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70 all whom it inay concern.:
Be it known that we. Havomxy Homrr

Tracy, a citizen of the United States, and

resident of Berkeley, in the county of Ala-
meda and State of California, and Harry
Koerxe Bovmig, a citizen of the United

. States, and resident of the city of San

Francisco, in the county of San IFrancisco
and State of California, have jointly in-
vented certain new and useful Improve-
ments in Steam-Boiler Structures, of which
the following is a specification.

This invention -relates more particularly
to a class of steam boilers which may em-
ploy multiple series of water-tubes, some of
the rows of which will be used as econo-
mizers, others for steam-raising, and a third
series as a steam-superheater, and the pres-

-ent improvements are conveniently adapted

to installations in connection with kilns for
manufacture of Portland cement. lime, and
the like, and similar drying or Incmerating

plants liable to give off a quantity of uncon-

sumable fine dust with the products of com-
bustion in such manner that this dust—be-

ing carried along by the gases—finds lodg-
ment and accumulates upon the heating sur--

faces 6f the boiler to the detriment of its
continuous efliciency.
The general structure involved in our in-
vention, however; is intended for and ap-
plicable to the utilization—for increased

steam production—of the waste heat, sucl

as that usually lost—say—in a cement
kiln,—by radiation through the shell of the
rotary kiln proper,—in that remaining in
the material discharged at its lower end,
and also in the gases finding escape at the

upper end. For instance, it is found ac-

cording to present practice, that from -90 to

110 pounds of pulverized coal (or about 15

gallons of fuel oil) are used in the average
kiln in the production of a barrel, or 380
pounds, of the fused mass kunown as “ce-
ment - clinker,” and this calculation in
amount of fuel must increase or decrease
with the size of the kiln. Of the heat pro-
duced by the combustion of either fuel, only
from 20 to 30 per cent. is usefully employed
in the production of cement-clinker. The
remainder is lost in the directions just
stated.. . '
Although in the past, many efforts have
been made to utilize the heat of the waste

gases from kilns in cement plants, no satis-

! factory results have been obtained, for the
reason that a large amount of very fine.

rock-dust ‘is carried along with the gases
and deposited upon the major portion of the
surfaces of the boiler and tubes primarily
designed to be heated by said gases. This
dust is almost impalpable, (it being the cus-
tom that the crushed rock and clay shall be
passed through a 200 mesh screen previous
to being injected into the kiln) with the re-
sult that it detaches itself from the gases

and settles on all surfaces with which it
) unless dislodged fre- .
quently, it will pile up coatings several .

comes in contact;

inches thick. Hence, while the employ-
ment of boilers to produce steam by the ab-
sorption of the heat in waste gases in some
nstances has been satisfactory for a short
time, the heating surfaces of such boilers
have always sutfered from accumulation of
dust to such an extent that eventually the
heat radiation becomes defective, the per-
formance of the boiler unsatisfactory, and
the economical effort rendered abortive.
The object of our invention is not only to
insure the utilization of this waste heat in
such channels that it will be devoted to the
generation of steam, either by itself, or aug-
mented by extra fires or jets, if desired, bui
also to produce a boiler structure “where
waste heat is made to act with its fullest
degree of efficiency upon tubes installed as
well for superheating, as for others ar-
ranged for steam-raising and economizing.
The production of extra power for single
or diverse purposes in a manufacturing
plant, without of necessity using additional
fuel, and the consequent reduction in cost

of manufacture of such commodities as.

Portland cement, or the like, are other ob-
jects aimed at by our invention.

The performance of the above and other
useful functions is made possible, and their
practical application to existing industries
msured, by our improved boiler structure in
which every tube (whether employed in in-
dividual rows or banks, for steam-raising,

superheating or econbmizing, or combined

and ‘assembled for performing all, or any

two of these operations) may be continu-
ously and automatically cleaned and pre-
served from accumulations of dust, with the
minimum of expense and maximum of efli-
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convenient employment of such desirable ad-
juncts as high-level water and steam drums
in connection with the steam-niain and with
cross-headers, pluralities of vertical water-
tubes and suitable lower drums in the gen-

eral circulation, efficient tube-scraping de-.

vices, conveying mechanism, induced . drafs
appliances, and steam and smole . distrib-
uters or conduits,—is made possible with
the greatest degree of economy in first cost
and subsequent care and utilization of the
plant.

We will first describe a complete boiler
structure such as we contemplate using in
connection with a rotary cement kiln, ex-
plain. its operation in practice, and then
point out the novel features and arrange-
ments claimed. . . ' ‘

For full comprehension of our invention,
reference must be had to the accompanying
drawings forming part of this specification,
and to the following detailed description
thereof, similar characters of reference be-
ing employed to indicate like

In said drawings: Figure 1 is a side ele-

vation, with parts in section, of a complete .

installation embodying our invention. Fig.
2 is a sectional plan view. ‘Fig. 3 is a
cross-sectional elevation on line 8, 8, Fig. 2.

R M E o 5
Figs. 4 and 5 are enlarged ldetail views.

scraping devices.

of the top-headers an )
details of the bot-

TFigs. 6 and 7 are similar
tom headeps. S

The npmeral 1 indicates the upper porticn
of any ordinary rotary cement kiln, from
which the gas 1s discharged. into the usual
brick flue 2 upon which has heretofore been
mounted g stack 38, this stack being now out
of employment for general operative pur-

poses 1n connection with the rest of our im- :

proved structure, and is only shown to illus-
trate how- the essential features of the lat-
ter may be readily incorporated with ex-

isting 1nstallations, wr how such stack can

Temain as an auxiliary to be brought into

service during repairs or closing off of the.

allied appliances. : .
6 is a passage leading from the flue 2 into
an adjoining auxiliary chamber 30, prefer-

ably also of brick, which is open at its oppo-

site side and in free communication witl
the front end of the boiler roper 5 which

is_supported on frame work 4 above the
‘kiln, and is of a special construction to be

‘hereinafter more ~ particularly described.

The gases pass from said flue .2 into the
boiler by the passage 6 which is of sufficient
dimensions to properly accornmodate all of
the gases arising from the kiln 1. =

7 Indicates (in dotted lines Fig.- 1) an

- arch which we build in-at the top of the

85

flue 2 when. the stick 8 is- abandoned or
finally closedvoff, to prevent the gase$ escap-

parts through-

1,022,647

ing to the atimosphere; but, instead of an-

arch an adjustable or.slidable horizontal

damper. may be used, if it is preferred to -

let the stack remain for use in any of the
emergencies mentioned. ‘
~"The boiler proper, 5, is divided into three
sections, that marked 5* being a superheater,
5* devoted to water-circulation and steam-
raising, and 5° an economizer, all of these
sections being formed of pluralities of tubes
15 of substantially equal diameter and
length, and disposed vertically between
front and rear of the installation in the or-
der named. Elevated steam drums 8 are
mounted at each side, longitudinally of the
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boiler 5, and having their water-spaces con- -
nected by vertical circulating conduits or

stand-pipes 9 to longitudinal_water-circu-

lating drums 10, exteriorly of the boiler cas-
ing. Lower headers 11 are connected to
these drums 10 by nipples 12, while upper
headers 13 are connected to the steam spaces
(above the water-level) of the steam drums
8 by nipples 14. The iwater tubes 15 con-

nect the upper and lower headers, and these

tubes are maintained clean and free from
dust by scraping-devices 16 consisting of
sectional sleeves surrounding the tubes, and
cutting-edges loosely contacting same, which
devices rise and fall through the movement
of connecting chains 17, passing over
sheaves 47, and these latter, by means of

85
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bevel gears 18 cast or-fixed on their faces, -

and bevel pinions 18.are driven from lon-
gitudinal shafts 20, eacn having fixed on its
end a bevel wheel 21 adapted to be opera-
tively connected with either of two oppo-
sitely-directed bevel pinions 22 on a trans-
verse shaft 23, rotated by bevel wheels 24
meshing with bevel wheels 25 on separate
short shafts 26, rotated, and the whole
caused to reverse automatically, by any suit-

“able connection to the engine 32, or other

source of power. The chains 17 pass from
the sheaves 47 to connection with the scrap-
ing devices 16, throtigh channels 172 formed
in the front and rear walls of thc top head-
ers 13, as shown in Tigs. 8, 4, and ‘5, our
beneficial arrangement of heating, swper-
heating, and economizing tubes close to-
gether in sections in the same longitudinal

‘plane, being thus permitted while the full

100
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benefit is derived from the use of scrapers -

upon all ‘of the tubes in the system, instead
of the limitation to such use imposed by con-
structions . at. present known.
scrapers and reversible gearing are used in
what is known in commerce, as “ fuel-econo-
mizers ”, and in themselves. are not claimed
by us, although by virtuerof our special con-
struction we dre enabled to use scrapers

with mechanical convenience and advantage.

upon all of the water and steam heating

fubes thréughout the,entire system.)~. _

There. is an tpper header:18 and a lower

129

(Similar -
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header 11 for each transversely-arranged

row of tubes 15, whether in the super-.

heater, steam-raising, or economizer sectlons
of the boiler, an equal plurality of the nip-
ples 14 being employed to connect the ends
of the upper headers of the steam-raising
section 5° to the steam-spaces of the high-
level steam drums 8, 8, and a corresponding
plurality of the nipples 12 to connect the
ends of the lower headers of this section 5®
to the longitudinally-arranged water-circu-
lating drums 10, 10.

The upper-headers 13 need have no spaces
between them other than the channels 17
for the scraper-chains. We have shown
these headers close together in Figs. 1 and 2,
and with slight intervening spaces in Figs.
4 and 5. The lower-headers 11, however,
must have spaces 11* between them, as
shown in Figs. 6 and 7, to permit of the free
gravitation of the scrapings from the tubes
15 to the receptacle 34. '

The feed-water inlet to the economizer
section 5° is marked 3¢, in Fig. 2, and the
headers (both upper and lower) are linked
at their outer ends by curved pipes 28 which
afford a continuous circulation through the
headers and the connected vertical tubes 15,

"and thence, by the medium of a longer pipe

99, the water is léd into the adjacent end of
one of the circulating-drums 10.

Connection is made between the elevated
steam drums 8 and the superheater-section
5¢ of the boiler, by means of steam-conduits
82, extending from the upper portions or
steam-spaces of the drums to the top-headers
of the superheater, one to the front and the
other to the rear, as seen in Fig. 2, and the
superheated steam is finally led off to a
steam-main L. through valve-controlled con-
8 is a
flooding-valve-connection for conveying wa-
ter to the superheater to prevent burning
out when the tubes are dry at the commence-
ment of the operation of the boiler. Tt ex-
tends between the water-space of one of the
elevated drums 8, and the top-headers of
the superheater. The superheater-section 5*
is preferably made up of two sub-sections,
as shown in Fig. 2, and in which each of the

tube-rows is provided with top-headers of’

similar construction to those in the steam-
raising and economizer sections; the lower
ends of the superheater tubes are-connected
in pairs from front to rear by séparate cross-
boxes 8¢, extending from the tubes in one
row to the second row of the same sub-
section, and have no direct connection with

the longitudinal water-circulating drums 10.-

31 is an induced-draft fan, of any ap-
proved type, in open communication. with
that end of the main boiler casing which

contains the econvmizer 5% and also with the |

smoke-stack 33 which is now placed at this
end, such fan being driven by an engine 32,

a8

operated by steam from the steam-main L

or by an electric or other motor, if desired.

A receptacle 31, extends underneath the
boiler for practically its entire length so as
to receive the dust detached by the scrapers
from the tubes of all of the different sections

above, and a suitable conveyer 35 travels:

lengitudinally in this receptacle and de-
livers the dust and scrapings to a cross-con-
vever 36 for re-using or final disposal, all
of which mechanism is constructed and
driven in any approved manner.

The lower part of the auxiliary
ber 30 has a manhole opening provided with
a normally-closed door 304, and through this

"may be introduced a supplementary heating
medium, as a jet of oil or gas, through' the

nozzle 30°, (or coal and a grate might be
used) to raise the temperature of and aug-
ment the waste gases before they enter the
boiler; or even in case the kiln-should be out
of operation” below, and steam has to be
made, our general structure is such that
same could be done by these auxiliary means
alone, if amplified and designed for that
purpose, it being apparent that the main
features of our construction are capable of
producing highly useful results in several
directions, apart from the arbitrary use of
the waste heat and gases from a cement
kiln.

While the operation and useful results of
our invention will be readily understood arid
appreciated by those skilled in the art, from
the foregoing, we may call attention to.the
conditions whereby the hot waste gases pass-
ing from the kiln 1 through the main flue 2
and passage 6 into the auxiliary chamber 30,
and thence into the front end of the boiler,
first meet the superheating instrumentalities
5* and impart their greatest heat thereto,

raising the temperature of the steam passing

through same accordingly, and fitting it for
final discharge through the conduits 8°, 8°,
to the steam-main I. ILeaving the super-
heater-section, the gases next encounter the
tubes of the main steam-raising secticn 5°
and impart heat thereto while passing be-
tween its vertical tubes. The gases having
now cooled considerably—by reason of a

-large portien of their heat having been ab-

sorbed by the preceding instrumentalities—
now enter the coolest section—that of the
economizer 5°,—and are drawn into the fan
31 and thence discharged into the smoke-
stack 33 in connection therewith, such fan
having induced the draft from the begin-
ning of, and all through the operation, and
the scrapers 16 having képt all of the tubes
in all of the sections clear of dust accumu-
lation, léaving their heating surfaces clean
and in condition to receive the greatest bene-
fit from the gases. : ' '

The water circulation is in the -opposite

~durection to that of the gases, that is to say,

gas-cham- -
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" passes from the upper portions of the drums
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- tubes, and thexice by the conduits 8, 8, to
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the feed-water enters the economjger-section

~one of the longitudinal circulating-drums 10,
through the nipples 12 to the lower headers

.made for the wet steam with the elevated

trated a combination waste-heat boiler of

- to incorporate with a rotary cement kiln, the

‘general art of steam-raising, and we do not
limit - ourselves to precise details either of |

+

5¢ by the inlet-pipe 5% thence through its
transverse headers and vertical tibes into

11, and thence to'the upper headers 13 by
the vertical tubes 15, connections being also

steam drums 8, 8, at the sides, by the nipples-
14 entering the steam spaces thereof, and by
the external conduits or stand-pipes 9,9, en-
tering their water spaces below. The steam

8, 8, through the steam conduits 82, 8, to
and. through the superheater headers and

the line I for use at the points.required.
While we have .thus described and illus-

definite construction and ‘arrangement suited

whole or any appreciable unit or units there-
of may be employed with advantage in the

construction or arrangenent, as these may
be varied according to judgment under dif-
ferent conditions, without “departing from
the principles or sacrificing the advantages
accruing from our invention.

What we claim and desire to secure by
Letters Patent 1s as follows —— '

1. In a steam-boiler structure, .the combi-
natien of a boiler comprising-a plurality of
vertical water-tubes disposed in transverse
rows or banks within the boiler-casing,
each for each transverse row or bank of
tubes, steam drums disposed longitudinally
above and exteriorly of the tubes and hav-
ing their steam spaces connected to the top
headers water eirculating drums located- at
a lower.level outside of the boiler and con-
nectéd fo the bottom header, and conduits or
pipes forming external corinections between
such high-level steam’ drums and low-level
water drums independently of the tube and

2. In a steam-boiler structure, the combi-
nation of a boiler comprising a plurality of
vertical water-tubes dispesed in’ transverse
rows or banks within the Dboiler casing,
transverse top’ and bottom headers, one
of each for each transverse row or bank
of tubes, steam drums disposed . longitudi-
nally above and exteriorly of the tubes and
having theii steam. spaces connected to the
top headers, water circulating drums located
at a lower level outside of the boiler and
connected to the bottomn headers, conduits
or pipes forming external connections - be-
tween such high-level steam drums and low-
level water drums, & draft-indicing fan at
the reai.end of ithe boiler serving to draw
gases around the tubes and between .the |

casing and connected

1,022,647

headers, and a smoke stack in close connec-
tion with such fan.r - ‘

3. Ina steam-boiler. struclure, the ecombi-
nation of a steam boiler comprising a plu-
rality of rows or banks of water-tubes dis-
posed within the boiler casing, transverse
top and bottom headers, cne of each for each
row or bank of tubes, steam drums disposed

horizontally above and exteriorly of the

tubes and connected to the top headers,
water-circulating drums located at a lower-
level outside of the boiler and connécted to

-the bottom headers, and conduits or pipes

forming external connections between such
high-level steam drums and low-level watér
drums.

70

75 -

80

4. In a steam-boiler structure, the combi- - -

nation’ of a boiler comprising an external
elevated' steam drum, a plurality of vertical
water-tubes disposed in transverse rows or
banks within the boiler casing,

(having external vertical channels on their:
adjoining faces) in connection with' the
steam drum, and receiving the .upper ends

-of said tubes, and bottom headers connect-

ing said tubes with the general circulation.

a plurality .
.0f closely adjoining transverse top headers,

85

90

5. In.a steam-boiler structure, the combi- .

nation of a steam boiler having a casing,

| said boiler- comprising an external elevated

steam ‘drum, a plurality of vertical water-

“tubes disposed in transverse rows or banks
‘within " the boiler casing, a plurality of
transverse top headers, (having external .

vertical channels on their adjoining faceés),
In connection with-the steam drum, and re-

95

100

celving the upper ends of said tubes, and. *

bottom headers connecting said tubes with
the general circulation, such pluralities of

“tubes and headers being arranged in sections
=1 tel

with spaces between such sections and at
both ends between them -and the boiler cas-
ing, and said bottom-headers having open
spaces between them. ' )

6. I a beiler for utilizing the waste heat
of kilns, furnaces and the like, the combina-
tion of a boiler casing having & source of
initial heat supply at one end and discharge
stack at the other, a_series of vertical water

“tubes, in the casing connected at their top
- and bottom by headers, a steam drum out-

105
110

115

side and on each side of the casing, said-
drums having their steam spaces connected -

to the top headers, water circulating drums,
located at a lower-level and also outside the

headers.

120

With the boﬁtom -

7. In a boiler for utilizing the waste heat

«of kilns, furnaces and the like, the combina-

tion of a boiler casing having a source of
initial heat supply at one end and discharge

stack at the other, a series of vertical water

125

tubes in-the casing connected ‘at their top

and bottom by headers, a steam drum’ out-
side and on each side of the casing, ‘said

180
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drums having their steam spaces connected
to the top headers, water circulating drums,
located at a lower-level and also-outside the
casing and connected with the bottom head-
ers, and water conduits or pipes outside the
casing connecting the steam and water
drums on each side of the casing.

8. In a boiler for utilizing the waste heat

" of kilns, furnaces and the like, the combina-

10

tion of a boiler casing having a source of
initial heat supply at one end and discharge
stack at the other, a series of vertical water

" tubes in the casing connected at their top

15

20

and bottom by headers, a steam drum out-
side and on each side of the casing, said
drums having their steam spaces connected
to the top headers, water circulating drums,
located at a lower-level and also outside the
casing and connected with the bottom head-
ers, a series of superheater vertical tubes in
the casing having steam connections direct
with the steam drums and independent of

s

said first series of tubes, and a service pipe
connected with said superheater series.
9. The combination with a source of ini-
tial heat supply having a smoke stack, of a
boiler casing in which is installed a series of

25

vertical water tubes, a fire box between the
smoke stack and casing and in communica- .

tion with both, said series of water-tubes ar-
ranged in connected series to provide first a
steam superheating, second a steam-raising
section and third an economizer section and
means for circulating the fluid to be heated
through said sections in reverse to the order
named. Lo o

In witness whereof, we have signed in

the presence of the two subscribing wit-

nesses.
HAYDEN HOMER TRACY. -
" HARRY EUGENE BO¥RIE.
Witnesses:
- Ropr. A. KELLAND,
A. L. MENzIN,
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