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This invention relates to water-tube boil 
ers and especially to those of the high-pres 
sure marine type burning fuel in the gaseous, liquid or pulverized form. 

's The main object of the invention is to pro 
vide a boiler of the kind indicated which will 
have a higher thermal efficiency and at the 
same time be smaller, lighter and cheaper 
than comparable types of boiler which have 

10 been applied to marine purposes. 
To obtain the object sought, the present 

invention seeks fundamentally (a) To reduce 
radiation losses and (b) To obtain low leav 
ing temperatures of the gases in accordance 

l? with the following general principles, modi 
fications being made therein as required to meet particular requirements:-- 
The volumetric capacity of the combustion 

chamber for a given duty should be as Small 
20 as is consistent with the time required to ef 

fect complete combustion of the necessary 
weight of fuel before the gases impinge on 
relatively cool surfaces; in addition, the form 
of combustion chamber should be chosen so 

25 that the area of its envelope is low in-pro 
portion to the volume in order to approximate 
to the geometrically ideal but practically un 
attainable spherical form. Due to the rela 
tively small heating surface of such an 

30 envelope, a high furnace temperature coupled 
with efficient heat abstraction from the prod 
ucts of combustion are necessary, these re 
quirements, which are to a certain degree in 
terdependent, being jointly satisfied, in part 

35 by highly preheating the combustion air and 
employing a minimum surplus thereof, in 
part by passing the gaseous media over the 
heat-interchange surfaces at a considerable 
velocity and in part by providing an extended 

40 path for the products of combustion. 
In order to carry the above principles into 

effect, the invention consists in a water-tube 
boiler of the single or divided-flow type for 
burning fuel in the liquid, gaseous or pulver 

45 ized form, having an upper and a lower longi 
tudinal drum and tubular side and end walls 
including banks of outwardly-curved steam 
generating tubes connected to the upper and 
lower drums along their length, the tubular 

50 walls, modified as required for the accom 

modation of the burners, thus serving as a complete or substantially complete envelope 
for the chamber in which the fuel is burned. 

Referring to the accompanying drawings, 
which are of a diagrammatic nature:- 

Figure 1 shows a sectional end view of one 
form of boiler according to the present in vention; 

Figure 2 being a corresponding side eleva tion; 
Figure 3 shows a modified form of boiler 

provided with an outer supplementary bank 
of water tubes connecting directly the upper 
and lower drums; 

Figure 4 being a plan; 
Figure 5 is a detail of Figure 4 to a larger 

scale showing a row of small-diameter tubes 
associated with certain of the main steam 
generating tubes to form a baffle, and 

Figure 6 a similar detail to show the 
method of baffling certain of the supplemen tary water tubes; 

Figure 7 shows a sectional end view of a 
form of the invention of the divided-flow type; while finally 
Figure 8 shows a sectional end view of a 

boiler according to the present invention pro 
vided with a modified form of superheater. 
The same reference symbols are used in the 

different figures to denote corresponding 
parts, while the arrows show the general di. 
rection of flow of the hot gases. 
In carrying the invention into effect ac 

cording to the illustrative form shown in Fig 
ures 1 and 2, the boiler comprises an upper 
steam-and-water drum, A, and a lower water 
drum, B, placed the one above the other with 
their axes parallel in a vertical plane, the 
drums being connected along their lengths on 
the two sides by banks of water tubes, C and 
D, curved outwardly to a considerable ex 
tent, for example, so as roughly to define a 
cylindrical surface. The drums are further 
connected at the ends by steam-generating 
tubes, E, F, curved in a plane transverse to, 
the length of the drums, and in part over 
lapping, as shown, to complete the combus tion space or chamber. 
The tubes, D, on one side of the boiler, all 100 
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serve as risers, while the bank of tubes, C, on 
the other side consists of one or more rows 
or risers, c', and adjacent thereto on the side 
remote from the furnace further rows of 
tubes, 'd', acting as downcomers for all the 
water tubes. . 
On the same side of the main water drum, 

B, as the downcomer tubes, c', and at about 
the same level, is arranged a superheater 
drum, H, having reversed U-tubes, h, secured 
thereto, and following approximately the 
curve of the downcomer tubes, c, to which they are adjacent. Outside, the superheater 
tubes again is a supplementary Water drum, 
J, connected to the steam-and-water drum, A, 
by a bank of curved tubes, K, the outer ones, 
ki, of which preferably act as a feed-water 
heater and issue from a longitudinal pocket, 
i, within the supplementary drum, J. 
In addition, a baffle, L., extends downward 

ly a certain distance from the steam-and 
water drum, A, between the downcomer tubes, 
c”, and the superheater tubes, h, so that the 
gases from the furnace pass under this baffle 
to the superheater tubes, h, and the supple 
mentary bank of water tubes, K, and are thus 
given a path of considerable length in rela 
ion to the tubes over which they pass. 
To assist in maintaining the desired high 

temperature of the furnace, the boiler is en 
cased both at the sides and ends by walls of 
firebrick, N, N, screened or partly screened 
by the water tubes above described, so as to 
prevent overheating. - 
The air for combustion, which preferably 

does not exceed by more than about 20 per 
cent. the amount theoretically required, is 
heated to say 
heater, M. The principles underlying the methods of 
securing a positive circulation last described 
may be extended by omitting the bank of 
tubes, K, with supplementary drum, J, shown 
in Figure 1, and substituting therefor the 
downcomer bank, P, having inner and outer 
tubes, p", p. (see Figures 3 and 4) arranged 
outside the superheater and connecting di 
rectly the upper and lower drums, A and B. 
To ensure that all the tubes of the banks, C 
and D, serve as risers, only one or two rows 
of tubes are provided as indicated at 6' and 
d respectively. In addition, in the particu 
lar example, under description, longitudinal 
banks of tubes, R, S, also serving as risers 
are arranged in the combustion chamber. 
In order to utilize more adequately the 

space between the bank of tubes, C, and the 
outer bank, P, the U's of the superheater may 
be successively elongated as shown at it to 
h, while within the smallest U, h", is ar 
ranged an obturator body, Q, of fire-clay or 
the like to serve as a baffle. 

Further, in order to give the desired ex 
tended path to the hot gases, a row of small 

400° or 500° F. in an air pre descend in a direction on the whole opposite 
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outside the steam-generating tubes, e', ad 
jacent to the superheater, this row of small 
tubes extending for a distance, 2, equal say 
to two-thirds of the length of the boiler from the front end and owing to their proximity 
to the tubes, c, serving as a baffle; the re 
maining one-third of the length of the bank 
of tubes, C, denoted by the numeral, 3, thus 
forms a passage for the hot gases. Similar 
ly, a few rows of closely-pitched tubes, p. 
(see Figure 6), are arranged on the side of 
the supplementary bank of tubes, P, adja 
cent to the superheater so as to form in effect 
a baffle extending a distance, 6, equal to about. 
two-thirds of the length of the boiler from 
the rear end leaving a passage of length, 7, 
at the front end. In addition, as shown, the 
longitudinal banks of tubes, R, S, sub-divid 
ing the furnace, stop short of the rear end 
of the boiler so that gaps, 4 and 5, respec 
tively are left. . . 
With such an arrangement, the combus 

rtion gases pass by ways of the gaps, 5 and 4, 
at the rear end of the banks of tubes, R, S, 
continue through the passage, 3, at the rear 
end of the bank, C, and thence pass forward 
ly through the superheater, being divided 
into two streams by the firebrick obturator, 
Q, to correspond more or less to the two legs 
of the superheater U's; finally, the gases flow 
through the passage, , in the front end of 
the inner tubes, p, whence they pass rear 
Wardly and upwardly among the remaining 
tubes, p, of the bank to the preheater. 
If desired, a longitudinal pocket, p, may 

be arranged in the drum, A, to receive the 
ends of some or all of the tubes, p”, the feed 
water being pumped into this pocket to 

to the direction of flow of the hot gases. 
All the forms of the invention above de 

Scribed are of the one-sided or single-flow 
type, i.e., the products of combustion pass to 
the uptake on only one side of the steam 
and-water drum. In Figure 7, however, a 
boiler in accordance with the present inven 
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tion is shown of the double-sided or divided 
flow type, i.e., products of combustion pass 
to the uptake on both sides of the steam-and 
water drum. In this figure, the outer bank 
of tubes, P, and the superheater drum, H, 
and tubes, h", h, are duplicated and ar 
ranged one set on each side of the boiler as 
shown, the same reference symbols for both 
the right- and left-hand sides being used. 
as for the left-hand side in Figure 3. In 
the present form of the invention, two main 
rows of water tubes, c', are provided on each 
side, individual tubes in the neighbourhood 
of the drums, A and B, between which they 
are connected, being set or joggled as shown 
to form baffles so that the gases are directed 
over the various heat-interchange surfaces 

20 
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diameter tubes, c' (see Figure 5) is arranged in the manner indicated by the arrows. The 13 
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end-wall tubes in this form of the invention 
may be as shown in Figure 1. 

Further, in Figure 7, the combustion cham 
ber is shown divided, by Way of example, by 
two juxtaposed longitudinal walls of tube??, 
r, s, the tubes of each wall being disposed in a vertical plane. 

Referring now to Figure 8, a modified 
form of superheater is shown applied to a 
typical boiler according to the present inven tion. 
According to this form, a pair of tubes, 

t, t, forming as it were a superheater element 
and lying in a plane transverse to the axis 
of the drum, A, leave the latter into which 
they are expanded and pass down into the hot 
gases to form a loop, T, preferably turned 
inwardly towards the furnace as shown; the 
tubes then return to the steam-and-water 
drum, A, into which they are expanded and 
deliver into a longitudinal internal pocket, 
U, formed to receive them. The partly 
superheated steam reverses its direction in this pocket to pass through a second pair 
of superheater tubes, t, downwardly through 
the hot gases and preferably through a ZOne 
thereof nearer to the furnace as shown to 
form a second loop, T, and return to a longi 
tudinal internal pocket, W, in the steam drum 
serving to collect the superheated steam and 
provided with a valved outlet of any suita ble construction. 

It will be seen that the form of superheater 
just described becomes in effect an integral 
part of the steam-generating unit, the usual 
headers and drums in connection with the 
superheater being eliminated with a conse 
quent gain in space, weight and cost. 
In the examples of the invention above de 

scribed, the fraction of the aggregate water 
tube area exposed to radiant heat is larger 
than usual; further the shape of the combus 
tion chamber is substantially that of a right 
circular cylinder of comparatively short 

5 length thereby giving a small surface in re 
lation to its volume in accordance with the 
principles set out above, while the tubular 
side and end walls form a substantially com 
plete envelope of effective heating surface to 
the combustion chamber; in addition, the 
preheater ensures a supply of highly-heated 
air to the furnace while the products of com 
bustion are drawn over the heat interchange 
surfaces, e.g., water tubes, superheater tubes, 
air-preheater tubes and the like, at a con 
siderable velocity by way of an extended path 
defined by the baffles. N 

- When simplicity or cheapness of manu 
facture is the dominant consideration, only 
the fundamental structure of the improved 
boiler need be retained together with as 
many, if any, of the high-efficiency adjuncts 
as are required to meet the conditions of the particular design. 
Although specific examples of the inven 

w 

B 

tion have been described above, it will be 
understood that many variations can be 
made in detail without departure from the 
general principles outlined above, while 
structural features shown or described in 
relation to one form of the invention may be equally applicable to other forms. 
Having now described my invention what I 

claim as new and desire to secure by Letters 
Patent is:- - 

1. A water-tube boiler comprising in com 
bination, an upper and a lower longitudinal drum; outwardly-curved oppositely-disposed 
banks of water tubes connecting said upper 
and lower drums along their length in wall 
formation to enclose a combustion chamber 
laterally; and disposed within said combus 
tion chamber other Water tubesin Wall forma 
tion also connecting said upper and lower drums along their length. 

2. A water-tube boiler comprising in com 
bination, an upper and a lower longitudinal drum; outwardly-curved oppositely-disposed 
banks of water tubes connecting said upper 
and lower drums along their length in wall 
formation to enclose a combustion chamber 
laterally; and disposed within said combus 
tion chamber other water tubes in wall forma 
tion also connecting said upper and lower 
drums along their length, said other water 
tubes being curved to afford resilience. 

3. A water-tube boiler comprising in com 
bination, an upper and a lower longitudinal 
drum; a plurality of banks of oppositely-dis 
posed outwardly-curved water tubes connect 
ing said upper and lower drums along their 
length in wall formation to enclose a combus 
tion chamber laterally; together with super 
heater tubes curved to conform with the 
curvature of said outwardly-curved tubes, 
said superheater tubes being disposed be 
tween certain of said outwardly-curved banks of tubes. 

4. A water-tube boiler comprising in com 
bination, an upper and a lower longitudinal 
drum; inner and outer banks of outwardly 
curved water tubes connecting said upper and 
lower drumsalongtheir length in Wall forma 
tion, the inner banks enclosing a combustion 
chamber laterally; and superheater tubes dis 
posed between said inner and outer banks and 
curved to conform with the curvature of said 
outwardly-curved tubes, certain tubes of both 
said inner and said outer banks being closely 
pitched over a part of the length of the boiler 
to form a baffle and certain other tubes of both 
said inner and said outer banks being spaced 
apart over another part of the length of the 
boiler to form a duct for the furnace gases, said closely-pitched and said spaced-apart 
tubes in the two said banks being reversely disposed in relation to the length ?? 

5. A water-tube boiler comprising in com 
bination, an upper and a lower longitudinal drum, outwardly-curved oppositely-disposed 

he boiler. 
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water tubes connecting said upper and said 
lower drumsalongtheir lengthin wall forma 
tion to enclose a combustion chamber later 
ally, said outwardly-curved tubes receiving 
heat only from Said combustion chamber; superheater tubes disposed on the outside of 
certain of said outwardly-curved tubes and 
curved to conform with the curvature of said 
tubes; together with other Water tubes con 
nected to at least one of said drums, said other tubes being disposed outside at least some of 
said superheater tubes and curved to con 
form with the curvature of said tubes. 
In testimony whereof I have signed my 

15 name to this specification. JOHN JOHNSON. 
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