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.3 Claims.

- ..My invention aims to provide a waste heat
steam boiler specially designed for use in con-
nection with cement kilns, with accessory appa-
ratus for dislodging and disposing of dust con-
- tained in the waste gases. Although particular-
ly applicable for use in.connection with cement
kilns, the invention is, of course, not restricted
_thereto. - -

. Early in the development of the art of manu-
facturing Portland cement, attempts were made
to utilize the heat of the waste gases discharged
from the clinkering kiln.. These gases, being the
products of combustion of the fuel used in cal-
cining the raw materials, composed of limestone,
clay, slag, etc., contain a considerable amount of
dust evolved from the raw materials. ‘This hot
dust is tenacious or abrasive, or both, depending
on the composition of the raw materials used, and
therefore tends to adhere to the boiler surfaces
and also to wear away the metal at zones of high
velocity. Conventional types of boilers and- ap-
paratus used for generating steam by burning of
fuel directly under the boilers have been here-
tofore slightly altered in attempts to adapt them
for use as waste heat boilers. 'This resulted in
considerable difficulty caused by the dust accumu-
lation on the boiler surfaces, thus ocbstructing the
flow of gases, interfering with the draft, and by
dust eventually wearing holés in the boiler tubes,
thus requiring costly premature replacements and
Tepairs.

"Boilers of the prior art that have prevmusly
been designed for waste heat service either lack
certain essential features or contain certain ob-
jectionable ‘features and- have therefore not
-proven entirely satisfactory in actual service.

My invention comprises specific improvements
on prior designs of waste heat steam boilers con-

sisting of certain novel parts combined and ar-

ranged as defined with particularity in the ap-
, pended claims, to provide a workable installation
which overcomes the above mentioned deficiencies
which are inherent in prior art installations.

" The essential features of a successful waste

vention will be readily understood from a con-
sideration of the appended claims when read in

connection with the following spemﬁcatlon and:

the accompanying drawings, in which:

Figure 1 is a longitudinal vertical view of the

boiler (just inside of the brick sidewall) ;
Figure 2 is a transverse vertical sectmn taken
along' the plane of the line II—TII of Figure 1;

“-Figure 4 is an enlarged longitudinal view of the -

ilower portion of the boiler;

4

Figiire 5 is a transverse sectlon of Figure
taken glong line V—V;
" 'Figure 5a is a detail of a portion of the soot

- blowing apparatus; -
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heat boiler apparatus embodying the present in-

Figure 6 is an isometric view taken from the
right end of Figure 1 showing a portion of the

- economizer and illustrating the course of the wa-

ter circulation.
" To obtain practical and workable results in the
operatmn of a waste heat boiler to be used in

“connection with a cement kiln, the principal es-

sential features embodxed in my invention are as
follows: .

First—the utlhzatmn of stralght vertical’ boﬂer .
tubes; economizer tubes, and superheater tubes.
This is to prevent dust from lodging on the tubes,
which in the case of. the usual horizontal or in-
clined tubes insulates the upper area of the fubes,
thus reducing the effective heating surface, to
prevent blocking the gas passages between adja-
cent tubes caused by dust accumulation in the
form of bridges; and to eliminate inaccessible dust
pockets such as form in the use of bent tube

“boilers,

30

.Second—the prov1S1on of a sectional tube -

header. This is to facilitate the dislodgement of
dust from the lower headers.and to permit access
to the entire area of all tubes by means of lanc-
ing apparatus entered between the upper headers.

_'Third—the provision of means to induce a
rapid water circulation. - Water circulation.is ac-
celerated by means of downcomer. tubes, located
outside of the direct gas passage. This provides

'3, rapid equalization of temperature of all sur-

faces of the boiler corresponding with the de-
veloped pressure when quickly subjected to the
heat of the incoming gas discharged from the kiln,
thus eliminating excessive strain from unequal
expansion. This also eliminates local circulation -
within each individual vertical steam generating
tube, as in. the case with boilers not provided

‘with downcomer tubes outside of the direct gas

' apparatus.

stream in which the rising steam bubbles restuct ;
the downward flow of the water.

Fourth—the provision of improved dust control
The usual type .of mechanical 500t
blowers are inadequate for properly dislodging the -

_dust in waste heat boilers used in connection with
cement Kkilns.

In my invention. special appara- -
tus are provided to facilitate control of and dis-
posal of dust.

Referring now to the drawings, in Flgure 1 the

Figure 3 is a plan of front portion of the boﬂer, 55 numeral {0 represents a rofary cement kiln sup-




2

plied by pulverized raw material through ‘the
usual feed pipe |l and screw conveyor 12. The
hot dust-laden gases emitted from the kiln im-
mediately enter the front end of the boiler passing
between a plurality of front banks of steam gen-
erating tubes such as 134, 3B, and 13C. In my
invention the usual hot dust chamber is elimi-
nated, which results in a great reduction of ra-
diation losses. The hot dust emitted from the
kiln 10, upon striking the comparatlvely cooler
banks of:béiler:tubes 3,1s quickly reduced in'tém-
perature.” Ta §triking the tubés 137 the dust Par-
ticles, in horizontal motion, are mstantly halted,

turned in a downward direction, and strike the"
lower sectional headers {4 which are atthe same
temperature as the tubes 13, After passing down

between the lower headers 14 into the'diist ehxim-
ber {5, the dust has been cooled to-such-a degree
that the dust removal screw c¢onveyors 6 aré not
subjected to excessive temperdture. The dust o
chamber 15 is.partitioned by removable cast iron
“or refractory bafies 11 fo prévetit the gas’é’s “from
. bypassing the banks of fubé‘s 3. The dust ¢haii-

e t5 hdg vertical sidewsns” 18711 preferehce to - W
25" ste’amdrum 38"

. the usual inclined or slopirig. mdes Swhich éna de-
‘sign causes’ thie dust t6 slide” and form a compact
mass that arches over the obéhings 1eaditig’ ifto
“the qust conveyors. “Ih thi Vertical sided cham-
“ber;“as’ shown ‘In“Figuire' 2, th¢ dccuinnited” iJst
“roll§ by gravity ifitothé' openthgs 19 4t
to the conveyors 16 without a teride
the objectional dompdet dreh’ Ahove tenitiched.
‘IR "Figlres 2 468 5; T show" struetural steéreol-
Umns 20-5nd norizmtal‘ beanis 24 which sipport
“theé “1ower ‘headers T4 and Tower water box‘és‘”lz

Immediately above the beams 2l as best'Seerdin

, F1gure 5 mbrica.tnfg“plates*m “a"re‘lnSerted‘ ‘Whieh
“funietion o rediics thet rasidtanes té the felitive
horizonta.l creeping mioVeidats of the parts Qur-

“ihg the ‘expansiotn and ~c’n‘}ni'.rac‘,tfon resuIting frOm 40"
The “plats™is “eoréd

“viriations” in” temperatiire.
“and-means are”providéd” for the mje’ctro‘n o Ta-
“bricants" tlﬂbug‘h“smtable fttings; *s“uch as’ that
sh0Wn a,t?“ £ .,.«s‘- \u.l l F );I’n w -u' A !;

“The*lower connectmg mpples 25 are expanded

accordance with the standard high pressure houer
“construction” Header suppoits 26" are” 1‘ris,erted
‘under'the alternate-Hedders i¥ £dr' the purpose ‘of
retaimng tHerm ‘4% a*higher elefvatlon the réason

46 Torm
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tubes, 13, 13A, {3B, and {3C, the tubes directly

opposite the kiln 10 are omitied; (@) to permit -

access to the nose ring of the kiln 10, (b} to per-
mit sudden expansion of the gases in leaving the
kiln, and {c¢) to prevent injury to such tubes
when back rings in the kiln are being shot. In
Figure 1, the numeral 36 represents a laminated
steel armor plate which is lowered into the gas
passage in front of the tubes directly opposite
the klln opemng for the purpose of protecting
‘4heq tubes 13 hien back-rings: in the'kiln are being
“$hot. *Removable insulating’ ‘blocks 31 are pro-
vided to cover the upper headers 31, 314, 3iB,
“3{C, ete., and also economizer headers 59 594,

15799B,:58¢, etc. Thus the blocks seal the openings

between the headers and also prevent radiation of

© UMEHE frofii’ the headers to the atmosphere. The

20

- blocks 37 are made removable for the purpose of

facﬂltatmg Opérdtion of soob blowing apparatus

“+{§2 b “be subsequently described.

: 'I‘he boller tubes 13 IaA B, C, ete,, are sepa-
and rear banks o grotips:bo

- H0VE thi two banks of' holler ‘tlbes; is 'supp

arid*corinected betiveen the upper water 7boxes
“30% $imilar t0* cofivéntional “typest of’ boilers
equlpped with box hea@ers (Adjacent théﬁr’uin

‘corés af fare? prov1ded’ Wi
temal éé’st netadl speciai shapéd sleeves shruriken

’than thy boﬂer tubés 13~and’ dre pf'owded iwith

45 Externigl cast’metal“special shapeii §lé8ves’shrivhk-

into-the lowei*headert 14 4nd Water ok 22 in -

“for' which”is“to: *provide- am‘ple’l)pemngs o7 the -

“dust’to ‘pass betweeh' the ‘Héadets itito’ thé dust
schamber 15. “In‘the 1ower wthr boxss 27, sldeves
-21 are” expaltdéd” into. - bothsidewalld. These

Sleeves e adapled'ts codet with aiitomatic dist

“hole plates '28° are“of‘the ustial type dhd provide
“for accessibility" m’exp’an'dirig the tijbe . ends’”

“the ‘dowtconmiby clrcu‘latmg tibed 29 4hfl thHé ton-
‘necting'nipples25." The hésders T4 are Iirowded

‘Jower énds of thé stea’m genératm ‘tubes’ 13 THe
‘§pice” befwden tHe Tefiabtory’ waﬂs 18 'and” the
“steel sheathing 38 is filled With ihsulation’ 23." In
Fighré 2, ‘the; ﬁumeral 30" Fepresents’ the upber
“Weter boxes Wh1ch aie
comer tubes 29.° Themupper sect1ona1 head’ers 31
‘are supported’ by 'the stédin gererating tiibes 13
‘ard cornected to the upper Water boxes 30 by the
‘connecting nipples’ 327~
I Pigures 12,7 and 3, three or more upper
headers 317 3IA 318, “ahd" 3!0; efc.;"are Ifi tWo
“settiotis And’ sHortéHed o provids” an Gpenihg for
the.raw feed pipe {1 and the manholg’ Trames’ 35,

61 t4 it thie tlibes: *'Thee ‘ecohormizer downéoifer
“eireulating tubss (R and 1)* 5!"- ‘6 sititilar-to the
~boiler -dowricomer tubes’ 29  Theleconomizér
water boxes (R: and”L‘)'f52'.=’are constructed ‘sim-

b0 -ikdrly to-the Iower-boiler water bokes’ 22-but are

‘provided-with bafles' (R and-L) 53; 53A 53B; ets.,
to create contraflow of gas and water through
-the--economizer:- : The upper- economizer: water
boxes -89 are- prowded with bafles-56,:564A;:56B,

56 etc.; having leak holes 5T, 81A, 1B, etc., to pre-
‘blowers 104 to:Be subsequéntly’ deseribéd,” Hand-

65

suppoited” by the down- *

vent air blndlng Prov1s1on .is made - for varymg

the size of the: leak holes-51y ete:; by the- use of ,

an admstable valve mechanism, - -~
- 'Where corrosive water conditions prevail, sujt-

80 able materials- for the- purpose ‘will be prov1ded
‘with similar’hand-hole plates‘z 8 for 46685 tothe © )

1n the constructlon of the economlzer o

The Water and steam c1rculatmn ‘will now be
descmbeo chleﬁy in connectlon W ith ; Flgures 1; 2
and 6 The Ietters R and ] whlch preﬁx certam
reference numerals denote nght a,nd Left as-the
boﬂer is viewed in F1gure 2 or from the kxln end
thereof. The water supp}y enters the ﬁrst com-
pal tment of the economizer lower Water boxes B2
through the stop and check mlet valves 60 the

J0 ‘water pressure bemg necessarﬂy memtamed

somewhat glea.ter than the pressure developed
‘In the boiler. - The baffies (R and 1) 53 deflect
-the -wafer throagh the lower connectxng nipples
(R and L) 54 ito the 16wer Headér 58 It then

‘In three or more’ roWs of the steam generatmg 75 ﬁows up through the row of heatmg tubes 50 mﬁo

Anar
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“the upper header 58, through the upper connect-
" ing nipples (R and I5) 61 into the first compart-
" ment of the upper water boxes (R and L.) 55, The

“baffies (R and L) 56 deflect the water thirough
“'the downcomer tubes (R and L) 51 and 51A, into

the first and second éompartiments, respectively,
of the lower connectifig” boxes 52. The portion
of the water descending through the downcomer
tubes (R and L) 5! re-enters the lower header
58 through the connecting nipples (R and L) 54
and " recirculates -upward through the heating
tubes 50. The portion- of the water descending
through the downcomer tubes (R and L) 51A into

- the second compartment of the lower water boxes

(R and L) 52 passes through connecting nipples
(R and L) 54A and 54B into headers 58A and
58B, then upward through heating tubes 50A and
50B, into the upper headers 5%A and $8B. The
water in the header 89A passes through connect-
ing nipples (R and L) 6{A info the first compart-
ment of the water boxes (R and L) 58, through
downcomer tubes (R and L) 5iA and recirculates.
The water in header 598 passes through connect-
ing nipples (R and I) 61B into the second com-
partment of the water boxes (R and L) 55 and
into. downcomer tubes (R and L) 5IiB and 5iC.
The water in downcomer tube 51B recirculates
through the lower headers 58B and heating tubes

50B. The water in downcomer tube 5!{C enters’

the third compartment of the lower water hoxes
(R and L) 52 and through connecting nipples
(R and L) 54 into headers 58C, then up through
heating tubes 59C into header 59C. The water
circulation thus continues successively through
the remaining sections of the economizer until it
leaves through the economizer outlet pipe §2.

The above described means for recirculation
of water in an economizer is a novel arrangement
which greatly increases the rate of heat transfer
over the conventional type of economizer.

The baffles 56, 58A, 56B, etc., are provided with
respective bypass openings 87, §1A, etec. which
may be termed leak holes which are effective to
prevent vapor binding in the upper economizer
water boxes 55. The water leaves the economizer
through the outlet pipe 62 as shown in Figure 1.
The required amount of water to maintain the
proper level in the boiler is fed through the pipes
82 and 62 (Figure 1) and the feed water regu-
lator 64 into the boiler drum 38. With the boiler
in normal operation, since the incoming water is
of a lower temperature than that in the boiler,
it will immediately flow down through the down.
comer tubes 29 info the lower water boxes 22
(which are embedded in the boiler wall as shown
in Figure 2), thence through the lower connect-

ing nipples 25, headers i4, into the steam gen-

erating tubes 13, upper headers 31 and upper
water boxes 30, where the steam bubbles are
drawn towards the drum 38 and liberated into
the steam space. The circulation is c_ontinuous
through the individual sectional headers and cor-

' responding downcomer tubes, thereby always

maintaining a positive directional flow equivalent
to the natural thermal acceleration produced by
the upward force of the steam bubbles formed
in the steam generating tubes. In addition
thereto, the lower water boxes provide for ade-
quate equalization of pressure throughout the

" entire boiler.

The steam leaving the drum 38 passes through
a separator 65, thence through the separator out-
let pipe 66, superheater inlet header 40. tubes 38
and the usual stop and check valve 67 to the
steam main. The economizer, boiler, and super-

o
Tt

‘heater are equipped. with “conventional safety

valves as indicated at 68 69 and 10 in Figures 1 ‘_

“and 2.

The gas. travel is"in a single pass, impinging

“on the front bank of the steam generating tubes

~13, the suiperheater tubes 39, the rear bank of the

10

boﬂer tubes 13, and the economizer tubes 50,
thence discharged through the induced draft
fan 11,

In installations where the dust conditions per-
mit, bafiles are inserted between certain rows of
tubes in the rear zone of the boiler and in the
economizer. to increase gas velocity. Also, where

- dust conditions permit, the tubes are staggered

30

35

40

50

55

50 as to attain maximum heat transfer.

Means originally disclosed herein for dislodging
dust and soot on the boiler heating surfaces are
clearly illustrated, described and claimed in my
Patent No. 2,358,358, issued September 19, 1944,
which is a division of the present case. ,

Altholigh I have described with great particu-
larity certain characteristic features of the em-
bodiment of the invention herein illustrated, it is
not to be construed that I am limited thereto,
since various changes in arrangement and sub-
stitutions of equivalents may be made by those
skilled in the art without departure from the
invention as defined in the appended claims.

I claim: -

1. 'A boiler adapted for direct connection with
a kiln or furnace, for utilizing waste heat gases
and products of combustion, including upper and
lower water boxes connected by downcomer tubes,
lower headers communicating therewith, upright
tubes communicating with the lower headers, a
supporting sfructure, and a lubricating plate on
which the water boxes and the lower headers
bear, saild plate having passages therein with’
openings extending to the surfaces on which the
water boxes and headers bear, and g fitting to
facilitate the introduction of a lubricant through
said passages whereby the water boxes and head-~
ers are supported with freedom to permit the
same to move relatively to one another under the
influence of expansion and contractmn due to
temperature variations.

2. A boiler adapted for direct connection with
a kiln or furnace, for utilizing waste heat gases
and products of combustion, said boiler compris-
ing a steam drum, a pair of spaced upper water
boxes communicating with the drum at its op-
posite ends; a pair of lower water boxes con-
nected with the upper water boxes by respective -
downcomer tubes shielded by being enclosed.in
respective walls, a series of upper headers con-
necting said upper water boxes, a plurality of sets
of vertically spaced lower headers spanning the-

~space between said lower water boxes and com- _

60

municating therewith at different elevations, and

respective sets of straight vertical boiler tubes

connecting the said several lower headeérs with

the said several upper headers, the vertical spac- -
ing of said lower sets of headers being adapted

to provide spaces between the alternate headers

of large area to facilitate dust removal.

. 3. A boiler adapted for direct connection with

a kiln or furnace, for utilizing waste heat gases

and products of combustion, said boiler compris-

ing a horizontal steam drum, a pair of spaced

water boxes with top walls inclined upwardly to-

ward and communicating with the lower portion

of the steam drum at its opposite ends, a pair of

lower horizontal water boxes connected with said:
upper boxes by respective straight vertical down-
comer tubes shielded by being enclosed . in re-
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Spective walls, 8 series.of upper horizontal head-
-€I's. spanning.the, space. befween, and. ‘connecting
"said upper water boxes, a plurality of sets_of
vertzpa,%lly spaged. Jower horizontal headers span-

the, space betweemsaid quer Water Joxes ;

#2;385;305

. boiler tubes connecting..the;sald _several lower
honzontal Jheaders; w1th the said. severa.l Jpper
bgmg adapted ~to proy,ide
;5 spacgs bet\zvge,n the alternate headers of large area
_to facilitate dust removal
_CARL_E. STROMQUIST.
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