OS Sa a a 5 
88 A Plain ou Cr re oy fea 52.5, 59.5 4 4 8.57.5 7 0 Eh SEO Ea DO EE 
89 4 rae QOL a an ES a BY deg a                       
  

¢ First dimension applies to O’Brien boiler. b First dimension appli es to small boiler. 
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TaBLE 9.— Details of observations at plants with front overfeed stokers—Continued. 
  

Draft. Smoke records. 

  

  

  

        

Average for 1 hour 

  

  

  

            
  

        
  

No. of Readings (inches of water). Se Total : (minutes). Aversge | Loud 

plant. is : ength o percent- Loa 
Kind 2 Conditions under which | ber of | observa- age of during 

Front | Bago | TeAdngs wersloken. | obwer | HONS lotos)mton| g.. | Black | hreE- 
Furnace. Rear of boiler. tube | Breeching of : t in per cent per cent 1 smoke. tons, 

| sheet. | stack utes). “pack. | black. | lean: 

58 | Chimney.. 0.30-0.33 V0 Eh Ln Damper and poke-hole 5 333 0 0 50 4.4 | Average. 
| | doors open. 4 

soul dole ago Dampers open... ...... 1 60 0 0 56 .6 | Light. 
801... do. os 18- .25 do 2 59 0 2 50 3.9 | Average. 

BY:p. odo ok 19- .21 . 6 1 93 0 7 48 7.4 
02¢)-.-q0.s sn 17- .22 3 1 93 2 9 25 16.5 
63.0. dosh 38- .46 . 6 1 93 0 2 52 3.4 
64{...do...... | G03 87 fs bint ars sadn EA 1.10 1. 2 195 0 0 0 5 Do. 
635 a.do. os 28 Bl ee ea dE es re el .80- .90 x 1 60 0 0 0 19 Light. 

66fur.do. us Vor Shh ed Lae SON Cre dd : (a) (?) 0 0). ioe erivainind Average. 

67 c.dos . 20 odd) celta Sai 4 i 60 0 0 52 3.7 Do. 

6% cdo tas S20 TSO Rs aE . 1 60 0 0 0 10.7 Light. 
69:1...do...... L18- .22 SOF oC 40- . 45 1. 2 120 0 12 0 28 Do. 
70 edo XL ae ee .60 c(). 40 2900 (a) (0) 0 Qf od saan Heavy. 
Ap adoini ss. nS bs brs ray BONER Ge a ol 1 60 0 0 54 2.7 | Average. 
2). o.qo..L al lO te a Te SL UATE aS aan als 1 60 0 0 0 19.2 Do . 
73: do, nth. sch Sd th Gs sds sok 1 60 0 0 55 4.2 Do. 
74 Chimney; 3 S00 la a Sr Molle Sl Be 1 60 0 0 54 10 Do. 

induced. 
75 | Chimney..| eA a es SI Ee RA ea ed SE 1 60 0 0 60 0 Do. 
v6: 40. o oma 2h Sa a RE A ae DB anal 1 120 0 0 60 0 Do. 
77 | Induced... Ss 08= OF ota a ae 15- .17 A805 eu 1 60 0 0 60 0 Do. 
78 | Chimney.. .16 cO Sn pd Ce nC 1 60 0 3 28 16.6 | Light. 

odo o .25 | Lower rear, RE SOL es 1 62 0 | 0 55 .1 | Average. 
80: doll 0 es Lower roar. dl=as le a LL 1 93 0 | 4 55 2.8 

i ower, .45 81 deitin 28 He te rs 1 93 0 2 52 3.1 
32 1-..do...¢.. «10-240 “UU PPer Year, 30-60 for. sire fe aa 80-1. 1 600 0 | 2.5 51 5.5 Do. 

831 .edox. .20 | Lower rear, TOO se Thai 1 62 0 | 6 40 10 Do. 
84 0...do..... .20- .25 80 AT ne en 2 80 0 | 0 (a) 17.1 Light. 
85. a.doe. . 26 LR eT LA5Y ariae 2 170 3 iS 34 18 Do. 
86 1|...do. .28 | Lower rear, SBOE en] ae 1 93 1 2 59 2.5 | Average.’ 
S71. A000. SOOM Da Ch Ss Ct RL sf a I el 75— 1 60 0 0 59 .3 | Heavy. 
BR A QO a a a ie ih 1 60 0 | 0 43 6.3 | Light. 
8D do La DS ie Be as i oh Bein SN eS fave abate 1.10 1. 1 60 0 0 60 0 Average. 

a Several. b Various lengths. c¢ 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. from ; Place at which | of elbows % 3 Area coking arch Remarks. stack to Size INOB Tere Lt wast batwesn Height Size (square (feet). 

nearest (feet). take wollor.ond (feet). (feet). feet) 
boiler ” lace i 
(feet). > 

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

59 BOE hee ea Sle et i LS 2 1217: 2x%7.5 3 a ae teh Fire never poked through poke holes. Two i-inch steam jets on each boiler 
used continuously. Run with poke-hole doors open. 

60 0 150 ab 28.8 an, 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 a 28.3 3 

64 0 220 ab 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 a l2 113.1 2.2 Sem ots 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 10.6 =|. a C tile on lower row of tubes. Steam jets run continuously. Smoked 

steadily, 10 to 20 per cent black. Some refuse burned. 
69 Sie ras a a a 1 164 ab 19.6 3 V He on lower row of tubes. Stack smoked continuously, 10 to 40 per cent 

ack. 
70 55 ab Near stack. ....... 4 175 3.5 9. Tsai, V tile on lower row of tubes. 
71 And oy rt La 1 125 a7 38.5 4 Steam jets used continuously. 
72 0 Ol A ee SL 0 78 a3 7.06 2 Steam jets run continuously. Three similar stacks, two boilers per stack, 

Josie on front of boilers. Stacks smoke continuously, 10 to 40 per cent 
ack. 

73 VTL Rh siniene a ft ee ews x Mindie sieia 2 128 ab 19.8: J. roy Steam jets run continuously. 
74 AB Se Le aE a ST 3 125 3x2 Ov a ai Induced draft used on heavy load. Regular steam jets installed, besides 

” twomoresteam jetsentering through front of furnace, all run continuously. 
Some refuse burned. 

75 20 4.5x 3.5 | Near stack........ 1 120 (4.5x4.5 20.25 2.5 | Steam jets run continuously. 
76 Dera ts i a aan 0 lees Soiled ed Un 2.7 | Steam jets used. 
77 19 ete lL 3 30 ab 19.65 sia Four .#-inch steam jets to each boiler used continuously. Some smoke in 

cleaning fire, usually about 20 per cent black. 
78 0 0 fi me Se ie 0 100 a4 12.56 |... eens, Steam jets run continuously. 
79 Gl es fete SL 0 105 ad 19:0 Sririas o ons Four steam jets run continuously. 
80 0 Qa Re nies 0 96 a4 12.9042. aden Two similar stacks resting on rear of boilers. 
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81 

82 

84 

85 
86 

87 

89   
O
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11 

10     
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96 

120 
110 

105 
130 

195 
50 

120 

130 

150   

a4 

ab 
a 3.3 

ab 
ab. 5 

ad 

3x5 

a6   

12.56 | 1.75 
19.6 | 
88 rrizasens 

Waifs ar 
23.7 3 

19.6 2.5 
ss Le 

12. 56 2.75 
ww 

25 3 

agg ae     

Stack rests on rear of boilers. 
Three boilers have four }-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 
Jraer Stacks smoke from 20 to 50 per cent black when regulator closes 
amper. 

Six por ba 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. per pound. Five }-inch steam jets 
across front of furnace run continuously. Eight similar stacks. 

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

Three 3-inch steam jets in furnace and fifteen i-inch steam jets above the 
first gas passage, all run continuously. 
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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



PLANTS WITH MECHANICAL STOKERS. 49 

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—DBull. 373—09—4



50 SMOKELESS COMBUSTION OF COAL. 

  
Figure 11.—Side-feed stoker in Dutch oven and Cahall boiler.



PLANTS WITH MECHANICAL STOKERS. 51 

as set at a battery of Babcock & Wilcox boilers. This setting, with 
its ample combustion chamber and fairly long travel from the grates 

  

Fi1GUure 12.—Side-feed stoker and Heine boiler. 1, C tile on lower row of tubes, forming a tile-roof furnace 

  
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.



H2 SMOKELESS COMBUSTION OF COAL. 

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 
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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 bar is. . In figure 14 the screw for feeding coal and the
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H4 SMOKELESS COMBUSTION OF COAL. 

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- 

~ tion when used with 

tubular boilers. 
Details of a sample 
installation, show- 
ing the particular 
features of the side- 
feed type that have 
been mentioned in 
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 high 

15g Pinte arch over the 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. 

  
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,



PLANTS WITH MECHANICAL STOKERS. Hd 

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 gepih of 

: plants.a fire. plants.a re. 

Inches. Inches. 
JHnois.: oot icin san: 6 Si Pennsylvania... oe. .vovae as 7 
Indiana 20 0 atari 1 O-- West Virginla so. coaio000..0 4 5 
Rentueky.........0 cease 1 7{l- Miscellaneous... Joli ol nan. 5 6 
Ohio..n Cnn i es oR 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 boilers. 

  

  

  

  

Coal Djaiane 

burned | pp Fo gai 2 Dis- 
per y Fur: | tare | hose | heating | tance Num- . | foot of sut:ace. g : draft devel- front of | Black 

Type of boiler. Kind of coal. Dor 9 (inch ue oped, |— Surnoee lsniolke. 

PD "| of | erhour, average to front 
water). |%; verage’ ay Aver-| Mini-| of 

heavy oad. (a) age. mum. oer: 
load. 

Pounds. Feet. | Feet.| Feet. |Per ct. 
Babcock & Wilcox.| Illinois, Ohio, and 8 0.24 22.6 91 8.3} 57|(2)6.9 5.2 

West Virginia. 
Stirling: ion. ou Illinois, Ohio, 9 . 36 23.1 8 | 9.4] 6.5 4.1 2.3 

Pennsylvania, : 
and West Vir- 
ginia. * 

Miscellaneous | Illinois, Indiana, 15 .22 23.7 SL 7.97 3.5¢(cyd:1 6.0 
water tube. Kentucky, Ohio, 

and Pennsyl- 
vania. |                 

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: 

i 

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

  

  

  

| Number of Average 

Type of boiler. Measurement taken at— Plants | in 

taken. | water). 

Babeock & WiHleox oo io. <0 oii ia Barnace. . ia. radi sec adRG a 7 0.24 
Rear ol holler... 0. ies 7 .43 
Baseofistack... LL tian 2 .58 

Stirling... re en aaa Furhaees. out, eon te ete 8 . 36 
Bearoftboller. x... use isis nis 7 . 47 
Baseol stack... frre ates oii ld 5 .81 

Miscellaneous water tube................. BULA oh ri Sst Rei hs Tiina 12 -o2 
Reareofboller...c..cooe ill wii ad, 7 .51 
Baseof stack... 0. i 0. hii 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 “i builder’s rd 

plant. State. Kind of stoker. ped Cost per | Short tons 
orse: Commercial name. Where mined. Size. short ton, | burned per 

Power. delivered. year. 
hb a a | 

90 |: Tlinois. ...., 0 hh. 2 Murphy Feds I Bu0d0]. nn ni etn Green County, Ill........... Screenings............ | ERI JA PE a 
O10. Ao. sda dB a a S500. Washed: ..... 050d... Williamson County, Ill... ... Nos. 2and 4... 0... [32185-8300 I... nov ots 
02: Michigan... .o.o.. oho x TE a SOL FI 500 | Hocking Valley......... OMo sl iia inter oh Slack... oidaeagv. 1.50 6, 000 
93 OW hs le dol dein ti ban 200: Massillon... Loo... ob woadol ori a Ca #-inch to 1-inch screen- | 1.80 1,455 

ings. 
94 Donsyivania iy SR wank Sa dol. 0 rt le ay L200 oa, Be va a Wer Yann Sl ed AL Runiofmine.........: 2.801 nL ee 
05.) Ohio. aor. avis dev on doi i naan New River... oer viedo a arbors mo il Nutiand slack... os leon seni deat ye. 
96 Peis vinta Ns TI hae QO ol Ni Sal 28S | A le a a, Run.of mine...... 9... S000 1 ii dt, 
07: Tinos. sol qo. si dS 2,000: Washed. .........c.i.J.. Carterville, Tl... ..o 0000, Nos 2:10:13... 00, 2.45 (12, 000-15, 000 
08 {La 0, Sak snl pant Cr AOL aire at 400:1.. JL. do. uu Teed AO. a i LY NO. Bevin iid J 20 2. a) 
99:l: Ohio...» ool uC no dO: Ch ki sa 1,200. Various coals... iit =i. Ohio. soc a lh Pes and slack......... 1.90 6, 000 

100}... 22 Ot Sa i rt AO. Sa a “i 500 Youghiogheny tee BR a A Qo.ci rer. mas I-inch nat......;.....A. Y.00 loo tens 
01 3 1r e RA ERO  ER eal douse Le es Sl ade ll aa EE doi. et Tae a No. pout... .c.....uv.l 3.90%... aad, 
1021.5... do... ar. sl AO, i. ms iris +1, 200 Vieni aN Pennsylvania. .....o...0. 00 Saeko teas 1.52 6,220 
103 Dreylvas sade] rt AO. a sain ih 306 | Westmoreland gas slack.|..... do. onthe do, hay, 220 Ce 
B04: 08000... Lua sl a sh do dian roa 600° Kanawha... chil oog, West Virginia, i tia Nut 'and’slagk......... 1.78 foils 
105.71... dose. . io. ai de, Ao. ul. ny d do d LTS de SLE ey 
106 |..... do. i aoe ai Detroit... i 2.00 2, 400 
107 { Thinley. . soca oy, Murphy... du dn I 1 RCE 
1080. ..0 ERR ll Sl 0 al LATA 200 on a0 
109: Indiana ....c. isan li he RO. hs BB aN 
110. entucky............. Detroit. os arin te La 400 Loon | Creek ones Kentucky... 2.00 on ainda, our a Lo Sa a 
UH Oo) or, Sea Marphy... oie 1,320: Various coals... ....0...% Ohio; Pennsylvania......... 43-inch screenings. ..... 150-165... oii ees 
12... G0. lp tion Protas fla ie nada ta 1,200: Pittsburg Ne. 8......... Dillonvale, Ohio. ........... Pea and slack......... SOs at uel 
13.0:000 dol. ons hy Banat oy QO hd tts re a 350 | Youghiogheny.......... Pennsylvania. ....... 0.00 inchrmig.o.. Slo Tv i EY LB RAD 
114 | Pennsylvania......... {ira QOS Re 200. | Lincoln gas slack........|..... 1 PRO ELA RPC ut and slack... .....! Sl te I. 
1151 Ohdost ol. oan oi [ois dose. coal anc na 1,200 | Youghiogheny.... ).. i]. 5.. dour eluri nt Nut. oo ebbing] 2.50 7,300 
116 | Kentucky.......... sfiModell. ate. S004 Pittshurg, dl cai. aes dost, SLT a, Nutiand slack. Lol. cil rie Al Tl io 
117 | -Pennsylvania.'......:. | MUATDRY . cece i nie 2d G00]: bi nn dl TE pi Re Bd XL A Ran of mine; slack... 0 ia. 1, 880 
MS iNew York... ils dol. chen baie 6,750 | Mariousieoals... 0 dv. Jo J vi at is sargtaa ts so 11-inch screenings. .... 1.93 38,570 
119: / Michigam.. .. 00. Detroit. rol ian 300.1. 5. 0 oats is RR ie EE A Nut and slack......... 1.92 1,500     
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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 Percent- 
Percent- square foot of age of 

grate per hour A builder’s Anumed 
No.of Heavy. Light. (pounds). hiotse. rated of coal 

plant. 3 power horse- | 1rmed 
Requirement. Nature. Character. developed] ; POVeT |her horse- 

Hairs Coal Hours Cost, ; on dove) oped power 
per day| burned |per day| burne: ‘Average erage er hour 
load "| perday | load | perday | heavy Average ys average lf 
ison | (short | ison | ‘(short load. : load. | heavy 
plant. | toms). | plant. | tons). load. 

90 | Powerand heat... .........0 Varinblel ln o.oo 0 Street railway. ....... [24 150-200 24 {100-130 23.8 22.8 114 114 5 
91 | Power, light, and heat .do. Printing office........... ‘24 12 24 8 29 24 106 80 5 

Paclory FAR a Std 24 19 24 19 31.7 31.7 106 106 5 
Boosh a i a eRe Oh Teo 10 4.7 10 4.7 22. 4 22. 4 104 118 4 

G94 Power: ....... 0 aii se valent dopa a Ice Sos ssaabalt doit 24 60 24 25 22.3 20.5 98 104 4 
95 | Power, light, and heat......|..... QO- an Lh Ss Tead works... 0. chon, 10 2.6 14 2.4 12.4 10.2 44 46 4.5 
06:{ os sO erst Sa St ee Variable... 5.0 aii BACtOTY Sal si isis. vis 10. 25 GB. ds try 30.3 0d 65 69 4 
97 | Power and heat... .-.......» Uniforms. ue. vind d Department stores. ..... 11 70 12 6 OAT ova Sy 145 145 5 
98 | Power, light, and heat. ..... Variable. .........0.c0; Factory. ola iis. 9 6 9 4 34 20 Le 133 5 
99 | Power and Haht........ hn: Uniformy.....c...c0u 20 Municipal waterworks...| 14 15.3 18 10. 4 14.6 13.1 50 54 4.5 

100 | Power, light, and heat......|..... A0..or calli dd Factory .oi ln. iii: 10 7.3 10 7.3 17.4 17.4 68 59 5 
100... g Seer iy he AOL i dO. atu smd 10 7 10 7 21.9 21.9 68 68 5 
X02: dO ss dd sl eal A0.0si idl ith Lily IA A 10.5 15.5 10.5 14 20. 6 19.5 73 73 4.5 
103 Fone and dight...o.. cc. alae Ars iintn ethics Refrigeration............ 24 10 24 8 17 15.3 68 68 4 
1041.0. dOv.iiih. oii a nonlin do. dea Union:depot....... ..... 5 6 19 11 33.3 24.54.40 .0000: 120 5 
103.1 Power and heat..... .....0.h 2. RES Sl ok one lat SI 24 1 heamdtnf inese, 1202: or nie 65 4.5 
106. | "Power and light... . 0... 00 AOL. sie, Office bullding.......... 11 6.75 11 6.75 35 35 123 123 5 
107 | Power, light, and heat. ..... Variable. ............. Otel. nit Chih vetnts 24 20 24 8 26 18 111 111 5 
108 | Powerand heat............. Ustinm Se a aE ae Office building.......... 12 14 12 12 33 32 109 80 5 
100 Power, light, and heat... J 0. do. oir Luts Hotel: ait alu s. iii 14 laa 85 Jose oust 88 5 
110: 0:0. One sts adil Varianie Se Brewery. .c.... ci... 24 MG ion Sed ln ae hd 96 5 
ry. dosisil io ccd lr G00: be Cactory.i.= dade 0s. 12 24 12 17 14 12 62 62 5 

i 1 BALE QO vais dT SSL SG Tatiorm. bu. on. 0d. Shops... illus nla, 10 19 10 19 26. 4 26. 4 90 95 5 
3 1.00 ab IRR RR Sa I CLT QO. PACIOrY Liven siith danes 10 8.7 10 8.7 17.4 A744 r... 100 5 
Vid Loon AO... ne si Sd, Variable... .c...0 0... Store building........... 10.5 SD a 16.7 16.7 69 86 4 
3 a Q0- ia ren Uniform. ...... 0000s Hotel... odo. as 24 20 24 20 ds sda. 14 46 46 4.5 
116.4... doo rl nae dos Sa Refrigeration............ 24 Sint lo a a as 98 5 
7... doi ii a eds dori ari. Factory... lo ileus 11 re ial Ns 17.2: 00... 78 71 4 
2S: Powerand light. a... 0e of QO En i LE a Jr 8 80 8 80 30 30 104 92 4 
119.1 Power and heat... ......0 00008 AO. Sta ds a SE Ba eT 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— | 

Plans | Thick Num- | Builders’ Heating | [Super | Steam 
ness of | Frequency of cleaning ‘ : ber rated Horse- surface g p 
fire fire. Type. Size. in- Aver- | Aver- horse- power.a (square surface sure 

(inches) stalled.| age age | power 0) (Square at : "| heavy | light | : 3 feet). gage. 

load. | load. | 

90 0 Continuous.......u.... Babcock & Wilcox. ...| 198 4” tubes, 3 25’’x 20” drums 12 (b) (b) 420 420 4,200 0 160 
91 3.54: 1:Narlable..... so... 00 do. di 90 4’ x 18’ tubes, 2 30’ drums. 2 1 1 250 189 1, 890 0 140 
oO nd Continous... 5... a. fi... Ao. eBay abi Small boiler, 72 4" x 18’ tubes. 3 2 2 | 200,150 | 200,150 | 2,000, 1,500 0 130 
93 4i5lea doiswaaiir aanioaliidn. do... nll 1084 x 18stabes...... ~~. 1 1 i 200 227 2,265 0 100 

94 BB ern qo... lac ve, Aoi. cand aos et i x 18’ tubes, 1 427 x 203’ 4 4 2 300 318 3, 180 0 145 

rum. | 
95 4 1264 x18 tabes. ....:. 0... - 2 1 1 250 | 264 2, 640 0 95 
96 (b) 3 1-126 4’’ x 18’ tubes, 1-108 4’ 2 2 ance 250, 208 | 264, 226 | 2, 640, 2,260 0 85 

x18’. 
97 6-8 |....- don. or a Shviing. cits ey 2-181 31’ tubes, 3-403 3%’’ tubes 5 4 1 | 250,500 | 250, 500 | 2,500, 5, 000 0 100 
98 uly il hl do. unseen Tos ug Gopi ses a 181 34’/ tubes, 3 36’ drums. .... 2 1 1 ROD Lr. se ois fs ere ane dl 0 150 
90: lb. duc, a oud Ao), otis te sl CL Sah a 4 3 2 300 322 3,223 0 145 

100 5-6|.:... dor. aa OLE hr a a lh 2 2 2 250 214 2,135 0 100 
a B50 l... 2 dolar abi Nd P nla a a a a a sia alg ha ba ea ub SR SES i Se 1 1 1 as 413 4,130 2 0 

0) ori 0... Shs Aa YS ut sh wa ath ha lg oD aaa ie a rs id a Si vi, 4 3 3 3 300 3,000 50 
103 Gf do... . Laas. doy i loiiuaianial, 168331” tubes... co... 1 1 1 306 305 3 050 0 130 
104 4-6 |..... HL A a pT doi otal de 19254 tubes... coat 3 2 2 2000. 2 dni al Ce ees 0 110 
105 4-6 |..... doo niandes fi dos ils 96.32 tubes... nina 2 Qi Ly. 100 panne Sa a Sa, 0 100 
106 400 dos.u sensi an. do. foe aii a, 17631 tubes... iv. ci, 2 1 1 200 200 2, 000 0 115 
107 341... LL ANC Aultman & Taylor....| 1444’ x 18’ tubes, 2 36’ drums. 2 1 1 300 300 3,000 0 150 
108 3-0 Variable... lf: Heine. 0 tir io: 1 31’ x 16’ tubes, 2 30’’ x 16’ 4 2.5 2 250 | 184 1, 840 0 100 

rums. 
109 6: Continuous... ......... Be CY ects as sinister ss rn os wh vss si a ate 2 2 2 125: cata 0 115 
110 6-8:.0. 0%. Qo. oder Henry Vogtat dale id ovine SL i ess 2 ole ois 00: Li canal on 0 | 105-120 
AE doit ae Heine: Stirlimeg. io ios ol inn sil 6 6 6 | 140, 380 | 140, 380 | 1,402, 3,795 0 110 
112 Sifivaiss RRR aie MeNamll. oii cg 10047 x 17 tubes). 5; oa vie 6 4 4 2 210 : 0 200 
113 5-61... dos. ila Hazelton. ooh. anil ide snare esi Seg 1 1 1 850. 0a. ahL el 0 100 
114 0 don... i National::: ooo nny T240X 1 tubes... il 2 2 2 100 120 1,200 0 100 
5 EL PR 2tmesin 1Z2hours....0 ARMAN GE TayIOr. .. .F.  e tees apne runs 3 2 2 400 | 402 4,022 582 150 
116 4-5 Continuous... :.-..... Henry Vogt nro a Sa Ey seen ss Set i Jeti bin ie 2 1 1 i 374 3 I SR SE TE a NN 0 100 
117 4-6-1... Qo. Lr Shad gy, Heine; Edgemoor-..... Retr 3% ’ x 18’ tubes, 1-138 4"" x 3 2 1,2 | 150, 300 | 110, 300 | 1,100, 3,000 0 | 110-115 

18’ drums. 
118 6-10 | Once in 8 hours....... Standard........5..: 1924” x18 thes... 15 12 12 450 | 402 4,020 0 110 
fg] Continuous. . .......... Aa ns eA 210.2 2 150 | 150 1, 500 0 110 

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

  

Furnaces. 

  

Dimensions (feet). 

  

No. of plant. Grate area | Distance from grates to Vertical distance from 
Number. | per boiler tube heating surface. Distance | grates to coking arch 

. or heating surface. = Height of 
(square feet) . Width of Length of Yom iont 8 arch at rear 

——| furnace (C). |furnace(D). follont ob TT )oliornace 
Minimum boiler (E). | At front of | At f A 5y. rear o 

verage (A) (B). furnace (F).|/furnace (G). 
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a First dimension applies to small boiler. b First dimension applies to Heine boiler. 
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TaBre 13.— Details of observations at plants with side overfeed stokers under water-tube boilers—Continued. 
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Draft. Smoke records. 

Readings (inches of water). Average for one hour 
No. of , 3 Total (minutes). Average 
plant. | Sus : : Num- | length of percent- | Load dur- 

Kind Conditions under which readings | ber of | observa- age of | ing obser- 

Wl Norn binoliees  iamias Bat Were taken. obser | ons 1100080801060 | gic | black | vations. 
urnace. ear of boiler. | Breeching. | <0 vations. 1 per cent|per cent| 5 smoke. 

' utes). black. | black. clean. 

90 | Chimney..| 0.18-0.27 Odd, Bl ee Dampersiopen. i. ii. va fi J, 3 160 0.5 0 0 14.1 | Average. 
9Y5). 540... .18 SHOE Sa Le EY Ashb-pit doors open, dust doors 1 60 0 0 48 3.3 | Light. 

cracked. 
92 cli .00.. Lh 17- .19 ve dO Ses 0.56 1 Dust-pit doors open...............0 1 60 =0 2 56 2.2 | Average. 
93.1...do. .09- .12 0-10 020-03 er a A AE Si Se 1 300 0 1 56 1:7 Do. 
94 |...do. .25- .30 .44- .45 TB Ash and dust-pit doors open; 1 60 0 0 56 .8 | Light. 

damper partly closed. ! 
O50. LLL. . 37 SO Poa dri a Ta Damper and ash-pit doorsopen....; (a) (b) 0 0: wd en... Do. 

SE RANA SBT 4D 55, BRST eo an .60 | Dampers open; ash-pit doors 2 0 1 27 9.1 | Heavy. 
cracked. 

97 dod. .20 Lowerrear, 35: i. 0. .0 754 Doorinistack open... Llu. 3 183 0 0 44 3.5 | Light. 
O81 .ced0. nhl de aL dea a a dL a es SS 1 77 0 2 50 4.9 Do. 
99.0 ado ty .18- .24 .32- .38 .22- .34 Sd Dampersiopen a in i dea 1 45 0 0 57 .9 | Average. 

10001. . do. cons lS OS a LoVe Tear, Ger os 2 120 0 2 49 5 Do. 
1000. 2de.. i... 15-36" Lower rear,:.34= A8 |............ eo ri a a Re te Lr Se ay 2 120 0 1 56 1.8 Do. 
W021. ..do. 0 31-318 “lower rear, .40= .60 |. .....S..... A a a ee 1 60 0 0.3 53 2.5 Do. 
103: de... c.. .53 Lower rear, .60 ! S90: Damperopen.......... audi 1 46 0 0 57 1.3 | Heavy 
104... dos... 5 FY Nd TU Sh A | LEER TT ch do... amr aad (a) (d) 0 @ atte, Light. 
105 1...d0...5 .~ dO ne dB Bo el AO. vuoi rat er (a) (b) 0 OQ ceva nie ra ts. Heavy 

) 4s ER INST Ls RB Senta Fe Bi Lower rear, .90 1.10 Dampers open; thin fire........... (a) CO rds Ly A eas eles a a eae EL, Average 
J07.{ .:do...2,. En Nea 4B aide DRIUDEr Open. 5. hs ws senna 3 211 0 0 60 0 Do. 
108]...do: .08- .17 .90 1:26 0 oN Dampers open... .... nolL 5 333 0 0 56 1.4 Do. 
B00 CAO Fr OE al tn a or ls ste aah re 2m eis Sie ma ae rn le Sn ean a he en 1 60 0 Oia dey, 12.7 | Light. 
Yio. doar .34 .39- .45 Sod nl Damper and ash-pit doors open 2 115 0 4 48 12.5 | Heavy 
114. .-dovi Lok di25 20 fein Dla a NOOR ATA Xa lo a a Se Te he SS 1 60 0 0 44 7.7 | Average 
No: ude liey, ald= I WL CL 26-1, 34. 535--. 60 /. Dampers open... ...... i. Looe 1 60 0 5 55 2.5 Do. 
Hf. ado 3 A oT AS seat eT aoa 2 120 0 0 60 0 Do. 
Td q...dos.. AEE rer ne i A .65: [i Dampers partly closed............. 1 30 0 0 30 7.7 | Heavy. 
15:1. .do. 22 .30- .48 58-4 207 Holo me 1.10 | Ash-pit' doors open. ...... 05... 1 600 0 0 49 5.7 | Average. 
116 |... do. . 13 SABA Cae .70 | Damper partlyclosed.............. 1 110 1 1 43 7 Heavy. 
117.4: -.do.. Lu. .20~ .30 O00 ay .65 | ‘Dampers open; heavy fire.......... 1 60 0 0 35 7.2 | Light. 
118. ...do. ... .20~ .29 556 Jo. rane ins W02=Fln o ei a Pe Se NT 1 60 0 0 39 8.3 | Average. 
19. dos. .22- 26 «30-40 |. 00, BB dre Ka Ra a wun ain nn nw Sine mn tna 1 30 0 0 30 5 Do. 

a Several. b Various lengths. 1
9



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. 
plant. stack to Size Bo i between | Height Size hi 

nearest (feet). token boilers (feet). (feet). foot) 
boiler 5 and 
(feet). stack. 

90 da RL 0 203 a 16 201 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 Dil anion Blandi re tos ine sda 1 110 ab 19.6 
92 0 Qe a AT? 0 105 4x4 16 
93 BO le ess a dt a am 4 i 8 3x3 9 : 
94 BE io tr ae aa sss saa saad 0 150 al2 113.5 | Automatic regulator on main damper in breeching. Stack reported bad at times on 

heavy load. 
95 OB 1. is ah le di se eae i x 165 ab b 23.7 
96 Bsa Ea 1 122 ab.5 23.7 | Automatic regulator on main damper. 
97 AON (Re Sa a SX a 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. 

98 121 4x4.5) Near stack........ 0 125 ab 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 9 sala ee 1 140 6x6 36 Wet coal banks on grates and has to be poked down, producing smoke. 
100 0 A Pee bl RE 0 108 a2. 5 4.9 | Two similar stacks, resting on rear of boilers. Smoke average is from both stacks. 
101 0 0 alone 0 100 a3 .06 | Stacks rest on rear of boilers. 
102 as TS EO Sa 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 3S ee ra Ls a i 150 ag 50.24 | Automatic regulator attached to main damper. 
104 Ges oe eu 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 Ho see redelan nana Sai, 0 80 2x2 4 Draft assisted by 3-inch steam pipe entering breeching. Smoke observations include 

Some readings 10 and 20 per cent black. Total length of Murphy and Stirling arch, 10 
eel. 

106 La ae ests ed el, 0 252 a4 12. 56 | Smoke observations include a great many readings 20 per cent black and several 60, 80, 
and 100 per cent black. Stoker does not distribute the coal evenly along grate, and fire 
has to be poked down. : 

107 20 4x4 | Near stack........ 1 127 a6 28.3 | Coal as received 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 10x40... .. Qo. iio: 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. 
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a Diameter. 

      

Fired occasionally 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. 
Automatic 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 

3 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 ins, with side overfeed stokers under 
return tubular boilers. 

  

| | 

| Average | 

  

  

: Number | ri . | Number | Average 
Kind of coal. of plants. | Genth of | Kind of coal. of plants. | genih of 

mel fame 
i = aa BEE RETRY rar 

| Inches. I | Inches. 
WENOB. co tint | 7 5 || Pennsylvania. ............... 1 | 5 
Indiaman. 00 ooo, olan Is 3 4:0 West Virginia. coco ool on 8 | 6 
Kentucky ..L oo iiueon co, | 5 4 Miscellaneous... oc... out | 8 | 5 

5 | | 

  

  91 1 CE eS | 6 

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 tubular boilers. 

  

  

  

     
  

  
   

  

     

    

        

| 
, Coal. t 

Total 
No. of | : builder’s 

plant. State. Kind of stoker. i Cost per | Short tons 
: Commercial name. V/here mined. Size. short ton, burned 

power delivered. | per year. 

120: Hiinojsy oir te i Ms ST | Murpny ee at 1,030 | Washed..........o.c.k. Marion County, Ill.......... NO. FL $2.90... kes 
121 4. AD... ten IRC A a GA or Jd da Se Sate des Illinois; Indiang.............{| Screenings.. 1.80-2.35 |... 
102 eh doco sri Lies QoR dl. LT a 360. Steaminat-. . 0h. oon. Betton, Te Xir...cl unt Through a 3-inch screen 23D ds 
123 {ie dole a tar ee Qos. oun vr ns 320 | Carterville.. adel Timeless Nos, 2and 3, mixed. . li. Alo fede ovens 
1240... Ao..ii air iE do. s.pio iad 250 | Carterville, washed... do. 3% a ater NO. 3-.t ural d. 25 [tte 
1250... Aosta tussle a dosh C0 Dl a Ee Ee Ts dol. asd kL No.2 ‘nut ‘and SCreen- |v... . hissed. ova 

; ings. 
126: 2. QO weer: cod ih, 4 Lp LR CAF 176 | Carterville, washed......|..... Qo. srr Sg Ath LY No. 2 sardla late pg 2:80 stars ccd 
1274 Indiana... 00.0 400 Anton. 2. lal. Uta se, Indiana... cians INO de a slay 2.35 {ce vei etn vw 
128. AO sa 108 London at AOL. or Nut ed Slack A re se Ee 
129. Kentneky...... -...L:- d G00 fo Sa ms SE Western Kentucky..........| Pea and 11 Sn POR AS 
130 {sin dos oa lt AO rE den a SS a AO. cs i i ol BAO as bid dd sale da a Ss a 
31 1a. do... bE S00: ct eS a QO. Nut od SICK. or st er Si i de etc 
1324. td AO. bo ; ABO. si sa sea QOL ss SE SE Peayand slael. ooo Jui ng i el ei a 
133. OND. 100: Lagyel: Jellico........ ...| Kentucky. ll. i. sles Nut and slack.......... 00 (ev Fs a's 
134 1 ae @Od. ee SE LT do 600: Pittshorg No. 8...:..... Dllonvale, Ohio. shia: Pea and slack. ........: 2.0007. aL, 
435 fz. do..... 000: 1.....s dO... oii ah ed OI: Joes FE Fan se aa ds S000 asi ranidnbarots 2.05 7,300 
136 0...-. do..... Fy AO to de 0, it sat eh ays Sots a0 Senn a woe Laas 2.35 5, 500 
157 10a. dou roti 40. do... dra hE Dilionvals, OND... i loans: Pea ne slack. rio. Cy 2.00 5,100 
13% °h.... Aol a 300 | Youghiogheny.......... 0 LEE ae ER RA Linch nat... 1.90 
139 | New York... uly 874 | Pittsburg... ..o..0. 00. El: County, Pac... ........ Slack... i. kt aes 2.40 
140 | Kentucky O00 §. Lk dr A Pittsburg, Pas. yo. Nutand glaek: fr tel ona, 
141 | Pennsylvania 405 | "Clearfield. .......... Ju... Pennsylvanian. ......0...5...- Run of mine... 2.80 
142.1: Onjo. nos le fe d 2001 PIISOUrs.. ve vile ee ofan 2 JO ll a i Nut and slack 1.87 
148 fo... AO. eas SE 320 |....: AO. nine seven ul) 20s dor.diia Tl os 0. eh eed 
144 Pennsylvania. 300 | Westmoreland gas slack.|..... dor. iia ro a ail Slack. voi ie ees 3.00 

Ohi S00. PHtShUrg. ue sara a as 0d tans Finns s Fe daira ssn w do... ih 1.80 
300 | Rochester; Pittsburg; |.---. BO... rt. teins Sh 12-inch nut... i... 2.55 

Reynoldsville. 
200 1 Pittsburg... ool 
B01. Sony asset Sh 
S50 PISDUTIS. eden vas 

1,000: Kanawha... ......0. 00. 2. 
700. oi 2. 
750 [in do : 1. 

do 445 | Gasslack...... : : 2. 
154 UMichigan.............. Detroiti...c. finial 350 | Pittsburg No.8; Thacker.| Ohio; West Virginia. ....... Nut'and slack.......... 2.60 2, 560 
135 FORE. 1 aa eg Marphly sn ts, 300 | Kanawh.«.........:.. 5 West Virginia... nas TR TE 1.90 2,730 
156. Michigan... 0. Petrol... i... swe cv 250-7 Bed Jacket...... ova N50) iy I De J PUG doscini oar natin 2.70 900       
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Tare 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued. 

  

  

  

  

Total Coal. 

No. of ; builder’s 
plant. State. Kind of stoker. ain Cost per | Short tons 

a Commercial name. Where mined. Size. short ton, burned 
power. delivered. | per year. 

157 | Kentucky.....0..:.... Petroll.... ir res Sie ddl hn Se De Jad ol West Viveinia. i... .ooii ly Bn ol mine; peaand (io a Kooi oo. 
slack. 

158 | Pennsylvania......... Murphy... ooo 00 0s. 5000: Gag slack.. on ty ha RII $3.00)... van 
159)... do... isin eaam QO. en lL Bn A ee a es a Fe a Die ens BAN OI IINe rh. Di sv Lali ani searerin « 
A607 CON, 0. thin in geen eee QO... ni sida Nut and slack.......... 190 el 
161 Michigan.-. ono 000.0, AO Slack... DP Sn 2:00: ml 
162 | Pennsylvania... ov... ..... AOL. ra Bunolmine., coo. coil. i rd Sse, 
363 .0....3 Qo. nl ha QO et aa, Slack... conn 3.30 at 
164 ‘Ohio. .; otal. coal Detroit... La tiara Lr Nutand slack... .....%. LO 
FOBT oe QA0u Seat a a Morphy... Doo abt aol Slaek.,.coaciy isn 1.85 1,200         
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TABLE 15.— Details of observations at plants with side overfeed stokers under return tubular boilers—Continued. 

  

  

  

  

  

  

   

  

    
  

                      

Load. Rating. 

A load | 
Yorageiond. Coal burned per | Percent- Popueny 

square foot of grate | age of il Aor’s Assumed 

No. of Heavy. Light. per hour (pounds). ¢ baller 1% vied | nouE 
plant. > ower de-_ DOTS | yurmed 

Requirement. Nature. Character. | gL power de-| | = veloped loped [PET horse 
Hons wood Touts woot A on Ye be power 

per day| burned per day|burne verage average er hour 
load [per day| load [per day| heavy Avie A average aon, 
ison | (short | ison | (short | load. ? load | Heavy 
plant. | tons). | plant. | tons). load. 

Untformydon iiss ais: Department store. .......... 11 33 11 39 26 25 110 143 5 
Variable... ion dati Officebullding.............: 18 16 18 13 21 19 95 77 5 
Uniform... 00.0 Hotel... wand. iio lv hl, 18 10 .18 8 31 28 134 123 5 
Variable ve QOL i eden 24 14 24 12.5 24.3 23 124 146 5 

BPACEOLY idee cn oy ala dal 9 7 9 6 23-5 21.9 106 123 5 
Ofc building NCL 17 6 17 6 17-7 17.7 75 88 5 
indo. a a Ss 18 8 12 5 29.6 28.6 189 214 5 
Sion Sandis eR de 3 9.5 1 9.5 9.5 23.2 21.6 95 116 5 
School building. ...........: 24 10 16 4.5 17.4 17.4 109 81 5 
Teaplant.. col. iho viiova 24 20 24 16:57 37 33.3 83 83 5 

Power and light... .. dum. B00 co. seh AO a hed 24 20 24 18 41.3 39 105 111 5 
131 | Power and heat Factory... oy csi Sone 10 3 10 3 33.3 33.3 75 80 5 
1320, ae qo... sisi La Poliery i del dai a 11 1.6 11 1.6 10 10 37 39 5 
133 | Power, light, and heat Printingoffice...c.....0...: 9.5 2.5 9.5 | 1.4 21 17.8 85 105 5 
1340... Al tse te rsa Office building... .......... 14 a pe aly Voy Zhang 172.3 4 mun 71 4.5 
135. a doit soar aa Store and office building....| 17 11.6 17 9.2 19 15.5 61 68 5 
136 4. .... Qt. rh a Office bullding.......... 12:00 10 12 9 25.3 24 104 89 5 
37: hi. i PAR Cnn Bee BT BEE Re 00. aol i a 2008 12 8 14.8 14.8 64 66 4 
138 |. .... RO. nh Se eas BACiOrY a asi J Wn 10 4.4 10 4.4 17.6 17.6 72 5 
180: Power rid iy collin in Refrigeration. 2. o......0..... 02 ll AB aed AY rei drat 107 107 4 
140 | Power and light Apartment house........... 24 10.3 24 9 17.4 16.3 58 57 5 
141 | Power, light, and heat...... Uniform... 5.0... 0. Factory... . vie dined I Grell ah TL UB sn Toa 65 75 4 
1421..... % A EC er Variable... 00. J Office building.............: 18 ol 7 18 4.5 15.6 12.8 64 65 5 
B43 | aoa. A Tn OL Sei I St Brewery Lilo frills 12 10 24 16 16.7 20 eh i tet 104 5 
144 Power and:-heat.......s...%. CUnilorms. oo.io sialon Mila sae de 11-10 11 7.8 27.6 24.5 182 152 4 
145 Powerand light. cl... ....{....: A A Factory i ee 10 7 5.5 10 5.5 14.7 14.7 94 82 4.5 
146 | Power, light, and heat......|..... OL, tdi ii Hotel. or chiiasir is rein 24 6 24 6 14 14 79 83 4 
MTs 0; AO. Er ad rE Variable ni. 0 ees Brewery... ...o. ive) vs 12 5.5 24 9 14 12 rns 5 
145) Power. i. iii res FURiorm.. oo Factory. iio iit 10 2.81 10 2.2 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. 

  

  

  

  

        

     

Load. ; Rating. 

Avaragelont, Coal burned per | Percent- Porions 
square foot of grate | age of x he Assumed 

No. of Heavy. | Light. per hour (pounds). pole rated OURS 

plant, d power de. DOTSe- | med 
Requirement. Nature. Character. power de- | veloped 4 [per horse- 

Hous Seal, | Hour | wool, i on elope power 
per day| burne per ay burne verage ra er hour 

load [per day load per day| heavy a a oy average Bo a, 
ison | (short | ison | (short load. 2: load.a heavy 
plant. | tons). plant. | tons). load. 

li Hear. oi i Sa i Varighle SNA IRE Dyeworke.:..... 0.0. co 00. i 2 n i 16.2 12 119 146 5 
1150 Heat ond Hah... i... i. dies 0 a a sas ea eens Brewery. ..... ollie lr 1 12.9 11 9.1 15.9 14.8 64 84 4.5 
151 | Power, light, and heat...... Grito aed SLOTS Department store........... 10 9 10 6 19 16.4 i 62 5 
152 ues AO. J. ar a iid do... Office building............... 16 8 16 4 20 20 72 67 5 
153 | Power and heat. ............|..... does nadie Factory 10 13.47 10 | 10 25.5 2.7 138 147 5 
154 | Power, light, and heat..... |..... dos SiS Hotel 13 4.5 3 4 4.5 23.5 23.5 4.5 
58.70 a a a ee do. sani oa NL Ye 24 8.5 24 2 85 14.2 14.2 47 53 4.5 
156 1... do... Ts doe seal Lo Office building 10 2.6 10° 2 23.6 20.9 84 92 4.5 
157... QO te inde fa dO. Se ch aT do 24 i ens ed 12.4 ja o000 42 60 5 
158 J... QO. Tl on in reer Ee QO sn a vine Sk ne e's Factory 12 28 L'» 28 24 131 117 4 
150. Power... vil hg ddan, docs. a an Ice plant 24 30 24 22.5 25.3 22.1 92 139 4 
160 | Power, light, and heat......|..... doit do ail Factory 14.5 3-5 10 6 20.7 20.4 79 96 5 
161 | Powerand heat.........0. |e... douse ferads do 24 6.7 10 1.6 AL. 2 all 40 62 4.5 
102 1..... $0 aR Sn Cl do... ne. Mill. ats 10.5 3.4 10.5 3.4 14.4 14.4 67 80 4.5 
1603 | oad i i La Se 40. a. eda aes dois isle ei 9.5 3 9.5 3 15.8 15.8 73 88 4 
164 ones, light, and heat. ....|..... do. a LADIOIY. Cav. inainnionis 13.5 5 13.5 3 25.1 23 81 99 5 
165... .... QO... Sr A Variable. io....0...0000 SHOPS... Vi taeda en 10 4 10 4 22.2 22.2 89 107 5                     
  

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. 

  

  

  

      
    

   

                  

Stoking. Boilers. 

Number used Horse- 
No. of to carry— power 

plant Thick- Nuam- Builder’s| boiler Heating Superheat- | Steam 

"| ness of Frequency of T Size. her in- rated | rated on surface ing surface | pres- 
fire cleaning fire. ype : stalled Aver- | ‘Aver- | horse- |10square (square (square | sure at 

(inches). ‘| age age power. feet of feet). feet). gage. 
: heavy | light heating 

load. | load. surface. 

| 
120 4 | 3 times in 24 hours. ...| Return tubular. ...... 72//x 20/, 56/43’ tubes........: 9 7 9 120 155 1, 550 0 100 
121 3-4 [ Continuous........ 15 ie do. on a 1 48” x14’, 32 31” tubes; 6 9 7 5 160, 65, 75 | 49, 55 490, 550 0 100 

48’ x 16,32 31’ tubes; 2 42” . 
x16, 28 3177 tubes. 

122 66”. x 167, 42 “arr tubes... i... 0. 4 2 2 90 83 830 0 120 
123 60” x 167, 45 tahes. lo Lie 4 2 2 80 94 940 0 90 
35: 3 x19 843" tubes. i ot 2 2 9 125 1 1,470 2 110 

547 xX 167, 48 4’” tubes 3 3 2 2 9 85 
126 1 op > 1 rst tubes; 1.60” 2 1 1 93, 83 106, 94 1,060, 935 0 85, 90 

x ubes. 
127 Py do. nem nas) oly dod, dans or 3 66” x 167, 64 4” tubes; 1 66” 4 4 4 100 | 126,109 | 1,260, 1,085 0 80 

x 14’, 72 34” tubes. 
128 Sl... do. 0 ta do... ba ey, 60x 0, 512 tapes... ..:... 3 3 2 65 51 505 0 70 
129 di. 50 i EE edi EE do... 5 hse, 73/ x18, 90 Y. tubes... ....... 3 9 2 200 200 2,000 0 100 
130 Sits GOL San dot oar nl ls x 1%, 72 4 tubes........1. 3 2 2 150 159 1, 590 0 105 
131 di. iL MD Ga doi ia a Tx 18, 724 tabes.......... 2 1 1 150 159 1,590 0 90 
132 01.0. do. iy. oon ont. nn do... 0 eld 002x187, 724 tubes... ous. 1 1 1 150 159 1,590 0 80 
133 5 | 3 times in 10 hours... ..... ob. ai 66” x 187, 836 472. TUNES... Sen 1 1 1 100 124 1,240 0 80 
Wel. ooo. Continuous. .i:....oo fv. in doc. sn le 7277 x 18, 92.33 tubes. ....... 4 DL aE 150 178 1,785 0 100 
135 4:7'Once inl? hours......l....+ do... aad 78x 20,84 4 tubes.......... 3 2 2 200 225 2,250 0 120 
136 4 1 Continuous. .... ...... 0.1 do. ss A 0"’x 18) 484% tubes... oC. 4 3 3 125 107 1,065 0 110 
137 Dl. BO, oh dates ns ees Qo... nu Sie 3 oa 16, 43 3 as 1-72 4 4 4 | 100, 150 95, 176 950, 1, 760 0 90-100 

x18, 1’ tubes. 
138 5-6 |i... Qos NL mati ae olin, i itil: 66 X 187, 54 4’ tubes iia  es 3 2 9 100 122 1,220 0 100 

| as |e Emmi Tana MIE) ale IR RY 0] 
tubes; 1 120 4’ x 16” tubes. 

140 dali uss Q0cc.. ra, Romine tubular... oo. V2 x8, 70.470 tubes. vii... 4 2 2 150 147 1,470 0 100 
141 4-6 |..... Jo. 00 a ade GOES i 3 60” x 18, 36 43”’ tubes; 1 72 4 dle 85, 150 | 108, 146 | 1,080, 1,460 0 100 

x 18’, 60 43” tubes. | 
142 6-7 | 3 times in 24 hours. ...|..... doi cna. San [60x 18, 48 ¢/* tubes... ...:... 3 2 | 2 120 122, 1,220 0 95 
143 44 Continwous...........[..... 0. oa La | GR Cl ess 4 4 | 4 BOs da al dn CLL 0 90 
144 406..00 do... A a LT an do. hay bo. x 18,455 tubes... a... 2 2 | 2 150 125 1,250 0 120 
145 FG... QO... coh cain eT do. iirc | 60” x16’, 44 & tubes.......... 3 3: 3 100 87 870 0 100 
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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- Noam Builder’s oiler Heating | Superheat- | Steam 
ness of Frequency of Type Sire ber in: rated | rated on surface ing surface | pres- 

_ fire cleaning fire. ype: x stalled Aver- | Aver- | horse- |[10square (square (square | sure at: 
(inches). ‘| age | age power. feet of feet). feet). gage. 

| heavy | light heating : 
load. | load. surface. 

ds 8 Conthmions Liha Roun tubular....... 2 x 16¢/, 92 3%" tubes........ 2 1 1 150 159 1, 585 0 90 
Ses Qe rea ee dol Le se a ett EL 2 2 2 0041S Laat LE 0 90 

148 3-4..... doo. Luvin alo do. ait ir X X16, 364) tabes......... 2 2 2 75 96 960 0 65 
. 149 (a) 3 to 4 times in 11 hours. |..... Ao. anni. 60. x 167, 18:6” tahes. .. .o... 1 1 1 50 61 610 0 45 

150 8-10 | 5 times in 24 hours. ...|..... dO. ee 472% 167, 84 tubes; 472” x 8 5 4 1251-175, 155:-1,750, 1,550 +70 85 
16’, 72 4’ tubes. 

151 6-8 | Once in ten hours..... Return ear; Heine | 1 2" Xx yoy 1 113 4 4 2 {9 200, | 166, 142 1,560, 1,420, 4 0 110 
water-tube. LX 7 x16. 250 184 1, 840 

152 6 | 6 times in 24 hours....| Return tubular....... 797% 16, 70 DES. 2 eens 5 2 1 150 138 1 380 0 80 
153 3-4. Continuous. ......cc..l..n.u QoL a ihe 460’ x 16, a uy tubes; 1 72 5 4 4 80,125. 87, 127 870, 1,270 0 80 

x 18’, 45 5’ tubes. 
154 Loe a] do... ind do. io ids 73: x19, 824 tubes.......... 2 1 i 175 180 1,800 0 110 
155 3-51..... Qo. oho hei Aon sal es 1 Li ¥ 72 y inves 3.72/ 2 2 2 150 | 158, 179 | 1,576, 1,785 0 100 

iox ’” tubes 
156 4-5 1..... dei. ouinda lose Venatici do. vitae 20x 16, 70 4/ 2 tabes.........- 2 3 1 125 137 1,372 0 80 
157 3-050 d., dob ss mas tours Rosco raid) 54 x 18, 264 tnbes...... 2 1 1 70 80 800 Qf e180 
158 Giles os do oi folds do. ia sis.. bo ry yay 372 5 5 5 200 | 168, 184 | 1,680, 1,835 0 115 

fax ubes 
159 Al EF fi ERE, GT dot nies oie 78x 20, 86 47 bes. <i. vain 3 3 3 150 2 2,260 - 0 95 
160 dil us do. eae ri fuiioaa do itv in | 1727 Xx 18, oa 4 tubes; 1 60’ 2 2 2 150, 100 209, 93 2,085, 930 0 95 

| x 167, 47 wr ubes. 
Oe eds dO dc se feos AO. i li, 72. 16, 84 31’ tubes......... 2 2 1 100 158 1,575 0 105 
162 Bass AB. dt enh inane foSon do. dS anal 602. x18, 35:44 tubes......... 2 2 2 90 108 1,080 0 100 

163 G1 dodo ins WR Aoi Linens (17x 18, 45 res; 1547 2 2 2 123,56 | 144, 74 1, 440, 735 0 90 
X 14’, 42 3%” tubes. 

164 61... donk, en RR 60’ x 16/, 46 4” tubes. ......... 2 2 1 75 91 910 0 85 
165 4 | 2 times in 10 hours. .. i iad ats QO ansaid san ness 72x 18, 74 4 tubes LL. 1 1 1 150 180 1,802 0 100 

| J |   
  

Variable. 
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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. Bis glee tube heating surface. Distance. | grates to coking arch i 

Number. | DST ouer Wy from front or heating surface. Height of 
(square Width Length of | & 2 arch at 
feet). of furnace furnace a fama fe ———| rear of 

Average Minimum. ©. @®). boiler At front of | At rear of Tummace 
(A). (B). (E). furnace furnace : 

(F). (3). 

| 
9 33 21 18 5.5 6 0 4 ROLE ta 
9 14 16, 18 14, 16 3.5 4 0 2.7 2.7 | Leite 
4 18 1 14 4.5 4 0 3.5 SoS liad lk 
4 24 17 14 4 6 0 3 3 | "Sek ge pe 
2 33 17.5 14.5 5.5 6 0 4.5 dB ri SO 
3 20 16 13.5 4 5 0 3 3 [ 
2 30 15, 17 12,14 5 6 0 2.2 2. 
4 25 15.5, 13.5 13, 11 5 5 0 4 4 

3 16 20 18 4 4 0 | 
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 0 
1 29.3 18 15: 5.3 5.5 0 
1 25 17 5 5 5 0 
4 33 17.5 14.5 | 5.5 6 0 | 
2 36 19.5 17. 6 6 0 | 
4 22 17.5. 15.5 | 5.5 5 0 | 
4 20, 30 15, 17 13, 14.5 | 4, 5 5, 6 0 
3 25 17.5: 1 15.5 | 5 5 0 
5 36, 45 15,8 «| 12.5,'5 6 6, 7.5 0, 6 
4 24.75 184 15.5 | 5.5 4.5 0 
4 22.5,.27 180+ 15.5, 153 "| 4.5 5,50 0 | 4 
3 25 17: md 5 5 0 | SLT 3.4 
4 25 157 | 13: i 5 5 0 | 3.4 3.4 ta sas 
2 33 17.5 14.5 | 5.5 6 0 | 4 4 boson] dt ole 
3 | 25 15.5 | 13.5 | 5 5 0 | SX} Sd re, 
2] 36 15 wi 6 6 0 | 35:7 BIB a 
2 | 33 172 14d 5.5 6 0 | dll 4 
2 | 20 15.5 | 157 4 5 0 | 3.2 | RE IR 
I 22.5 15.5 13.5 4.5 5 0! SIS 3.75 
Sian ars 0,13 12 ass 2 5.6 6, 5 0 3.81 $8 Hii tN       
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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. | Distance grates to coking arch : Number.| DET boiler 1 or heating surface Height of ‘| “(square Width | Length of | from front g Suriace: + [‘oreliat feet). of furnace | furnace a Lupnsce —_— Joap of 

Average Minimum (C). D). boiler At front of | At rear of Hy. 
(A). (B). (E). furnace furnace 

(F). (G)- 

4| 30-39, 33 6, 6,16 4.5, 4.5, 3 5 6, 6, 2 5 |5,6.5, g 2 4.25, a9 4 ne 4.25, 4.25, 4 
5 15.5 Si pier Le at SE he tC eal 
5 25, 30 16, 18 13.5, 15 5 5, 6 0 4 4. 
2 29.4 17 15 5.7 5.25 0 A.B ed eid EN 
2 25 17.5 15.5 5 5 0 4 Gi 
2 22 16 14 4.4 5 0 8.8 sie et 
2 13.5 18 16 3 4S 0 ee a 
5 30, 36 26, 26.5 23.5 6 5, 6 6.5 4.3 4,3 1. at 
3 33 19.5 16.5 5.5 6 0 4.4 4.4% ion 
2 33, 25 17, 16 14 5.5, 5 6, 5 0 4, Odi alle ei 4.2, 4 
2 25 15 13 5 5 0 hited ct oe asc hol ed 
2 22.5 18.5 16 4.5 5 0 3.5 FR RO 
2 25, 15 20.5 19, 18 5 3,5 4.5 3.9 8.04 ned. 
2 17.7 15 13 4 4.4 0 SDs a EL, 
1 36 17 15 6 6 0 4.5 48 orig.         
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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 | Average 

No.of Readings (inches of water). | | Total (minutes). SE 

plant. i) Se a : ber of | length of | age of | 1.9 dur 
Kind | Conditions under which obser- | observa- black ing obser- 

. Front | h ; readings were taken. Vo. Fi 100 to 2 to Sine Snake vations 

: ; ase 0 ; min- | 80 per | 60 per ac rom ob- : Furnace. | Rear of boiler. tube | Breeching. | io tions | utes). oont | cont | clean. | serves 

5 | black. | black. tions. 

120 | Chimney..| 0.08-0.12 0.31-0.68% 5... Furnace doors cracked; pit 4 237 0 0 32 5.6 | Average. 
doors and dampers open. 

121. udo. oud .08- .12 52m O80 LL Dust pit and dampers open. . 1 61 0 0 57 1 Light. 
122 1 dos... .08- .12 «850... ou Dampers and ash-pit doors 2 90 1 1 30 12.1 Do. 

open; thin fire. 
1234 do... .07- .08 28S Dampers and ash-pit doors 2 90 1 1 48 15.3 | Average. 

open. 
1241. .:40.0. .c. BO Le a ey Le TT aL WB Lin pV yi partly closed; thin 1 60 9 3 22 16.2 | Light. 

fire; dust doors three- 
fourths open. 

125: 0.40.5... 0 = 12 cn AG dR el d eL Dampers and pit doors open. 1 40 0 RR Rg Average. 
1261;-:d0. 0... Re ra A A sain Damper and ash-pit doors 1 30 0 0 44 2.7 Do. 

open. 
127-240..." ella ddl a Cl ea sae 0.64 | Dampers open; ash and dust- 2 90 2 4 42 17.7 | Light. 

pit doors closed. 
128]: dodo 26-18. Sl all LS. ea) Dampers and pit doors 1 30 0 0 37 7 Do. 

open; thin fire. 
129. 5.dac., ti. ih TR al Ce hl 63% Jab nl hal Dampersopen..........d..- 1 40 0 0 0 20 Average. 
130 {.--40. >» -- 30=" 1300 ci Ee al ele 6-0. 48 LG Dampers open; thin fire. . .. 1 55 0 0 0 30 Do. 
131 1. .do. Ll. SRB ee tn Ble rea ip 48-52 | Damper open. ..+.....-..... 1 60 0 0 50 1.4 Do. 
132d. Dp lv lS Sa) OT ey see fie a 0. cai a 1 60 0 1 57 1.7 Do. 
133 sv od0s. bu AB ed ed me ee “Boel ae Damper and ash pit doors 2 60 0 0 60 0 Heavy. 

open. 
Beli. dos. EO ot Cn nl Er TR TE rE CS BO sa (b) ©) 0 0 57 1.5 | Light. 
135 1..ido.. oo. SE tS be a ma eh es 5 0 ar Damper open; thin fire. . .. 1 240 0 0 59 .3 | Average. 
136). =do...... 00= Ala] nS Ne .41 O24 ceva bal Ce Bl Nes Be 1 240 0 | 0 57 1.2 Do. 
G70 do. 0 Gr LEY 38- .45 .84 Se (b) ©) 0 0 0 10 Do. 
138. .de...... 200-08 os i A BH Ee | LENE eS «2 120 0 0 60 0 Do. 
139.:.d0....;. .09- .15 dm OD eA Lh Se ns abe RE Ash-pit doors open.......... 1 60 0 0 58 .7 | Heavy. 
140 |...do...... ASB Ye in fo a, A Ll Dabo open; ash-pit doors 2 170 2 4 49 9.2 | Average. 

cracked. 
143.0 .do. son Sool hE aS A aE . 55 | eiiosts Dampers open... ... 0.5. z 30 0 0 58 0 Heavy. 
142i... do... = ap he NR ee eh .87 | Solas do. 5 one Q) (© 0 | 0 60 0 | Light. 

a Combustion chamber. b Several. ¢ Various lengths. 
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TABLE 15.—Details of observations at plants with side overfeed stokers under return tubular boilers—Continued. 

  

  

    

  

    
  

  

          
  

Draft. Smoke records. 

1 

: : I Average for one hour Average No at Readings (inches of water). ni Total : (minutes). perce 

ength o age 0 Plast, Kind Conditions under which bor of observa- : black Load dupe : Tron a ; readings were taken. Vo los 100 to | 80 to {lobe Ne 
: : ase o : min- | 80 per | 60 per | Stack | from ob- : Furnace. Rear of boiler. Je Breeching. Stack, tions. utes). wait Celle} Cleon: |v aarva 

! black. | black. tions. 

143 | Chimney 032-0: 1. c.cn otto dA ih i a ed ae 0.58 | Ash-pit doors and dampers 2 60 0 Oil dot i Light. 
open. 

J44 1...d0.....2 wd Ze AD Cr Se a LE re Sh eaten) 60-.65 | Average conditions; damp- I 57 9 4 50 10 Heavy. 
ers partly closed. 

143° .c.do. w= AB SS A 0, 20-0. 27 qu asd dr ue aN 1 60 0 1 53 3.7 | Average. 
146-10. do... MR LAG Lh SEs SAT dled do Re 1 60 0 0 60 0 Do. 
147: |. ..00. . Ld. .16- .18 0, B60, 40 1.2 eS Saal a Ash-pit doors and damper 2 60 0 Ovi on dla an Light. 

open. 
1484... do... S08 10 1. Lr ne ts fe a Te Damper and dust-pit doors 2 60 0 2 55 1.7 | Average. 

open. 
149.4. :do...... Oe en Sr ch Bd pe Ee rT LS Sh a a 3 .40 | Damper open; thin fire...... (b) (©) 0 Os heirs Light. 
150.7. ..do. .12 3.20 i. uch 0.67-0.75 .90 | Dampers partly closed... .... (0) (c) 0 0 B51 ah aids Do. 
1500.00.40. 20. .10- .12 eB S058 Dampersopen........0...00. (b) (¢) 0 Oil nah Heavy. 
52 wdo. sige nd a a fein SO rn asl) 0 rr a (b) (¢) 0 Ok i Do. 
158 |...40.....: A LL LG ME A Re A SE .32 .55 | Dampers open; thin fire; ash- 1 30 0 3.5 44 12 Average. 

pit doors cracked. 
154 ...do.l... wd eh ede me] i Fe Ds La ER a SS DR 1 60 0 2 53 471 Do. 
155:1...d0...... sod a S8 dC he ae 1 60 0 0 60 0 1 Do. 
156-|.idoi cas. T= 2 lL IRR Re SR SEE ae a 1 60 0 1 57 2 | Heavy. 
157 1. dois... Damper and ash-pit doors 1 110 2 2 53 6.2 | Average. 

open. 
158.0. ..do. .35- .40 d. 45 | Seatiutnl: $85= 00 [L200 Dampers open. ............. 2 55 0 0 59 0 | Do. 159:(...40.. 4. wlBm IB Le [reemeennns 42-45 .62 | Thin Cli dampers partly 2 65 0 0 55 3 | Light. 

closed. 
160: {todo ol = 3 a aay ee de Al ty 75. Dampersopen. is i lo (b) (©) 0 Oi] Loans fo Ee as Do. 
61. de .c.:. we 0=0 NO | BOS LL, BD La re Sa (b) (c) 0 0 55 2 | Heavy. 162.0. do. lls Zl Sh amt Ee ee Ss SBR kn (-Damper-open....2 oii 00 1 40 0 | 0 58 1 Average. 
163: (...40...0.. sl T= dG A hs Sy ar 1 ANE | Damper partly closed. ...... 1 57 0 | i lh ls Do. 
164:1...do. 0. =r 80d ds fos .47- .50 |. 47-.50 | Dampers and ash-pit doors (b) (¢) 0] Oks adap ln, Light. 

| open. 
165 ]...do. Bayly Abr | .43 OO CT TR Bre i 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 emia Japon % » 
: rom Th of elbows emarks. 

plant. stack to Size Plaga. 9 Nien between | Height Size ( ire > 
nearest | (feet). | TESTE boilers | (feet). (feet). hei 
boiler : and 3 
(feet). stack. 

120 16 6x5 Near stack. ..... 1 185 210 78.5 
121 15 fens val nak oop oo Sei 1 230 6x6 36 
122 30! 4x4 Near stack...... 1 160 4x4 16 Smokes considerably. 10 to 20 per cent black. 
123 Qi aha en Ca Sa 1 150 ab.3 22.2 

124 47.1" 4x 3.5 | Near stack.....- 1 125 5x5 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 48 |3.5x 4 45’ from stack. 1 180 a3.5 9.6 
126 0018 |. ilo nee i 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 UB Sor re nls Soi 1 O00: ix 3. 7x8. 7 13.4 
128 AS le th eS a 1 00 ss. a a sar d Smoke due to poking fire. Coal not equally distributed along grates. 
129 Ol ra a dn LS } 1 120 ab 19.6 | Smokes continuously, 20 per cent black. 
130 Si ar ea ra Te Sa 0 100 a4,3 14.7 | Smokes continuously, 30 per cent black. 
131 Td sed ls ial aU 0 100 a4.3 14. 76 
132 Yeon Lr al sn 0 53 a2.5 4.9 
133 28 Lan fn SA Li rE 1 85 4x4 16 Plant has automatic regulator on stack damper. 
134 I ve cd 0 220 a4 3 15.7 
135 | IS ran foil rah 1 220 a6. 5 33.2 | Boilers arched over top for gas passage. 
136 | 0. cor fost in Ia 1 135 ab 19.6 
137 | 200 a nly LM De a 1 140/13. 5x 3.5 12.3 | Smokes continuously, 10 per cent black. 
138 | 2 rt sa a 2 88 a4. 6 16.5 | Boilers arched over top for gas passage. 
139 | Te Rian ta iit 0 138 ag. 5 33.2 
140 BY Set ae tN SL 2 SC 2 150 a4. b 15.9 

141 Sl abet nd Se se 1 100 ab 19.6 | Boilers arched over top for gas passage. Automatic regulator attached to rnain damper. 

142 Bilal. co dis sa 1 5... ain ares Boilers arched over top for gas passage. 
143 0 AL A NS 0 100 ab 28.3 | Readings include some 10 and 20 per cent black smoke. Boilers arched over top for gas 

SESE assage. 
144 Wile ith rae 1 100 4x4 16 > 
145 AG La bof alas Se 1 00 nt le a Fires have to be poked frequently to keep grates covered. 
146 SOc as fats hnan. noe it a ts 3 120 a3 7.06 

147 0 Ol sae 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 Fl sna se 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 Tensth SF uzher i 
rom ; ; of elbows emarks. 

Plant) stuckio | sve | TASSELS bowen | Height | sme | Ar 
nearest eet). boilers cet). eet). : ? 
boiler was taken. ne ( feet). 

(feet). stack. 

149 Bi ec alae iss aaa 0 100 3x3 9 Smoke observations include some 10 and 20 per cent black readings. 
150 denn desl sit ae ml od 0 165 ab 19.6 | Boilers arched over top for gas passage. Very clean stack; observations include a few 10 

per cent black readings. h : 
151 3 158 4x5 20 None of the observations showed more than 20 per cent black smoke. 
152 0 150 ab 19.6 | Observations include several 20 and 40 per cent black readings. : 
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 AR eee a a a 1 100 |: 2. 7x4 10. 7 | Stack generally good. Trouble sometimes with coal feed. 
155 Oleh ae dot Aida a 0 100 a4 12.56 | Observations have been taken that are not as good as record given. Automatic regulator 

attached to main damper. 
156 Bis rian ls ede Ae 2 110 2x3.4 6.7 
157 Bleed 0 149 a5 4.9 | Oneside of each stoker flanked with fire brick. 
158 Od 0 160 a6 28.3 | Boilers arched over top for gas passage. 
159 da 2 150 a6 28.3 Do. 
160 Duden ibs lots iid ae 2 120 a3.2 7.85 | A }-inch steam jet entering the furnace through a 1-inch opening in door runs continu- 

ously. Observations include some 10 and 20 per cent black readings. Automatic 
regulator on main damper. 

a 3 EAN AL I RE A NE 3 100 a4 12. 56 | Boiler arched over top for gas passage. 
Sete eah arlian Dll vl asa as 00 |. ola l, 

163 Se oe mate Tl CLD 1 90 a3d.5 9.6 | Usually a very good stack. Damper controlled by automatic regulator. Boilers arched 
over top for gas passage. 

164 IS 0 100 a2.5 4.9 | Stack smokes occasionally, 10, 20, and 40 per cent black. 
165 0 rin ef ed a 0 100 4x4 16 Boilers arched over top for gas passage.               
  

a Diameter. 
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PLANTS WITH MECHANICAL STOKERS. m7 

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 volatile hydrocarbons 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 tuyere 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. 

In all 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



78 SMOKELESS COMBUSTION OF COAL. 
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FIGURE 17.—Underfeed stoker and Babcock & Wilcox boiler. 

  

  

  
FicURE 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. Hence 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 Heine 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 

    

     

(Cp &
 

    

. FIGURE 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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FI1GURE 21.—Underfeed stoker and return tubular boiler, cross section. 1, Dead plates; 2, retort; 3, tuyere 

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—DBull. 373—09——%6



892 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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DEAD PLATE DEAD PLATE 
REMOVED IN POSITI   
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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FIGURE 23.—Underfeed stoker and Scotch marine boiler. z, Pipe through which air is admitted under retort; y, air-admission openings in tuyere blocks.



84 SMOKELESS COMBUSTION OF COAL. 

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. a 

Hnole. or ey a rn ds a LT te 5 
Indians feeds rd Ss dR ae 1 

Rettueley. oo cit i i ae seh Sina ry STL A A CF 1 

ORG. cs i de a a a area EE 7 
Peonngylvanin: o.oo. i te se ie Ba sas rey be se iy Sei 8 

West Viroinia. oo ste le rs i i he it ie a a dead saws 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. 
  

a One plant burned both Ohio and Pennsylvania coal.



PLANTS WITH MECHANICAL STOKERS. 85 

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, 

0.80 inch. 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. 

  

  

  

  

  

  

  

            
  

Total Coal. 

No of 3 builder’s 

plant. State. Kinq of stoker. Joted Cost per | Short tons 
ower Commercial name. Where mined. Size. short ton, burned 

D 2 delivered. | per year. 

3,300: Various coals. .......... Wines... . Lol. aus Various sizes. ...o $1.03 fo. ain 
S000 do. ria a QO nv sles edd i Oh Lit rs Lo 1.03 fue. obin 
2,000.1... QO. i ra RoE Qo. re A Ao cn ee 1.08 [clare lil 
1,975" Screenings. i... lok ROL Le a 1toltanehes..o.. .... oo i es ea 

400 | Washed nut............ Marion County, Ill.......... No. 1 “hut Phu ine ty wet SL gs Se 
SO or a aE Indiana... oo ont la Nutand slack... 0... vada ona 
728 | Straight Creek.......... Kentaeky.-....o i nniii ia BO ie dee ea ir aa 
509: (Coshocton. .......0... 0 Ohio... ic... evi = a, Ia ins he 2.00 6, 000 
600 Hocking Valley........2)..... dol SLC as 1-inch screenings eens 1.80 a. sail. 
300. Cambridge... lio. 0 nL doi PL Nori ead Slack. cry a 1,651.70 [ov in 
300:1.. 4. do... ional earl. UF SANE EN BE do. ty a aR 165-1. 75. Laon, 
200 o Pittshmre No. ®.. 0... 0... do: on en Linchmnut. ....L.. 0 2.40 1,400 
200.1 Hocking Valloy i... rich, doll ti aa Pes and slack... ...... 1. 80 4,800 

1,400 Clearfield... 0 1.0. Pennsylvania, ..c.... 0... Run of mine. ..... apt roa Okan BLL 
800 | Pittsburg nut and slack.|..... dor. sa rae Through 13-inch screen. 1080 iia de. 
720 | Pittsburg second pool... |..... do... wo Lin LAN Slack... i hl nu 1.30 5,200 
700 | Various coals... ......... Ohio and Pennsylvania. .... finch screenings. ...... Ye 80-1. 65 ca Sioa 

183 | Pennsylvania......... JOOS... a. iie ulus, 600 IE Nanty Glo. . 5. ....... Pennsylvania... vious Rhimofmine.. i... 3.05 1. Lat Lael 
11 New York... o... 2. 0800, don a, 820 | Youghiogheny.......... ..... ROL ea SS ea Slack and run of mine..| 2.35-2.50 6, 900 
185:4..5.. dos..oaii a an QO. a al de, 300 | Rochester and Pitts- |..... Bost Sai ee Slack. hol ht 2.35 1, 500 

burg; Reynoldsville. 
186 | Penmsylvania.........[..00 AO. Ta en 276 | Pittsburg 110 Runofmine........... 2.75 Ludo 5. J) 
137 1 Michigan... fi dots. aan A 275 | hacker. ooo Bleck... 8.2 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 | a “aol Assumed 

No. of Heavy. Light. per stoker| J boiler male 3 Anon 
plant. horse- % 

Requirement. Nature. Character. Pex hot ? power i p Dorses os Basin 
velope : : ours 7 Coa] 4 | Hours ie q | Beavy [gy Le veloped power per 

er da urne er da urne loa d on aver- hour 

Bn por doy Ryd per day (pounds). AeNEAVY age heavy (pounds). 
on plant. Sa on plant. {hon load. 

166: | Power... oir. at tuba Variable. o.oo 0 addi. Streetrallway........ 0... 20 111 20 111 528 76 64 5 
167 |....: Qo. i pea a a do.3 00. id Naa] ion LER CR SR Res 20 64 20: 64 533 76 64 5 
1681... 0 AO. rs AE dO... cis asl Aan JA Sa 20 64 20 64 533 76 (4 5 
169. Powerand light. .........i lice. de: aL Stan Officebuilding 7... x. 8 22 8 18 EO 79 80 5 
170.0... dO. nei aa Ele Uniform. ola aaddon ae Refrigeration... Mh ioiivan 24 10 24 12 420 &1 83 5 
171 owes light, and heat hot Nariable, .... .........0.0 Bakery. si. nosh itera dean Vag 24 5 416 Win RD 72 5 
172 [vo 00. teens tnd Io Uniform... okie WaClorY... i. a Lal 9.5 10 9.5 13 1,0¢0 150 150 5 
X73 ho. - ita A aril OLE sis rn ses Storehmilding.. =o. S00 10 12 10 15 €00 92 79 5 
174 ns 0. ST a Aon aes do... linia a. 10 8 10 8 400 9 & 4.5 
17510. i oid ine dis a miele a aaa Te ae dou isl us casa BRCEOLY. hr iol me viann annie in 10 4.5 10 3.3 450 {9 €0 5 
V6 sudo nim in lle do... La eae QO. 0 Sh ea, 10 4.5 10 3.3 70 : 60 5 
177 Lie andheat.. Joi... ute 20, en a se Officebuildings............. 24 6 12 1.3 5 78 63 4 
VIS i QO. ee na Variable i tl Commereial. Ny... ny. 24 12 24 9 500 91 100 5 
179. { Powerand heat............. Uniform... scsi bh dos naloaiiat 24 60 24 20 | €25 112 90 4 
180 | Power, light, and heat ...... Variableo. ahi tel Factory 10 4. Le eA 1,040 115 115 4.5 
ISU ay inet CD Se Rg OL dah a Office building 16 10: fe seins ea din | €25 : 58 4 
182-1050, dos. Sa pe ba Uniform..J......... 000. Factory 12 17 12 17 710 95 81 5 
183 | Powerand heat............. Variables... ...0n Loan blo A005 de SL) 9 15 9 8 830 139 139 4 
184 | Power, light, and heat ...... ORHorm:. iia. sail Hotel, vi irs vasi saad 24 19 24 19 837 146 165 4 
135). Ao oe A Ta do-.io...} Era tia gee np Organization building. ...... 24 7.9 16 4 330 68 60 3.6 
186 CiPower. Jiu Au rd basa fats AO. LE Fagtory..... on... dint. 10 7 10 7 700 146 127 4 
187 ["Powerandheat.............0..... BO. Ssh li Office Yi ata 10 3.5 10 3.5 35 78 78 4.5                     
  

a Boiler rated on 10 square feet of heating surface per horsepower. 
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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, 
Nook Thick- Num: Builder’s | “boiler Heating Se Steam 
p ey Method ness of Frequency of T Size beri: rated | rated on surface ope pres- 

ve . fire cleaning fire. The: ? stalled Aver-| Aver-| horse- |10square| (square (square sure at 
(inches). ‘| age | age | power. | feet of feet). feet) gage. 

heavy light heating : 
| load. | load. surface. 

166 | Automatic. ... 14 | 5 times in 20 hours.| O’Brien....... 2283/7 x 18’ tubes. ...... LL. 7 7 7 500 418 4,180 0 160 
7 ma % San 1 ads do Sane Si im Sa and do Yom ao Sa 4 4 4 500 418 4,180 0 |. 160 

8. [aici OL Leas 4a. 0s re a sn aes Oy ys al OQ aRleo  I 4 4 4 500 418 4,180 0 160 
169)... Ao. Variable. | 3 times in 24 hours.| Stirling....... 286 31” tubes, 3 36’” x 14’ drums 5 4 3 375 378 3,780 0 150 
170 {Liu AOS SpE a 6 times in 24 hours.| Scotch marine.| 142 4 x12, 107 shell. Cit... 2 1 2 200 205 2, 050 0 | 140-145 
70. i 11 BEARER SNE SR aT, 4 times in 24 hours.| B Iheosk & | 544” x 16’ tubes, 1 36”” drum. . 2 1 115 100 » 1,000 0 80-90 

/ilcox. 
V2 AO 2st ons atl Once in9 hours... .| Stirling........ Two, 176 3%’ tubes; one, 280 3 2 1, 2] 200, 328 | 200, 328 |2,000, 3, 280 0 115 

31” tubes—3 36” drums each. . 
1730... donovan. 4 times in 24 hours. |..... OS ea PE Sd 3 2 3 303 262 2,618 1,345 150 
174 fc... dot: oo Variable. Onceevery thours| Park. L..... coos Lh rans, 2 2 2 300 304 3,085 LL Sn 100-120 
1753] .nus do... 12-15 | 2 times in 10 hours. Wits VER Br SE TS 1 1 1 300 307 3,065 0 15 

cal. 
176d. do. 12-15 1a0..0 40.5 sb, AO. Ce or, PL dR 1 1 1 300 307 3,065 0 150 
V7. do. ial or dra Scotch marine.| 56 337 x 12%’ tubes. ...... 2... 2 2 1 100 80 800 0 100 
178 ..... doz.i.. 0 12-15°| 2 times in 8 hours..| MeNaull....... 128.472. x 157 tubes. =i vi odie 1 1 1 200 220 2,200 0 | 95-120 
1794. .... do ad Ar 2 to 3 times in 24 | Edgemoor-..... 131 4! x 18’ tubes, 3.35" ‘x 20/ 4 4 3 350 280 2,800 0 85 

hours. | drums. : 
180 | SA do.....;.. Variable. | 2 times in 10 hours.| Atlas.......... 140 47 x 18’ tubes between 2 1 1 400 401 4,013 (a) 120 

water legs. 
180: on dos... 15-18 | OnceinShouars....[ Gill... ......... | 00 420% 167 babes 0. LAT 4 Sa. 180 180 1,800 0 120 
1821... dos sii lm ve a ada A Seeing Eh ler ea 2 2 2 | 350 300 3,000 0 110 
183 | Sl [MS A 3 times in 9 hours. Baheos k & 144 4” x 18’ tubes, 1 42” drum. 2 2 2 300 300 3,000 0 125 

ilcox. 
184 | Si dosh. 0 15.13 fo 6 times in 24 |..... doi...0.0. A340 x 167 Lubes... a. dai 4 3 3 80 90 900 0 90 

ours. 
185 {ool do... 8-15 | 3 to 4 times in 24 | National...... | 7 rx 16. babes... SLs: 2 Rul Fea 150 135 1,345 0 100 

ours. 
186: ¢. +. Ao. ha, ona 2 times in 10 hours. Baheos k & | 64 4’” x 16’ tubes, 1 36’” drum. . 2 2 2 138 120 1,200 0 110 

ilcox. 
= and-op- 2 1 to 2 times in 10 | Wood  hori- If 2-100 | 187 | erated 12-15 1102 00 Josh dead S ap 2]. af aes 10 | 1,000, 750 of 18 

| 
  

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

  

  

    

  

Furnaces. 

| Dimensions (feet). 

No. of plant. | Distance from grates to 
Kind. eg a | tube heating surface. 

boiler. Width of Length of 
| furnace (C). | furnace (D). 

We Minimum | Average (A). (B). 

Plain. oo soa 3 4.5 4 11 6.3 
Gin do.. 3 4.5 4 11 6.3 
igs ig Sa 3 4.5 4 11 6.3 

na JU bie 3 7:5 5.3 12.2 6.3 
Corrugated flue. 2 10 % 3 7.5 

pig Ah : 1 4.5 3.8 3.8 6.3 
ARNIS Oasis splat (a ih es A EL is Rue, wile 
a 3% Ly 2 7.5 4.5 23 6.3 

hie Anais 2 5 4 45 6.3 
Duich oven.... 2 6 3 8 6.3 

Hea Oude all oI 2 6 3 8 6.3 
Corrugated flue. 1 11 8 3.2 6.3 

ain 2 4.3 4 8.5 6.3 
Pe do..0c a. 2 4.75 4.5 9.5 6.3 
FeLi go 3k 2 4.8 4.8 8.8 53 
SEI Oa ras 1 3.5 3 an SdH eras 6. ¢ 
IEE, do... ..0...k 2 7° 4 SAD Sr 6.3 
Ean do... 2 4 3.5 9.7 6.3 
Jae do.......0.. 1 3.5 3 4 6.3 
AEE do. routs 1 3.5 3 5 6.3 
isn do.......... 1 4 3.5 5 6.3 
AT do... 1 3 2 4 6.3 

  

            

| 
| 
| 
| 

  

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

{ 

C
O
O
 
O
O
O
O
C
O
C
O
T
C
O
L
O
V
O
O
O
O
O
o
O
O
O
o
O
C
O
 

  

Vertical dis- 
tance at front 

of furnace 
from grates to 
coking arch 
or heating 
surface (F). 

BO
 15

 0
0 

i 
ti 

i 
£0 

C1 
1 

01 
D1 

ST 
dn

 8
5 0

 
i
 

C1 
TC
 

NN
 

d=
 

On
 

  

a Two on 328 horsepower; one on 200 horsepower. 
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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). 

  

  

  

  

  
  

          
  

                  

N
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L
S
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I
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| 

Average for ony hour | Aver 
| mi . | Total Caney i 

Noo Draft. Nu on cent- | Load 
Plank. Kind ’ Condjilons under Vick of Ohacr 208 of gunng 

: readin, e n. ack erva- Prose adings were take obser- | vations 100 to 80| 80 to 60 Yo Slo ops IY! 

Dt Rear | Front op .. . | Base vations.) (min- per cent/per cent) SCF | “fron 
Pit | Furnace. of tube hy of utes). |"plack. | black. * | obser- 

boiler. | sheet. 8 | stack Atos) 

166 | Chimney and forced. 3.6 0.28 OAS a al rr DL TE a i 60 0 0 56 1.3 | Average. 
167 ii Aorek wl ih. 2.8 .33 SSS Ss a EN Ce en CARE T 1 60 0 0 56 1.3 Do. 
168:n.Chi. do... 0 0 3 .34 WDA eel aC lM aR 1 60 0 0 56 1.3 Do. 
169: AO. td 0. 86-102 1.98-1.36 {....... cl ou weiss 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 I HE RN lh O70 fee te i a a Jn SLU STR 1 60 0 0 57 1.1 | Light. 
171 | Chimney and forced. 2.25 .32 solu hese be Average conditions; damper 2 80 0 0 (c) 4.8 Do. 

partly closed. 
een ds Average conditions; ash pit 1 50 2 0 53 5.8 Do. 

doors cracked. \ 
Dn 20m BOE 33 AYN sos Lo Fe BI ltl ba eR i al 1 600 0 0 60 0 Average. 
1 Average running conditions 1 60 0 0 60 0 Do. 
or dH a IB Le i fe STOR ote CLT RA Sl i 60 0 0 59 3 Do. 
2 end LOBE a Ba Ll SS eB ea a a 1 60 0 0 60 .3 | Heavy. 
2 T= 2B esis Sh coe ea 8B Ln eee Ta 1 600 0 0 60 0 Average. 

4 Damper open... i.e .i...... 1 60 0 .d 58 1.9 0. 
2:1 Dampers wide open......... 1 40 0 0 48 5 Heavy. 
2.3 Damper open; fan running (ay oN. hr 0 Otol so Do. 

at average speed. : 
181 )..... do... 27S dB a Ca el a Sh es Nr SE RE Re 1 60 0 0 60 0 Light. 
182.4... do. iain 1.9 anna dd by a G0, a SO a Cea a se Le 1 60 0 2 49 6.7 | Average. 
183... dois ilu. 0... 3-3.2 Damper one-half open: fur- 1 90 0 0 60 0 Light. 

nace doors cracked 3 inches. 
1841. .... do... ft Om 28 SO ot. es sd Le rR ra 1 120 0 0 50 3.2 | Average. 
1855..... Qo...ocisin ely oo nf en LIE Re EV sl Bl 1 60 0 0 59 .4 | Heavy. 
186)... .. doce. uns. . Be Ss se es Ha at sd Tr AE he Le a i 2 58 10 5 55 4.3 | Average. 
1874s QO... ra 0. OL A JO el Sr Oa Se LSE 1 60 0 1 55 3.1 Do. 

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

  

  

  

                
  

Breeching. Stack. 

No. of tensth Nanbar . 2 W 
: Tom ; of elbows rea emarks. 

plant. stack to Size Place i) whic between | Height Size (square 
nearest (feet). was taken boilers (feet). (feet). feet). 
boiler 4 and 
(feet). stack. 2 

166 Oils Senn rab Sa Se A 0 80 adh 15.9 | Seven stacks, each on rear of boiler. 
167 8 4x 4 | Near stack........ 0 158 a6. 4 32.3 
168 Oh ER 0 80 ab 28.3 | Two stacks, each on rear of boiler. 
169 32 b70 | 50 feet from stack. . 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 OB aan ed SO 1 7 a4 12. 56 
171 dhe vets hai ee de Ras 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 
ken while cleaning fire. Some smoke when coal is wet and usually while cleaning 
re. 

172 B30 a a Ses YL 1 123 a6, 2 29. 86 
173 BO. ne di at Se 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 Oa Ea 0 1206 x6 36 Stack on rear of boiler. 
175 SC a a a aT 2 3074 x4 16 Stack smokes about 20 per cent black for about one minute when cleaning fires. 
176 ihn Se SN die en SE 0 80 a3. 8 11.6 Do. 
177 Biles ce Se El a Sa ets 2 200 12.5x2.5 6.3 
178 ID onde atv SBE i 1 162 a6 28.3 | Boiler baffled vertically. 
179 OB la ene t 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 eM La 1 135 a6 28.3 | Observations include some 10 and 20 per cent black readings. 
181 28 lap ES LL 1 200 ab 19 6 
182 0: Sepia SL Se, 0 125 a6 28.3 | Coal as received runs about 12,700 B. t. u. and 10 to 14 per cent ash. 
183 0] wtih 5 a wi alia sr wl a 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 De a a a be Sa SU ST 0 1 145 ab 19.6 | Boiler baffled vertically with top half of first baffle removed. 
185 05. prea t feoae ae s aesa aoE 2 150 a3 7.06 | Coal as received runs about 13,600 B. t. u. and 10 per cent ash. 
186 Bilao sn, rh Lae Sed 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 BBE a aL 4 175 ab 28.3 J 

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 

Nols cr se Te en Re TS: 1 

Indiana. 0 as Sn el en Le SE Ty 4 

Renlueky sh sri Zn cn midis er rr in asd 1 

ONO i rt hd i rl rs a ah ie ene 3 

Pamngylvamin oobi svn ool chains Se a sl 8 

West Yimin ee rn ar rR ee heads 4 
Miscollameoug >. rain orc Lae hl ass 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. 
  

a Two plants burned both Ohio and West Virginia coal.



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

  

Nog State. Kind of stoker. 

188 1 -Tlinels. oo. ade Jones. btn sadn 
189 |... QO de rena ne a do. ool 
190-} Indiana... .. a delet 0. os 
Ly... QO i a ah 80... la 
192.1... Ao... nat en dou. oi 20 ach. 0. 
193 | Kentucky............ Ameriean. o.oo odo 
194 BOs Fe Jones... rasa ih, 
1953) Michigan... cessor de vate do 
196 Ni0. .. haa sdrN Sea do 
197:1 Michigan... ii. ac oaeifonle] do 
198 Indiana. LL sel heen Toy do 
199) New York...... os. [0050 do 
2000)... dG. Ih Ds Eee BE do 
2 Jon A sins sh Sn do 
202... dol cin satis do 
203 Oho. hues divans hain do 

New YOrR. vee e sian sons do 
2051... dD. he do 
206 | Kentueky......--...- American. 
207 1 Ohio: ve Se Ll Jones 
208..... 5 a SI Ss do 
209}... .. AO. olin oui Saami Su Stae do 
2104. .... dO. di ee i, NE oe do 
211... A0x Joo Xn Cala do 
212. Pennsylvania... ..... 800: do 
NAS: Tnels. «or oat i Es do       

  

  

Total 
builder’s 

rated 
horse- 
power. 

( 

  

  

Commercial name. 

Cost per 
short ton, 
delivered. 

Short tons 
burned 

per year. 

  

Goshen 

Kanawha... 0 adc, 

Rochester; Pittsburg.... 
Shawmut 
Youghiogheny.......... 
Shawmut   

  

Coal. 

Where mined. Size. 

Williamson County, Ill. ..... NO. Aol eds ds 
Indiana nies Screenings... co. ov li. 
Ga QO. anno ee ada au ‘Bim of mine, nut, and slack. 
iste oscar nshntanskitetss Nut and slack... 

Yasiem Kentueky......... Pea rod AE ln 
OHO = Ne res me Salada ack. Aen eae 
Ohio; West Virginia. ....... Slack and run of mine....... 
West Virginio. .ooeihva Runofmine......... 0... 
Ohio; West Virginia. ....... Peaandslack............... 
West Virginia o.oo oinion Slacls. Li csr as 
Penmsylvanii. .. ia. 0 colnet AOL valid esd Sih een 

d Screenings... i. aos ie. 

Slacle. 1d ois. cd 
as AO sa 

AER AOL rai a 
ies i AO har sie i 
Nut and'slack. J... ho. Ln 
JT EER an NL SD 

1-inch screenings. ........... 
Nat and slack. ........0... 
1-inch screenings. ........... 
Peaandsiack.............c. 
Runofmine:.......... 5000" 

Various COS cat Te le a a Ee Aree wie = 
|       

  

‘
S
H
U
M
O
L
S
 

"
T
V
O
I
N
V
H
O
H
I
W
 

H
I
I
M
 

S
L
N
V
I
d
 

€
6



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

  

No. of 
plant. 

  

  

  

  

    

  

    

  

      

    
  

      

Load. Rating. 

A e ’ - verage load Petoints Percent 

I noon, g300f be Assumed 
Cr | : burne oiler amount 

Heavy. | Light. per Soke horse- fae 9 coal. 
; i ES oo er hour, power urned Requirement. Nature. Character. Ns od per erage d evel. Rover per horse 

\ V Ww Hours | 5, Hours | ye Bey oped on | eq on Doge 
per day d | per day 0a average average per nour 

load i$ De load is per day (pounds).| heavy | “poo” (pounds). 
onplant.| Fo 5" on plant.| io load.a | “05° 

Power and heat............. Variilo sae my SL SLC POOIOTY. « Jubieie sb sare th ntl 8 45 | 8 4 560 135 112 5 Lightand heat... 8. ... 0 Jedi A0s . ctsosho as ate School buildings. ........... 17 54 | 17 13.5 582 57 73 5 
Power, light, and heat...... tala Se res a PACIOLY . , vas ess anism see 10 15 vd 10 15 500 79 100 5 

SL do... uae bt Variable... 00 ar Store Dailding. Loh 11 3.5 11 35 320 70 77 5 
Roy do. ie. So sos ak Untlorml. sao Gl Ca Go FP  ammdrg Ce Ee 11 wd 11 2:3 728 88 116 5 
“4 don Ae t  e hariable: OL a Se tion hidiag 18 4 18 2.8 225 70 89 5 
Sa dof. tool o. aniOmiform, LLG a Brewery. 24 15.4 24 | 12.6 427 50 68 5 
olesate dor. deni te dl ado ea sc RE aetery a TC ha 10 5 10 | 5 500 58 74 4.5 
ash do...........ooooooooo Variable... EE I Sa 12 0 ead Safe sd ot SL 750 100 167 4.5 
Sed 40...u0eenenneenrenese.| Uniform... a... ......... Printing office... .... cc 10 3.0 10 | 2:3 360 58 72 5 
Jess Liable en BR SR ln TR Se i IT RR RE SD 14 3.5 14 | 3.5 500 104 148 4.5 
Heat... i... cae issat in | Variable Oilrefinery...........o.0%:. 24 51 24 | 51 706 69 96 4 Power, light, snd heat... of Uniform... ir aoe 24 24 24 18 500 55 58 4 
init Ou vninniennnnnnnnn in On Office building oh 14 13 14 4 620 66 79 4 
Powerand heat. i ..... J. Variable Oil refinery... ........... 5 24 35 24 35 730 7 100 4 
Power, light, and heat. ts Uniform Salt works... ol iy onlay 12 13.6 12 11. 4 565 70 100 4.5 
Power and light. . . . Ollrefmery...... tao iin, 10 11.7 10 11.7 585 102 117 4 
Power, iC. dal Befrigeration. ..... _.F.1 12 4 24 | 10 S30 oti 92 4 
Power, light, and heat Hospital... lois 00! 24 | 4 24 | 2.4 335 63 89 5 

gi do.......oennnninnnnnnnd Relrigeration....c.o.n oan 24 | 22.3 24 17.8 620 76 88 5 
Heaton ss Gs bade doi Se Commereial........... L.:.. 24 | 207 [ideo ll 545 80 87 5 
ania do....oovonnn do 0% sl SG ar 24 20:0 Loni sities vtec inte 416 61 67 5 
I Ee aa dn del Ta ae 24 19 fn nee 535 80 87 5 
over, light, and heat. ..... oes) QO Sa nS Yamdry. ooo ill 12 5.5 12 55 460 65 68 4.5 Sa [ezoeafl0. ioe no Beirigatation, i liad To] 24 14.5 24 13.4 600 104 121 4 
Shi and heat... . oh... ¢ Variable... 2... vol Machine shop. .....:..-..... 9 1.5 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. 

  

  

  

  
  

                      

Stoking. Boilers. 

Number used to Hore 
No.of : carry— ver : Super- | Steam 
plant. Thick: 2 7 Num- Builders Potter Resung heating | pres- 

Method. ness of | Frequency of cleaning Size, her in- rated rated on | surface surface | sure. 

fire fire. stalled horsepower, | 10.Square’ | (square | (oo oral af (inches). ‘| Average | Average DOWEL. |' "foot of feet). Sau 
heavy | light heating eet). | gage. 
lead. load. surface. 

1 to 2 times in 8 hours. .| 60” x 16’, 42 41” tubes............ 2 2 2 100 83 830 0 110 
..| Once in 8 hours....... 72. x 18, 135. 3 toes os. a 20 10 3 175 223 2,225 0s, 
21.4 imes in 10 hours... ..|:06’2. x 16’, 64 47 tubes...... ....... 7 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 78,105 | 775,1,030 | 0 85-90 
16’, 52 4’ tubes. 

1921... AO a a ats QO. ive dae 721 x 16, 8d tabes. a. 0 1 I 1 125 165 1,650 0 80 
193 |..... 0. a ae He i ee See aelae se etn ten 48/7, 16°. 86 31. tubes... .. out 2 2 2 50 63 625 0 80 
1940.0 do: anes 125 AI Ta 2 2x Ie, Z 4” tubes; 2 78’ x 18, 4 3 3 115,150 156,200 |1,560,2,000 0 85 

4” tubes. 
195 | Hand operated. . 15:2 times in 10 hours. ....[ 72” x 1%, 100 3%" tUDES. . .. cv ex: 2 2 2 150 194 1,940 0 100 
196 | Automatic. ..... 12-15 | 4 times in 24 homes. ...| 72. x 16/, 84 4" tubes... . .. 0.0: 2 pA 100 166 1,655 4 | 90-100 
197%... do. toss oi edi Once in 10 hours. ..... 00 X16, 72 3% tubes... uv 2 2 1 100 124 1,240 0 80 
A080 Ao. old alain. Once in 14 hours. ..... 1 Sasa 4” tubes; 166” x16", 2 1 1 75 120,107 |1,200,1,065 0 100 

54 47 tubes. 
199: Lu, do...at xn 15-18 | 4 to 6 timesin24hours.} 78’ x 18, 154 37 tubes....... 1... . 6 6 6 184 257 2,565 0 95 
200.) 0.0 do. uae. in 12-16 | 4 times in 24 hours....| 84’ x 18, 104 4” tubes............. 4 4 4 215 229 2,290 0 125 
DOL. ok do... an. 12-15 | 3 to 4 times in 24 hours.| 78’ x 18, 104 4” tubes............. 4 3 1 200 231 2,310 0 125 
202.1. 5.) do. aan 15-18 | 4to6 timesin 24 hours. { 78" x 18’, 154 3’ tubes............. 4 4 4 184 257 2,565 0 95 
03h dot hn 6 times in 12 hours. ...| 4 72 x 17’, 100 34” tubes; 1 72” 5 4 4 125 183,174 |1,830,1,740 0 115 

x 15’, 94 4’ tubes. 
204i... do... oils 15-18 | Every 4 to 6 hours....| 72” x 16%, 72 4’ tubes.............. 4 4 4 125 144 1,440 0 80 
205.7. Le do. Lua 15:3 Himesin' 2d hors... [ A8/00NG. oo. l bot Shai JC dy 3 2 3 2.80, L100 [La el Sl 0 100 
206 |... dO. ca a a a a CO xX 18,434 tabes.L......00 ox 2 1 i) 75 106 1,060 0 60-80 
207 c00. Qo. ay. 12-18 | 4 to 6 times in 24 hours.| 3 72” x 1¥/, 2 4” tubes; 1 60” x 4 3 3 | 3150,1125 (3177,1134 |1,770,1,340 0 90 

18, 54 47 tubes. i 
208 | Hand operated.. 12.[ 6 times in 24 hows....| 172 X16’, 724 tubes; 2 72" x 1¢’, 4 Gila hn 125 (142,134,136 |1,420,1,335, 0 60-75 

2 2 tabes; 1:72” 'x 16", 92.3” : 1,360 
ubes. 

2090... do.:.. 0... 12-15 | Siimesin 24 hours....| 72” x 16,92 3 tubes.............. 4 di Sey 125 136 1,360 0 | 90-100 
210... QO 5. aad 12 | 6 times in 24 hours....|..... QOL s fa dashes Set an has is 3 SA al du 125 136 1,360 0 60-75 
211 |: Automatic. ..... 15-18 {2 times in:12 hours. ...[ 727 x 18,70 ¢’ tabes. ............. 2 2 2 150 156 1,550 0 100 
2120... Qo. tain 7 times in.24 hours.....| 72// x 20, 47.5 tubes... .. ool. 2 2 2 125 145 1,450 0 90 
213]... AO... ol le sia 2 times in 9 hours. .... 60 X18, 44 47 tubes... .... 0... 1 ¥ 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 X ; 
Distance from grates to Vertical lant. Number of : ertica p Kind. ' stokers per tube heating surface. Disnes distance at 

| iler. Ys 7s rom fron ront of fur- 
| ho : Width of Length of | trace to nace from furnace (C). | furnace (D). front of fest 

Average Minimum rong 0 grates to 
(A) (B) . boiler (E). heating 

' 3 surface (F). 

1 15.5 12.5 5 6.3 0 3 
1 15.5 12.5 6 6.3 0 3 
1 15 12 5.5 6.3 0 3 
1 13,15 10,12 5 6.3 0 2.5 
1 15 12 6 6.3 0 2.75 
1 16 13 4 6 | SE NER 
4 15,17 12,14 6,6.5 6.3 0 2.5 
1 16.5 6 6.3 0 2.5 
1 15 12 6 6.3 0 3 
1 15 12.5 5 6.3 0 3 
1 17,15 14,12 5.5 6.3 0 3 
1 17 14.5 6.5 6.3 0 3 
1 17 14 7 6.3 0 3.25 
1 17 14.5 6.3 6.3 0 3 
1 17 14. 6.5 6.3 0 3 

1 16,13 13.5,12.5 6 6.3 0 3 
1 15 12. 6 6.3 0 3 
1 17 14 6 6.3 0 2.5 
1 18 15 5 6 0 fone ids 
1 17 14.5 7.5 6.3 0 3.75 
1 19.5 16.5 6 6.3 4.5 2 

200 IEP pl de a ee Sa EN eR Re ST 1 0 7 6 6.3 4 2.3 
22100 Plaimamd Dutehioven © oo i 1 14.5,19.5 11.5,16.5 6 6.3 0,4.5 2.5:2 
PLL Ram ob a RR ER Ce i a ¥ 17 14 6 6.3 0 3 
20.0 0 AE a Sn 1 19 16 6.2 6.3 0 > 
NS hrs. Qos Se A RE ea i SE Sn Yeh, 1 16.5 14.5 5 6.3 0 3                 
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No. of 
plant. 

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

  

  

Kind." 

Chimney and 
forced. 

  
  

Pressure in 
ash pit. 

2.5 -3 
1.35,1.75 

1. 40,1. 50 
2.55 
1.25 

  

  

Draft and pressure. Smoke records. 

Readings (inches of water). 
Total Sie for one hour ee 

inutes). ol Num- | length of ming ageof | Load 
Drs. Congyiions inde T | ber of | observa- black during 

were taken 8 obser- tions | smoke | observa- 

R | [vations (S100 to 80] 80 to 60 So hens, ear 2 Front tube | Breech- | Base of utes). Stack | ObServa 
Furnace. of ; ’ per cent|per cent tions. boiler, sheet. ing. stack. black. black. clean. 

0.12:0. 34: adlalian TOL. Average conditions; 1 60 1 3 47 7.7 | Average. 
dampers open. 

Se Pid nasal a a ds A BE Tad ea eu 0.60 | Dampers wide open. 1 60 0 0 58 .6 [\ Light. 
W045 20 LL a Sa a Ly .40 | Average conditions; 1 62 0 0 46 12.7 | Average. 

dampers open. 
+ 20~:.30 1... 0.40 10 san a do’. didi snide 1 60 6 2 22 1.8 1 Deo: 

Be fe eS i JOB L a0. izes ain 1 60 0 8 ght. 
odo 20 a A 27 RNS Fan running Be mas 1 40 0 0 47 3.0 Do. 

imum speed. . 
20 MOL ert 0.28. 46 AON YE 1 600 0 0 2 > 5 Agirage 
20022 LL a0 atl SOO crew 1 60 0 0 0. 
S02 28. a. 0.267. 3650. avi . 54 oan Ae i | 1 ) 60 0 0 60 2 Heavy: 
25 oal- 0 Sama oe a lie EE A ek ©) (c 0 0 60 0. 
eB Ls oa eel CS .90 | Average conditions; 1 60 0.5 1 55 3.7 | Average. 

damper open. 
JA0=3. 18 fu. . i SAT a SL tf ES BEER PI eR al a 1 60 0 0 53 1 Do. 

+.28t0 —.06 |...... +.30t0—.04]......... SB He. ton Ss 1 60 0 0 50 1.7.| Light. 
S30 of, ER RENE Garey .50 OE ATC YE 1 60 0 0 £0 0 ’ Averge 

JAG 24 10 ht AEE Teele) LO MONI Gs LL a See IN 1 60 0 0: 8 d Do. 
+.04t0—.02 |...... +.12 to —.04 Dd all Il [ie oan es 1 300 0 0 59 i Do. 

200-1607. 5.0] B= 28 0 aa a, 0.13 fon arse uns. 1 60 0 0 58 <7 Do. 
15= IS ou dg od OL OD | id ne A a he 1 60 0 0 59 .3 | Heavy. 
DT .30 .40 | Damper open....... 2 55 0 0 54 2.1 | Light. 

IOS 1: Voi i aed Sls .34 SA Lr et A 1 600 0 0 57 2.1 | Ayerage. 
02-12 sonal rn sess .10-.22 pd et sit (0) (¢) 0 0 (2) rae. eavy. 
«08-13. 5. BE 020 fos Cay tl a 1 60 0 2 55 3.7 Do. 

a Rr 46-55 dh Ole aaa M12 ol a 0 “ SN 0 Ai . oT RR I OR FOE a Tu verage. 
SAT .30 .37 | One boiler in serv- 2 61 0 0 55 i Do. 

ice; damper open. 
rl Lo es ree 1 60] o 0 60 0 Do.         

  

  
    

              
  

a Near stack. b Several. ¢ Various lengths. d See remarks. 

‘
S
H
E
A
M
O
L
S
 

"
T
V
O
I
N
V
H
O
U
N
W
 

H
I
L
I
M
 
S
I
N
V
I
d
 

L6



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

  

No. of 
plant. 

  

    

  

  

  

Breeching. Stack. 

Lmgil Number k 
Tom : of elbows Remarks. 

; Place at which : , Area 

Toatest | (rus, | measurement was | RECRSS | {AE | SUS | Gauare 
boiler aken. ond (feet). 

(feet). stack. 

15 1'3.5x 3.5 | Nearstack......... 0 110 a3.25 10.5 
FR IR CON a VR RA SEE 2 200 a8 50.3 
0 era Ei re i ah a 0 85 ab.5 23.7 | Observations include a cleaning of fires. 
Sa ead 1 140] a3.1 7.45 | Distance to heating surface 2.5 feet. 
0)... ne res see a Ut, 0 65 al 7.07 

B fee de ten of it Phe a her itl 1 SO La ah yo aed Large combustion chamber. Fan running at maximum speed when pressure in ash 
pit was measured. Stokers not run continuously on light load. 

Ol a SR SE fay 1 95 ajb.5 23.8 | Boilers arched over top for gas passage. 
0 pbc i a ets 1 80 a3.5 9.6 

I Ft SERS Oa se FI A SE 0 80 a 4.25 14.1 | Some smoke when cleaning fires, usually about two minutes of 60 per cent black. 
RIOR doo i I ONE RN 2 97 | 4x4 16 

BOs ns dans La SA 1 130 a3.5 9.6 | Large combustion chamber. 
0 saa Rl Te es te 0 100.{7.5 Xx 7.5 56.25 | Boilers arched over top for gas passage. 
0 in a i na 3 150 a6 28.3 | Cleaned fire during smoke observations. 
XD TR LS NE 0 200 a4 12. 56 

Bolt ve np SL LS a 0 05x25 25 Boilers arched over top for gas passage. 
2 ls sn Se Le 1 90 a6.5 33.2 

Bh a ee 2 6543 x3 9 Two similar stacks. 
Oe a BR en 0 | 75 3x8 9 

AG a a a Ee. 1 100{ 5x5 25 Coal not well burned and refuse usually refired. Stoker not run continuously on 

light load. Fire sometimes requires poking; then stack is not so good as recorded 

observation. Stack rests on front of boiler. Coal nearly all slack. 
IB sy ile dd si see La 1 125 | a4.5 15.9 | Boilers arched over top for gas passage. 
Og a Ys ean 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 75 a4 12. 56 Do. : : 
: 120 | 5x 2 3 2 v Each furnace gives off about 40 per cent black (and lower) smoke for about one minute. 

75 a3. : 
1 55 [25x25 5 Burned 728 pounds coal per stoker per hour. Distance to heating surface, 2.75 feet. 

Some smoke when cleaning fire.               

86
 

T
I
V
O
D
 

d0
 

N
O
I
L
S
N
I
I
W
O
D
 
S
S
H
T
E
M
O
N
S



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 

— Total kilowatt output 

Rated boiler horsepower in service 

  A.M. RM. 

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. : 

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.



HAND-FIRED FURNACES. : 101 

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; 

  

ARRANGEMENT OF JETS 

  

    
        

Tal       
FravrE 55.  Adorilie: steam and 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
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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, 
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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- 

  

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. Ome 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 

  
FIGUkE 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. 

y 

  

/ 
XY 

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. 
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 
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 ratio of heating surface to grate surface was 
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FIGURE 31.—A hand-fired furnace, 

cross section alongline yy’, figure 30. 

1, Openings in mixing structures. 

the average depth of fire are summarized in the following table: 

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

  

  

  

  

Average | Average 3 Number ; Number 
Kind of coal. of plants. gepin of | Kind of coal. of plants. gepih of 

| 
Inches. : Inches. 

Hlinois........ 14 7 || Pennsylvania... 1 11 
Indiana.... 2 8 || West Virginia... 4 7 
Maryland. . .. 2 153 <Miscellaneons....... co 0000 3 8 
Ohio... oi ca nates 1 4 | 

1 

  

    

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

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



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

  

  

Coal. 

  

Size. 
Cost per 
short ton, 
delivered. 

Short tons 
burned 

per year. 

  

  
  

  
   

    
  

  
  

  
fad 

To 

11-inch screenings 
No. 4 

.| Lump 
...| 1<inch nut 

.| 38-inch Screenings 
No.1n 

eid 
Slack 

  

Total 

No. of Device used to facilitate com- builder s State. ; rated plant bustion. : . . 
power. Commercidl name. Where mined. 

«214 | Tinos... ...........- NORRIS Ler ses Kida Ends A301 "Washed... .........0ico.. Carterville, TM... ......0...0 
215. 00Ohia. consis. ve Steamijet... i... 325. New Biver..........0.0 West Virginia. ....0...00 0 
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202 a do. lain, Steamjet. od tila 0a 200 | Pocahontas. ......... cial iny AO aie ie ee dn aa 
293: Ninoig. tu. ae. le. NORB... dei. ria its 750. Washed ..............w5 Tinoje:....0 t. nn 3a0800 
204 i. on AO. iiss al dO aa li dee iL fn AO ci il desea we Oarigivilie, HL sisal 
205 ne dos. tov oA QO bres a rT OY ws Bs a a Ss HO ey oh ae ane Seine 
226. 2. QO. Saree sna ae AO ts se. 1,500 Mismilump.:..:......5 fron SE I et 
207 Michigan. coco. ae don, Lh dd rel SS 500 Red JACKET: iol ot sles en SR rea Se reise aT 
22% Hlinois....-- cardi so Ae. sine Lara 900: i: Washed... . hone Vors Oarictyile; 111 
229 | Missouri. ... seamen 900 | Staunton 
2305 TINois. es. «i NORE ec Dee ican suns ns 000. 
23d. do. oi aie oib En 0 isan ia sri 540 | Washed 
232: Missouri... 2.7. mae Ao AO. iiss vrs a ss 500 | Staunton.. 
233 Tinols.~ oor oa]o de, doce iturin A504. sas Ay 
234)... QO. ce be do... a AD a Sr SL st tues 
2350. . do. nein do... 856: Majestie.......c. a0. 
236.75... Ao. aie aii asls do. olin, oy eas 200: Baekhorn....c. i dais 0 ir te a do, 
237 ul AOL ete lL doy i. J 75 Block. ol. ion oa. Ay ne en Lt 
2381 Maryland oo... 00. Steam jet FIAT ae ARO 7065. [- Georges Creek........... Margland- oo. econ ie 
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240.1. Ohio... clini oat Steam Jeb. col alii cl 350 os a i he West Virginia... i. 
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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 | peroent. | Percent 
square foot of age of age of ‘Assured 
grate per hour io builder’s STAC 

No. of Heavy. Light. (pounds). ote: rated ot conl 
plant. ¢ | power | DOTSe- | piped Requirement. Nature. Character. devel POWer | horse- 

Hours | Coal | Hours | Coal | oped on | devel | 5 ver 
per day| burned | per day| burned | Average | , average | Ped on | oh our 
load is | per day| load is | per day| heavy 1 MoE heavy | 2verage (pounds). 

on (short | on (short | load. : load.a heavy 
plant. | tons). | plant. | tons). load. 

214 | Power, light, and heat...... Nariahlel sou. iio Offices and manufacturing. . 10 Fro it 10 9 30.6 27.8 140 147 5 
215 | Powerand lHght............. Uniform, rio sine, Officehuilding....... x... 12 10 12 10 17.1 17.1 74 68 4.5 
216 Power. oo lisa dod Saas An L, Factory. cot. nobus 9.5 1 EUS CER Tey 7.44300, dl 71 80 5 
217 Pows?, light, and heat......].i... done at Transfer company.......... 12 2 12 1 16.7 12.5 143 186 4.5 
MS rodeos bush den lai doll of Ca Hotell conenio nei iodine 24 19 24 | 16 35 32.1 100 106 5 
219 Pore andoReab. co ov sal lg dos ida ania Post=offee iat. Jiu ord, 12 6.2 12 4.8 18.3 16.3 115 109 4.5 
220 Dover and light. ..... 0 00. Variable. ol. ola obi Commarea. ...-.o.. 0000 17 15 17 7.4 36.8 27.5 95 109 5 
REESE | AAA SNe Uniform... iderod..v. Officehuilding.............. 12 FB i lass Bes Te heh 140 125 4 

222 Pots: light, and heat... ...[..... Er Ce onl en DT TRA Post-offleg; suc nl aie. 17 4.3 17 Sail Hn sea sift 63 63 4 
223... do. ni. ian asia Variable... oi ols i Offices and theater.......... 24 20 24 8 17 16 90 66 5 
Aas do... sac nals 05 ces ea sani. Hotel. t.ho 24 22 24 | 15.5 25.5 21.5 97 80 5 
25 = dol i ret ae AOL aL Store bullding.............. 11 3:5 14 3.25 14 10 81 64 5 
200: iin Ao... 0 ass dari Uniform. cual aonl Waterworks............0. x 24 60 24 | 60 31 31 100 132 5 
20 Vaan Osc ev ion inlds ovies Sbs dost diay, ra Landry... cian sani 12 4.9 12 3.7 10.8 9.5 50 36 4.5 
223 Poweramd Night... ..... c.f 00. do. voiei od iin Office hujlding.........0.... 8 12.5 247 °20 33.9 26 93 104 5 
229 | Power, light, and heat....._|..... do. oo dion sn Commercials =... 0. 17 12h a 42.9 fei iais 57 47 5 
230 |. Lightamd heat.............. Variable. . >... tna PBreweny sic hail 24 12 241 15 16.2 13.4 76 80 5 
231 | Power and heat............. Uniform rela es Se Ores Guiding Peden lt ls 10 5 10 3 31 25 111 111 5 
932}. Power, Weht, and heat: i fo Cadode ve sins inie nn Pactory. a vasa. s dan inns 10 8.8 10| 6 34 28.5 170 141 5 
O83... do snl na Variable be a a Se offs Pulidiig ee dat ni 16.5 6 104 3 29 27 97 97 5 
29d dotdi se ni re Uniform....... icq Bl ral 18 16 18] 16 32 32 112 118 5 
235]. uo EE Variable... 00 Office  ndiding SEN ne 11 18 11 8 40.4 40 160 153 5 
236 | Power and heat............. Uniform. ans. er aldo a dS arog 12 6.5 12 5 20 18 108 108 5 
237 | Power, light, and heat...... Variable. c... on Printing office...c........o~ 10 3 10 2 28 2d a 160 5 
238 [..... do-ciim ud Ad QO aie fo Hotel. ei es 17 14 17 | 14 14.2 i Ve REE ERY 79 4.5 
289.(--..~ do a OS Uniforms. sina Office building....-.... ..: 17 20 74. 14.7 13.3 60 79 5 
2400. i, dos cot cir odie sl, do. dig Store bullding................ 11 2.5 11 2.5 12.7 12.7 oon tein 61 5                         
  

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

OT
T 

I
V
O
D
 

d0
 

N
O
I
L
S
A
F
I
I
W
O
0
O
D
 
S
S
U
T
I
M
O
N
S



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

Nor | 
used to 

No. of Fre- Coal carry— Build- : 
lant quency | fired at | Thick- % Heating _ | Steam plant. : Num- | er’s Super: 

Method of of each Hess oo Frequency of Type Size ber in- | 7 rated Horse- surface heat pres- 
firing. firing | firing per cleaning fire. YPe. a ° power.a, (square eating| sure at (min- | boiler | (toes) stalled. Aver. |Aver-| horse- feet) surface. igo 

x | age | age | power. ! Dx 
utes). (pounds). heavy light 

load. | load. 

214 | Alternate....| (?) 75-90 10-12 | Once in 10 hours. .| Babcock & Wilcox | 84 47 x 16” tubes .. 3 2 2 150 157 1,570 | 0 165 
water-tube. | 

215¢...:. doses 15 65 S010. hasan uh doin ar ii 120 4” x 18’ tubes . 3 2 2 275 | 252 2,520 0 150 
216 | Spreading...| 7-12 60-90 Bali oii ies ma is ae de doi... 544” x 18 tubes... 1 1 1 100 | 113 1,130 0 90 
2 da ala sa A Ge8 aati inn nod QoL plies 324’ x14 tubes... 2 | 1 1 40 52 520 0 80 
218 | Alternate....| (?) 45 6-8 | 3timesin 24 hours. Heine water-tube 17 3’ 2 18’ tubes, 3 1 1 300 | 319 3,185 0 150 

36” drums. | 
219 | Spreading...| (0) 250-400 (b) 2 to 3 times in 12 §..... doula iiticy 54 3)” x 18’ tubes, 4 2 2 106 | 100 1,000 0 120 

hours. 136’ drum. | | 
220°}... do....... 15 | 150-180 3-413 Io 4 times in 17 |..... dost ce i heh 176 47 x 18 tubes. . 1 1 1 325 | 370 3,700 0 | 105 

ours. i | 
221 teeiaa dol... (b) (©) BS Ee ee SL waa hk id C4 Ly pho NEEL 116 3%” x 19’ tubes, 2 1 1 250 | 224 2,240 0 150 

140” drum. | 
ai. dos... 201 270-870}... 0.5» Oncein2d4hours.. =. .2.4d0 . ... .... 2 58 3%” x 18’ tubes.. 2 | 2 2 100 | 100 1,000 0 120 

223 | Coking....... (b) (b) (0) 3 times in 24 hours Sort marine..... 84 4” tubes, 93 x 3 | 2 1 250 175 1,750 0 | 100-110 
18’ shell. ! 

224 | Spreading...| (b) 60 6-8. 5 do. oie ia | Inverted Scotch | 94 3” tubes, 94” 3 2 2 237 1 190 | 1,900 0 145 
" | marine. shell. | 

295 Coking...... (b) () (b) .| Once in 11 hours. .' Scotch marine..... 44 3%” ¥ 15’ tubes, 2 2 2 100 | 75 | 746 | 0 90-100 
79" 5 hell. ! 

226 | Spreading... 18-25 | 350-400 8 | 6timesin 24 hours. ..... AO. L Sah 138 47 = 12 tubes, 6 4 4 250 190 | 1,900 | 0 130 
. 10’ shel | 

027 ind do Jol .. 124.-.0.0 5-6 | Once in 12 hours. .! ..... do.. a2 8 flues, 2 42” 2 2 2 200, 300 142,225 1,423, 2,250 0 100 
ues. | { 

228 | Alternate.... 4-6 50-70 6 | Oncein 8 hours ...| Cahall horizontal | 160 4” x 18’, 2 42” 3 2 2] 300 335 | 3,350 0 135 
|  water-tube. drums. 

229 | Spreading...| 15-30 150 10 | 2 timesin 12 hours.| O’Brien water- | 140 x 18 tubes. .... 3 2 h 3 300 250 | 2,500 0 140 
| tube. 

230 |... <=. dois (b) 400-500 ¢8 | 3timesin 24 hours.| Cahall horizontal | 162 4” x 18’, 126 4” 2 1 2 250,350 [264,340 bia, 3,400 0 120 
| water-tube. x 158. | 

231 | Alternate... .| 5-7 40-60 6-8 | Once in 8 hours. . _.| Detroit water-tube 4 tubes, 1 30” | 3 1 1 180 | 180 | 1,800 0 125 
| rum. : i : i   

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

  
¢ On top grate. 
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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. 

Number 

No. of Fre- Coal oi 0.0 carry— ild- . plant, quency| fired at | Thick- Nom- y Bra Heating Super- | Steam Method of of each ness of Frequency of Type Size ber in- rated Horse- | surface h Yor g pres- firing. firing | firing per| fire cleaning fire. ype. stalled.|Aver-|Aver-| horse | POWer.| (square surface. | Sure at 
(min- | boiler [(inches). ? age 2 age | power. feet). *| gage. 
utes). |(pounds.) . heavy] light 

load. | load. 

232 | Spreading. .. 20 100 11 | 2 times in 10 hours. O'brien water- | 11333” x 18 tubes. 2 1 2 250 207 2,070 0 140 
tube. : 233 | Alternate. .".. (a) 30-35 3-4uf. don Aultman & Tay- | 72 4 x 18 tubes, 3 1 i 150 150 1,500 0 90-110 
lor water-tube. 1 36” drum 

234 |..... do....... 10-15 60-75 4-5 | 3 times in 24 hours.| Detroit water-tube| 110 31’ x 14’ tubes. 3 2 2 150 1 1,575 0 120 285.4; doll aL (a) 45 Faun dO. 2. ici sot Aultman & Tay- | 2 36’ drums....... 4 2 1 200,228 (188,226 1,875, 2,260 0 125 
lor water-tube. 

236 | Coking...... (a) Coyle s.sadess 1 to 2 times in 12 | Standard water- | 54 4” x 16’ tubes, 2 2 2 100 100 1,000 0 120 
x hours. tube. 36” drums. 

YAR do... (a) (a) (a) Once in 10 hours. . | Stirling water-tube|.................... ¥ i 1 To a, 0 100 238 | Spreading. . 8-12 | 120-150 | © 14-16 | 2 times in 24 hours.| Edgemoor water |-......cueeeeuee.... 3 2 2.1800, 165 |... . co fed lL 0 150 
? tube. 

2B ale 7 | 120-150 9-12 | 3 times in 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 3%” tubes...... 1 1 1 150% ts a ential ds 0 100                   
  

a Variable. 
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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. i Yet eal 
plant. | Num. Hanes Ba Grate area Divan at feont 

ind of furnace. ind of grate. er boilera |= 
ber. I Beate silo feet). Width of | Length of | front of | ©°f jorpace 

furnace furnace furnace grates to 

Average | Minimum (©). (D). 12 Jone coking 
(A). (B). o (E) arch or 

heating 
surface (F). 

214 Si Bwinareh 0.0L ona ie Shing Re Sata he SE 36 17 14 3 6 5 2.3 
215 SacDuehoven be. ol ro ABE: not a I BSR 48.75 8.5 5.5 7.5 6.5 7 4.5 
216 LPIA ses. dal ON La a a 2 I a a Ee Ld 3.8 6 Qe Ses a 
217 2. Dutch oven ...... als Sidi. vo [(CElat Hollow... J. i lea onl 20 7.5 4.5 3.3 6 7 285 
218 Gf Dorrdnee scr. or. a aA Rocking Ee adr sa a Sk ee ee 45. 6 10 7 4 5.7 0 2.2 
219 Lawley al i Sn Water-iibe and flat... Lilo 0g 28:9 12 9 4.8 5.8 Or hn as 
220 LrPaddington yc. cic or ae lat. aE 48 3 2.5 8 6 0 3 
221 2 Hawley... or ss ha tats and flat 39 9 6 6.5 6 Oc i re 
222 Oxia 0 ee eT a we dO. Lo, a a NR Ta 9 6.0 ar es Fea as Oi ei ran. 
223 Si Burke son lreiini alo el Rocking 48 8.5 5.5 8 6. 125. a 
224 6:1 Corrazgated Aue... ........0 000 IVE ie i 36 i.5 1 3 6 0 1.5 
225 BERG I SS SL Rocking 23.45 7.5 5.5 5:25 4.5 Br 25 00 da 
226 12;:l Hawley, down draft... .Y. iota Water-tube and flat 40 4 2 8 5 To T7o lol 
227 4. Corrugated Bue... 0.0. outs Blt Co a bt ss ben 38 b1.6,2 b1.6,2 03.2,3.5 b6,5.6 0 b1.6,2 
228 s Dorranee ou... sas ae Es Rocking... ... ... oni dn to0k 46 12.5 9.5 4 5.75 6.5 2.5 

20 |) Pn nn Water tube and flat... Beinn 10 Ce 
230 2 Hawley itachi TS GOL. 0 NT NE Re De B38, 81a at gest det i aah pF ea Ce et dL al tl 
231 3 | Dutch oven and tile roof ........... Shaking. o.oo. oka 33.25 17 13.5 4.75 7 3.3 2.6 
232 Hawley a. so a i and fat... soos Sou lal es a ay Se ae 8 6.5 0 eR nt 
233 Sr Dorranee oo tn ede Shaking. = oi hoi dl aia ius 25 11 9 5 5 6.3 2.3 
234 SiaPwinarcly. os Cri Na far ea do a 27.5 9 6.5 2.5 5.5 0 2.2 
235 4 EDoTIANce wc Catia. Aout sede br Lee i deny 36,47 11-3 8 b5,8,6.7 6.2 6.5 03,3.3 
236 2 Bme a es a sa Lan a 0c or Ls i oh a mei 2 9 6.5 6 4.5 4.5 2 
237 Liens Rosier Se ELT a Rocking a re a RR 21-3 11.5 9.5 4.75 4.5 Ssh 
238 SA PIalvy ah a ar EI a a A od 75,41.25 4.5 4.5  |c10,5.5 7.5 0 5.5 
239 doa do. in lh Geant Mciave fat... eas 53.5 2.5 2 8.9 6 0 2.5 
240 Tho... oil Sou ede sl Bab Lr tua a 35.75 5 3 6.5 5.5 0 3     

a In down-draft furnaces, area of upper grate only. b First dtvcuion 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. 

  

  

  

          
  

    

Total 
Average for one hour 

  

  

              
  

No. of Readings (inches of water). Non Ts (minutes). Average 

plant, i Conditions under which read- | ber of | of obser- percent- Load dun 
Kind. ings were taken obser- | vations age ol | ing dbser. 

Mehr of Front ; Base of 3 > vations.| (min- 100 to 80 80 t0 60 | a0 black vations. 

Furnace. boiler. Se Breeching. | “sioek. utes). 1S} Sens per ane clean. | Smoke. 

214 | Chimney.... 0.33]; 0. 460.30 1.7. ....L%. 0.72 0.78 | Damper open, door in base 2 128 0 0 54 3.4 | Light. 
of stack cracked. 

Damper partly closed. ...... (a) (bd) n Oe a da Average. 
Damper open, ash-pit doors (a) (®) 0 0 BS tia Heavy. 

three-quarters closed. 
Ee ne ie a SR UL NE CR YR Af 60 0 0 49 5.7 | Light. 
Damper open. Lue. evaicies 4 262 2 1 52 5.3 Do. 
Damper partly closed. ...... (a) (b) Qa i EAN Heavy. 
raped danse AL LORE 1 60 0 0 52 3.3 
Damper and ash-pit doors (a) (0) 01 at a lat Do. 

open. 
29... do. vB ss al h des SAG Dampersopen:...........o (a) (d) 0 Or foe stadia ig Do. 
223 [2nd do...... ed er Re era 1 Door at base of stack open... 8 515 0 3 50 5 Light. 
224°: do... dg rR SOBEL La, Dampers open. .... 0... 4 272 0 0 52 3.1 Do. 
225 1.5... do... ... .04-.09 SAB es Ss Damper and ash-pit doors 1 60 0 0 60 0 Do. 

open. 
096 oc .A do... 25d a a esa S004 a Dampers, open; ash-pit doors 1 60 i 3 47 7.9 | Average. 

cracked. 
220 aan do... A= ATs 0..37-0, 40... . 0. we pr sr Rh sd 1 60 0 0 54 4.2 | Heavy. 
998 fain do 2... 207 OR rd ve ta 90 Damper open.......J.c-s =~ 3 211 0 0 51 3 Do. 
229. |. do... 5c. .29 nS al ei Sa aon bs wi SR bd we aT re mm Hn Se a mw 1 60 0 0 49 5 Do. 
230, (. suis AO. oh aa ra a a a 0.75- .85 | Dampers partly closed. ..... 2 114 0 2 40 6 Light. 
231... do...-%. 23 urs Ls .85 | Door in base of stack open .. 7 399 8 5 44 12:6 Do. 
232 fini do... .54 Ar se se a hao Ash-pit doors open.......... 1 60 0 0 36 6.5 Do. 
283 ..0. do...... . 36 DO SOF us Damper half open........... 2 150 0 0 60 0 Do. 
2841... do..525 +12 cA eer TE .76 | Dampers and ash-pit doors 4 187 0 0 60 0 Average. 

open. 
935 |. 0. do... 2:00 .24-..25 a LL ry +78 “Dampers open... ......... 4 272 0 0 56 4.2 | Light. 
230 ..3., 30. 008 11-12 46 AT Se TO a sale te do. Sa asta 3 183 0. 0 54 2.4 Do. 
237 | Induced..... .09 CAD A enh fr aloe ee my oid in ns Fan inning at = average 1 60 0 0 60 0 Do. 

speed. . 
238 | Chimney.... LOOM ssa 00 sae Dampersopen.............. Lol iain ds ee La La ile ss ee ie aig Average. 
239 | Forced...... .22- . 44 BD AB .92 i Fan blast in.ash pit......... 1 120 0 0 30 11.8 | Light. 
240 | Chimney.... eSB a GE aed 00: Liao, Damperopen............... (a) (b) 0 0 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. 

214 

215 

216 

217 

218 
219 

220 

221 

222 

223 

Breeching. Stack. 
  

  

Length 
from 

stack to 
nearest 
boiler 

(feet). 

11 

10 

32 
22 

40 

12 | 

28   

Size 
(feet). 

5X3 

3.3%X6 

  

Place at which 
measurement was 

taken 

Near boiler 

Near stack........ 

sass sp Enns sscansnnnan 

lasses ssensnscnnncnnn 

  

Number of 
elbows 
between 

boilers and 

stack. 

Height 
(feet). 

Size (feet). 
Area 

(square 
feet). 

Remarks. 

  

DO
 
=
 

  

130 

270 

90 

100 

235 
108 

100 

255 

152 | 

306   

a4 

a4 4 

a6 
a3 

a 4.25 

ad 

adh 

  
  

12. 56 

14.7 

7.06 

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 boilers 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. Each furnace equipped with eight 

1-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 i-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 l-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 causes 40 and 60 per cent black smoke from stack 
for one-half 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. 

O03 a fired runs moisture 16.5 per cent; ash, 9 per cent; B. t. u. per pound, 
10,800. 
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TABLE 20.— Details of observations at plants with hand-fired furnaces under w ater-tube and Scotch marine boilers—Continued. 
  

      

  

  

  

  

Breeching. Stack. 

Length Number of 
No. of from 1 

: Place at which elbows Toit Area 
plant. | stack 3 Si measurement was | between Ne Size (feet). | (square 

Rgares (feet). taken. boilers and oct): feet). 
boiler Sach 
(feet). Y 

224 10 4x7 | Near stack... o..; 1 250 | a4X6 20. 56 

225 2 B.Jtidiy Aon led nw 2 135 4x1.9 7.6 

1:3.5x11 
226 7 fh 3.5% 6 } seevarasasiueseean. Zener fee 
227 0 a a ey SSE 3 80 b4.2 13.6 
228 18 3.5 x9 [ Nearstack........ 1 260 b5 19.6 
229 15 SxX6-|-2..4 Ao. er 0 200 b4.5 15.9 

230 17 4x6 ]..- dour en 1 150 b5.5 23.7 

231 Bie. oa ss 1 279 b5.5 23.8 

232 re si ad iD TE Te ee bal 0 110 b4 12. 56 

233 50 3x5 | Nearstacl........ 1 20 | 4x4 16 
| 

234 es ES a a Se 1 225 | b4.7 17.1 
235 70 3x8 | Near stack........ 1 i J 81 
236 12 29x34... AO. 1 210 | b4 12. 56 
237 5 fe ey pra 1 125 | b2.1 3.4 
238 Il a. fe Sst Liteon oh is ii Sharad a XE ART 

| | 

| | 
239 oa Llane diy 1 140 | b5 19.6 

240 10 cas | ae an SL 1 32x31 10         125     

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 of 0.80 inch of water in last pass with damper 

Automatic steam and air admission device. Large boiler has 27 :-inch steam jets 
across front 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. 
cally. Stack smokes 20 per cent black about half the time. 
minous coal makes offensive smoke. 

Thickest fire in front of furnace. Steam and air admission device runs continu- 
ously. Twenty g4-inch jets for superheated steam enter furnace. 

b Diameter. 

Boilers baffled verti- 
Using all bitu- 

Stack occa- ° 
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HAND-FIRED FURNACES. 117 

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). t= s 2 fo vi e c da abe las 1 

Pownrdralt oo ri rai 10 

MeMillan: br a Cr a rE Se tered 5 
WINALe So ira st he Se Ta thes sae 1 

WOB)eY re Es Dl adi sis ts de SRE Se nS me mens 1 
Burke (western, with Dutch oven)... .. i. co tail lin ies non 2 
Burke (eagternY. foi in nt Ss ao i 1 
PInoy es a ae 21 
Cornell GCONOMIZET os Sas fis amie sath ib sh sain Gaga sna ai ns 1 
Puddineton. 0 0 ii A rae SA ah a 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 
Kind of coal burned. 0 depth || Kind of coal burned. 0 depth 

plants. of fire. | plants. of fire. 
| 

Inches | Inches. 
Bnei. cl. fi ais oe 1 7 {i Pennsylvania... tl oii 2 10 
Kentucky. oni... 4 8.5: West Virginia... .......0..5 2 11 
OO. civics obaatin: 1 9 | :       
  

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 Number | Average 
Kind of coal. of depth |! Kind of coal. o depth 

plants. of fire. | plants. of fire. 

Inches. Inches. 
Indiana... fails. 2 4.54 Tennessea. ... 1: .. oi tai,. 1 9 
Maryland... =. il Joan 1 15 West Virginia. 2.0. m0 5 8.5 
Ohio. 5 sas iis 3 6 Miscellaneons. ...2. 0... cues 5 7 
Peransylvania. ..... co russes 3 7.3 
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FIGURE 32.—A hand-fired furnace and Scotch marine boiler, elevation.



120 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 

  

      
PAS, 

    

  

  
      
  

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 combustion 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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F1GURE 35.—A hand-fired furnace and return tubular boiler, elevation.



HAND-FIRED FURNACES. 125: 

an arch extending the entire length of the grate, virtually making 
small Dutch ovens; a wide-arched passage, in which are openings for 

  

  

RRS SS 

P 

  

  

|v 
    

7
2
7
7
7
7
7
2
2
7
7
7
 

7
7
7
7
7
7
 

dd
 

      

7
 
L
0
0
7
 
2
2
0
0
2
2
2
2
2
2
2
0
0
 

2744, 

      
  

        A 
  

2 

N
A
   or

y 
\ 

I
 

|
           

            7         I OY } 
air admission, in the wall back of thegrates; and another arched passage 
of greater height back of this. This construction gives a long, irregu- 

 



124 SMOKELESS COMBUSTION OF COAL. 

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. 

OOO 00000 
QO OOOO 
O00 OOOO 
oy RS 

a) 

O 
Q 
0 

QO 
O 
O 

AIR INLETS IN BRIDGE WALL   
FIGURE 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 boilers. 

  

  

Average 
Number = of plants. Kind of coal. gop of 

Inches. 
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~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- 
fired furnaces under return tubular boilers. 

  

  

Coal as 
received 

N hznad per 
Number | square foot 

Kind of furnace. of Porras | of grate 
furnaces. : | surface 

per hour, 
| | average 

heavy load. 

| 
Inch cf 
water Pounds 

MeMillon se cr Ce a re a Te se ina ae 5 0.14 22 
DOL ne a or dr a a hen an ima it Aon td EA Hah we 1 .23 47 
WI ATC ce hs ae 1 es a ai 
OO EY. or Ea a a 1 21 16 

BURG a LT 2 11 18 
Pda er a a LS a 1 12 13.2 
PN A eR i IR he 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. 

  
  

  

    

  

      

  

   

    
  

| 
| ‘oal 

| Total C 

No. of Siais Device used to facilitate | PUilder’s 
plant > : combustion. horse: § Cost per | Short tons 

ower Commercial name. Where mined. Size. short ton, burned 
i: P . delivered. | rer year. 
| | 

—— ———— Segui x [= rt — -— emt et mes tte ee pee i msi — | _ — rm ee - — — od - i= ——— 

241 |. Mlinols,.... 0.00.0. None... bolas ie ns | BOY bes a ada oe Carterville, TW... j=). 0. J (mehegg... 0 nd SA Lane 
202 Kentucky... .... cot. GeaQoaso bis sn too UB GOO LLL i) Seta Western Kentucky-......... Nutiand slack. . Lov. doin Ln Ema 
243000. QO. ris i ee QOs Saka BOON Sr nS Te A QOL eS ES Nut, pea, and slack. ...| 68. [Ls oiling 
2444... 0. vio tee el doen nn REE LE | 10D fie lpn Run lw Use ar AAS I Pea and slack.......... TEER) (raion 
24h 1..... 0. inl ri dos a ts a 0th SE se ho dedi: nano, Nut and slack.......... bit te, lege, ll 
246 Michigan. i. os i tls dou id a i Ca 300 Pittsburg No. 8... ......4 OOO rs ci Rs Run-of-mine......... .. i 2.25 | 1,070 
247 New York......... sd. 0s i Se an id 500 | Rochester; Pittsburg; | Pennsylvania............... Bek i sn sh 2.45 | 3,100 

Reymnoldsville. | J 
000 tT oe aa ae Littshurs, Pact oo ix, Natandslack. Loud ui... ade 
400’ (= Pocahontas...-......... West Virginia. loo. cid) Screened lump......... { 3.060 {a 
BOD i dais es iin th a ra Powellton, W. Va........... Run-of-mine........... S02 tse 
150 |. Logan block... .. cL... Indiand.coo. vi... hun. ailn. Nut and slack.......... | 190 no rs 
NOL: ar St pint non Sa Lie dodaci hu to linchnut... lad dL DE i 
130 | Georges Creek Run-of=mine.. ion ooo ll, nla 
320 Massillon. sven. nud, Ohi Slack ot. rindi, 
230 a a ey) i 
ER REE LPOG or aE 

1,000 Hoch otter, Pittsburg.. 
250: PittsBurg.. 0 oath 
170 4:dellico. i... old se aaa 
500 | Kanawha... 00... 0.0 
450.1. 1.0. Ly ABE SSR 
350 i Fae a 
240: J hedosls ds Gl a a Jovan 
150 ade. dees Eitan 
00 Kanawha .............. | 
90 “Pocahontas... J... ... ... Voie has 
86:1..... QO as te ve ah 

411. 4-Variousicoals-........... 
B00 fs ce sR le SR a aL ses sae lS 
144 /“Various'coals...... ...... 
O00 a sur it ast sab ie hah 

Slide Co LS rE 
I lo le tas a we SB SN GT 
I Sa RS ras p 
00 eB rE linois. oc... Jian raise Largelump......5 0.0, Vroteel sree stdin co LL 
O00 se A IL Indiana. 2... i000 a0. 3ito6inchegs :........] 10 res 
6 Block... «cov i car ria ses sen AO a ES ND Tl 3.00 ea Soult           
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218 Lo. do... ani he wns dd do 
279 Jui dO darn seit Airadmission..... 2 .....%.: 
280 1... Goth | ONE. I Oh went) ih 
281 au 3 EN RI EA a a PN do. vn LS a ea 
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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 Percent- 
square foot of Pergent: age of fy eonmed 
grate per hour A builder’s amount 

No. of Heavy. Light. (pounds). Yiorhe. rated of coal 
plant. : power | horse | pied Requirement. Nature. Character. devel- | POWEr |horhorse- 

Hours | Coal | Hours | Coal | ° oped on | devel Fl ver 
per day| burned [per day| burned | Average | , oo .o.0 | average oped on per hour 
load * per day| load ~ [per day| heavy | “Forge | Ty 7 | average (pounds). ison | (short | ison | (short | load. 2 load.c | heavy 

plant. | tons). | plant. | tons). | - | load. 

241 | Power, light, and heat. ..... Uniforms... ou 00 Hospital... oocsini violin 24 14 24 7 20 20 84 92 5 
v2 EL do... iy Variable... .... 0 00.00 Manufactaring..... 2.00.0... »24 16 24 7 13.3 12.5 58 45 5 
ods. AO. 0. ea ah a eas Uniform. ...0. 0... Post-offige. ci oat, allan los 24 15 15 6.7 22.1 21.3 112 119 5 
244 | Poweranddight . 1. Jo ol 0 dos nn Dis  Dilomy Sb 16 3.25 16 2 17.7 14.3 86 102 5 
2454. To Qoul sche lea doy naraala nde ol he easy 19 3.2 19 2.4 20 17.3 114 112 5 
2461... QOL er a dou a oi Diet Pans: in Ee Mele die 10 3.6 10 o> 24.4 23.7 112 96 5 
247 | Power, light, and heat......|..... Ah sam Office Srdidiig a te ein hn 17 12.5 7 Bi 19.6 16.1 84 98 4 
48 Power and heat... ou 0c. ia a Factory. oo oli 10 B28 10 10 5.25 24 24 157 131 5 
249 Yow, light, and heat......|..... do. s.r Post=office. . i. oo dun 17 4.3 17 BS fos nnaisn smn vis Jawan 60 63 4 
20 dO TN a do. cia tg Os Rb a 13 10 13 5.5 19.2 16.6 93 128 4 
OB fa = teat tiara tater A a Erin SR En Ee Bakery... i tahoe 18 2.5 24 2.5 11.2 9.8 46 75 5 
23.00. dou). sot. ti tad ot 40... lan, Laundry... oii. ie 10 3c}. 10 2.5 22.5 20.5 113 120 5 
253 [Power and heat... ... o.oo... ... dota dino, Offices and factory.......... 12 Zo 12 1.4 16 13.7 92 111 5 
254 | Power, light, and heat......|..... doco vain ind de Shops oe tr a 9.5 8 9.5 6.5 18.7 16.9 78 105 5 
285 fe. sn QOL i EL do... iii Factory. on nh 10 2.4 10 2 16 14.7 70 84 5 
256 4. :. = Ao. A i i AO vb ae aL do. Lr og 10 2.4 10 2 16 14.7 81 109 5 
VEEL TE nO ORCA ER SRE Variable... . 0 lel. Manufacturing. ..... Als 33 6 7 14.5 12 66 84 5 
258 | Power, light, and heat......|..... dog. Lonnie BIeWerye alas... rel MOL 8 [2 5 22.2 18.1 85 107 5 
250 [Power and heat............. Untlorm io. iis Office building. ..... «= 410 2 10 2 22.2 29.9 174 94 5 
260 Power, light, and heat. ..... Variable: coo oianc vn Brewery. ........... Lo 7 6 17 9 25.3 20.5 61 69 5 
261 abo LA SR Uniform) 00 lh School buildings 12 Ohaus ded ta 16.7 4... oon 56 67 5 
262 Por light, and heat...... Variable oo odo di don Office bullding........ 00: 19 5 19 3.5 16 lol ail, 7 5 
263.5... Re AR Taio a A as Go. ae haa 14 3 14 1.5 17.3 13 89 89 4. 
2044... Aol a a se aE dot mit Ei nn Bactory. ci... ais 10 3.25 10 2.25 22.5 19.4 99 120 5 
265 BO ra rE aE QO EI La 10.5 1.5 10.5 1 14.1 11.5 48 57 5 
206 |. Powerand heat. ... co ods no QO, eo hs a Nn SR 10 1.5 10 1.2 15 13.5 70 74 4.5 
2074... 5. Os 2 oo eds a eA A QO. cL Ee PB ACEOLY on a eS 10.5 1.25 10.5 1 12 10. 8 | 53 56 5 
268... ..> QO. om a As do. LL lian NL ge 12 6 12 6 14 14 61 73 5 
269 | Power, light, and heat......|..... AO. Ln Ls Factory. casual J 10 8.5 10 8.5 18.9 18.9 91 113 5 
270 | Power and heat......... ans ily nea Qs ania ay ares une Store Fela anid oe 11 1.8 11 1.8 20. 4 20. 4 62 91 5             
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Power and light 

Power 0 Nght ne 

do 
Power, light, and heat 

C
r
o
 

Seti SL Se Bhops. ova ds. Lal. va he C0 2.5 4.210 2.5 
Ee ee aa SS aE EE res {310 1.5 10 7 

arabs har Pagtory.i iw he nin 3 9 2.7 
e070 hb Manunfctoring....... 0.0... 10 7 10 | 6.5 

aia nd Factory... 0. an hs 8 3 8 2.5 
SE Su ay Manufacturing. ............. 10 4 10 3 
enna AGLOTY . td sas sais ais a ha 10 3.5 8.5 «15 
See Offiea building. [11111 12 26 12 26 

Loh evenness FO se Se eS as 10 3 
ET Te Fe ICTY. ord i a a 15 6 15 3 
a Rana Office ie Tenn 18 5 18 3.5 

eis Swe 3 eae BC OLY. i i a 9 1.5 
ol i Er Shops... .aosnchac midi t 244 13.3 24 13.3 

or antes n es Det A 3.4 1% 5 6 
ji 
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a Boiler rated on 10 square feet of 1 heating surface per torsepower. 
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TABLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers—Continued. 

  

No. of 
plant. 

  

  

  

  

  

          
  

                

Stoking. Boilers. 

Number used Horse- | 
Coal to carry-- is power, ¢ Ls 

Fre- nT : oT uild- | boiler : uper- 
fired at | Thick- ’ Heating Steam 

Method of | QUENCY) “each ness of | Frequency of cleaning : Num- ors rated surface heating pres- Ts of firing| ._. . d Size. ber in- rated | on 10 surface | iring. ; firing per| fire fire. Aver- | Aver- (square | sure at (min- boiler |(inches) stalled. le age | Dorse- | square feet) (square "ooo 
utes). 3 8 az power. | feet of 2 feet). | gag (pounds). heavy | light heating 

load. | load. SUTAC: | 

Spreading. oi 20 200 6-8 |'3 times in 24 hours. .... XIN 02 4 tubes. LL 2 2 1 150 138 1,380 0 80 
bBTett el Leal Var. Var. (=n dn a SL TO ee OO OB Tes nh 4 4 2 150 115 1,130 0 100 
Sah do: yor, yor 8 > Simoes in 2 hows alts au xX 37 3 Ses. sta ere 4 3 2 75 80 a 0 2 
ans Osu: ar. ar — imes in Ours... E10! tubes. nu 2 80 95 0 0 00 

onde qo... Var, Var. 8-10. [2 times'in 19 hours. ....| 507 x 167,34 34” tubes... ........ 2 1 1 60 59 585 0 | 90-100 
ae do.......J. 5-10 90-110 @3-10/ 2 times in'10 hours... ..| 667. x 18, 584" tubes... i 5 ..... 2 L 1 150 129 1,285 0 110 
RR es Var. Var. | al0-12 | 2 times in 24 hours.....! 7277x167, 664” tubes... ......... 4 3 3 125 145 1,450 0 100 
Spreading. Var. Var. 8-10 | 2 times in 10 hours... .. CO x10, 3447. tubes... oi. 2 2 2 80 67 670 0 90 

Jala do......: 20 | i270-370//.........| Oncein 24 hours........[ 60’ x 18, 54 31” tubes... >. . 4 2 2 100 106 1,060 0 120 
ain do.......1 Var. iy 120-150 10-12 | 3 times in 24 hours.....| 48” x 18, 48 337 tubes... no 4 4 3 5 104 1,040 0 105 
Sh do.. 15-17 50-75 2 times in 24 hours.....| 60” x 18, S447 ybes. ait 2 1 1 75 120 1,200 0 85 

ton do.. 5-10 30-50 Soe tates Std eR 6! BA tes. 1 3 1 100 106 1,060 0 85 
ais do.. 20-40 80 14-161 Oncein 12 hours.......[ 50” x 14/,562L"; 507 x 167, 56 23" 2 1 1]:60,70: :72,82 (720,520 0 80 
Coking...... 10 60 4-5 | 2 times in 10 hours..... 60’. x 167, 47 27 TDS. nen Ll 4 4 4 8 108 1,075 0 90 
Ane saa 12-18 90-150 Od. do... he 7 x 10 0A ube ra 2 1 1 115 138 1,380 0 80 
Fei 12-18 90-150 Bile 0. LL cn R02 x 167, 55 4 hes. a0 ds 1 1 1 88 105 1,050 0 80 
SPrsding 10% 150-180 6-8 | 2 times in 2 Joins YL 2 x 167,923” tubes... tn 8 6-8 6 125 i» 1,585 0 90 
ide * ar. 60-80 6-8 | 3 times in 24 hours. .... 727" x 187, 704” tmbes. oil 2 1 1 125 56 1,560 0 95 
Ee. Sm 12-20 75-90 8-10 | 2 times in 10 hours..... 547 x 20’, 4 8%”” and > 10” tubes... 2 1 iL 85 46 465 0 85 
Alternate.... 7-10 40-50 4-10 | Once in 8 hours. ....... 720X 18’, 64 a tabess. ol no hids 5 4 4 125 142 1,420 0 85 
Spreng, oe 10 75-90 £1 Onceiin'12 hours. ...... BRI IDOE ean 3 2 snwsnnt x 5 178 1,780 0 80 

Chiat ¥ Var. Var. ie ldo. i nse a gt esr a ae 3 i, ¥ 80-130 |... al 0 | 95-100 
Hono rims var. | 60 Na ote isis 66’ x 18’, 54 4’/ tubes... 2 1 1 120 120 1,200 0 100 
Spreading. 12-15 60-80 6.1 Once in 10 hours. ...:.. 607’ x 14’, 46 4’ tubes... 2 2 1 75 91 910 0 75 
AT do... 7-12 40-60 G8 .---.do.. 0 ule 8077 x 187,54 47 tubes i i 1 100 120 1,200 0 80 
torn do.......1 12-15 60 Grlosaedoat. in Slo dl oo E607 167 48547 tnbes 1 1 1 90 95 950 0 90 
im Re 15-20 40-60 300. ....d0. Le. | OR x 16, 46 4 tabes 1 i 1 86 91 910 0 80 
Sasa 15-20 | 100-140 6 | 2 times in 12 hours.....| 76’ x 18’, 74 4” tubes 3 2 2 137 164 1,640 0 100 
Spreading 15-20 40-60 7-8 | 2 times in 10 hours. . ... 607 X 167, 34 33 taheses.... ius 4 4 4 75 93 930 0 105 
SLL La 10-15 50-60 64 110.2 times in 11-hours.; 60" x 167, 72:37 tubes... 0... 2 1 1 72 107 1,065 0 75 
Alternate 3 50-70 5-6 | 2 times in 10 hours..... 667. xX 18/5447 tubes. oo. te 1} 1 1 87 120 1 ,200 0 80 

Se air ad eS 8-10 40-50 7-5 |1°Once in l10 hos... .... 6074x165, 54 33 tubes. i. 0...) i 1 1 100 92 "920 0 80 
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Once in 9 hours. .......; 727 x 18’, 70 4” tubes 
4 times in 24 hours. .... boo, qo. EL hn 
2 times in 8 hours... .... | 60" x 167, 46 4’’ tubes 
2 times in 10 hours. .... 547 167, 52 33’ tubes 
1 to 2 times in 10 hours.| 60” x 167, 37 4” tubes 
6 times in 24 hours. .... | 60” x18/,48 3%"; 13 water fiibes. 

Se dds iial lian, 6072.% 167, 44 i tubes 
1 to 2 times in 15 hours.|..... QO de Ne 
1 to 2 times in 18 hours.| 60” x 18’, 46 4” tubes 
Onee in 9 hours. ....... | 52/ x 16/, 32 4’/ tubes 

SERRE RT Cie RR Se 72 4” x 16’ tubes; 144 4” x 
Once'in 5 hours. ... ... | 66” x 14’, 94 3” tubes DD
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TABLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers—Continued. 

  

No. of 
plant. 

  

  

  

  

  

    

    
  

Furnaces. 

Dimensions. 

| 
Distance from grates to Vertical Grate area ; 8 

: tube heating surface. J distance at Num- : : per boiler Distance | {1S 
ber. Eind of furnace. Kind of goth. (square | Width | Length | from front nace oH. 

feet).a of fur- of fur- | of furnace Ds 36 

Average | Minimum nace (C). | nace (D). To ron ot coking arch 
(A). (BY. * | or heating 

| surface (IF). 

17 14.5 6 5 0 
22 20 6 4.2 0 
17 15 4.5 4.5 0 

16 13.8 5 4.6 0 
16 14 4.2 4 0 
17 14 4.5 6.5 0 
15 12 5 5 0 
16 14 5.6 4 0 
17 vt dns fee wd wn x a 0 
17.5 15.5 4 5 0 
17 14.5 5 5 0 
16 13.5 5.1 5.25 0 

013.5,15.5 11,125 4.2 b5,5.5 0 
15 13 4.5 5 0 
16.5 14 6 5 0 
16.5 14 6 5 0 
15 12 6 6 0 
16.5 14 6 5 0 
19 17 4.5 4 0 

17 15 6 4.5 0 Zl 
17 15 6 5 0 2.5 

Seis Lato eae b5,6 b5,5.5 0 25 
17.5 15.5 5.5 4.5 0 2.3 
13 11 5 4 0 2.5 
17 15 4.5 4.5 0 2.2 

13.5 13.5 5 4 0 2.3 
15 13 5 4 0 1.75 
16.5 14 6 6 0 2.5 
15 13 5 4.5 Oia .7                   
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  Puddington..... is. 000 
Plain with Cornell economizer   

  

    c3.5,14 
13   

  

13 4 4 0 2.5 
14 5.5 5 @o lige 
13 4.5 4 0 1.75 
15 6 5 0 1.5 
14.3 6 5 0 1.8 
13 5 5 0 17 
13 4.5 4.7 0 1.7 
15.5 5 4.5 0 1.6 
22 5.1 4.5 7.7 2.25 
12 23 6 0 2 
13.5 5 5 0 21 
18 4.75 4 8 lator 
19 5.1 4 goal Ti 

3, 11 6 7 054 5, 4 
11 5.5 4.7 0 | 

|       
  

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. 

: : Average for one hour A eadings (inches of water). : verage 
No. of B 8s ( 5 ) " To! ; (minutes). parcent 

; ength o nt age 0 y 
pian) ; | Conditions under which read- Number observa- black Load dur Kind. | nies wera taken of obser- on oke | nz obser- 

Front 5 vations. | MOIS | 100 to 80 | 80 to 60 Wi vations. WipAnco Rear of She Breech- | Base of (min- akan ER Stack Tom 
"| boiler. shat. ing. stack. utes). a Dn clean. oh%fya: 

241 | Chimney.. Damper open, ash-pit doors 1 50 1 2 35 11.7 | Average. 
cracked. 

242 ..do. Dampers and ash-pit doors open. 1 60 0 0 48 3.3 | Light. 
243 do... Dampers open, ash-pit doors 1 110 0 1 36 6.4 | Average. 

closed. 
244 deli. Ash-pit doors closed, damper 2 94 0 0 58 . 71 Light. 

| open. 
245-1. do... 00 Bodie nn) ANS, Done open, ash-pit doors 1 60 0 155 58 1.5 Do. 

closed. 
2450 cod, .03 | SRL LEE RE .60 | Lower furnace doors cracked. ... 1 60 0 4 54 5 Average. 
247 |.-do. 2B ABB. OT a Le He 1 60 0 0 58 .7 | Light. 
UB do... eh ASE rR Damper open, ash-pit doors 9 77 0 0 55 3 Average. 

cracked. 
249 sade 30-35 juan 45-.50 eSB arta Dampersopen... i... a... 4 295 0 0 0 21 Heavy. 
250). .-.do.. =A al ll, .60 B30 en do. Tn ist oh 1 75 0 0 50 3 Do. 
Sdn Lr Sl Je wr Damper open, thick fire......... (a) (b) 0 TE EA Ble, Do. 
9. c.do.... S20 27 HR OIE Damperopen... oli. avis. 2 45 0 0 53 5.5 | Light. 
253 -=do, RT SG ae SA ea qo. dl Sie nn dhl od Tel. 0 ost 0 0 mi aes Heavy. 
254 da: Se D7 Ln 30-288 toe ni SAD Frio ii Bll Ua Ri rn 1 60 0 0 58 7 
2551]...:40...... 30... BD dee aL Se 1 60 0 0 57 1.3 | Average. 
256 20: YO an Be I Sa a eh 1 60 0 0 57 1.3 
257 .-do. Tae A8i loi oui 20m B00 nil Te Ted a Ls i ed Ta 1 60 0 0 42 7-9 | Light. 
WS. ado OS a0 a AB Damper open... iia. ihn, (a) (0) 0 OF ola anton tons Heavy. 
280s radon sl bo a] ek .35 SQ AO a ssa (a) (b) 0 0 hinge a aaaii gd, Average. 
200 -dos ado nn Lh .40 | 0.35-.60 05 Dampersopen...... 0 fon, (a) (®) 0 Qi pn a aie Heavy. 
261 ge ak te tS ee 0.75-1 | Damperopen..... li... ...... (a) (b) 0 0 Side on ah ca TE Do. 
262 sO a Le i a ha a a nat a a 1 60 0 0 59 +1 | Light. 
202 do, on oh ets ay ef ag nen .85 | Damper open, thin fire.......... (a) (b) 0 QB Rh ae Heavy. 
264 |....do. sb sl a esa Damper open, ash-pit doors two- | (a) (b) 0 0 la ln Do. 

thirds closed. 
265 ..do. BTR SR oe 20 no) Damperopen....... 0d 0 | (a) (b) 0 Qf ory Do. 
266 ..4o. dB A dd BO ns QO 0 TPE (a) (0) 0 Gre fs Do. 
207475 do, Mell In al dos. =. (a) (0) 0 Bint bm Do.     
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268 |....do...... 13-2 285.20 hich tenn. | 0: i de a re i He Se ed 60 0 3 45 9.3 | Average. 
2091..-.40......~ s 20 bl a ieinh Jesh? A 45 Vii. Dampers open. ........ .5.cusui (a) (?) 0 Qt ols sone sits Bogs, Diels Do. 
2700. Mol rAd He Da | AB ee RR 1 60 0 0 55 2.3 Do. 
271 ....do. c1B ey nl Loni auto Mods ii, +35 Damparopenatha doorspart- (a) (b) 0 0 50 5.6 Do. 

ly closed. 
272 17-2000. 0. os herons 40 »52. 1 DAIPer OPO «voir inser aka es (a) ®) Of. had ft feta i i To Heavy. 
273 ST ane, BSN anata Dampers open. Le... 0... 5... 2 68 {aiid samt sie ea Average. 
274 AIT al fesse nn .62 | Damper and ash-pit doors open. 1 54 0 2 33 10.7 Do. 
275 2 20=.22:1. 0 or bt satin ond Damper open. ..o.. orl sl 1 60 2 2 39 9.6 | Light. 
276 Rao arm Lar AT SO, Damper and ash-pit doors open. 1 60 0 3-5 38 9.8 | Average. 
277 OG se. SEE EER Damperopen, bankedfire........ 1 60 0 5 35 11.6 | Light. 
278 .17-.28 |¢0.33-.48 | al [1.841.501 .. 0... ... Dampers and ash-pit doors open. 2 395 0 0 57,54 | 2.5,.7 | Heavy. 
279 ST fain ait oss Si 1.10 Damperopen.......... 5... 0... 3 127 0 6 50 3.8 
280 wna, 44.46 Gai isn QO. 5 ah a 1 60 0 3.5 48 6.3 | Light. 
281 JAE rr 268 83. do. ii ne A 1 60 0 0 57 2.5 | Heavy. 
282 OSL tl a a Bali ta dos dv a Le pe 1 60 0 «5 54 3.4 | Light. 
283 Oo B= i i it es as hE 1 30 0 0 (@) 5 Heavy. 
284 BL Tm i TG | 35 fn iia 47 | Device in use during readings. .. 1 60 0 gn 

. aSeveral. b Various lengths. ¢ Combustion chamber. a 56 water tube, 46 tubular. 
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TABLE 25.—Details of observations at plants with hand-fired furnaces under return tubular boilers—Continued. 

  

No. of 
plant. 

  

241 

242 
243 

245 
246 

247 

249 

250 

251 

252 

253 

254 

255 

  

  

  

  

Breeching. Stack. 

Length Number : . 

from ; Place at which | of elbows : : Area Remarks 
stack to Size measurement | between | Height | Size (square 
Nearest (feet). was taken boilers and (feet). | (feet). feet) 

oiler : 
(feet). stack. 

27 3x4 | Nearstack........ 0 00 14. 5x6) 27 Heating surface in water-tube grates not figured in heating surface. Water-tube grate, 
single row of tubes. Considerable, 10 to 20 per cent, black smoke from stack. 

Sh in a LR ee i 0 100 ab | 19.6 | Large combustion chambers. Stack occasionally not as good as recorded observations. 
55| 2.2x4 | Near stackg ....... 3 105 3x4} 12 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. 

Se a Lk se 2 95 al.8 2.64 | Heating-surface figures do not include heating surface in water-tube grates. Large com- 
bustion chambers. 

MOB he a Sd 1 100 ls fe Large combustion chambers. 
0 Flows sree its ois S50 0 105 a4 | 12.56 | 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. 

OH. a Ea 0 112 Sx4| 12 Three- to 4-inch fire on secondary grates. Boilers arched over the top for gas passage. 
De ha Se a a 1 115 a4 | 12.56 | Large combustion chambers. 
XQ. hd ter 3 152 | a4.5| 15.9 | Twenty {-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. 

Bae st NL sR ea Elise sans a4 | 12.56 | 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. : 3 

7a te ls ess ns hy 2 90 a3 7.06 | Steam jets and air admission, 7i-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. 
Ole si Se a i 0 50 12.7%2.7 5.65 | 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. Da : 

8 free re a ro 1 eR . Osta ei a 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. 

eh a eee 4 100 a4 | 12.56 | 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. 

Lal LE a, 1 85 | a3.75| 11.1 | 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. 
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256 

257 

258 

260 

261 

262 

263 

264 

265 
266 

267 

268 

269 

270 

271 

272   

15 

24 

53 

12 

14 

42 

15 

23         

85 | 

140 

160 

165 

  

| 3.75 | 

a2} 

ab 

ad 

ab. 5 

3x3 

a3 

2.59x2.5 

3.5x3.5   

11.1 

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 
J3-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 -inch openings, not automatic, enter front of each furnace. 
Patent air-admission door. Threesimilarstacks. Considerable, 20 per cent, blacksmoke. 
Success due to careful operation and firing. 

Automatic steam and air admission device. Seven #-inch 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 i-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 to two 
minutes. Iire carried about 2 feet back from furnace doors. Two 2 by 4 inch air open- 
ings in each coking plate; also a 1% by 24 inch opening 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. Light 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 i-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 observations 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 J-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 f,-inch steam jets across front of furnace. 
automatic; also a patent furnace door for air admission, not automatic. 
careful firing and operation. 
Li jets and air admission device run continuously. Twenty J; -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 
f5-inch steam jets and two }-inch steam jets across front of furnace. Device in service 
from 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. 

  

| 

  

  

            

Breeching. Stack. 

Length 
No. of Number 
plant. Rm Size | Place. at which | ofelbows | yyoiop: | gie | Area Remarks. 

GaTest (feet) measurement | between (fect) (feet) (square 
boiler i was taken. boilers and | 2? | feet). 
(feet). stack. 

273 6 (3.5 x 3.5 | Near stack. ....... 1 97 13.5x3.5 | 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 operation, light firing, and cracking of furnace doors after firing. 

274 34 [3.54.5]. 0 dos toon 1 JOB). ose Mixing pier on bridge wall 18 by 24 inches. Perforated furnace doors. 
275 20 3x3 hin AGG Ta ad 1 AO a a i Large combustion chambers. Mixing pier on bridge wall. Some refuse burned. Patent 

furnace doors for air admission. 
276 Be i Ss Rea Jase re, 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 7 EE Gi RB GE 1 60 ah 19.6 | Fire thick, practically banked, on light load Onemixing pier on bridge wall. Perforated 

| furnace doors. : 
278 | 1. 92 235 ab.3 22.3 Joost as fired runs about 12,000 B. t. u. per pound. Always one furnace door on each boiler 

NIN RI ra ’ 5.5x4.5 24.7 |{ open when running. 
279 13 i Le on on pg Line 235 b 5x3 7.8 | Two 4 by 6 inch openings in rear of bridge wall for air admission. Ash pit kept filled with 

water. 
280 120. ise. Ly he 1 110 6x6 36 Side grates not included in grate area. Side grates for air admission; mixing structures 

| in combustion chamber. : 
281 a a SL Re 1 190) ¢3.5 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 | 2.5x2.8 | Near stack. ....... | 2 65 |2.2x2.2 4.8 | Large combustion chambers. : She 
283 0 Ir id a | 0 85,125 | a3,a3.5|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 SO anaes fl Ar rR 1 80 | @3.75 11.1 | Forty ;:-inch openings across front of furnace for superheated steam. Stack smokes 10 per 
| cent black for one-half minute at each firing. 

|   
  

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 Heine 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.



140 SMOKELESS COMBUSTION OF COAL. 

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.



OBSERVATIONS AT SURVEY FUEL-TESTING PLANTS. 141 

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 
not seem to harmonize with some of 
the expected relations; but theseread- 
ings vary a great deal and are not as 

N 
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reliable as some of the other items. In | 
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determining efficiency it must not be 
overlooked that incomplete combus- 
tion is not the only varying element. 
In all six tests the percentage of black 
smoke was so small that a variation in 

O
O
O
O
 

p
o
 
O
P
 

            

T
O
 

5a 

Plan of bridge wal/ 

Sheet iron casing 
  

  
  

OO 00000000 

O O 0
0
 

Q
O
 

C
0
 

0.
0 

  

O Oo Oo O Oo O O o{
0 

|
 

N
W
 

4 
O
0
0
 

0 000.000 0.0 

000000000 

0.0 

0.0 

O O O Oo
 

Oo
 

Oo
 

O O 

0
0
0
 

  

  

  N\
 

TN 
Oo Oo Oo Oo Oo Oo Oo O 

          = 
                

k \ 
NCT 7 \ 7 0 7 

NN 

  
  

    

  7 
i, 2 IRL Ln 0% 

                          
ke 

\       

    

    

  

    
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,



142 SMOKELESS COMBUSTION OF COAL. 

Five tables compiled from the data collected during these tests are 
given below: 

TaBLE 26.—Results of hand-fired smoke tests at Norfolk, Va., o 
72%, 

n basis of boiler efficiency 

  

  

  

| 
Combus-.| Volatile | Percentage 

Efficiency Black tion-cham- | matter in |of builder’s| COg¢ in flue 
72% (per [smoke (per | ber tem- combus- rated ca- gas (per 
cent).a cent). perature | tible (per pacity cent). 

(°F.). (cent). developed. 

64.91 5.5 2,192 20.36 81.0 6.26 
64.93 6.2 2,523 19.31 120.5 oc nao 
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. 

  

  

  

  

[ | | 
Unao- 7 | 3 Percentage | 

cotinited COzin flue | CO in flue | of build- Loss up Black 
for (per gas (per gas (per er’s rated | stack (per |smoke (per 
pi cent). cent). capacity cent). cent) 

: 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 

| Ya 
| 

  

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

  

  

Combus- Volatile | Percentage 
Black tion-charn Efficiency | matter in |of builder’s | COg in flue 

smoke (per |. eTDer: 72% (per | combusti- | rated ca- gas (per 
cent) ip 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 19.31 129: 50a a, 
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 
minis. Efficiency 72% | builder’s rated | Black smoke 

perature (° F.). (per cent). i (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 8.2 

\     
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TABLE 30.— Results of hand-fired smoke tests at Norfolk, Va., on basis of CO, in flue gas. 
  

  

  

    

Combus- Volatile Pounds of 
COzin flue ton chion Efficiency | matter in Black air per 
gas (per |yo. SC THDoT 72% (per | combusti- | smoke (per | pound of 
cent). Atare ( u ) cent). ble (per cent). combusti- 

yo © cent). ble. 

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 efli- 
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. (2 R.). 

0 6. 81 0 54:8 1,792 
0 9.01 0 74.8 1,978 
0 7.38 0 70.7 2,014 
-3 7.88 0 75.8 2,192 
.8 7.99 0 57.7 1,920 
.8 5.58 «/" 0 93.0 2,070 
.9 10.00 0 94.9 2,196 

1.0 5.97 0 83.1 2,136 
11 7.66 0 58.9 2,053 
1-1 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 
22 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 3 175.0 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-| COgin 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 

(2B. 

376 0 69. 58 6.81 0 1,792 
396 .08 67. 60 7.99 0 1,920 
414 1.1 66. 52 7.66 0 2,053 
421 1.9 65. 04 7.62 0 2,016 
469 L.1 75:71 9. 58 0 2,133 
482 1.2 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 -D 66. 62 7.88 0 2,192 
570 1.0 68. 47 5.97 0 2,136 
636 «0 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 Qi ie na rs 

894 1.3 69.13 7.55 0 2,381 
901 2.3 64. 51 6.85 10 2, 296 
921 5.3 68. 59 11.25 16 2,347 
938 1.8 61. 83 8.76 0 2,311 

1,209 3.9 68.11 11.61 11 2,575               
  

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 efficiency: 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 supplied by a fan could be used. The bottom row of 

a Breckenridge, L. P., A study of four hundred steaming tests: Bull. U. 8S. 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 efficiency 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. 

  

{ 

| 
No. | Kind of 0 
test. | draft. 

| 
| 

Method of 
firing. 

Average 
interval 
between 
firings. 

| 

| Effi- 
| ciency 
| 72%, 

Black 
smoke. fi 

  

503 | Natural... 

505 | Forced....   
Alternate. . | 

Spreading . 

Alternate. .. 

gd 57.56 
| 

Per ct. | Per ct. | Minutes. 
62.22 | 5.0 2.3 

60. 49 15.0 7.4 

  59. 87 15.8 3.5 

32.0 9.3 

60. 20 14.9 3.4     

Coal 

Pounds. 
| 50 

| Per- 
| cent- 
age of 
rated 

ring. hy 

| devel- 
|soped. 

Observation of stack for 
one hour. 

  | 

106.7 

140 95.0 

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 4% minutes, 
80 per cent 43 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 14 minutes, 60 
per cent 1% minutes, 40 
per cent 43 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. 

ie | | 

{| Per- | wi |Z i ‘ age o in i 
0. Field designation | Kind of Slike me | Ash in | a es Black. | dry Dos 
toi of fuel. draft. | obo cares | coal. | eapac. 7% > | smoke, | Sih ool. 

bist | | 05s | 
8.1 

| | oped. > 

| : 
: Lerct; | Perc. 1 -Peret. | \ Per cl. | Percl.;l-Percl..} Per cl. 

451 | Argentina No. 1..... Forced. . 60 | 39.32 | 50.16 | 34.20 | 51.01 0 40 15 6.94 
458 Argonne No: 10. d0.. 48 | 34.41 | 31.33 | 52.90 | 57.82 0 | 0.12 16. 48 

washed). . 
479 | Washery refuse......|....do... 69 | 36.35 | 41.82 | 72.60 | 57.08 0 | .40 10. 83 

Average oo five: ® 36. 2 41. 64 53. 2 | 55. 30 0 | He            
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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.— Results of tests with coals having an average diameter of over 1 inch. 

  

Field designation of coal. 

  

  

NO. 0. a st st sn man a mn wn 

PO. rt a Ud 
Pennsylvania: 

No. 
No. 

Virginia: 
NOS es an 
No. 2 (washed) 

West Virginia: 
No.16 A NOOO ol Svs arn be rh ea wi wh 
No. 21 (washed)... ...nae desc sdeiaisis 
No. 22   196 

211 

Average 
diameter 

of coal 

Inches. 

1.12 

  

  

EAffi- 
ciency. 

72% 

| Per cent. 

65. 83 

65.13 

66. 82 

67.27 

66. 20 

66. 90 

66. 26   
66.90 | 

68. 59 

61.72   

Percent- Pounds 

  

age of i 
Black [rated ca- ofan Der 
smoke. | pacity | D Om 

So | bustible. 

Per cent. 

30.0 93.9 23.73 

19.7 97.8 20. 33 

12.0 90. 3 + 20.55 

19.4 96. 2 19.74 

25.1 99. 6 519,26 

23.8 99. 6 19. 67 

24.1 106. 6 21.38 

41.4 95.9 17.63 

12.8 109.3 19.89 

18.6 83 6 20. 61     
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TABLE 36.— Results of tests with coals having an average diameter of less than one-half inch. 
  

  

                

D 

Svar” | pounds 
: : No. of | Average [Efficiency| Black rated 

Field designation of coal. test. |diameter. V2 smoke. | capacity pout of 

fen tible. 

Alabama: : Inches. | Per cent. | Per cent. 
Nod To re a a SL NER 377 
No. 5 Fy oe a sn ow Ne NS SS 478 | 0.39 67.25 8.5 91.4 26. 53 

Bs a I CST 480 

Ariane A 293 GTA aR TER 2 2 J Aceetaniartoiiineiaiin ini 23 | | en20 0 79.3 26. 50 
Illinois: @ 

NOAGA ra is sal tals 2o 160 
Do... hi nw 151 
DO. 2 ir Ean 163 .36 66. 40 13.5 90.3 19.27 
DO a rE TN 170 
DO oi eh a eR 171 

Indigng: No. 40... reals iinmainsiy 166 .45 66. 38 2.0 74.7 23. 64 
Indian Territory: No.9... -coaei- Suton iis 449 .35 65. 20 3.0 97.0 23.77 
Maryland: No, 1. ei. tdi to 272 .34 65. 28 8.2 80.1 21.45 
New Mexico: No. 4B. =... chon, ni 395 .39 65.12 18.0 100. 6 25.13 
Pennsylvania: 

NO Se ss a 242 
D0 aR i ea Se es ete ves 239 
D0... AES 238 
V0 ean EE 237 
D0. a sr SE sr sre nnd 236 . 36 66. 87 3.6 87.5 23.14 

NO XS he Er Se TE et 472 
Dos Ir rm ta 473 

NO, i hs thes ad re ii ba a 471 
TTA EA RR BR I i tp CS Ts 506 

Tennessee; NO-O A i 3 oli inadiedly 365 .44 64. 24 12.0 98.8 24.93 
Virginio Mo. 6... 5 cei bavi lina: 507 . 46 63. 39 3.0 101.8 25.84 
West Virginia: 

INO. i rl Rl RL SNE SS l 180 
Ro AE RR AO LL LI a PI EC 225 

0 a TE rE es en ed 289 x 
EE 285 . 46 68. 93 9.8 86.9 22.18 

NO A hr heh ea in ree 447 
D0. sr ae in NE 446 

  

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 | © ands of 
Number | Average | Efficiency | Black | of rated ca-| 7 Pr Rs 
of tests. | diameter. 72%, smoke. pacity de- p 

veloped. ible. 

  

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- | 

  

          

al Volatile goniame CO Unset 
: inker matter | of rated ; 3 in | ; 

Field designation of fuel. No, of Hiniof in ref- | in com- capac- eolency Shak dry flue| In a 
t : use. | busti- ity de- : "| gases. | oq 

ble. | Fo Alias 
oped. 

LPericl. Per cl Perct: 1 Perci.| Perel. Perici. 
Arkansas No.10.......... 340 | Forced. . 0 53.77 | 104.0 60. 25 0 0.344. 000 
Florida No. 1 (briquets). 386 | Natural. 29 67.24 1--113.2 58.19 13 +10 9.34 
Montana No. 2.......... 470 1...do...... 0 42.07 | 113.2 68.11 18 .02 6.00 
Montana No. 3.......-- 4774:..40..... 58 41.76 115.2 65.78 12.5 .07 8.65 
North Dakota No. 3..... 206 | Forced..| 57 56.71 90.7 57. 46 0 0 13.32 

2091 =. do... 0 54.88 89.1 61. 37 0 0 6.88 
Texas No, 4.0... nuns 208.4.::d0...%. 0 55.14 | 104.1 52.01 12 0 17.59 

303.1. .de..... 28 53.07 96. 4 53. 05 14 .24 14. 84 
Washington No. 1 B..... 290 | Natural. 0 47.99 81.8 65. 04 10 207 8.89 
Wyoming No. 6......... 4001. do... 14 47.19 93.1 57.84 3.5 .04 16.22 

Average. ooo walls Ad talenai aa 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 particular 
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 efficiency; with these four tests omitted 
from the average, the low-smoke tests gave an average efficiency of 
66.93 per cent, with a percentage of builder’s rated capacity developed 
of 96.6. The high-smoke tests gave an average efficiency 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 | Range 

IT BE BL Ser fee SOT SR Sa Re SEE ee i per cent. .| 49,9 { 0 to 67 
Volatile matierin combustible. c Cs toi oo iva do... 42.88 | 36.38 to 51.58 
Percentage of rated capacity developed... oi Gi ou een a 99.2 | 84.4 to 129.9 
Eficlenoy 728 cio le a st per cent.. 64.32 | 56.64 to 69.36 
Black SMOKE. oF a a ae a a I a do... 41.8 35.0 ito" 54.8 
CO-indry Chimney Gast. o.oo tn al sas firs Pas tied as Bates do.::; .28 0710 .73 
Unaccounted for in heat balanee. .. oh Soe rai ana edna pe a do 23 12.5550 5.71 10 719.03 

  

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

  

  

Field designation of fuel. No.of | Remarks. 

te a al 

Illinois: 
NOT R el 516 | Forced draft; automatic air admission not operated. 
No. 13: (washed). cic nie aos 144 | Automatic air admission operated. 
No: 15 (washed)... Sa saan, 152 | Clinker removed with difficulty; automatic air admission 

operated. 
NO. AB ies Cr SR rma 150 | Automatic air admission operated. 

Indiana: 
NO Bassi seit ate 2s pw eA ass 153 | Heavy clinker formed on grate; automatic air admission 

operated. 
No. 6 (washed). Ee Ba NESE 159 | Automatic air admission operated. 
NOT AL rl smi eb sarah 158 0 
No, (washed)... co. onli eae 184 Do 

I Re a ee naa 168 Do 
Nos. > Aand 9 B Coral EA 334 Do. 
NO: 10... tiga ia de Toa 167 Do. 
No. ® (washed). uo atti 177 Do. 

Kansas: No. 6 (washed)................ 323 Do. 
Missouri: No. 7 (washed)... 0.00. 332 | Forced draft; clinker solid; automatic air admission not 

operated; maximum-capacity test. 
Ohio: 

fr a DR A er CR IM ae: 203 | Automatic air admission operated. 
ING. re Er LS 202 Oink adhered to grate; automatic air admission oper- 

ated. 
No. $ fosshed) i a eT 220 | Automatic air admission operated; coal caked badly. 

CS Re a re Dn A 219 Ping fused into grate; automatic air admission oper- 
ated. 

NOS cr eR TR ea 190 | Automatic air admission operated. 
DOs terol Sn RL Ee 186 0. 

1 a a SL Gl To 269 Clini adhered to grate; automatic air admission oper- 
ated. 

Now GAs aie se aiies: 246 | Automatic air admission operated. 
No.9 Bi(washed). wo... ....0. 00s 241 Do. 
No. 9 B (washed and dried)........ 243 Do. 

Pennsylvania: 
No. 3 (washed)... el noes 195 
A Re SH SL A 217 Do. 

Tos NO 2 tis aire | 367 | Maximume-capacity test; doors cracked after each firing; 
combustion wall down during test. 

Virginia 
LT ER CA Sa A RR ERR 251 | Automatic air admission operated. 

DO. rl i ses a ae Tse 247 Do. 
No-2¢washed). ~~. ...0.0.. 000 | 260 Do. 
FONE TR Spe ie pe 240 lini fused into grate; automatic air admission oper- 

| ated. 
West yigin 
a I SR 216 | Forced draft; automatic air admission operated. 

Da. 215 | Automatic air admission operated. 
No. 21 (Wolo filha Ces 267 Do. 

Wyoming: No.2 B..o.i. iar ei. 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 Mo] Unze- Clinker olatile ; loisture | age o Effi COI annted 
: : : No. of : matter | Ashin | in coal | rated ca- : Black dry ; 

Field designation of fuel. test. oe in com- | dry coal. as re- pacity cioney smoke. | chimney | iid 2 Remarks. 
* | bustible. ceived. devel- : gases. afice 

oped. ! 

Alabama: Per cent. | Per cent. | Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent. 
No. 2 B (briquets)..... 5... 410 Some of these coals caked in fire; they 

NOS, oo sr sierra 390 * burned with both long and short 
NO oh i ddd ea etd 378 39 35.13 16.18 4.22 93.0 66. 88 2.3 010: [inl flame; automatic air admission oper- 
No. i (briquets). ...-..o i. 00 413 ated only on test 378. Furnace doors 
NOD i RE aa ELL 478, 480 cracked after each firing on test 390. 

on x 
OTA a IE Se 293, 294 : . 

Not hn 297 #1 mer 10.08 5.21 85.2| 66.17 0 15 8.18 {cous Slow hitningl Sismalis aie ad: 
No. : Goashedy- 0 308, 309 IissioN Not-operateq. 

Georgiar No. To. o.o.. a. oho 481 65 21.21 17:77 3.11 111.8 70.31 2.5 .08 6.19 | Coal burned freely; automatic air ad- 
mission not operated. 

Illinois: 
ig % B(brignets) ....o00.. 313 
No.9 C(briquets), ...-i...... 492, 497 
No. 11. C (briquets). i... 2-00 312 
No. 12 B (briquets)..-........ 463 
No. 19C 420, 423 

424, 425 
292 Coals free burning; automatic air ad- 

. 21 316 mission operated only on the coal 

No. 21 (hriquets).....- oa... 318 tests. On test 503 furnace doors were 

No. 23 A(washed)............ 317 49 42.01 13.41 11.94 92.6 64.58 1.7 .06 8.57 cracked continuously; on tests 420, 

NO: 25... oasis Bl A 338, 339 424 and 425 the furnace doors were 

NOA20. a ia Sea 342 cracked for a short interval after each 
No. 28 A (washed; briquets).. 459 firing. 
No. 28 B (briquets)........... 457 
No. 29 B (washed; briquets).. 465 
No. 30 (washed; briquets).... 511 
No. 31 (briquets)......:.-.-.: 489, 491 
No. 33. (briquets)... i... dk 513 
Collinsville. ....Wl. ool a. bc 503 

Indiana: 

No. "A (briquets)............ 20 0. 7 A (briquets)..:.. a... 288 EY Soy 

Nog... 429 4| 43.28] 1404] 11.49 83.4| 65.34 2.7 at 8.80 i 2ir admission operated on 
Ro 16 bra 497 ! a e coal tests. 

No. 19 Chriquets)..... canis 464                     ‘
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TABLE 41.—Results of tests showing less than 6 per cent black smoke—Continued. 

  

  

  

          

Volatil fais) a eon | Tne Clinker alatile : ge Effi- | counted : : ; No. of : matter | Ashin | in coal |rated ca- : Black dr i Field designation of fuel. test. | Lofuce | incom- |drycoal.| asre- | pacity bi id smoke. | chimney Wi in. Remarks, 
© |'bustible. ceived. devel- : gases. o 

oped. nce. 

hain 8 (beg 0 2 Per cent. | Per cent. | Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent. 
% Tigers 5 ~~ |fCoal burned with short flame; auto- No.5 Sans dyes ae eran 37.14 7.64 3.50 101.4 67.54 2.5 .09 7.77 { matic air admission not operated. 

Kansas 
No.2 B {briquetls),.........5. 487, 488 : (Burned with short flame; automatic air 

NL No 35 (washed; briquets).. ’ 495 } 46 30.02 16.50 “4 96.7 65.88 13 -03 8.42 { admission not operated. 
arylan g 
No. 1 (washed) nr... 00 00 231 Coal burned slowly; automatic air ad- B53 3a temns i laste i 35 19.42 9.16 4.29 110.3 68.76 1.6 .05 9.46 mission operated on one of the coal 0. riquetsy.....u.. 00 3 tests. 

Missouri: 
5 0) ~ 5 : - . : 

No. nog Been anline ani mal mnl nel an] snes JOU 5 i stematie of ad 
New Moxien: No.3 Bi ill. 389 0 40.94 17.37 3.01 98.5 GS ABA niin BB at fa Free-burning coal; long flaming; fur- 
% 2 . nace doors cracked after each firing. 
ennsylvania: 
NOS case toe 236, 237 
LT A ae 472, 473 
Bo 15 rignais) A a Cl 467 

0. 18 (briquaets)...... 5. 468 C : = oal caked and burned with short No. 18 18 (briquets)............. 499, a 0) 25.30 8.86 3.73 101.8 65.72 1.7 .08 9.23 flame; automatic air admission not 
No 10 (oriquets). ........... 508 panied: 
No. 20 (briquets)....... .1..: 514 

«No. 20 (washed; briquets). . 512 
No. 22 (briquets) "von aaa 510 ® 

Tennessee: 
Test 352, coal burned rapidly; auto- Nai 1 (washed; briquets). .... 409 matic air admission o erated. Tests Noe Se fain etsapasiing tests 27 i 379 and 381, coal caked in fire; burned No. 8 (washed)... 2010000 ’ 388 47 37.34 13.40 3.32 96.2 66.79 0 05 8.11 | with short to medium flame; auto- No. 9 B (washed; briquets)... 303 matic air admission operated. Test No. 10 (washed: briquets) 407, 408 2 furnace doors cracked after each * ’ ert ring. 

Utah: No. 2 (briquets)............ 402, 404 0 47.44 6.99 10.78 74.8 56.21 0 0 4.58 | Short flame; automatic air admission 
not operated.               
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yada 
eb LL 476 

No. ; B (briquets)............ 494 | 490 20.57 14.96 4.51 120. 6 66. 35 1.5 10 7.67 | Automatic air admission not operated. 
esis Ke a SP A ep i 507 : 

Won: No. 2 Grignels) LY oh 412 26 43.34 11.36 2. 66 99.3 66. 06 0 $06 aia le Do. 
West Virginia: No. 18... ... 0... 285,289 52 24.71 6.80 2.76 80.7 70.71 0 02 bp 6.69 | Coal burned slowly; caked; automatic 

$ air admission not operated. 

Wigan, Coal b d with t | fl t 0-2 BB... aia Lt, 210 ‘oal burned with cnort flame; auto- 
rT SE 911 } 30 50.21 20.33 12.34 77.7 64.34 0 .08 10.52 matic air admiss;on operated.’ 

Average DY BiMoS. oc -veuouiferen sine 38| 3451 15% 6.03 { anti atho3 } 1.1 07 8.56 

Average of 84 tests..........|.......... lanes aac rll 3) Bn ! 1.4 .07 3.64 
|                     

  

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. 

  

Alabama: 
No. 
No. 

Illinois: 

  

Indish 4) erriiory: 

> 

No. 
No. 
No. 
No. 9 

Kansas: 
No. 

No. 
Maryland: No. 
Missouri: 

Bump)... it ve eed 
: Bislackyys io CL i a, 
2B aha, Slack). oars niet 
Sitwashed). coo. voi lid si alii, 

D0. avn stabi Se Ss ed a er 
2B ahead) ea TT A Le 

No. iE fe Sm mee CR a 
Pennsylvania: 

No. 6 
No. 
No. 
No. 

Neo. 1 

No. 
No. 2 
No.   

Large 

Sma 

  

  

  

  

      
  

a | Volatile | Fereent- 
0.0 : Clinker | matter 

test. | Kind of draft. in refuse. | in com- | rated ca- 
bustible. [pacity de- 

veloped. 

Per cent. | Per cent. 

an {Natural rah 23.5 | 37.64| 100.5 

12 natural, 4 forced.... 45.5 42.68 97.4 

oe Ivara... 35.0 | 44.40 $8.2 

455 | 
453 
456 | ido. Yi LS 29.8 35.68 100.7 | 
437 | | 
450 | 

487 
i ado. ea 45.7 39.02 96.7 

agi. doi Ligne 5.0 2299] 1212! 
4861... 0 er a 46.20 92.0 | 

333 | 
467 | 
468 | 
499 | . 
515 | 8 natural, 1 forced..... 39.4 28. 56 109. 2 
508 | 
512 | 
514 | 
510 | : 

Efficiency 
72% 

Per cent. 

67.24 

64.08 

65. 30 

65.19 

65. 88 

69.18 
56.13 

€5. 90 

  
  

Black 
smoke. 

Per cent. 

2.5 

4.9 

2.8 

5.6 

2.8 

CO in 
dry chim- 
ney gases. 

Per cent. 

0.05 

.08 

.05 

+13 

.03 

.02 

.02 

11     

Unac- 
counted 

for in heat 
balance. 

Per cent. 

9.04 

9.72 

8.42 

8. 42 
20.09 
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Tennessee: | | 
0 ) (washed)... te dei eis ait CoN GO ht re dL es 409 
No FBC ws 3 Noh SE A Ee SL lag and small....... 405 
0. washed)... ie ols. bd oddoli APG. Le. Sle 406 . No. 0B (Wathod).- er ile a [ie oo 393 [(Natural............... 35.5 38.71 | 101.6 67.10 1.8 .01 5.50 

Nolo (washed). Joi. cin i thas ny Me dose 407 | | 
DO a ta Se hae (Smallona Soa 408 | . 

Virginior No, AB... olin. oii Large and small... _.. adi... doi Rae, | 46.0 19.30 | 100.4 | 68.52 0 10 | 6.20 
Washington: No.2... .....00.0 0 La oe SN, at hell Ea | 26.0 43.34 | 99.3 66.06 | 0 06 .......... 

Average (by States)... .... io... 000.000 Air NR ER GER DS, 7 | em a En a me a atm 38.2 36.20 100. 6 65. 51 2.9 .06 9.37 
Average of 27 tests fo. ula | sd Tah a | II A SR 39.7 37.50 100. 7 65.37 3.4 .07 8.68 
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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 draff 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 acconiplished 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 efficiency, 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- : 
Field designation of No. Description | ture in sa Rn phurin phurin A in 

coal. of coal. coal as coal as | dry y 
test. fired. fired. fired. | coal. coal. 

Illinois: Perct.| Perct. | Perct.| Perct. | Perct. 
301 | Washed.....| 16.51 | 10.45 3.25 3.39 12.51 

No. 20... os 

! 202 Raw. ....... 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... 08 0 

S25 Baw Tas, 10.53 | 13.80 6.07 6.78 | 15.43 

317 | Washed. 14. 64 8. 88 3.23 3.78 10. 40 
No23 A... 0s. ia 

506. Baw........ 14.49 | 13.45 4.62 5.40 ( 15.73 
Indiana: 

154 | Washed... 14. 80 7.19 2.12 2.49 8.44 

Noe dail oie and 

1651 Raw... 13.821. 17.28 2.43 2.82 | 20.03 

159 | Washed. 11:27 9. 63 3.57 4.02 [ 10.85 

Nob... vse iis 

WL Raw. co 10.51: 12.70 4.55 5.08 | 14.26 

Sous ! 184 | Washed..... 11.87 9.29 2.87 3.26 | 10.54 
00S eo Swat ad 

185 (Raw... .. 4.0 10.12 12. 89 3. 54 3.94 14.34 

177 | Washed. 10. 98 6. 24 3.50 3.93 7.01 
NO 10. ov. lan ie 4 

67 Raw... i... 10.60 | 10.16 4.21 4.91.1 11.306 

310 | Washed.....| 12.87 7.94 3.02 3.47 9.11 
No. 12... . 0 

300} Row ...50... 12.41 | 13.86 4.21 4.81 | 15.82 

323 | Washed. 11.71 10. 45 2.64 2.99 11.83 
Kansas: No. 61... 5.0: 

311 Baw... i ws 8.28 | 15.53 3.42 3.73 | 16.93                 

Clinker 
in re- 
fuse. 

Ler cf. 
45 

55 

53 

60 

50 

66 

44 

53 

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 

88.9 

96. 7 

84.9 

97.0 

89.0 

105.3 

99.4 

97.8 

103.9 

106. 6 

82.2 

  

  

Effi 
cienc i; Y 

Perl. 
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   

.16 

.05 

.18 

.09 

.23 

.25 

17 

.24 

.14 

.08 

.30 

.09   

Unac- 
counted 

for in 
heat 
bal- 
ance. 

  
Perct. 

9.23 

6. 96 

14.14 

9.07 

10. 80 

7.45 

12.02 

7.76 

17.79 

10.26 

12. 65 

18.34 

12.51 

15.83 

6.00 

13.71 

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 
ors admission operated. 

oO. 

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. 

Automatic 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. 
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Maryland: No. 1%...... 

New Mexico: 

No.3 B...oii uu. 

NO. J. san Oras 

Tennessee: Nos. 8 A and 
8 B. 

Virginia: No.2. 60000   

232 

222 

392 

391 

398 

397 

384 

260 

256     

3.86 

2.30 

8.99 

4.30 

3.73 

3.26 

3.71 

7.92 

7.84 

2.97 
4.11 

4.80 

5.80 

2.83 

2.40 

3.34 

4.22   

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 

14.87 

4.48 

6.19   

1.10 

1.52 

«7d 

.67 

3.77 

2. 86 

3.27 

.94 
1.01 

+ 2,22 

.82   

1.14 

1.55 

.75 

. 69 

. 66 

. 61 

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 

.88 

. 86   

10. 48 

12. 76 

12. 85 

17.34 

11. 86 

14.92 

8.50 

15.15 

6.99 

10.11 

7-11 

12.54 

7.69 

16. 16 

4.88 
8.29 

11.50 

14.47 

10.53 

15.24 

4.63 

6. 46   

22 

38 

50 

34 

51 

60 

52 

56 

40 
45 

  

16.29 

16.38 

39. 88 

40. 92 

40.19 

41.61 

45.27 

43. 66 

42. 44 

43.11 

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 

81.3 

92.7 

87.8 

96. 9 
95.9 

88.6 

85.0 

106.1 

72.8 

87.7 

87.6   

67. 64 

65. 28 

65. 48 

69.18 

65. 83 

63. 86 

62. 54 

64.33 

63.19 

66. 14 

64. 08 

69. 01 

67.13 

66. 61 

65.33 
71.97 

67.24 

68.51 

67.17 

65.37 

65. 94 

65. 93   

7.5 

8.2 

26.0 

24.5 

21.0 

16.5 

32.2 

27.6 

39.2 

25.8 

23.2 

13.1 

39.6 

22.4 

43.8 
15.1 

10.8 

8.0 

10.5 

40.8 

32.8   

.08 

+10 

12 

12 

12 

.15 

-11 

«17 

.14 

.23 

.13 

07 

.05 

. 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 

15.24 

13.71 

11. 69   

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 
Sirs 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—Continted. 

  

Per- 

  

      
        

: | : Unac- 2 Volatile| centage | CO in 
Mois- i Sul- Sul- ; : counted 

Field designation of No. Description | turein Ash in phurin | pkurin Ash in | Clinker) matter ofrated) Effi- Black dry for in 
coal of of Goal cool as coal as onl ask dr dry in re- | in com-| capac- | ciency BE chim- heat Remarks. 

2 test. . fired. y coal. | fuse. | busti- | ity de-|[ 72% |SMOXe.| ‘ney ox 
fired. fired. coal. bal- 

ble. vel- gases. | ioe 
oped. : 

West Virginia: Perel. Perel.) Perel. | Peri. Perctl: Perctl Perel. Per ct. | Per ct.| Per ct. | Perel. 
: 230 { Washed..... 4.35 6.17 1.36 1.42 6. 45 48 | 31.68 89.0 67.94 23.8 .02 | 11.91 | Coal burned slowly; auto- 
No. 17 matic air admission oper- 

ely, ated. 
226 Raw........ 4.10 7.40 1.21 1.26 7.72 34 | 31.55 87.6 67.81 7.8 . 06 9.37 | Coal caked; automatic air 

admission operated. 
Nop { 266 | Washed..... 3.14 5.53 1.10 1.14 5.71 45 | 36.57 86.7 66. 18 21.8 S06: 11.73 Alfonse air admission op- 
0.20.0... 0 a os erated. 

273 Raw... lol 2.89 8.43 1.50 1.54 8. 68 34 | 35.80 83.6 70. 07 12.2 .07 6.04 | Coal burned freely; automatic 
air admission operated. 

No. 21 { 267 | Washed..... 4.24 3.67 1.07 1.12 3.83 59 39.59 95. 4 66. 81 36.0 .08 9.48 Do. . 
At REE Salada 296 AW... 3.42 6.12 1.29 1.20 6.34 47 | 37.87 | 101.8 69. 45 13.5 «26 8. 60 Do. 

454 | Washed..... 5.24 6.10 .90 +03 6. 44 25]:37.98 {110.3 65. 95 20.0 +25 9.96 | Coal caked; automatic air 
No. 22 A. i. nuh admission operated. 

447 Baw. soli. 5.55 13. 47 1.04 1.10 14.26 33 36. 61 99.1 68. 40 13.0 .04 6.71 Do. 
444 | Washed..... 4.06 4.80 .95 .99 5.00 30) 39.17 88.0 62. 84 8.5 .16 | 10.66 | Coal caked; clinker adhered 

No. 23 B : to grate; automatic air ad- 
Birra | mission operated. 

We da5 "Raw... ..... 2.44 | 10.59 1.40 1.43.1 410.85 41 | 38.29 95.9 67.93 27.0 .05 6.97 | Coal burned quickly; caked; 
. clinker adhered to grate; 

automatic air admission 
: operated. 

if 223 | Washed..... 19. 08 6.78 4.26 5.26 8.38 53 | 49.34 81.0 63.34 21.0 .30 | 12.26 | Coal burned freely; automatic 

i | air admission not operated; 
Wyoming: No. 3....... clinker adhered slightly to 

| : rate. 
22 Raw... 0. 13.60 | 16.21 7.90 9.14 | 18.76 58 151.46 88.2 64. 08 22.7 +134 11.60 Clinker adhered slightly to 

grate; automatic air admis- 
sion not operated. 

Average Yona i 8. 06 7.84 2.24 2.50 8.58 41 40. 82 96. 6 64. 82 26.3 .19 12. 40 
NET Raw. ......: 7.48 12. 48 2.99 3.29 13.54 42 40. 50 89.9 66. 95 18.1 W112 9.41                     
  

09
1 

N
O
I
L
L
S
A
d
I
W
O
D
 

S
S
H
T
A
M
O
N
S
 

I
V
O
D
 

d
0



T
T
—
6
0
—
€
L
E
 

‘T
IN

d—
L6

8F
L 

TaBLE 44.— Comparison of results of tests on raw and briquetted coals. 

  

  

  

                      

Percent- Unac- 
; ; Volatile age of : l coin | counted 

Field designation of coal.| Condition of fuel as fired. Heo f Rind of 5 Yojer Fhatier wed Hf enoy Bak dry chim-| for in Remarks. 
: : ? ! ; Prey : * | ney gas. | heat bal- 

bustible. | devel- See 
oped. : 

Alabama: Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent. 
No.2 B Lore and small hope 410 | Natural. 0 38.94 91.4 69. 52 0 0.0200 Briquet broken before firing. 

i 382 1...d0.. 53 38. 87 108. 6 65. 44 30.0 .15 13. 63 
N 413 1..:do.... 47 36.33 109.5 64. 95 5.0 OD rd oo Do. 

0, 375.4...40...... 54 35.41 106.9 66. 38 11.5 .05 9.97 | Furnace doors cracked for an 
Illinois: : interval after each firing. 

N 318 | Forced 47 41. 83 115.3 64. 00 0 .02 11.01 | Briquets broken before firing, 
0. 316 | Natural 62 42.35 89.3 64. 35 0 0 9.61 

N 466:}...d0...... 38 45.79 109.2 66. 91 13.0 .04 8.03 
0. 2 B 461 |.. #40 ee ou 45. i 104.2 64. 37 Z 0 v 8 9.80 D 

Y ; pt riquets........0.... 2388 1...do.... 42. 84 84.5 66. 08 .0 6.77 0. 
Indiana: No.7 A....... RaW en cient sll do. 54 47.33 9.9 | 64.71 45.4 49 14.84 | Coal caked in fire. 
Indian Territory: 

Small briquets from slack 458 |... d0.... 34 39. 88 105.1 69. 66 4.5 .06 6.02 
No.2B........i.- pio. 

eee VBL aS 418 0do. 48 40. 81 95.0 68. 38 15.5 .09 8.91 
No. 9 Sma briquets... ... i... 450 |. do. ful Lod. 19.23 102. 2 67.77 0 .05 8.53 

rrr RaW a a a 49'1...40...... 26 15.17 97.0 65. 20 3.0 +37 8.77 | Clinker adhered to grate. 
Morviand: No.2 Ts briquets............ 493). do. Juss 56 22.99 121.2 69. 18 0 .02 8.42 | Briquets fired whole. 

ATYIONa: Noy 2. vous RaW i SR 400: do. ool. 32 18.96 113.9 65. 54 4.8 .10 8.69 
Briquets broken before firing; 

Popusyianie: Large briquets............ 3334 du... 43 30.45 | 105.9 | 65.64 15.5 .20 5.83 Yoo Lo ohors 10 relies: 
NRE emer : sults. 

ea Ny ...40... 54 38.59 97.1 66. 39 37.8 .30 11.04 | Coal caked in fire. 
No. 15 Sima briquets.. . Ln... 467%. 240... 39 26. 53 99.0 70.08 5.5 .03 7.89 

0sit0.cialiin scons nme YBa tL ee 73. do..... 44 19.92 91.2 66. 46 4.5 . 08 7.85 0. 
No. 16 Lard and small briquets.. 468 .cudo.. Ll 41 27.43 105.7 68. 22 4.0 .04 10.05 | Briquets fired whole. 

0s a ere A IOW a a 470... do.... 40 24.24 98.9 69. 29 8.0 .02 7.48 | Coal caked in fire. 
No. 19 Largs briquets............ 508:1..-do..... 34 37.77 113.7 67.23 0 .02 7.07 | Briquets fired whole. 

Le a 498 |. ’.do.... 46 35.57 106. 8 65. 84 4.5 : 8.65 
Tennessee Tones briquets (washed). . 4093...40...... 26 40. 56 110.3 68. 06 0 Qn Eel Briquets broken before firing. 

Small briquets (washed). . fad... do... ; 0 40. 31 134.7 70. 26 17.0 .10 4.45 Ton too short for reliable re- 
sults. 

S45 ido. 44 39. 87 111.7 66. 09 14.0 00 fs Saabs 
B46). dO. 53 38.83 109.5 67. 96 16.5 OSs in Ed 
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TABLE 44.-— Comparison of results of tests on raw and briquetted coals—Continued. 

  

| 
  

Percent- 

  

  

        

, : Unac- Volatile | age of ; s : $ CO in | counted 
Field designation of coal.| Condition of fuel as fired. No.0; Ring of oi pation Eo Fiamoy Slane dry chim-| for in Remarks. 

: } "| bustible. | devel } {Bey ms. [hans bal: 
oped. nce. 

Tennessee—Continued. Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent. 
Large and small briquets.. 4058. s.doL i... 25 39. 92 105.3 69. 00 11.0 Qigua s Briquets broken before firing. 

NO. dls ine Baw. eas 855k: ados vi 38 38. 44 110.8 67.05 23.5 +27 7.97 | Smoked badly for short inter- 
] ‘ val after firing. 

Washington: No. 2 Large and small briquets. £12 odol. lu 26 43. 34 99.3 66. 06 0 S06 a Briquets fired whole. 
a std BAW C5 se SI Se 350]. do... 61 43.14 97.4 66. 65 33.5 +23 6.41 | Cracked furnace door for a short 

interval after each firing. 

Briquetted coal... oon heal {oa on Si 32.8 36. 44 107.0 67.66 4.7 .05 7.64 
AVOrage Tesulls. .. By ake ee #3] 3510] 1022| 66.25 16.2 14 9.54                 
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TaBLE 45.— Comparison of results of tests of the same fuels when using natural and forced drafts. 

  

  

    

Cc hi A Bp HO Black | CO ind bn ; 1 : No. of : linker in | matter in |of rated ca- ciency ac in dry [counted for 
Field designation of fuel. test. Kind of draft, refuse. | combusti- | pacity de- 72%, smoke. | flue gases. |in heat bal- 

ble. veloped. : ance. 

Arkansas: Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
i) { 200 | Foroed oi rns 57 19.07 85.7 65. 07 0 0.02 9.84 

oT erte Frat sdf rn a A Sap dane de anid mathe 203 Natural aa 52 19. 07 72.8 69. 32 0 1 7.48 
OTe as nis 28 12. 51 106. 3 62. 92 0 i: 11.13 

No. 8 (washed). ............coooeiiiniiiniiininnns { 20%: Natural. - vor ora 36 13.03 80.9 67.64 0 -03 6. 46 
Illinois: 7 1 7 

Sad 508 | Foreed i... oi i 57 45.8 131.6 60.20 14.9 .10 10. 58 
Collinsville. ...........coznnenenennnnanntenans anes. { 300 | Natural 221 5 45,91 112.1 62. 53 19.7 1 5.68 

: 92. Woreed lo. lI 51 45.98 98.2 62. 9 106 8.8 
No. 9 C (briquets). . ........cummemnnanniiiniannns { 497 | Natura” 22 777700 36 42.06 8.9 63. 37 9 03 7.03 

2 | Pareed LL SHUT 62 46. 61 106. 58. s x 17. 
No. 23 B (briquets). ............coonemnnnnainnnn { 321 Natural NEI 62 46. 61 106.0 58.93 22.0 S02 17.05 
Ve : 333 | Worcs. oii ans 61 44. 48 129. 4 56. 64 2.5 7 13.63 

Missouri, No. 7 (Washed)... euseesersnssasnensiunn ns { 3 | Natural 271 55 45. 40 115.0 62. 03 27.5 0 13.49 
; 506 OreRA Ll ee Ts 56 32.54 98.0 63. 46 9.0 s 

Pennsylvania, No. 17........ocomnmmannnninnnen. { 496 | Natural 72220000 51 33.75 101.0 67.15 JO 08 oo 
38. OrCeR cio. livia 55 39. 85 86. . 4 v . 

Tennessee, NO. 8........coooummiinniniiiaiea { 382 | Natal oro 57 30. 42 72.8 65. 37 10.5 0 15.24 
West Virginia : 

No. 5 A { 42 Poreed, on 62 14.75 147.7 60.23 20.5 .20 15.45 
48 Bosc sores otdu sincerest reruns sunrhpencsos Fe | Nawal IE 51 15.18 99.7 67.13 L5 -16 8. 68 

No.15 { 216 | Forced "TTT 49 42.02 103.0 60. 30 54. 6 45 18.22 
$3Bile0 es da sinoratinsnburiantsosntns ern nsine int ads 215 | Natural. o.oo 46 2.71 84. 4 62. 91 46.2 126 15.31 

215 Foreed, cio 0 51. 58 99.9 56. 98 42.0 53 19.03 
Wyoming, No. 2 B........cocunnnnneneneaeannanenee { 210 Nawmal oo. Si 0 50. 01 88.3 61. 06 0 -06 16.16 

Poroed. is. ol 48.9 35.9 108. 4 60. 94 21.2 .21 13.39 
Average of 11 tests. .............coeennnniennnnnnna fen Natal lan 45.5 35.7 92.6 64. 41 12.2 108 10. 84                 
  

‘
S
I
N
V
T
I
d
 

O
N
I
L
S
H
I
L
-
T
H
N
A
 

A
T
A
Y
A
S
 

LV
 
S
N
O
I
L
V
A
Y
I
S
I
O
 

€
9
1



TABLE 46.—Comparison of results of tests on the same coals with flat and rocking grates. 

  
  

  

  
                        

Percent- : 
: Unac- Effi- Volatile | age of : | 3 

1 . : ; CO in dry| counted | Sulphur | ; cienc ; na No. of : Clinker |matterin| rated | Efficien-| Black Bary : wp Ash in oy 
Field designation of coal. test. Kind of grate. in refuse. | combus- | capacity | cy 72%. | smoke. NR ior in in gor dry coal. of botler 

thle. vol. y gases. ea coal. an 
: oped. balance. grate. 

Illinois: Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent. | Per cent.| Per cent. | Per cent. 
: 145 Rocking....... 45 38.17 94.7 69. 15 28.0 0. 34 12. 52 1. 50 8.03 67.93 

No. 13 (washed).............covnvmnninnnnnnns TER miata 71 3038 wss| 65 36.0 236 | 12.05 1.44 8. 37 66. 12 
No. 19 A 171 { Bocking.. io: 45 35. 38 90. 6 69. 09 13.0 .14 9.81 . 58 10. 28 67. 06 

0:28 A irre ese deter se eee sey { 161 1-Flat. o_o 58 35. 53 87.6 68. 27 13.0 .13 11.65 . 58 10. 25 65. 82 
No. 19 B 205 | Rocking....... 41 36. 74 94.9 71.27 28.8 10 7. 37 OF 11. 41 68. 86 

a DT ees 175 Flats. Cli 10 37. 65 104. 7 69. 26 32.0 “or 9. 69 .53 11. 43 67. 50 
Indiana: 

No. 4 i166.) Rocking....... 44 42. 85 74.7 "66. 38 2.0 28 8.53 2. 96 18. 49 62. 60 
Be Ee ITI aS 153i Flat... -. oo 58 44.15 80. 8 64. 37 12.8 19 9. 657 2.94 16. 57 62. 41 

a 164 | Rocking...... 43 47.79 75. 5 60. 89 15.2 08 19. 61 4.39 11. 44 59. 49 
NO.ZBeonteerecvurrensann. hintunsasastes, 2176-4 Wat. 2000 42| 48.25 78.6 | 62.18 16.0 04 13 21 4.60 | 12.19 60. 94 

RORY: M0 30... rrereseren [Rien B30 20 wal lB I aa 
Ohio: No. 4 {oe S| mE oeo| eel me 7 diss| Sil Ioa| 65% % ne TS Era reel ASS PAL a So A " . 97 3 10. 4 3 

Virginia: No. 2 256 I Rocking....... 47 37. 37 87.6 65. 93 32.8 26 11. 69 .86 | 6. 46 64. 48 
g& ! a Nr Tn Ese ent { 251 FPlats. oll 55 37.43 95. 6 65. 91 44. 4 04 11. 80 85 | 6.70 65. 24 

West Virginia: 
No. 15 { 214 Rogng on oe % 2 a 75.2 2 a a 8 0 12.21 3.07 | 8.18 62. 76 

ve AIT SET eE as e a me a Ey 215 BU Stee ane 4 . 84. 4 46. 2 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 0-19. oe 280 (Fiat. ...... 0 48 | 22.81 79.6 | 70.65 0 0 7.34 Lo7 | 6.90 68. 00 

So 0 { go one B| 22 5 HE go zl An IE im ap 
fat 0 ocking.... 0 50. 88. 3 61. 06 0 06 16. 16 4. 37 20. 98 ‘58. 66 Wyoming: No.2 B..........ccvvunnnnnnnnnnnnen {350 | Boing 0| 50.05 79.3| 58.20 9.6 1n| 147 478 | 23.16 55. 61 

: Boa Rocking... 41.7 37. 54 85.5 67.32 18.2 14 10. 99 2.01 10. 34 65. 06 
Averageresulis of I Tests.. on denvnr re snaliaiin oe {Fo an | 28] aw 87.8 | 65.43 23.1 la 2.13 | 10.53 63.78 

  

  

a Clinker fused into grate and was removed with difficulty. 
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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- 

  

                      

| Clinker | Volatile Moi age of CO in + | Unac- 
: : : No. of Kind of inash | matter | Ashin |MOISWW® | tated | Efficien- | Black dry counted 

Field designation of fuel. | test. draft. and in com- | dry coal. feo) 85 capacity | cy 72%. | smoke. |chimney rin . Remarks. 
. refuse. | bustible. X devel- gases. Dalonce 

oped. : 

| 3 , 
| Per cent. | Per cent. | Per cent. | Per cent. Per cent. | Per cent. | Per cent. | Per cent. 

Alabama: {{ 390 | Natural..... 43 36.75 21.42 2.93 92.7 67.43 0, je¥ nef odinaaaa Coal burned freely; furnace doors 
No Jian ass | left open short time after firing. 

394 I..... do...... 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; caked. 

378 0... dol, 54 35.24 13.97 5.297 77.4 65. 61 0 0 11.89 | Automatic air admission operated; 
coal burned rapidly; caked. 

No. 4 376. dolaoss 44 34.83 15.02 4.84 83.2 65. 82 6.5 .08 10.08 | Furnace doors left open short inter- 
LS RL Vol alter each firing; coal caked 

in fire. 
S75... 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. 
N. 4 66% 2 dos. 52, 44 42.85 18.49 14.79 74.7 66. 38 2.0 .28 8.53 | Automatic air admission operated. 

0.4. conan... 165 il dor ns 53 42.25 20.03 13.82 88.9 70.13 16.1 .09 7.76 | Coal caked; automatic air admis- 
sion operated. 

x 420 1. doi buat. 41 41.16 9.44 12.83 87.9 64. 43 0 .09 9.46 | Automatic air admission operated. 
No. 15... dan. 28 fl do... 53 40.12 10.16 13.05 95.6 64. 31 11.5 13 8.92 | Coal burned rapidly; automatic air 

admission operated. 
No. 16 { 427. 1..... do. 50 43.59 14.21 10.09 78.6 65. 32 6.0 .09 9.64 | Automatic air admission operated. 

Wah ited Ald 40 f cnt do... 7% 53 44.89 13.75 9.09 89.1 66. 30 16.5 .09 9.43 Do. 
453 1 oe qo... 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. 
455.1... . 40. 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; clinker adhered 
to grate. ‘ 

231:)..... do...... 17 16. 31 11.72 3-70 95.9 68. 56 0 .04 11.28 | Volatile matter burned off quickly; 
Maryland: No.1 (washed) automatic air admission on only 

short time after firing. 
232.1... do. 22 16. 29 10. 48 3.43 93.2 67. 64 7.5 .08 12. 86 Anjonisiie air admission not oper- 

ated. : 
; Ie ® 320 |... do... 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. 
319.1. 1. dotit.. 61 44.16 17.76 13.37 78.1 63.28 7.2 .04 9.58 Auiomalie ar admission operated; 

coal caked.   ‘
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TaBLE 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 $ 5 os : Unac- 
Clinker | Volatile ; age of CO in 

i : : Moisture ; counted ny Soak a | No. of Kind of inash | matter | Ashin |: rated | Efficien-| Black dry ; 
Field designation of fuel. | “cf draft. and | in com- |dry coal. incon) 88 | capacity | cy 72%. | smoke. | chimney join Remarks. 

refuse. | bustible. : devel; gages, lip rice 
oped. > 

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 

Tenmessac: No.5 admission operated. 
TENE ne nee 358 ....- do... 42 39.11 9.98 6.73 115.5 66. 83 14.5 .10 7.91 | Automatic air admission operated; 

coal burned freely. 
S97: d 240. 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 1.5 .16 8.68 | Automatic air admission not oper- 
yi bbe forced. ated; forced draft used for 2 hours. 

482 | Forced...... 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.2B..... ct da admission operated. 

213 |! Forced.....- 0 51. 58 923.57 8.94 99.9 56. 98 42.0 .53 19.03 | Maximum capacity test; automatic 
air admission not operated. 

917 4 Natural... : 60 50. 40 19. 67 15.12 67.0 67.62 0 110 4.88 | Clinker adhered to grate; auto- 
No 3. oom matic air admission operated. 

212 | Natural and 58 51. 46 18.76 13. 60 88.2 64. 08 2.9 wld 11.€0 | Clinker adhered to grate; auto- 
forced. matic air admission not operated.                         
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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 efficiency 
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 

RELATION OF EFFICIENCY TO CAPACITY WITH AIR ADMITTED 

THROUGH GRATES AND BY AUTOMATIC DEVICES. 

SMOKELESS COMBUSTION OF COAL. 

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: 

TABLE 48.— Relation of efficiency to capacity, automatic air-admission device not operated. 

  

  

Percentage a Poon wi 
: of rated | Efficiency : of rate ciency 

Kind of coal. capacity 79%. Kind of coal. capacity Tok 

developed. developed. 

: Per cent. Per cent. 
Arkoneas. ones 106.3 62.92 101.8 63.39 

Do 85.7 65.07 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 05.2 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. 

  

  

Poroeringe we Percentage od 
of rate Lfficiency : of rated “ficiency Kind of coal. capacity 79%. Kind of coal. capacity Tok, 

developed. developed. 

Per cent. Per cent. 
Morvlong.... oi .cnui. 0 113.9 68.54 { Wyeming. ...c....... 88.3 61.06 
Oi srs 93.2 67.64 Po. a ote nae 79.3 58.20 
Dos rat a 80.1 65.28 DOr i a an et 67.0 67.62       
  

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. 169 

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. bez ot Deh rated ca- Pon Slagle 
. fired, [pacity de- 

veloped. 

Per cent Percent. Pere 
Automatic air admission off....... 5 21.3 95.5 66. 56 14.4 

Alabama... 0k. {automate air admissionon....... 2 29.7 78.3 65. 92 0 
Furnace doors cracked after firing. 4 23.1 98.8 66. 88 8.0 

Arkansas... -. Automatic air admission off ...... 6 15.0 89.1 65.18 0 
JA eae ree 32 32.5 91.7 58. 56 24.7 

Hhnois 2 Jon Automatic air admission on. ...... 40 32.2 91.9 66. 05 18.3 
Furnace doors cracked after firing. 11 31.6 02.7 65. 04 5.4 
Automatic air admission off....... 1 34.1 103.9 67.15 31.4 

Indisna......0...... Automatic air admissionon....... 35 34.8 90.1 65.13 21.9 
uTacy Soo oroilied afi firing. 1 32. 93.1 65. 36 28.2 

: . Automatic air admission off....... 3. 97.0 65.20 3.0 
Indian Territory .... pan doors cracked after firing. 1 35.4 90.5 68.10 19.5 
West Virginia Automatic air admission off. ...... 2 16.9 128.5 66.99 6.9 

(Jamestown) Automatic air admission on....... 2 17.1 80.8 66.93 7.0 
pers | Furnace doors cracked after firing. 1 15.3 78.3 68. 61 8.6 

Toanisas {Siemans air admission on....... 13 S53. 92.2 66. 47 20.1 
pm RE stipe. Furnace doors cracked after firing. 1 33.7 68.4 67.08)... 

Marvlond Automatic air admission off....... 3 15.0 95.7 67.15 6. 
FN: nde Snes Automatic air admission on....... 1 14.0 95.9 68. 56 0 

Missouri Automatic air admission off....... 1 32.0 129.4 56. 64 42, 
OUrL sr rasasszs Automatic air admission on....... 6 32.5 97.7 63.12 12. 

Montana... -.-i.. Amanatie air admission off....... 2 27 wi 3 66.95 13, 
: BO SE sO Pe eee a Es 3 33. 06.7 65.63 17. 

New Mexico........ di doors cracked after firing. 4 32.6 107.9 67.08 17. 
Automatic air admission off....... 1 36. 6 81.3 69.01 13. 

ORD. ois ve aouice [iomais air admission on....... 24 36.6 92.1 65. 69 33. 
rina doors ohn nie firing. ns 39. 9 8 4 68. 02 13: 
utomatic air admission off....... 2 22. 91.4 67.43 6. 

Pennsylvania. . Lome air admission on....... 10 31.2 93.5 67.67 95, 
Automatic air admission off....... 4 32.8 89.8 65.71 Ton; 

Tennessee... ..i..... Automatic air admissionon....... 12 32.1 103.0 66. 02 14. 
Furnace doors cracked after firing. 7 33.0 110.2 65.16 21. 

gh bo ROR Re AlnAae air admission off....... 2 30.6 96. 6 56.69 6. 
Vipin lO Em rR TE 5 u 22.5 104.6 64.95 10. 

RL Solonats air admission on....... 9 34.7 92.3 66.77 34. 
Automatic air admission off....... 1 35.6 108.4 63.98 17. 

‘Washingion........ {Automat air admissionon....... 1 34.5 81.8 65. 04 10. 
Furnace doors cracked after firing. 1 36.5 97.4 66. 65 33. 
Automatic air admission off....... 2 20. 6 80.7 70.71 0 

West Virginia....... {automate air admission on....... 27 32.7 93.8 67.59 21. 
Furnace doors cracked after firing. 2 34.3 103.9 69.10 16. 

Wvornin fAutomatic air admission off... .... 5 37.0 91.5 60. 37 21. 
OME 2rd rier Automatic air admission on........ 3 35.0 78.2 62.29 3             N
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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. 
Naan Volatile age 9 + A 

2 : umber | matter rate fficien- 
Method of supplying air. of tests. | incoal | capacity | cy 72%. Number 

as fired. | devel- Amount. Obtosts 
oped. : 

: . Per cent. Per cent. | Per cent. 
Automatic air admission off............... 88 28.0 93.8 62.95 AL, 59 
Automatic air admissionon............... 185 33.2 92.9 66. 06 21.6 162 
Furnace Soop eTaRed rinsed 35 31.2 99.7 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. Pennsylvania. Tennessee. 
Arkansas. Alabama. Indiana. 
Maryland. - Texas. New Mexico. 
West Virginia (Jamestown). Illinois. Washington. 
West Virginia. Missouri. Ohio. 
Virginia. Montana. Wyoming. 

AUTOMATIC AIR ADMISSION OPERATED. 

Maryland. Missouri. Virginia. 
West Virginia (Jamestown). Tennessee. Washington. 
Alabama. West Virginia. Wyoming. 
Pennsylvania. Kansas. Ohio. 
Illinois. Indiana. 

FURNACE DOORS CRACKED. 

West Virginia (Jamestown). Indiana. Indian Territory. 
Alabama. Kansas. Washington. 
Illinois. Tennessee. Ohio. 
New Mexico. West Virginia. 

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 72%, 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 
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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 I Percentage | 
of rated Bfcleney l of rated | Efficiency 
capacity | capacity 72% 

developed. i developed. 

Per cent. l Pe fis 
96.6 65.70 |  s8.1 
93.5 67.67 I 78.3 3 3 
92.2 66. 47 78.2 62. 29 
21 | 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 54.— Relation of efficiency to capacity, furnace doors cracked after each firing. 
  

  

Il 
Percentage || Percentage 

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 atdmatioally 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. 

  

  

      

    

  

  

        

Ig ighest| | Gas composition (calculated to undiluted gas). 
| tem- | To 

i pera- lw | Kind of coal. | tire m | Tar-¢ jy ater. Gas. iin) 

coal in | cos. | 1} pt CO. | CHy. |CoHpab | Hy. | Na. 
| retort. | nis. | isting 

| 

At heating temperature | - | 
of 500° C. | | 

[co inalre] a 
Connellsville, Pa. .... | San a Pa, 30.0 0 6.5| 6.5 7.0 0 |c50.0 
Zeigler, TA... ........ agin on Jo 001 34.8 0 5.3) 80... 0 |[e71.9 

At heating temperature | | 
of 600° C. | | | 

Connellsville, Pa..... | 441 | 4.9 | 3.2 | 190 6.3 8.21:5.9{ 36.9 CWT 2 0e1Y.0 
Zeigler, IN.i...... oc. 7 06.8 B00 45 1.7L "7.0114. 41-10.0 22.2 1 2.81¢18.9 

  

a Smoke-forming matter. 
b Includes all higher paraffin calculated as Cz. 
¢ 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- 

Kind of coal. "yh Tar. Water. Gas. oe 

coal in | COs. iy CO. | CH. CoH. Ha. No. 
retort. = Be 

pene denier te] : foi ne 

At heating temperature | 
of 700° C. 

Sif. r Pod. Pcl C.C. 
Connellsville, Pa..... 562 11.0 3.5 583 3.0 7-2 5.4 44.1 17.7} 13.5 9.1 
Zeigler, N20 oic..0i 545 7.8 | 14.0 471 8.5 51113.7 59.6 0 1.1 12.0 
Sheridan, Wyo....... 580 82) 18.5} 1,020 1-28.83 3.7 120.0 18.6 6.8 | 15.1 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. : 

Connellsville, Pa...... 687 12.6 4.51 1,375 1.5 5.51.69) 249 12.1 | 33.1 | al6. 
Zeigler, M .. cL. 680 9.3] 13.911,25 3.8 3.8 1160:0 127.7 6.1 33.7 | a8. 
Sheridan, Wyo.......}....-.-- 7.9 19.1] 1,780 19.8 2.7 121.4] 14.1 4.0 | 30.0 8. 
Pocahontas, W. Va...j........ 6.5 2.4 | 1,5% 1.2 3.4 | 4.8 | 24.4 1.6 {43.2 | 11,   B

h
O
O
O
           

  

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
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FIGURE 40.—Proportion of smoke-producing compounds given off at different temperatures by several coals. 
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instance, a consumption of 460 pounds of best Illinois coal per hour 
indicates that the total boiler horsepower developed would be about 100. 

TaBLE 56.—Efficiency 72% and coal burned per boiler horsepower per hour. 

  

  

  

Coal || 3 Coal Num- Num- 
ber of | Effi- Yapned | berof I El: bimed 

State. tests | ciency, |P h er | State. tests | ciency, [PSI bolier 
LL 79%. orse- | Sor: —osk. horse- 

aged. Dower al aged power 
per hour. | 2 per hour. 

| 

Per cent. | Pounds. | Per cent. | Pounds. 
Abbbama............ 3 66 4.2 { RKendncky..-o- 520s 13 65 4.0 
Arkansas... :........ 4 67 3:9: Maryland. ........... 3 66 3.8 
Colorado (lignite). ... 1 61 6.0 4: Missonrl., ..... 7... 7 63 5.1 
Illinois (best coal)... . 23 66 4.6 || New Mexico......... 2 60 5.3 
Illinois (fair and poor Ohio. 00 niin 26 64 4.2 

AE a Hey 21 61 5.0 | Pennsylvania........ 21 67 3.6 
Indiana. io... 27 63 474 Virginia... ooo. 000. 12 65 3.7 
Indian Territory. .... 4 64 4.5 | West Virginia........ 36 67 3.6 
Towa... .n.... 0... 5 61 5.5 || Wyoming (lignite). .. 8 59 6.1 
Kansas... o.oo. 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. 

representative of central heating plant conditions. 

SMOKELESS COMBUSTION OF COAL. 

The tabulated statistics may be taken as fairly 
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 
of plants. 

swrkansas. ....0ne0 NN T 

Golotado sso. ld vrais 2 

Gonneeticul. 0 00.2.0 1 

BeOrEin =r... ey 1 
Ndaho:.:. i = 0. can ind 1 

BHmels. o.oo. as sa as. 24 

Indiana... ii iia 17 

Komsascs dou els anii ae i 1 
Massachusetts ........ yb 2 

Michigan. lovin cnn tna 3 
Minnesota... ool n 3   

Number 
of plants. 

Montana ....... rp Senna, 1 

Missourd. Siar roi fo van: 4 

New Hampshire... ......... ... 1 

New York bioiise in 000, 10 

North Dakota 50. 0 000 0, 9 
Ohio. aio coi es la 24 

Pennsylvania........ Re an, 25 

Rhode Idland oi 0 ois; 1 
TT a a CE ee 1 

Washington 1.00 is rool 1 
Wisconsin: oh co 4



. 

TABLE 57.— Details of operation of central heating plants. 
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Boilers. Fuel. 

Location of eating n Horsepower 
plant. Purpose of plant. Syatem : os. Style of furnace. L i CAO. 

Character. power. ) Kind. short ton. 

Piratube......-.... 1,500 oil 
Colorado...... Hest... aks Steam..... a He. i] 2/200 COTTON... ha LL asa tires Lignite slack... oui, $1.33 0 

Tlinois........ Lig, heat, and power QOL is Water tube......... 4.200: Duaiteh oven. :....... cai Bituminous slack... siec eens 1.00 4,000 

Seale Ta Ra a SE, TR CR EE Ln Lr Ot BOA 1 2,520 | 3 Green; 2 common......... Bituminous screenings. ......... 1.50 3,150, 

is Posie ianifut eile sopneesnnents BO aE AO a 1,800 | Chain grates; Roney stokers.| Bituminous pea and screenings. . 1.38 360 

Sead do... nudes dos rasa ido... el Five and ‘water tube. 1,350 | Common and chain grates...| Bituminous screenings.......... 1.85 1,700 

Ss do. ut. atido.... 0 nd do Ln Fire tubes. LLL. 600 | Common. ........ 1... 5%. Bun'of mine andJump.........s 1.30 400 

ew do... .0 Tight andheat..... de. oil 40. oo LL anys do. a ha La Bitaminous tunel mite... .. 1.70 120 

dasa do........l Light, heat, and power Steam and | Water tube. ........ 2,970 | Chain grates................| Bituminous screenings. ......... .90 4,100 

hot water. 
SL dot luli do ana rad tdob haar der as Li 2.800). do. Sli LL ee a RU Of ine ang Screenings... Lo LoL, 3,200 

aa 40. ira dO ee Her water | QO eh aan 1,100 | Common. ...................| Bituminous screenings.......... 1.20 1,250 

REE I RRL do... Jo 0 i all Ea eA do... 4007. Ao. lua Bituminous }-inch screenings . .. 1.47 375 

Indiana... .. og af do... dori dose curio ung 1,800 | Detroit and Roney stokers..| Bituminous screenings.......... 0.50). aa 

ah AO. a Light and heat... ...\...do......|....d0.............. 1,720 | Common. ...................| Bituminousslack............... 1.35 2,500 

ey do... ....lI Light, heat,and power (...do......0.....00........0. 1,000 [....-d0.:....... 0... ... Lf Run of mine; screenings. ....... 1.75 57 

i do EE AO do Petite rans 400 |. 5 1.40... in en J Bituminous run of mine... J... LIZ oni. i 

2A do........[\Lightand heat...... lv. ldo: .....| Water tube......... 800 | 1 common; 2 Roney stokers.| Bituminous. .................... 2.61 515 

Saki do........| Light, heat,and power |...do......| Fire and water tube. 800" [\Commion. <. .. .... LL Biimninonsislack. J.-L... L0 0. 2.20 880 

Jowa.......... Light and feat... eedO. us Water tube......... BOD Slee ran nnn ni eR a Nut and run of mine............ 1.70 425 

Si do ti cdo. di ede, cL Rite Tube... Lal 400 | Common...................| Run of mine, nut steaming.....| 3.00; 2.12 150 

ates do... oo. iTight, heast;andpowery...do.. 0...) 0.-30. Leics ds BOD li at 2 me HD HIN ONS IIIA. Jee cee «sie sid 1.95 250 

er do........l[:1ight and heat........| Steam.....| Water tube. ....... 2,150 | 2 chain grates; 7 common. ..| Bituminous screenings.......... 1.70 2,800 

Michigan... ...| Light, heat,and power|...do...... Biretube........... 600 | Morrison suspension. ....... Bituminous slack nt he 2.90 . 400 

Minnesota... . do : Watertube......... 725 (Common... Jo. Jo sia ly z anthracite, 4 bituminous. ..... 3.75 700 

Missouri...... Firotupe.s...... x. 900 |. Downdralt......i..c a0... Bituminous lump i eee enn 2 1.67 405 

pes do. ...1- Water tube......... 900 2 down draft: 1 common... cl... .d0. cc... re esate setae 2.05 1,264 

Soa do........ dO oS 750. | COMIMON vo cs fe ve ness of BIEUMINOAS S19CK. - .. coin esisaeis 1.75 0 

Ng dn. .: 00 Fire'tube........... 450 | Down draft.................| Bituminous peaand nut 1.80 280 

er do... 5... I Fire and water tube. 400 i. onde. stan enor Bitaninous lump. o.oo. LL ns 2.10 200 

Montana...... Light a heat........ 0. nts Water tube......... 1,500 | American stoker............ Bitaminousslack............... 4.60 250 

New York....| Power and heat....... de al Cs do... Ly 16,000} Common... 5... 2.00 0. Anthracite... lcd i odin lL. 2.23 0 

Rl Ot. Heat: se cn doa adorn nS T,000 a. A Er i Sasa re 2.23 0 

eas do... :--. J ight, heat, and powerl...do. of. .do. Loi lo. 0S... dO. a BUCEWHEAE. os eee fee ss a sans 2.13 1,475 

Shs do .2x..: Light and feat... |. 00. nrlves dO Lah hey 1,600 Sa itary Biiuminous. t. .. .. ce. caterer 2.50 705 

arn do........['Heat..... .....0.c:. 1. do... ...|[ Tire tube... ......... ZOD 1. ov aaie sunsiennnvasunnsenen)i anthracite, 2 hituminous......['1.74;:2.90 0 
SR do... .....| Power and heat...n...l...40..: . ou. .iaad00. Soi va 405 | Murphy stoker............. Boresped pubs. en 2.60 430 
North Dakota.| Light, heat,and power |...do...... Water tube......... 1,000 ComInon . fs. teh n ens. 0 2 anthracite, % bituminous. ..... 4.00 1,500 
ite 0 HAO ee 80. Lc Fire TUDE. Sea 600 [hoon sus ol nsdn aie LC Sf aS a 2.00 600 
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TABLE 57.— Details of operation of central heating plants—Continued. 

  

    

  

  

Boilers. Fuel. 

Location of Heating Horsepower plant. Purpose of plant. system. oni Style of furnace. : Gost Dor of engine. 

Character. power. Kind. short ton. 

Ohio_Z...L.. Light, heat, and power | Hot water | Water tube......... 2,300: Dutehoven ..... cent aveas: Ronofmine...... i. cod 00 $2.20 3,000 
nnd dot cio le 0 i ead. ae Ses R0L as mi he 1,400 fous c ie stn tien one sn smn n ws no [UR 0f YING SS100K, NatUTIl gas. 1.30 550 
Fla 40... .... 0.40. a Yeadon Ls Water and fire inbe. 1,100. Common... ................L.Pesand slack... ......c0..0.. .e 1.50 750 
Sian d0a.nh cla. G00 ae a arden Water tube LL ol 050-1. 2..dead Ll i tes. lr Bituminons run of mine... -.. 2.25 1,000 
aa doi. .....  Heat.....i............0 Steam... \ Five and water tube. 1,200 | 6 common; 2 Murphy.......| Run of mine and slack.......... 1.75 0 
Pennsylvania. |..... 3 LSND do... Firetabe........... | Anthracite buckwheat. ......... 1.50 0 
So dot. i BO al a mn A Oe Sn as Ae Ea a 1,700 | Common. ..................| Anthracite and bituminous..... 2.28 0 
en do........| Power and heat.......|...do......| Fire and water tube. 1,550 1-3 underfeed; 1 common... ...| Bituminous... ......S.c eu... ull 2:05 fun tid antalaels 
a. do.....:..[ Light, heat, and power/...do......| Biretube........... 1,500 Roney stokers.. be... Baek ou edu its us sides isin = wien 1.00 1,200 
AY do... oligo cn. ssa nade... Ele and water tube. 1,400: Common... chu st Bltaminons Joss. Cog sell 2.59 1,050 
EA do. Heat. ss a0 a Five tube 200 Yd a ee SA PL i 1.03 0 

ne AO. ed 0 Lv AO a a 5 SAO Sr Se 1,000 | Common...................| Anthracite rice and buckwheat. 1.14 0 
Sah do........| Light heat and power|...do......| Water tube......... 950 {| Murphy stokers............. ApdRraciis Hos and bituminous 2.63 1,050 

\ run of mine. 
CA, Go... Heat. oc lor Qo. oi Rire tube tou 900) Cornmon .........n 000 un. Anthracite... LL lou, cea. 1.03 0 
RL dor. Lolo ide ns an on del la B13 iubes: 1 water 725 Wilkinson stokers.......-..| BUminous i. cL. sda dui iS 2.77 0 

ube. 
Hida do........| Light, heat, and power |...do......|" Water tube......... G00 Common. i... cL. Bunof mines oo os stan Dll 1.38 300 
5% ia do, La. eatl. os dado as Eire tabes LLL og, 600 40 Ld LL. Bituminoas Tan of mine... . .. .. 1.37 0 
Rhode Island.| Light, heat, and power |...do......| Water tube......... 3,315 dO, nt Je AE Bituminous... 00 0 hea: 3.75 4,250 
Wisconsin.....|l..... Oni a re Hot water | Fire and water tube. 600 wor rs I LL Bituminous screenings. ......... 1.90 800 
Re do........[ Tightand heat........|...do....../ Watertube......:.. 600.7... 40... can ih aa Bitaminous Tan of mine... LL... 2.50 800                 
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TABLE 57.— Details of operation of central heating plants—Continued. 

  

    

  

    

ial from | pressure (pounds). | Greatest | Total Radiation (square feet). 

Location of | Livesteam 2 distance [length of 
plant. used per = heat Sy heating Insulation. 

cent). ; : |conveye mains : ; 
Number. iA Onna Drop in (feet). (feet). Direct. Indirect. 

Colorado. ..... 1000s a sat 50 42 7,550 38,173 | Lapped with asbestos inside 4-inch wood log ......{...c.ccaoa... Very little. 

THNeIS, nl aes { 1 a3 4 15 12 3,960 10,560 | Tin, asbestos, and 4-inch wood 10g ................ 200,000 | None. 

ars do... aes aed 1 20 20 15 7,200 14,784: 4nely Wood 108 i. noi he at Sr Sah du wana Saisie wen nme e | oY ET Y TELCO 

Ao db... os 3 | ) 1 4 10 6| 2,000] 4,000 | 1-inch magnesia pipe COVering ...........euueeeeualeeeeneennn. 

ass do. f.....: 0 { A 3 } 3-6 2 3,960 7,920: 1-ineh felt and wooden Dox... i ivi. des iedeeefl STINET None. 

a dolla fii sd te 1 8 6-15 1-8 aan Co nin | eine woslltose La i a IR 
3 St Qo. Lan 0 1 8 1 1, 300 4.000 | 7-inch hemlock and hair... .......... 00. ve Jessa enann 2 | : 

Sr dos. ioe. 50 a $8 } 8-050 Seo 5,280 J oLn } Air chambers and sawdust _...................onll 213,000 
J ’ 

eth dou ccii tla 21 0 6 6 5000 ts Magnesia and oil shavings..........ccceeuuenn.....] 75,000 x 2 | Very little. 

Sells do... hn 65 6 7 60 10 7920 1 55,080 | 3-I06H WOO DOR... . 2. seeds cose ss cane nmnnnwwel i 100,000 (None. 
Yala 40........ 0 1 10 88 9 2, 640 17.500 | 2-inch sawdust and Hme in ees e st snes afsaeensnr ton Do. 
Indiana....... 0 1 20 SOE ce aL en the Sr Boxing mineral Wool... ve. . de .seec vas ins wns oinnn 400, 000 Do. 
Few qo. 5. Na Ty 2 12 48 20 3, 960 10,560 | 3-inch wood eovering .........c. cL 0 tn LL. 120, 000 Do. 
atl doit. oe ere ae 2 10 70 40 4, 500 34,000 | neh wood and hair felt...............c..0.... coe 130, 000 Do. 

2 Alain ion uM x } 40 10) 528 | 15,810] 44nNCh WOO 1085 «cu vervnenenrnenenaeaeaeaninanans] 60,000 | Very little. 
eg do........ 16 cl 12 50 25 1,500 | 12,000 | 5-inch hemlock boards and air space ............... 70,000 | None. 

ar doa. 15 { . “3 g 60 15 5,000 18,480 | 5-inch air space; boards and shavings, and tarred felt 115, 000 

1 8 45-60 10-15 35520 fsa i Hemlock covering, with two air spaces ............ 85,000 | None. 
cl 7 51 8 2.00017 45 300° Banch wood oc. ae 61,000 Do. 

1 5 Woy 2, 000 £000 | Wood. Se en 20, 000 Do. 
31 . 1 12 17 15 4,500 12,000. 4<inch wood 1088... L.. Leta eco Lea de. 138, 000 

Michigan...... 66 92 10 3 1 1,300 4,000 | 2-inch 85 per cent magnesia. . ...........c.cesennna- 50,000 | None. 
Minnesota..... (f) 1 8 5 0 1, 600 3,000 4: 3 meh Wood logs. |... dee een se 30, 000 
Missoury.. .c.ifee-aesvanass 1 16 Sa Ta ss, 1,072 1;460 1" 1-inch paper; alreell oii ii te aaa 11, 481 | 150,460 
Sei do... as. (9) 2 12 3 0 400 700 | 1-in¢h 85 per cent magnesia. ....................... 4,900 | None. 
SP do. ocd 100 1 10 5 1 4,600 7,920 | 4-inch kiln-dried pine; wood log ....:.......ooo.... , 082 
Ta do... Lier 7 6 13 0 130 000 Z-inch magnesia. La. . un oo es se 33,000 | None. 
ta do.C.....t. 50 1 10 5% 1 400 700 neh ashestng oo Se Se a Se dann 38,267 Do. 
Montana... du Co 8 12 10 1 2,000 4,000: | 1-inch asbestos; spongefelt......... ..ccieeuunsnn- 70, 000 Do. 
New York..... t 100 3 15 95 10 3,200 29,040 ' 1-inch air space; 4-inch mineral wool inside conduit'............ 

a Steam. b Hot water. ¢ Pair. d Double pipe. e Very little. £75,000 pounds per day. ¢g 146,000 pounds per day. 
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TABLE 57.— Details of operation of central heating plants—Continued. 

  

  

  

  

  

                    
  

  

Mos leans from Pressure (pounds). | Greatest | Total Radiation (square feet). 
~ Location of Live steam distance | length of ; 

0 plant. need Spar : heat i% hating Insulation. 

: Size  |On mains Drop in [€ORYEY® . . 
Number. (inches). |at plant.| main. (feet). (feet). Direct. Indirect. 

31 | New York. ... 100 { X Bh 55 515| 7,500 | 58,080 | 1-inch air space; 4-inch mineral wool inside conduit 1,100, 000 
sal do. Lil Latinas { : 33 } TARR 922 | 4,070 | 13-inch 85 per cent magnesia ....................... 65, 430 | None. 
Ste doy... 70 4 14 4% 31 3,960 31,680 | 4-inch kiln-dried sectional white pine, wood logs... 124, 000 
gL... dos ui. 100 1 10 20 5 5,280 7,000 | Tin, Peay dinewood logs ol Very little. 
35: do i... 0. 1004 1 8 5 0 1,200 4 av. dineh wood Jom... 8 aod co ry ne ee 
36 | North Dakota. 50 1 10 ASL ite 1 500 3,000 | Tin, asbestos, 4-inch wood logs .................... 50,000 | None. 
87 fees do... eh { A 12 } a A we wid SES 1,000 2,000 | Tin, ashestos, and wood Toga: ou ioe Joby 0 Shun st 

3% Ohio... ..... 0 2 12 45 30 11, 880 47,520 | 5-inch wooden box; air space; oil shavings ........ 160,000 | None. 
301. ..02 40..... 4. 0 2 8 0: sa 6, 600 21,120 | Wood shavings and mineral wool .................. 110, 000 Do. 
40.0. 20 do..... 20 2 8 30 6 5, 500 10,560 | S-ncl wood; air Spare; BOX vcus.-v.vusnidones seas 80,000 Do. 
4%... do..... (a) bc at se 40 15 3, 520 > 000." 2-imch wood covering... ... 0. ha] 30,000 Do. 
42 |. J do... 100 1 14 1-6 1 3,178 5:402 | inch tin-lined woodieaging . . 4.00. Lu so 
43 | Pennsylvania. (¢) 12 3 50 47 5,280 46,200 | Tin-lined 4 Inch Wood 10g. li... arsine svn as be ras 
444. do... ks 100 10 3 B-fel.. n 5,280 11,880: 3imeh wood log. cic. 20 a a Ne iii sal 42,000 

1 VL as 7| 3,917 | 28,945 | Asbestos and 4-inch wood 10gS. .......euneneen..... 20,785 | 162,182 
1 14 0B bo ae, 4,000 13,200 f Tin, ashestos, 4-inch wood logs .......... 0. 5 dx 50,400 | 5,600 
a 12 15 Whoo L500 | 24-inch asbestos and Wood 10Z8 . 0... .....0. ue ve simefumnvnidnosiness 
1 8 20 ns 3,960 3,900: inohiagbestos.. i aoa) chill ore ne BL 
1 10 30 25 6,000 6,000: Z-inch asbestos and wood log... . oi cr sl Lao Very little. 
1 12 4 21 3, 550 8,777 { Tin, asbestos, 4-inch wood logs ........ 5... a. ud. 88,611 one. 
} 1 50-70 35-40 5,000 7,200 Snel wood log RA Gant igri Gone SE 70, 000 

3-inch concrete duct; 3-inch and 4-inch wood log; ! > } 10-20 5-15| 4,620] 17,911 { ey } 57,324 | 60,000 
1 8 6 (a) 3,960 L020 inehrwood J... Sr ad ses Sl Sm pei None 
1 8 15-40 10-35 2,640 10,560 | Asbestos and 4-inch wood logs .............oo...... 45,000 
1 8 14 5 2,042 8,285. Lin, ashestos, 4-INCH WOR 1088... . cin ce se nan foes eines Very little. 
1 4 55 15 2,000 4, T-NCR WoOA 10g... lo i a se Sa a 10,000 one. 
2 8 60 40 7,920 31,680 | 3-inch hemlock boxing and air space ............... 70,658 Do. 

a Very little. b Pair. ¢ Nearly 100. 
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TABLE 57.— Details of operation of central heating plants—Continued. 

  

  

      

  

      
  

  

| Average price of heating. | Average : 
{cost per 

; | Space in | year for i 
No Loostion of | Sy 4 | Per 1.000 repairs on Yorsin Remarks. 

pant. | (cubic feet). | Per square ds of | Mains, tun- D : 
foot. pounds ofl5 nels, and 

| water. | 
i insulation. 

| | —— RE 

1{ Colorado...... 700,000 | $0. 65 Fp IRAN $1,500 26 | Condensation loss, 12 per cent. Price to large dealers, $2 per 1,000 cubic feet of contents. 
2} Thinois.......- 1,200,000 $2 A 12 | $4 per 1,000 cubic feet of contents. 
Siler doc. i dd net LONE a ve on CL | $0. 45 None. 3 | Live steam one-tenth of season. 
"RE doi. oor a a boon tus Verysmall.f........:5.. Radiation direct and indirect. 
Slot, AO. on i eb St a sa Sl Sera fo a 7 | Direct system. 
+ AO. une di iets .25 | Nati ai ail $100 5 | Profitable when heat is furnished as a secondary product. 
FATE dost. | sluts 2 ie hes as | None. | 2 \ 

a 9,000,000 a, f a 

8 1 5,950,000 33 eee fertenseeress pei Do 
Olen... AO i i a E iy 2 } a Le A 6% Would advise concentration of mains. 

10... do. cn a oy he 4 EI Se | 10 per cent 6 | Would advise use of larger mains; also concentration of territory heated. Insulation could be 
improve 

wii, do. nly MIRAI 20 fo 7 
dol Indiana... Jl aaa Liars, 220 ia Ta 8 Verbs dil 5 . . 
331... Qo. ln de rei LS .18 [rommmeeeens $400 5 | Profitable when heat is furnished as a secondary product. 
td... do. nn halide nah Chgset Se ee IL 5 Clings too low for successful operation. 
15... do. ou Ae, VOR. La base aedin lines 7 0. 
86 L..q. dono Hees BE A ied Ln 5 | Condensation loss, 5 per cent. 
17:1... AO. Lie at ea allt rien | Spercent 10 | Radiation mostly direct. Heat should be automatically regulated. 
AS i dowe no Pl Sat ata Sos ns $300 7 | Mains should not extend too far from plant. 
190... do. son ah a, Dl Ce Na $100 6 
20 1... Ln BN ME BE SAR, LAB | Nl a oie 5 | Profitable when exhaust steam is used for heating. 
2Y...... d0....4 0. 10,000,000 Lz... 0... . 50 | 15 | Radiation mostly direct. 
22 | Michigan...... 2,330,000 VL sree ee 150 3 
23 | Minnesota.....|..... ry Tent . 60 | $6 8 | Radiation direct and indirect. Condensation loss, 6 per cent. 
a Missoni Saiik ST BIB Uc vt fe A ae EREREEEE os 3 

DA sien Oh ae] 3:034:388 1: hs ates rae Ty 4 
26 | SLR. dois te 5, 391 ! 205 dal tl . 56 | 0 7 | Radiation direct and indirect. Condensation loss 1 per cent. 
Os do:........ 1,650,000: 0.00, ci. Lat 0 15 
vB do... 2, 204, 612 2B ENR | 0 10 | Mains should not extend too far from plant. 
29 | Montana ...... 7,777,000 POO rd | Very small 7 | 88,000,000 pounds steam sold per year. 
30d New York... i. . ace oiihiaaloediliniding sD [eh vine ss an 25 | Over one-half of the steam is sold for power purposes. 
Sav. do... ...0 0 100,000,000 |..-i.c vnc ozs BOR Zsa oul Es a 
82 lc.» LER 15,500; 0006... 0 cai lens nln Small. 10 | Profitable when exhaust steam is used. : ns 
33. 40... nen an ls . 42% $175 28 | Condensation loss, 3 to 6 per cent. Radiation both direct and indirect. 

a Steam b Hot water. 

‘
S
N
O
I
L
V
I
S
 

O
N
I
L
V
I
H
 

TV
II

LN
IA

D 
18

1



TABLE 57.— Details of operation of central heating plants—Continued. 

  

  

  

  

Average price of heating. Average 
5 . cost pet 

: pace in year for ; 
Loon of buildings Per 1.000 | T€PAITs on esi Remarks. 

bs (cubic feet). | Per square ounds of (Mains, tun- * 
foot. p kn nels, and 

* insulation. 

New York..... 7; 000:000: 0k oii xed ne 3 per cent. 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. 

Reads Jos nd LT a $0.48 | Very small. 6 
North Dakota. 5,000,000 |..--....:.%:; . 60 0 7 | Condensation loss, 5 per cent on heavy load, to 50 per cent on light load. 

wens Q0. eal ae Ary 6 | Profitable when exhaust steam is used. 
Ohio... wn) eo ee $0. U3 0 3 
ns Qo gl ee AS. oi A Very stall, 5 | Natural gas 9 cents per 1,000 cubic feet. 
REL do... oe fi re 20 $300 7 
ai 40....5. L272 1,200, 600 al as 4 
td 40. o-oo 00 10,000,000. 20a. Ln . 50 0 7 

Pennsylvania.| 96 000,000: 2. fos oii ya $2,000 10 | $4.50 per 1,000 cubic feet of contents; should have larger mains. 
$0.41 per 

1,000 cu- 
des, doc. deve.) 510,000, 00000005 ce Loa bie feet 19 | $4.43 per 1,000 cubic feet of contents; steam should be metered. 

of space 
heated. 

Lokal do. sir. 0 129.95) Fi ie $300 14 | Radiation should be direct and steam should be metered. Present price of heating based on 
cubic contents. 

SL, dos. .u ls 3,360, 000 con a $250 5 
ES dosis. a= 0000,000 |: 2: fal Ls il. $702 9 | Radiation both direct and indirect. Profitable when exhaust steam is used for heating. 
eae Joiner a dC $500 20 | $5.45 per 1,000 cubic feet of contents. 
veins Qo. in ren ss ar le Ren Es el 20 | $4.50 per1,000 cubic feet of contents. Insulation could beimproved. Should run with higher 

steam pressure at plant. 
5 | Condensation loss, 9 per cent. Profitable when steam is sold at 60 cents per 1,000 pounds. 

19 | Radiation about 5 per cent. $5 per 1,000 cubic feet of contents. 
14 | §6 per 1,000 cubic feet of contents. Radiation should be direct and service should be metered. 
10 

1 24 | Very little indirect radiation. Mains should not extend too far from plant. 
Rhode dslond.l. o.oo. ear on 00 de, 6 | Condensation loss, 4 to 15 per cent. 
Wisconsin. ol... ar Fut a Ge EE ES DL A 6 | Profitable when exhaust steam is used. : 
Shue AO... eh S200 ee a a a 8 | Insulation could be improved. Mains should not extend too far from plant. Profitable 

when exhaust steam is used.             
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CENTRAL HEATING 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 33} 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 121 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. 

   



184 SMOKELESS COMBUSTION OF COAL. 

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 newly 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.



SMOKELESS COMBUSTION OF COAL. 185 

BIBLIOGRAPHY. 

SURVEY PUBLICATIONS ON COAL AND FUEL TESTING. 

A classified list of Survey papers dealing with coal is given in Bulle- 
tin 316, and in an abstract from that bulletin, pp. 439 to 532, pub- 
lished separately. 

The following publications on fuel testing, except those to which a 
price is affixed, can be obtained free by applying to the Director, 
Geological Survey, Washington, D. C. The priced publications can 
be purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. 

BurLeTin 261. Preliminary report on the operations of the coal-testing plant of the 
United States Geological Survey at the Louisiana Purchase Exposition, in St. Louis, 

Mo., 1904; E. W. Parker, J. A. Holmes, M. IR. Campbell, committee in charge. 1905. 
172 pp. 10 cents. 

ProressioNan PAPER 48. Report on the operations of the coal-testing plant of the 

United States Geological Survey at the Louisiana Purchase Exposition, St. Louis, 
Mo., 1904; E. W. Parker, J. A. Holmes, M. R. Campbell, committee in charge. 1906. 
In three parts. 1492 pp., 13 pls. $1.50. 

BuLLeTin 290. Preliminary report on the operations of the fuel-testing plant of the 

United States Geological Survey at St. Louis, Mo., 1905, by J. A. Holmes. 1906. 
240 pp. 20 cents. 

BurLeTin 323. Experimental work conducted in the chemical laboratory of the 

United States fuel-testing plant at St. Louis, Mo., January 1, 1905, to July 31, 1906, 
by N. W. Lord. 1907. 49 pp. 10 cents. 

BurrLerin 325. A study of four hundred steaming tests, made at the fuel-testing 

plant, St. Louis, Mo., 1904, 1905, and 1906, by L. P. Breckenridge. 1907. 196 pp. 

BurLeTin 332. Report of the United States fuel-testing plant at St. Louis, Mo., 

January 1, 1906, to June 30, 1907; J. A. Holmes, in charge. 1908. 299 pp. 
BurLerin 334. The burning of coal without smoke in boiler plants; a preliminary 

report, by D. T. Randall. 1908. 26 pp. 5 cents. 

BuLLerin 336. Washing and coking tests of coal and cupola tests of coke, by Rich- 
ard Moldenke, A. W. Belden, and G. R. Delamater. 1908. 76 pp. 10 cents. 

BurLerin 339. The purchase of coal under government and commercial specifica- 

tions on the basis of its heating value, with analyses of coal delivered under govern- 
ment contracts, by D. T. Randall. 1908. 27 pp. 5 cents. 

BuLLerin 343. Binders for coal briquets, by J. E. Mills. 1908. 56 pp. 

BurLeTIN 362. Mine sampling and chemical analyses of coals tested at the United 

States fuel-testing plant, Norfolk, Va., in 1907, by J. S. Burrows. 1908. 23 pp. 5 cents. 
BuLLeTiN 363. Comparative tests of run-of-mine and briquetted coal on locomo- 

tives, by W. F. M. Goss. 1908. 57 pp. 
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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. 

Kersaaw, 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, Jorn 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, Epwarp 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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