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To all, whom it may concern. 
Be it known that I, LEONARD D. DAVIs, a 

citizen of the United States, residing at the 
city of Erie, in the county of Erie and State of 
Pennsylvania, have invented certain new and 
useful Improvements in Water-Tube Steam 
Boilers; and I do hereby declare the following 
to be a full, clear, and exact description of the 
invention, such as will enable others skilled 
in the art to which it appertains to make and 
use the Salme, reference being had to the ac 
Companying drawings, and to the letters of ref 
erence marked thereon, forming part of this 
specification. .-- 

My invention consists in the improvements 
in Water tube steam boilers, hereinafter set 
forth and explained, and illustrated in the 
accompanying drawings, in which 

Figure 1. is a longitudinal vertical section 
of my improved Water tube steam boiler, on the 
line ac, ac, in Fig. 2, looking in the direction of 
the arrow. Fig. 2. is a transverse vertical 
Section of my improved water tube steam 
boiler, on the line y, y, in Fig. 1, looking in 
the direction of the arrow. Fig. 3. is a detail 
yieW of a section of my improved boiler, illus 
trating the arrangement of the tubes forming 
the flues thereof. Fig. 4. is a sectional detail 
View of the same on the line 2, 2, looking in 
the direction of the arrow. Fig. 5. is a de tail view illustrating the arrangement of the 
tubes. Fig. 6. is a detail view illustrating 
the arrangement of the large pipes of the 
boiler. Fig. 7... is a detail view of a modified 
construction of the tubes of my improved 
boiler. 
The principal objects of my invention in 

Water tube steam boilers, hereinafter de 
Scribed, are to so combine the water tubes 
that they form a series of flues through which 
the products of combustion and the heat from 
the fire-box must pass on their way to the 
Smoke stack, thereby insuring an equal cir 
culation thereof throughout all of the heating 
surface of the boiler, and also, in connecting 
the tubes forming these flues to suitable hori 
Zontal and vertical pipes or drums, so as to 
insure adequate circulation of the water 
therein. 
The other features of my invention appear 

hereinafter in the specification and claims. 
In the construction of my improved water 

tube boiler illustrated in the accompanying 
drawings, A A are the side walls, B the front, 
B' the rear, and C the top of the boiler set 
ting; C the aperture for the smoke stack; 
D the grate bars; J the fire-box and D the 
ash pit wall, all of which features are of or 
dinary construction. 

Directly at the rear B' of the boiler set 
ting, I preferably place an upright pipe or 
drum E, and in the lower portion of this pipe 
or drum E, I Secure a series of lhorizontal 
pipes F, F, and F which project forward 
through the rear B' of the boiler setting far 
enough, so that the forward ends thereof ex 
tend to and rest upon the top of the ash pit 
wall D'; these pipes inside of the rear B' of 
the boiler setting being parallel with each 
other, as illustrated in Figs. 2, 3, and 6. In 
the upper portion of the drum E, I also se 
cure a like series of horizontal pipes G, G' and 
G, which, likewise project forward through 
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the rear B of the boiler setting, parallel to each . 
other nearly to the forward end B of the boiler 
setting, the number of the pipes G, G and 
G° being the same as that of the pipes F, F. 
and Fabove referred to. 

I connect the pipes F and G, F and G', and 
F2 and G together by means of tubes, prefer 
ably as follows: In the pipe F, I secure a row 
of water tubes a, b, c, c', f, d, e, e, h, g i, , 
lc' and i, all of which are secured in the pipe 
F, and except the tube a, and extend upward 
therefrom a distance, of say two feet to bends 
E' therein, from this point the tubes b, c, c' 
d, e, e' g, i, i and i extend forward and up 
ward at an incline, of say fifteen degrees, one 
above the other in close contact for a distance 
of say four feet to bends H therein, so as to 
form substantially a solid vertical wall of 
tubes from the bends E to the bends Hthere 
in; at the bends E' the tubes f', handk' are 
also bent laterally to the right so as to bring 
them at the sides of and parallel with the 
tubes d, g and j until the bends Hare reached 
when they are bent back to the left again to 
their normal positions, and from the bends H 
the tubes b, c, c'f'' d, e, e' hg, i, i k' and i 
extend upward vertically until they reach the 
pipe G in which they are secured. The tube 
a' is secured in the pipe F at the rear of the 
tube b and is then bent forward and sidewise 
to the right until it is brought to the right 
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hand side of the tube band in close contact 
thereWith, from which point it extends up 
ward to the bend E, and from thence at the 
right hand side of the tube b to the bend II 
and from this point where the tube b bends 
upward; the tube a' extends forward and up 
Ward at the same inclination at the right hand 
side of all of the tubes above described until 
it reaches a point opposite the forward end of 
the pipe G where it is bent laterally and up 
Wardly to the pipe G and secured therein. 

In the pipe FIsecure a row of water tubes 
ab, c, c, cf, f' d, e, e' h, h'g, i, i k, k'andi, 
all of which are secured in the pipes F, and 
except the tubes a? and a, extend upward 
therefrom a distance of say two feet to bends 
Etherein, from this point the tubes b, c, c'd, 
e, e.g., , , and i, extend forward and upward 
at an incline of say fifteen degrees one above 
the other in close contact for a distance of 
Say four feet to bends Htherein, so as to form 
Substantially a solid vertical wall of tubes 
from the bends E' to the bends H therein; at 
the bends E the tubes f, h, and care bent 
laterally to the left, and the tubes if h' and 
ic' to the right, as illustrated in Figs. 4 and 5, 
So as to bring them at the sides and parallel 
with and in contact with thesides of the tubes 
d, g and i, until the bends II are reached, so 
as to form substantially solid horizontally in 
clined walls of tubes from the bends E' to 
the bends H therein, as illustrated in Figs. 
2 and 4; at the bends H the tubes f, h, and 
k are bent back to the right, and the tubes 
f' hand k' back to the left again, to their 
normal positions, as illustrated in Fig. 5, and 
from the bends H, the tubes b, c, c' fif' d, e, 
e' h, h'g, i, i k, lc’ and i, extend upward and 
vertically until they reach the pipes G in 
which they are secured. The tubes a' are 
preferably secured in the pipes F at the 
rear of the tubes b, and the tubes at in front 
of the tubes b; the tubes a? are then bent for 
Ward and to the right, and the tubes a rear 
Ward and to the left of the tubes b, from which 
point they extend upward at each side of and 
in contact with the sides of the tubes b to the 
bends E, and from thence in contact with the 
sides of the tube b to the bends H and from 
this point where the tubes b bend upward; 
the tubes a' and a extend forward and up 
ward at the same inclination, at the right and 
left handsides of the tubes entering the pipes 
Guntil they reach nearly to the forward ends 
of the pipes. G' where they are bent laterally 
and upwardly to the pipes G and secured 
therein. 

solid wall of tubes extending from near their 
junction with the pipes F and Fupward and 
forward to the bends H in the pipes, as illus 
trated in Fig. 2. 
The arrangement of the tubes connecting 

the pipes F and G' at the right hand side of 
the boiler is the same in all respects as the 
arrangement of the tubes connecting the pipes 
Fand Gat the left hand side of the boiler here 

It will be seen by this arrangement 
of the tubes a, b and a', I form therewith a 

inbefore described, except that the tubes a, f, 
h and k are used, instead of the tubes af'h' 
andle', which tubes are bent toward the left, 
in connecting the pipes F and G' the same as 
the like lettered tubes are, in connecting the 
intermediate pipes F and G'. It will be ob 
served that by this arrangement of the tubes, 
I form therewith inclined rectangular flues I, 
extending from the bends E' of the tubes to 
the bends H thereof. All of the heat and 
products of combustion from the fire-box J 
passing freely between the vertical portions 
of the tubes below the bends E thereof, and 
thence up into and through the flues I; and 
from the upper ends of the ?lues I, at the bends 
H of said tubes, up between the upright por 
tions of the tubes above said bends H to the 
smoke stack opening C, thus insuring an 
equitable distribution of the heat to all of the 
water-tubes hereinbefore described. 
In the upright pipe or drum E, I secure a 

perforated disk K, at or near the normal wa 
ter line of the boiler, and opposite the out 
lets L of the pipes G, G' G', I secure an an 
nular downwardly projecting deflector M the 
lower edge of which is provided with serra 
tions m. The lower portion of the vertical 
pipe or drum E is divided by a transverse 
diaphragm N having inlet openings in there 
in, a semi-disk O is secured between the sides 
of the shell of the pipe or drum E and to the 
top of the diaphragm N which diaphragm N 
and semi-disk O form with the sides and bot 
tom of the shell of the pipe or drum E, a 
chamber P, surrounding the inlets p of the 
pipes F, F, and F. I also secure in the semi 
disk Oa short upright pipe O which operates to 
equalize the flow of the water in the chamber 
P. To the edge of the semi-disk O I secure 
an apron or shield R, which extends down 
wardly at some distance over the diaphragm 
N below the lowermost of the openings in in 
said diaphragm. The feed pipe S, I prefer 
ably insert through the shell of the pipe or 
drum Enear the bottom thereof, from which 
point it extends upward about two thirds of 
the way to the normal water line of the boiler. 
By this method of construction I am enabled 
to utilize the lower portion of the pipe or 
drum E, as a separating chamber, in which 
the impurities in the water separated by the 
action of the heat, settle to the bottom by 
gravity where they may be blown off by 
means of an ordinary blow off cock (not 
shown); I also provide the chamber P with a 
blow off cock T which can be used occasion 
ally to blow off any impurities which may 
have passed into the chamber P through the 
openings in. 
In operation the water from the chamberP 

passes into the pipes F, FF and then through 
the tubes hereinbefore described into the 
pipes G, G, G, and back against the deflector 
M in the upper portion of the pipe or drum E 
where the steam rises to the top of the pipe 
or drum E, while the water passes down 
through the Screen IK, and as the temperature 
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thereof gradually lowers, the impurities there 
in Separate therefrom, and settle to the bot 
tom of the pipe or drum E outside of the dia 
phragm N, while the purified water passes 
through the openings in into the chamber P, 
to again traverse the path above described. 

O 

2 o 

The traverse and action of the fire and heat 
among the tubes and through the flues I hav 
ing been hereinbefore fully described, further 
reference thereto is deemed unnecessary. 
In Fig. 7, I show a modified construction of 

the water tubes of my improved boiler; in 
this construction, the tubes l and l are flat 
tened horizontally, while the tubes which 
form the vertical walls of the flues I of the 
boiler are flattened vertically; in this manner, 
I am enabled to use a less number of water 
tubes in forming the flues; in all other re 
Spects, however this construction is substan 
tially the same as that hereinbefore described. 

I have thus shown and described a conven 
ient mechanism for utilizing my invention, 
but I do not desire to limit myself to the ex 
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act construction shown and described, there 
fore, - 
What I claim as new, and desire to secure 

by Letters Patent of the United States, is 
1. The combination in a water tube steam 

boiler, of Water tubes extending from head 
ers in the rear of the fire box to headers at 
the front of the boiler above the fire box, and 
a series of flues, one above another, extend 
ing from the rear toward the front. of the 
boiler, the walls of which consist of the cen 
tral portions of said water tubes, through 
which flues the heat and products of combus 
tion pass on their way from the rear of the 
fire box of said boiler to the smoke stack, 
substantially as set forth. 

2. The combination in a water-tube steam 
boiler, of inclined water-tubes, and a flue or 
flues, inclined upward from the rear toward 
the front of the boiler, the walls of which con 
sist of the central portions of said inclined 
water-tubes placed in close contact with each 
other, through which flue or flues the heat 
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and products of combustion pass on their way 
from the rear of the fire-box of said boiler to 
the Smoke-stack, substantially as set forth. 

3. The combination in a water-tube steam 
boiler, of water-tubes curved near their ends 
and having their central portions inclined, 
and a series of flues, one above another in 
clined upward from the rear toward the front 
of the boiler, the walls of which consist of the 
central portions of said inclined water-tubes, 
through which flues the heat and products of 

62 
combustion pass on their way from the rear 
of the fire-box of the boiler to the smoke 
stack, Substantially as set forth. 

4. The combination in a Water-tube steam 
boiler, of water-tubes curved near their ends 
and connected into horizontal header pipes 
and having their central portions inclined 
upward from the rear toward the front of the 
boiler, with inclined flues, the walls of which 
consist of the central inclined portions of said 

A 

Water-tubes, through which flues the heat and 
products of combustion pass on their Way 
from the rear of the fire-box of the boiler, up 
ward and forward to the smoke-stack, Sub 
stantially as set forth. 

5. The combination in a water-tube steam 
boiler, of a series of flues, one above another, 
inclined upward from the rear toward the 
front of the boiler, the walls of which flues 
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consist of inclined water-tubes placed in close 
contact with each other, and each succeeding 
flueprojecting rearward beyond the fle im 
mediately below it far enough to form the in 
let thereto, so as to insure each flue receiving 
its share of the heat and products of combus 
tion, substantially as set forth. 

6. The combination in a water-tube Steam 
-boiler, of a group of water-tubes curved near 
the ends thereof and secured in header pipes 
communicating with downflowpipes or drums, 
the central portions of which water-tubes be 
tween the curves therein being closely in con 
tact with each other and inclined upward 
from the rear toward the front of the boiler, 
so as to form an inclined flue or flues between 
the curves in said water-tubes, the walls of 
which flue or flues consist of the central in 
clined portions of said water-tubes, substan 
tially as and for the purposes set forth. 

7. The combination in a water-tube steam 
boiler, of a fire box at the front of the boiler, 
header pipes extending rearwardly from the 
rear of the fire-box, water-tubes inserted in 
Said headerpipes and extending upwardsome 
distance substantially parallel to each other, 
so that the heat and products of combustion 
pass from the rear of the fire-box freely be 
tween and around them, bends in said water 
tubes at some distance above said header 
pipes by means whereof said water-tubes are 
brought into contact with each other in tiers, 
one above another horizontally inclined from 
the said bends upward toward the front of the 
boiler, a second set of bends in said Water 
tubes above the fire-box and near the front 
of the boiler whereby said water-tubes are 
again separated from each other, so as to al 
low the heat and products of combustion to 
pass between them, and header pipes secured 
to the upper ends of said water-tubes, sub 
stantially as and for the purpose set forth. 

8. The combination in a water-tube steam 
boiler, of water-tubes formed into a group of 
flues inclined upward from the rear toward 
the front of the boiler, the vertical and hori 
Zontal walls of which flues consist of the cen 
tral portions of the water-tubes placed in close 
contact with each other, so as to form a rect 
angular group of flues extending from the 
rear toward the front of the boiler Substan 
tially, as set forth. 

9. The combination in a water-tube steam 
boiler, of horizontal pipes F, F. &c., at the 
lower part of the boiler, and horizontal pipes 
G, G’ &c., at the upper part of said boiler, 
Water-tubes curved near their ends and hav 
ing the central portions thereof inclined, con 
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necting said pipes at the lower and upper 
parts of the boiler, with a vertical pipe or 
drum connecting with the ends of said pipes 
at the lower and upper parts of the boiler, 
and a semi-disk O and a diaphragm M in the 
lower part of said vertical pipe or drum, form 
ing a chamber around the inlets of the pipes 
at the lower part of the boiler, substantially 
as and for the purpose set forth. 

10. The combination in a water-tube steam 
boiler, of horizontal pipes F, F. &c., at the 
lower part of the boiler, and horizontal pipes 
as G, G' &c., at the upper part of said boiler, 
Water-tubes curved near their ends and hav 
ing the central portions thereof inclined con 
necting said pipes at the lower and upper 
parts of the boiler, with a vertical pipe or 
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drum connecting with the ends of said pipes 
at the lower and upper parts of the boiler, a 
deflector M in the upper part of said pipe or 
drum above the inlets of the horizontal pipes 
at the upper part of the boiler, a semi-disk O 
and a diaphragm N in the lower part of said 

around the outlets of the pipes at the lower 
part of the boiler, substantially as and for the 
purpose set forth. 
In testimony whereof I affix my signature in 

presence of two witnesses. 
LEONARD D. DAVIS. 

Witnesses: 
H. J. CURTZE, 
F. J. BASSETT. 

vertical pipe or drum, forming a chamber 
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