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8 Claimis. 

This invention relates to liquid heaters or Wa 
porizers, and more particularly to devices of this 
character Which are designated as Vertical boil 
ers, although certain of the novel features of the 
in Vention may be applied to boilers or heaters of 
Various other types. 
The general object of the invention iS to pro 

vide a novel and improved heater of this type 
which is simple in construction, economical in 
initial cost and Subsequent maintenance, and 
which is very efficient in operation due to its 
greatly increased steaming rate and enhanced 
fuel economy. 

Boilers and heaters that have heretofore been 
employed for the same general purposes as those 
embodying the principles of the present inven 
tion, have been of the so-called Vertical tubular 
type, or have been simple tubeless boilers, in 
Wihch no means for enSuring a proper circulation 
is provided. The general inefficiency of these 
prior constructions is also due to the provision 
of in Sufficient combustion Space and heating Sur 
face Which causes unnecessary Waste of fuel. On 
account of the insufficient space provided for the 
complete combustion of the gases there is a rapid 
accumulation of products of partial Combustion 
upon the heating surfaces which, in most of 
these cases, are not easily accessible for clean 
ing... Furthermore, especially in the vertical tu 
bular boilers of this class the efficiency is fur 
ther reduced by the accumulation of Scale on the 
internal Surfaces of the furnace, tubes, and lower 
tUibe SheetS. The gaS tra Vel is COmparatively 
short and the flow is too rapid for effecting the 
proper combustion and transfer of the maximum 
quantity of heat to the Water. 
These boilers have a relatively slow initial 

steaming rate due to faulty design and this re 
Sults in a general sluggishness under a fluctuat 
ing load. 
Then, too, in the type of boiler under discussion, 

the top head or flue sheet is dry and, being Sub 
jected to the direct flames of the furnace, it is 
often damaged by overheating. This head is also 
subject to external corrosion by exposure from 
open chimneys. The tubes are generally only 
approximately is of an inch thick and frequent 
renewal is necessary due to Such corrosion. An 
other deleterious effect of the lack of rapid ini 
tial circulation of the water in these boilers is 
the creeping of the furnace plate by unequal ex 
pansion before the heat can be transferred 
through the water to the shell plate; this fre 
quently resulting in broken stay-bolts. 
On the other hand, the present invention elim 

(CI. 122—1774) 
inates the faults found in the common types of 
construction and provides a compact steam gen 
erator which may be used for all heating and 
pOWeir purposes from those requiring the deliv 
ery Of One hOrSepOWer Or more and at pressures 
from one pound up. In its preferred embodi 
ment, the invention contemplates the provision 
of a combined fire and water tube which may 
be prefabricated as a single unit for ready in 
Stallation in a firebox Which may also be easily 
Secured Within the boiler shell. This combined 
tube unit is disposed so as to traVerse the firebox 
and connect the. opposite sides of the Substan 
tially annular Water Space Surrounding the con 
bustion Space. The unit is preferably disposed 
at an angle of approximately 30° With the hori 
ZOntal. This arrangement causes an extremely 
rapid initial circulation of the Water from the 
lower end of the water tube to the upper end 
thereof and thence back through the main por 
tion of the Water Space. The fire tube portion 
of the unit is disposed within the Water tube 
and, for the greater part of its length, is con 
centric therewith, but is provided at its upper 
end With a substantially right angle bend where 
by this end of the fire tube opens through the 
Wall of the Water tube into the upper portion of 
the combustion chamber. The lower end of the 
fire tube extends through the adjacent annular 
Water Space and opens through the Outer Wall 
of the boiler into a Suitable file or Stack. This 
arrangement adds further to the efficiency of the 
boiler by increasing the length of the path of the 
gases and introducing a doWn-draft effect, which 
provides maximum combustion Space and gas 
tra Vel for a giVen grate area. 
The boiler may be of any desired shape, the 

boiler and firebox heads being preferably made of 
Sheet, Steel Stampings, and the tube unit of Seana 
less steel tubes which may be pre-assembled and 
Welded to the margins of the proper openings of 
the furnace. The furnace when complete may 
then be riveted or Welded to the boiler shell. 

Since there is no dry Space exposed to the com 
bustion gases and Since the Wessel can hold more 
Water than a boiler of the same size in the other 
type; which have been described, there is far less 
possibility of damage by Overheating, there are no 
obstructions to cause local accumulation of scale, 
no tube ends to burn, and no exposed heads or 
tube sheets to deteriorate prematurely by exter 
nal corrosion. Furthermore, the thickness of the 
material of the tube unit is such that these parts 
Will have the same normal life as any other por 
tion of the boiler, thereby eliminating many of 
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the common failures and expensive repairs found 
neCeSSary in the conventional types. 

Further objects and features of novelty will be 
apparent from the following Specification. When 
read in Connection. With the accompanying dra W 
ing in which certain embodiments of my inven 
tion are illustrated by Way of example. 
In the drawing: 
Figure 1 is a vertical Sectional view of a boiler 

or heater comprising one embodiment of my in 
Vention 

Fig Ure 2 is a horizontal Sectional view taken 
online 2-2 of Figure 1; and 

Figure 3 is a horizontal Sectional view similar 
to Figure 2 but illustrating a modified form of 
bOiler. 
The novel heater or boiler Will be seen to com 

prise esSentially the Outer boiler Shell designated 
generally by the numeral O, and the inner fur 
nace or firebox shell i 2. The two Shells may be 
cylindrical, square, rectangular or of any other 
desired shape, but Figures 1 and 2 of the drawing 
Show the shells to be cylindrical. The boiler 
shell f includes the side walls 4 and the head 
plate 5 preferably Welded thereto, and is pro 
vided with suitable hand hole openings f6 hav 
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ing covers Secured to the shell by means of 
Suitable bolt and nut connections 8. The shell 
0 is also provided with a larger fuel opening 20 

which may be provided with any suitable door or 
An oppositely disposed opening 22 is 

covered by the lower end of the flue 23 which is 
preferably formed of a substantially channel 
shaped sheet metal member which is provided 
With fanges 24 Suitably secured, as by Welding, to 

This construction 
permits the utilization of any remaining heat 
units in the combustion gases by providing a close 
contact between these gases and the Wall of the 
boiler throughout the entire length of the flue Or 
chimney. A clean-out door 25 is provided in the 
bottom of the flue 23 through which the fire tube 
is also accessible. 
The firebox shell 2 comprises a sheet metal 

side wall portion 27 which is coaxial with the 
outer boiler was 4 and Spaced therefronto pro 
vide the substantially annular water space 28. 
The head 29 of the firebox unit may be Welded 
to the walls 27 and may be provided with a safety 
plug 30. 
The lower margin of the firebox shell I2 is pro 

vided with an ogee configuration as at 32 where 
by the rim 33 of the shell may be welded to the 
lower edge 34 of the outer boiler shell, or as clear 
ly shown in Figure 1 of the drawing. At the 
margins of the fire door opening 20, the inner and 
outer shells are both curved toward each other 
and welded at their meeting edges as shown at 35. 
Any Suitable grate construction indicated dia 
grammatically at 36 may be disposed in the lower 
portion of the firebox shell, and Suitable ash pit 
doors may be provided as convenient. 
Other conventional openings may be provided 

in the shells for drawing off the Steam or hot 
water generated in the Water Space, Supplying 
feed water, or accommodating gauge glasses or 
other Ordinary equipment. The line 38 indicates 
the mean Water level. 
One of the most eSSential features of the pres 

ent invention is the provision of the combined 
fire and water tube unit indicated generally by 
the reference numeral 40. This unit is preferably 
constructed of SeamleSS Steel tubing and the Outer 
Wall 42 thereof encloses the Water conduit 43. 
The unit is disposed croSSwise of the firebox or 

2,069,956 
combustion chamber and is inclined with respect 
to the horizontal, the preferred degres of in 
Clination being approximately 30º With the hOri 
ZOntal plane. A fire tube 45 is disposed within 
the Water tube 42 and for the greater portion 
of its length is coaxial therewith. The upper end 
Of the fire tube is curved as at 46 and communi 
Cates With the combustion space through an 
opening 47 in the Wall 42 of the Water tube. The 
lower end 48 of the fire tube extends beyond the 
Water tube, traversing the annular Water Space 
28 and discharging through the opening 22 in 
the boiler Shell into the fue or Stack 23. The 
upper end of the fire tube is Secured within the 
Opening 47 in the water tube by welding as in 
dicated at 49. The lower end is also preferably 
Welded to the margins of the opening 22 as in 
dicated at 50. The entire unit including the 
water and fire tubes may be prefabricated and in 
Stalled in the boiler shell as by Welding the water 
tube portion 42 at its ends within the openings 
52 and 53 provided in the firebox shell 2. 
In this construction, it Will be seen that the 

lower portion of the water tube 42 receives the 
most direct heat of the furnace and the circu 
lation is initiated at this point, the water pass 
ing lupWardly through the Water Space 43 into 
the annular Water Space 28 and around the fire 
box shell 2 from whence the steam or hot water 
is taken for use, and the return circulation pro 
Ceeds again through the lower end of the water 
tube 42. With this arrangement the initial gen 
eration of Steam is very rapid and the boiler fur 
nace responds perfectly to the requirements of 
fluctuating loads. 
The combustion gases of the furnace envelop 

the fire tube-water tube unit 40 and then strike 
the inner Surface of the head 29 of the firebox 
shell 2. From the upper portion of the com 
bustion chamber the gases then enter the curved 
Upper end of the fire tube 45 and proceed down 
Wardly through the fire tube and thence into 
the flue 23, where they proceed upwardly in close 
contact With the Wall of the boiler shell. It Will 
thus be seen that not only is there provided by 
the present novel arrangement a more efficient 
circulation of the water in the heater or boiler, 
but the utmost extraction of heat units from the 
combustion gases is obtained, as well as a greater 
opportunity for more complete combustion of 
these gases during their passage through the 
boiler-furnace. 
In Figure 3 of the drawing there is illustrated 

One alternative form of the invention in which 
both the boiler shell 00 and the furnace shell 

2 are Square or rectangular in cross section. 
The shells are spaced from each other so as to 
provide water legs 28 which are connected by 
the combination fire tube and water tube unit 
140 which is constructed in exactly the same way 
as the corresponding unit 40 in the embodiment 
first described, this unit comprising the outer 
water tube portion 42 and the inner fire tube 
45. A fire door is indicated at 20 and a stack 
23 provides the same efficient means for heat 

utilization and the carrying off of the products of 
combustion as described in the other embodi 
ment. In this form of construction the two 
shells may be Secured in properly spaced rela 
tion by means of the stay-bolts 60. 

Besides the numerous advantages of the pres 
ent construction which have already been dis 
cussed, it Will be noted that it is necessary to 
provide only One flue opening through the outer 
boiler shell fo, namely, that designated 22 into 
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which the lower end 48 of the fire tube dis 
charges. It will also be noted that the Sean 
less tubes 42 for the water tube and the curved 
tube 45 for the fire tube are stock articles and 
the unit may be fabricated without the use of 
special tools, dies, or other machinery and that 
any modern boiler manufacturing plant could 
complete a boiler-furnace of this character with 
in a very short time without retooling or in 
stalling any of the additional machinery which 
would be required for fabricating odd or con 
plicated sheet metal shapes. 

It will be understood that various changes and 
modifications can be made in the embodiments 
illustrated and described herein without depart 
ing from the scope of the invention as defined 
by the following claims. 
Having thus described the invention, What is 

claimed as new and desired to be secured by Let 
ters Patent is: 

1. In a liquid heater or vaporizer of the class 
described, in combination, a vertical boiler shell, 
an inner firebox shell, said shells defining be 
tween them a substantially annular water Space, 
a combined water and fire tube structure traV 
ersing the firebox and serving to directly con 
nect opposite portions of Said annular Space 
and also to directly connect the firebox with the 
exterior of the first named shell. 

2. In a liquid heater or vaporizer of the class 
described, in combination, a vertical boiler shell, 
an inner firebox shell, said shells defining between 
them a, substantially annular Water Space, a, sin 
gle inclined combined water and fire tube struc 
ture traversing the firebox and serving to directly 
connect opposite portions of Said annular Space 
and also to directly connect the firebox With a 
point exteriorly of the first named shell, and 
a fue into Which the fire tube portion of Said 
structure discharges at Said point. 

3. A liquid heater or vaporizer of the class de 
scribed comprising, in combination, a boiler shell, 
a firebox shell within said boiler shell, a straight, 
continuous, inclined water tube traversing said 
firebox shell and Serving to connect opposite por 
tions of said boiler shell, a fire tube disposed 
within said water tube and similarly inclined, the 
upper end of said fire tube opening directly into 
the combustion Space defined by the firebox shell, 
and the lower end discharging through the wall 
of the boiler Sheil into a Suitable Smoke fue. 

4. A liquid heater or vaporizer of the class de 
scribed comprising, in Combination, a boiler shell, 
a firebOX shell within said boiler shell, a straight 
inclined continuous water tube traversing said 

3 
firebox shell, a fire tube disposed within said 
water tube and similarly inclined, the upper end 
of said fire tube being curved to open through the 
wall of said water tube into the combustion Space 
defined by the firebox shell, and the lower end 
discharging through the wall of the boiler shell 
into a suitable Smoke fue. 

5. A liquid heater or vaporizer of the class de 
scribed comprising, in combination, a boiler shell, 
a firebox shell within said boiler shell, said shells 
being substantially rectangular in croSS Section 
and defining between them a peripheral Water 
space, a single inclined water tube traversing Said 
firebox shell, a fire tube disposed within said 
water tube and similarly inclined, the upper end 
of said fire tube being curved to open through 
the wall of said Water tube into the combustion 
space defined by the firebox shell, and the lower 
end discharging through the wall of the boiler 
shell into a suitable Smoke flue. 

6. As an article of manufacture, a unitary fire 
box structure which comprises a substantially 
cylindrical shell and a combined fire and water 
tube unit tra Versing Said Shell, Said unit com 
prising a straight outer water tube and an inner 
SLbstantially concentric fire tube of Smaller diam 
eter than said water tube, the water tube opening 
through the Opposite Walls of Said. Shell and Said 
fire tube being curved adjacent one of its ends 
and opening at Said end through the Wall of 
said outer Water tube. 

7. As an article of manufacture, a combined 
fire and Water tube unit adapted to constitute 
a replaceable prefabricated element in the con 
struction and repair of liquid heaters or vaporizers 
of the class described, comprising a straight outer 
Water tube and an inner substantially concen 
tric fire tube of Smaller diameter than said water 
tube, one end of Said fire tube terminating short 
of said Water tube, being curved, and opening 
through the Wall of Said Outer water tube, the 
Opposite end of Said fire tube projecting beyond 
the corresponding end of the Outer water tube. 

8. A liquid heater or vaporizer of the class de 
scribed comprising, in combination, a boiler shell, 
a firebox shell Within said boiler shell, a straight 
continuous water tube traversing said firebox 
shell, a fire tube disposed within said water tube 
and Substantially concentric therewith, one end of 
said fire tube being curved to open through the 
Wall of said water tube into the combustion 
Space defined by the firebox shell, and the oppo 
site end of Said fire tube discharging through the 
wall of the boiler shell into a suitable smoke fue. 

CORNELIUS M. KELLEY. 
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