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2. 948,271 

other features of liferent construction aid 
acthod of operation han los e herein illus 
trated, as will be apparent to those skilled 
in the art. 
The particular boiler it list rated herei 

as embodying the features of invention here 
inafter claimed, is of a novel type, compris 
ing an upper steam and water drun and a 
plurality of lower drins (two, in the in 
stance town). sail run is all connected by 
tubes, the arrangelicit illustrated in the 
drawings resembling the letter A, or a tri 
a guiar figure. I} | connectivi: with ülhe drums 
and tulses thus arrange I. irovide a furnace 
or other neas for supplying heating gases. 
and preferably, though it it recesarily, I 
("a se said het ing gases te o to w up along 
one of the inhain series or ranks of reineral 
ingg i tules collecting tine ilipper rilimi with 
the lower drun. a 1 dl dlow in along a toter 
such bank of tules: and I lay also pro 
vie heans whereby the heating gases are 
caused to fiow aeross, alog and arond sub 
stantially the entire leg h ant surface (f 
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each of such titles, tinerely providinig a rela 
tively long path for the gases in a relatively 
compact and simple loiier. keeping the fir 
nace. gases at al times in contact with tr 
in effective proximity to the heatiiig surface 
of the boiler, and constantly exposing new 
portions of the gases to such he ling surface. 
a voiding stasiation of the gases aid indi 
reet tr; sjaission of hett. 

In the aeconja y las travings, lºgare l 
show's in televation of ole for of ny ill 
provci, boiler, 'he walls thereof being shown 
it section. Fig. 2 shows a detail side view 
of otte of the lov er krams and its tubes, 
and illustrates the širouping of the latter. 
Fig. 3 shows a horizolital section of the 
boiler, locking , wu warl. Fig. 4 shows a 
detail enti elevatii); of the upper ind one of 
the lower critis, and the tubes thereof. 
Fig. 5 shows a longitudial section if one of 
letrijs verse bies. Figs. 6 tre de 
tail views of the longiti i lin: } }; illes, rig. 6 
leing a perspective elevation of one of the 
ba?ile sections, detached, and Fig. 7 showing 
in perspective a row or wall of such sc 
tiolis, it ranged as in practice. in coinetti in 
with (nt of the tilbes. Figur. S show's a ver 
tical if insverse section of the lipper trum, 
illustrating particularly the construction 
ihereo?, the section eig tatken on i Wo lif 
ferent panes. Fig. 9 shows it side view of 
such tirth and its tiles. Fig. it) shows it 
plan view of a lower drun til a (''oss-stee'- 
tion of the thes there : f, uncl ili; ~th:te's the 
ise of tilles as longit it dial li: illes. 

Referring to tlie dra wings, i lesiginates 
the said steam and wat er drium; 2 al 3 
designate the said ind trials: 4 and 
designate the saidi baks of iicline'el gee 
ra ting tules; ti designates tibes conecting 
the nirid drams 2 and 3: and i designates 

the shiel furnace. Tle drums, 2 and 3, and 
* le tubes 4, 5 and 6 together constitute a 
closed cirulating circuit, all wit}: in the 
Jail heating challer for:ld by the rick 
walls S of the boile" setting. through which 
circuit the water v ill circulate very rapidly 
and freely while the boiler is in operation. 
in the particular construction shown the 
furice. 7 is (.if the external type, being lo 
cated in the naili oti i sicle of the setting 8. 
This arrangement of the furnace has the ad 
vantage that cicaustion within the furnace 
is net pre "tºatel by the presence of rela 
tively cool heating surfaces, there being no 
("(tilt act of the gases with the heating surface 
of the boiler until said gases pass tie bridge 
wall 9. However, I do not confine inyself to 
this location of the furnace, but inay locate 
it otherwise as may prove convenient, effect 
ive. or otherwise desirable. 

Between the two tanks of tubes, 4 and 5, 
I provide a main dividing wall or vertical 
}; flie, 10, supported at the bottom by the 
boiler foundation. This late wall, being 
vertical and of simple construction, and w ii 
supported, may be built of ordinary fire 
brick, laid with close joints, and so substan 
tially in pervious to the furnace gases. This 
wall forces the furnace gases as they enter 
the heating chamle" te ãow, in the first in 
stance, upward along the bank of tubes 4, 
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and then downward along the tubes 5, thus 
insuring a relatively long path for the fur 
nace gases ii a relatively compact heating 
chamber comprising a relatively small num- 100 
ber of banks of tabes. The gases are fur 
ther caused to cross tibes 4 at right angles 
when first entering the heating chamber, and 
to cross tubes 5 at right angles in passing 
froin the heating chainber into the offtake 105 
11. By means hereinafter described I fur 
ther prolong the path of the furnace gases 
within said chamber and insure a very ef 
fective action of the furnace gases on the 
tubes 4 and 5 and on the under surface of 10 
the drum 1, which surface constitutes highly 
eflicient heating surface. When the furnace 
gases first enter the heating clia ber, a por 
tion of said gases pass down, under and 
around the nud drum 3, and up through the 115 
spaces between tubes (5, thus making drum 
3 and tubes 6 effective as heating surface. 

It is well recognized that for effective 
transfer of heat from furnace gases to heat 
be inpinging on the heating surface at all 
times. If the gases interely flow parallel to 
the tubes of the boiler, there is a tendency 
for the portions of the gases which first in 
pinge upon said tubes to remain in contact las 
or substantially in contact, there with, until 
the direction of flow is changed or the ends 
of the tubes are reached; and such portions 
of the gases as do inot impinge upon the 
mediately, while the heat of such portions 130 

ing surface, fresh portions of the gases should lzc 
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of the gases as do not impinge upon the longitudinal baffle walls, 16 and 17, (for the 
tubes reaches the latier, if at all, only by 
transnission through the already-cooled 
bodies of gas. Furnace gases being ex 
trenely poor conductors if heat, mere par 
alle flow of the gases is productive of in 
efficiency, and is to he avoiced. To avoid 
this defect, it has been connon to :ause the 
gases to flow as early as possible transversely 
of the tubes, the entire current of furnace 
gases being caused to pursue a very tortuous 
course, crossing and recrossing the same 
bank of tabes a number of times. The de 
feels of this practice are, that considerable 
portions of tie several tubes are practically 
out of the main current of furnice gases, and 
are practically deal, that considerable por 
tions of the currents of furnace gases are at 
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a considerable distance from heating Sur 
ia ere, and are thierrefore ineffective, that somme 
what coalplicated arrangements of baflies are 
required which for structural reasons are 
apt to be full of openings which permit 
short-circuiting of the gases, and that the 
sides of the tubes opposite those ori winich 
the gas currents inninge are relatively in 
effective as heating surface. To avoid the 
characteristic defect, above pointed out, of 
i he incre parsiel flow of the gases, it is not 

'essary te go to the extreme of making the 
gases cross the tubes at right angles, or 
nearly: < . It is suficient to case tle gases 
to flow it a slight, angle to the tabes, thus 
producing. in effect, a gradual translation of 
the current of gases across the tibes while 
said current is flowing lengthwise of the 
tubes; by which translation fresh portions of 
the furiace gases are constantly brought 
ints} {2ntact with the surface of the tules, 
ine gas is prevented from “stagnating, so 
to speak, allot it said tabs. and all the ben 
c-fits of transverse flow of the furnace gases 
are itealized witholt considerable portions 
of said tubes being out of the main current 
'. ???. ** dead ”. 

y the arrangelini if tra is verse and 
longitudiia hallis, (!' their cruivalents, en 
ployed in my boiler, * produ.:e sich a mötion 
of translatio of the currents of furace 
gases with respect to the tubes wiile said 
gases tire flowing along the tubes. and at 
the same time cause the gases to flow in and 
ott around and between the tipes so that 

CO 

s 

the jhetting of the iubes is equialized. all por 
tions of the surface of the tibes subjected to 
such nearly-parailei currents being subjected 
almost equally to the action of such gases, so 
that practically the entire surface of each 
tube is utilized in the lost efficient mainer 
as leating surface. Referring now to this 
feature of my inveniion as embodied in the 
consiriitton illustrated in the drawings. I 
provide the two banks of tubes, 4 and 5. with 
fer trærisverse bafle walls 12, 13, 14 and 15. 
and I aiso provide said banks of tubes with 

latter see Fig. 3) located between the trans 
verse bafiles. 12 and 13, and 14 and 3.5, the 
walls 1 on the inncr side of egch bink of 
tubes, the walls 16 on the outer side of each 
bank. The longitudinal walls 16 and 17 are 
each relatively narrow, with spaces 18 be 
tween for the flow of the gases, there being 
a number of walls 16 and for each bank 
of tibes, as shown particularly in Figs. 2 ?? • ??? 

and 3. In tractice customarily arrange 
the tubes of each bank in a blurality of groups, each group comprising a plurality 
of rows of tubes (two rows, in the construc-. 
tion shown), each group separated from the 
adjacent groups by spaces solewhat wider 
than the distance between the rows com 
prising each group. Thus, in the arrange 
inent shown, the tubes of alik 4 are ar 
ranged in groups 4'', 4', 4', etc., each com 
prising two rows of tubes, and the tubes of 
baik 5 are similarly arranged. The princi 
pai 'ason for employing this arrangement 
of tubes will be pointed out hereafter; but 
said arrangement has the important advan 
tage, in this gonnection, of greatly facilitat 
ing the lise of ba?iles, or their equivalents, to 
galist the peculiar circulation of the gases. 
between tie tubes, in a direction paraliel to 
the front of the boiler, means to produce 
which forms one of the princial features of 
my invention. The tubes beirg arranged ini. 

?y° (iye baflile,? 
: ces between 

gi'oups, as described, I temp! 
walls 16 to close afternate is 
groups on the oiter side of the balks 4 ared 
5, and similarly enploy walls 1 to close 
alterate spaces between groups on the inner 
side of banks 4 and 5, tle intermedia:e 
spaces between groups, designated hy num 
niera is 18, leing left open; it the walls 16 
alid 1 are not opposite, but are staggered, 

S. 

al. So are the openings S, as a result. The . 
eite: is titat gases etering openings 1S be 
tween walls 17 of bank 4, cannot pass di rectly tiragli said openings to the ? 
but must flow between the tibes, in a direc 
tion paraiel to the front of the boiler, to 
the špaces bei ween the tubes of the djacent 
groups, and to the opinings Sibeyond. This 
ilow of the gases is indicated by arrows in 
the drawings. JBy this arrangemºnt of baf 
fies, the entire portion of the ties between 
t1 ansverse bafflles 12 and 13. and 14 and 15. 
are surrounded by furice gases flowing not 
only longitudinally, but also transversely. 
with respect to said tales. in a manner to 
instre the highest efficiency of heating sur 
face. and to insure sibstantially the same 
citieiency for all portions of the heating sur 
face of said tales exposed to such currents. 
At the same tine. the gases flow in a rela 
tively direct path, and through openings of 
ample area, so that excessive draft is not 
required. The tubes being. very nearly ver 
tical, ash and dist cannot collect on them, 
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and therefore the transmission of heat is not 
interfered with by deposits of such sub 
stances. V- 

Instead of employing baffle walls 16 and 
17, as above described, I may employ gener 
ating tubes 16' and 17", as shown in Fig. 10, 
said tubes taking the place of baffle walls 
and serving in affect as baffles, while at the 
same time also constituting very effective 
heating surface. Such tubes are intended to 
be incided within the terms “bailles' and 
“bifle wallis' as used herein and in the 
claims. Such tubes, when used, will connect 

5 

20 

the drums, constituting in fact parts of banks 
4 and 5. - The primary reason why I prefer to ar 
range the tubes of banks 4 and 5 in groups, 
as show I. is to facilitate tubing and re 
tubing of the boiler, and to permit the ready 
removal of any tube when desired. In this 
connection I commonly employ drunns 1, 2. 
and 3 having tube-sheets of peculiar con 
struction, so that to remove any tube, when 

25 
it has heen freed at one end from the upper 
drum, for example, its end so freed may be 
moved slightly to one side, into one of the 
? between groups of tubes, and then the tube may be lifted slightly, so as to un 
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- more tham one tube of each row. 
45 

50 

step it at the bottom, after which it may be 
removed through one of the spaces 18 be 
tween groups of tubes. One construction 
of tube sheet which I may employ for this 
purpose is illustrated in Figs. S and 9. By 
pressing or otherwise, I form a plurality of 
directly connected steps, 19, 199, etc., the 
faces of which steps are substantially per 
pendicular to the rows of tubes. Each sich 
step is usually of such width (longitudi 
nally of the drum) that it will take tubes of 
all of the rows of the tube group to which 
it corresponds, and it may be of sufficient 
length (fransversely of the drum) to take 

This is 
true, in the construction shown, of steps 19. 
The first two or three steps from each row, 
(counting from the middle) as 19 and 19, 
are commonly raised somewhat beyond the 
cylindrical surface of the drum, so that be 
tween them there are spaces or grooves 20 
of such depth, that when the end of a tuhe 
has been freed from its hole in such drum 
it may be moved over opposite such space 

55 
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or groove 20 (which spaces or grooves cor 
respond to the wide spaces 18 between the 
roups of tubes) and may then be moved 
ongitudinally into such space or groove to 
permit freeing of the other end of the tube 
from the drum to which it is connected. It 
is not necessary, however, to raise com 
pletely from the surface of the drum the 
steps which are well up or down on the side 
of the drum (as for example, steps 19, 19, 
and 19), as the tubes seated in such steps 
may be sprung outward, as well as to one 
side so as to permit them to be moved lon 

gitudinally enough to free their outer ends. 
Consequently the steps 19, 19, and 19 are 
formed by pressing the metal partly in and partly out from the true cylindrical curva 
ture, as shown in Fig. 8, which shows Sec-70 
tions on two planes, the left side showing a 
section through one series of steps, the right 
side showing a section through one of the 
intervening spaces or grooves 20 between . 
two series of steps. The steps of each Series 75 
are directly connected, one to another, the extreme opposite edges of each step being 
on opposite sides of the mean curvature of 
the drum, which mean curvature is main 
tained between said series. Furthermore, 80 
the general slope of each series of steps con 
forms to the mean curvature of the drum, 
and the use of nian-holes is rendered un- - 
necessary. '. - 

hesides of the raised steps 19 and 1985 
form ribs which materially stiffen the drum. 
In the construction shown, the faces of the 
steps 19 of drum 1 are of a curvature ap 
proximating arcs of circles struck from the 
points of intersection of the mean axes of 90 
the tubes entering such surfaces, said sur 
faces being, therefore, approximately per 
pendicular to the tubes entering them. 
However I do not limit myself to giving 
such surfaces any precise curvature, or to 95 
giving them any curvature at all. 
The transverse baffles 12, 13, 14 and 15 are 

cine:posed of bars such as illustrated in Fig. 
5, adapted to be inserted between the tubes 
edgewise, i.e., with their sides of greater 100 
width vertical, and then to be turned. 
These ba?iles are held in place by the pres 
sure of the tubes against them, said tubes. being sprung apart, slightly, when insert 
ing the baflies, so that when the tubes are 105 
released the baflies will be held by spring action of the tubes. Preferably, the edges 
of the transverse baffles are grooved or cor 
rugated, so as to surround partly the tubes 
adjacent to them. 0 

Another feature of my invention resides 
in the construction of the baffle walls 16 and 
17; and this feature is illustrated particu 
larly in Figs. 6 and 7. Said walls are com- . 
osed of sections 21 of fire-clay or other l15 

suitable material, said sections being each 
wider at one end than at the other, the nar 
row end of each section adapted to be in 
serted between the tubes, the wider end l:e- 
ing too wide for such insertion. The upper 120 
and lower faces of the sections are also in 
clined or beveled, the narrow end of each. 
section being higher than the wide end. In 
setting up these sections, alternate sections 
(vertically) are inserted from opposite sides 125 
of the tubes, the beveled surfaces matchin 
so that the wall thus formed is parallel wit 
the tubes, and fits closely thereto. The sec 
tions then key each other, so that they may y 
not be displaced accidentally. It will be 13G 
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upper and lower drums, and arranged sub- tubes comprising a dividing wall and baffles st?ntially longitudinally with r?spect t? said extending transversely across said two first 
tubes, said passages connected in series, and mentioned series of tubes, one such battle lo a transverse bafile within the first of such cated immediately above the point of entry 
passages, extending across tubes therein. of the heating gases. ?0 

2. In a boiler, the combination with a 7. A boiler comprising an upper drum circulating system comprising a plurality of and a plurality of lower drums and sepa 
drums, upper and lower, and a plurality of | ºte banks of tubes connecting said upper 
connecting banks of generating tubes ar. drum with each of said lower drums,in ranged for circulation of yater between said combination with means directing heating 75 upper and lower drums, of means for direct- gases in alternately opposite directions along ing heating gases along said tubes compris. |saidbanks of tubes, comprising separate pas 
ing separatepassages, each inclosing one of sags for said banks of tubes and transverse 
said banks 6f tubes connecting the upper baffles therein, one of said baffles within the 

5 and lower drums, and arranged substan first of said passages, the flow of said gases 80 
tially longitudinally with respect to said being upward along one of such banks and 
tubes, said passages connected in series, and downward along the next. transvers baffles in Said passages, one of S. A boiler comprising an upper drum 
said baflies in the first such passage and ex- and a plurality of lower drums and sepa 
tending across tubes therein. 20 - - - - - rate banks of tubes connecting said upper 85 

3. In a boiler, the conibination with an drum with each of said lower drums, in 
upper and a plurality of lower drums, tubes combination with means directing heating ?? coinecting said upper drum with each of gases in alternately opposite directions 
said lower drums, and other tubes connect along said banks of tubes comprising sepa 

sing the sides of said lower drums, said rate passages for said banks of tubes having 90 drums and tubes together constituting sub- staggered longitudinal ba?iles with openings 
stantially a closed geometrical figure, of a between. dividing wall separating the banks of tubes 9. A boiler comprising an upper and two connecting the tipper drum with the lower lower drums and two banks of tubes each 

go drums, and transverse baffles extending connecting said upper drum to one of Said 95 
from the top of said wall transversely across lower drums, in combination with means di said banks of tubes. recting heating gases upward along one of 

4. In a boiler, the combination with an said banks of tubes and downward alongan 
upper and two lower drums, tubes connect- other bank thereof comprising a dividing ig said upper drum, with each of said lower wall and transverse and longitudinal ba?iles, 100 dims, another tubes connecting the sides the latter staggered with openings between 
of said lower drums, said drums and tubes 10. A boiler comprising a plurality of 

~ together constituting substantially a closed || drums, upper and lower, à ?????????f????? of banks 
gometrical figure, of a dividing wall sepa- of tubes connecting said upper and lower rating the binks of tubes connecting the drums, means forming separate longitudina, 105 

k- upper drum with the lower drums, meals passages for each of said banks of thes coln . . . for supplying heating gases, connected to prising a dividing partition and side walls, 
. the space oli ole side of such wall, and said passages connected in series, a furnace 

transverse ba?iles extending across the banks discharging heated gases across one such 45 of tubes on the side at which such gases lank of tubes toward said dividing wall, and 110 
enter, one such ba?ile located above sich point of entry, the other at a higher point. 

5. In a boiler, the combination of an 
upper and a plurality of lower drums, series so of tubes collecting said upper drum. with 
each of said lower drums, other series of tubes connecting the sides of said lower drums, and means for directing heating 

... gases between and against Saideries of 55. tubes comprising a dividing partition and 
transverse and löñgitudinal ba?iles. 

6. In a boiler the combination of an 
upper and two lower drums, two series of ties connecting said upper drum with each 

go of said lower drums, another series of tubes 
connecting the sides of Said lower drums 
means for supplying ?????????? gases, and means directing Suci. gases between and 
against said last-mentioned series of tube along said two first-mentioned series of 

transverse baffie crossing suci bank of 
tubes innediately äbove the point of im 
pinging of such gases thereon. 11. A boiler comprising an upper and two 
lower drums and two banks of tubes each 
connecting Said upper drum to une of Said 
lower drums, in combination with a furnace, a partition separating said binks of tubes 
for directing gases from Said furnace up 
ward along one of said banks of tubes and 
downward along another bank, thereof, and 
trensverse baffles crossing said banks of 
tubes near the top of said partition and be 
iuw said upper drum. - 12. A E. comprising an upper and two 
lower drums and banks of tubes connecting 
said tipper drum to each of said lower drums, 
in combination with a furnace, a heating chamber inclosing said tubes and having 
dividing baffle wall, and transverse baffles i0 
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provided with means di acting heating gases ! 
toward the openings between longitudiinal 
l: fl's on one side of the series of tubes. 

35. it a joiler, the combination with a 
series of tubes arranged in groups each 
coli prising a plurality of rows, the spaces 
bei ween groups being wider ilhan the space 
between adjacent tubes of a group, of trans 
verse baflles located in such spaces bet ween 
groups, the spaces between rows being open. : 

36. Iln a boiler, the combination with par 
allel tubes, of one or more balles arranged 
hetween and transversely of said tules, and 
beld in place by spring-action of said tubes 
fitting tightly thereagainst. 

37. In a boiler, the combination with par 
allel rows of tubes, of on: or more billii's arranged between and transversely thereof 

s: 

and gruoved or corrugated oli sides adja 
cent to said tubes, said balles fitting tightly 
against the adjacent tibes and held in place 
ly spri:g action of said tubes. 

3S. In a boiler, the combination with a 
plurality of tubes, of « baflle-wall compris 
ing sections arrower at one end than at 
the other. the i arrower (:nds of said sec 
tions longer than the wider ends thereof, 
said sections arranged in series with their 
wide ait : rrow faces alternately on oppo 
site sice“s: í i s-a i t tilpes. 

lin test i thony where of I leretto afix may 
signatire, in the presence of two witnesses. 

GOD FRE Y FN ( IF. 
Witnesses: 

Íi. M. Maiti;LF, 
i K. IP. N. (EJ Roy. 
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