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This invention relates generally to steam boil 
ers, and has for its general purpose to provide 
improvements whereby for given horse-power 
rating, it is possible to materially reduce the size, 
weight and cost of the boiler, and to increase 
the pounds of steam generated per square foot of 
heating surface. These advantages are of par 
ticular importance in portable type boilers, al 
though it is to be understood that the invention is 
applicable to boilers of various types, including 
Stationary boilerS. 
The invention is concerned primarily with 

boilers in which the fire box or fuel combustion 
zone is enclosed by a water jacket, and the water 
is heated within tubes in the combustion ZOne, 
and also within the Water jacket by direct heat 
transference from the fire box Wall. Preferably, 
the feed water first is introduced to a chamber 
wherein the water may become preheated. From 
this chamber the Water flows through the tubes 
contained in the fire box, and also into water leg 
portions of the fire box jacket directly adjacent 
the sides of the fire box Wall. Steam generated 
in the tubes and water jacket rises into a steam 
chamber within the upper interior of the jacket 
shell. Boilers having this general construction 
are disclosed in my copending application, Ser. 
No. 164,673, filed September 20, 1937, on Boiler. 
My primary object is to increase heat transfer 

rates from the combustion gases to the water, and 
to thereby increase the boiler efficiency, by main 
taining continuous water circulation between the 
fire box jacket or water legs, and the feed water 
supply chamber. By so keeping the Water in a 
state of continuous flow through the jacket, I 
am able to maintain water velocities along the 
outer heating surfaces of the fire box shell, Suff 
cient to remove steam bubbles and stagnant water 
films from those Surfaces and thereby greatly 
increase the rates of heat transfer to the Water. 
In order to maintain desirably high Water ve 
locities, I preferably employ means, Such as a 
pump, for creating positive Water circulation be 
tween the fire box water jacket and the feed 
water chamber. At the same time I maintain 
forced circulation through the water tubes, thus 
increasing the rate of heat transfer through the 
tubes as well as through the fire box wall. 
The invention includes various additional fea 

tures, all contributing to increased thermal effi 
ciency of the boiler, but these as Well as the ob 
jects mentioned above, Will be explained to better 
advantage and understood more readily from the 
following detailed description of the invention in 
certain typical and illustrative forms. Through 

(C. 122-406) 
out the description, reference is had to the ac 
Companying dra Wings, in which: 

Fig. i is a view in longitudinal section showing 
One embodiment of the invention in a typical 
form of horizontal boiler; 

Figs, 2 and 3 are vertical sections on lines 2-2 
and 3-3 of Fig. 1; 

Fig. 4 is a fragmentary section on line 4-4 of 
Fig. 3; - 
Fig. 5 is another fragmentary view showing a 

modified feature of the invention; 
Fig. 6 is a sectional view showing another em 

bodiment of the invention in a vertical type of 
boiler; 

Fig. 7 is a fragmentary section on line 7-7 of 
Fig. 6; and 

0 

5 

Fig. 8 is a fragmentary view illustrating a 
Variational form of certain parts of the boiler 
shown in Fig. 6. 
The boiler shown in Fig. 1 may be described 

generally as including a preheating section O 
within which the feed water is heated by contact 
With the fire tubes if, and a fire box section 2 
containing tubes 3 through which water fows 
from the preheating section 9 into the steam 
chamber 4. The boiler comprises an outer shell 
5 enclosing both the preheating section 0 and 
the fire box 2, the latter however being directly 
defined by a shell 6 spaced from the top of shell 
15 to form the steam chamber 4, and spaced 
at 7 from the sides of the outer shell to form 
What may be referred to as side water legs con 
tinuing below the steam chamber. One end 8 
of the fire box shell is spaced at 9 from the end 
Wall 5a of the outer shell to form an end water 
leg in Open communication with the side water 
legs and steam chamber. The interior of the fire 
box is accessible through a manhole 20 normall 
closed by cover plate 2. 
The Opposite end of the fire chamber is en 

closed by a tube sheet 22 into which the lower 
ends of the inclined water tubes 3 are expanded. 
As illustrated, the upper ends of the tubes are 
expanded into the outer end wall 8 of the fire 
bOX. The fire box may contain a suitable super 
heating coil, conventionally illustrated at 23 above 
the inclined baffle wall 24. Hot combustion gases 
from the multiple burner unit 25 set within an 
opening in the floor of the fire box, flow in paths 
indicated by the arrows along tubes f3 below the 
bafile Wall toward, the upper end of the combus 
tion chamber, and oppositely along the tubes be 
tween baffle 24 and the baffle wall 26. 
The preheating section 0 within the cylindric 

portion t 5b of the Outer shell, contains a plurality 
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through pipes 35. 

2 
of horizontal fire tubes extending through 
Lube sheets 22 and 27. The hot combustion gases 
leaving the fire box chamber 2 flow through tubes 

into the Smoke box 28 and out through the 
Stack 23. The preheating Section 9 contains a 
pair of baffles 3 and 3 which cause the boiler 
feed water introduced through line 32 to flow 
upwardly and transversely of the outer portions 
of tutes : , and to then flow downwardly in Con 
tact with the inner extents of the tubes. The 
water then passes beneath baffle 3 into the lower 
ends of tie water tubes 3. A portion of the 
preheated water also is discharged directly from 
the lower portion 33 of the preheating chamber 
into the lower politions of the water legs at the 
sides of the fire box, and also if desired, into 
water leg 8. For this purpose provide tubes 34 
having discharge crifices or nozzles. 34b, extend 
ing longitudinally within the bottoms of the side 
water legs through tube sheet 22 and end wall 8 
of the fire box. ihe ends 34a, of tubes 34 may be 
closed or open, depending upon whether it is de 
sired to maintain an upward circulation of Water 
from the preheating section 0 within the end 
water leg 9. 

Suitable provision is made for recirculating 
water from the side water legs f into the pre 
heating section i9, as by way of pipes 35, 3ee Fig. 
3, connected to the inlet 35a of a pump 33, which 
discharges through pipe 3; into the preheating 
chamber below or at the lower end of baffle 3. 
Pump 30 nay be of any suitable type, either of 
a positive displacement cr centrifugally operat 
ing design. The showing in the drawiragS Inay 
be regarded as a diagrammatic illustration of 
a positive displacement rotary pump. The pump 
inlet 35a, and pipe 37 may be connected by a 
normally closed by-pass line 88 containing a Valve 
8 which may be opened to perihit inatural Or 
convection circulation if the punp is not in Op 
eration. Walves 82 and 33 inay be closed to cut 
out the pump, or to permit removal of the pump 
for replacement or repair. Preferably, pipes 35 
connect With the lower portions of the Water legs 

so that the pump operates to recirculate the 
relatively cooler Water. Bafiles 38 placed within 
the side Water legs toward the inner ends theire 
of require the water being discharged from tubes 
34, as will presently appear, to flow upwardly with 
in the greater longitudinal extents of the Water 
legs Without interference by the pump Stiction 

The recirculated Water then 
reverses its path in flowing over the baffles 38 
and downwardly between the baffles and the tube 
sheet 22, to the pipes 35. 

In the Operation of the boilei, the feed water is 
preheated in flowing through section as pre 
viously described, and the greater portion of the 
preheated Water then is discharged through tubes 
3 into the end water leg 9 and steain chain 

ber 4. In flowing through the tubes, the Water 
is partially converted to stean which rises into 
the steam chamber and dome 49 to the steam 
supply line St. Pump 33 operates to maintain 
increased rate of circulation through the Water 
tubes by virtue of the high velocity of the Water 
stream discharged by the pump toward the tubes, 
and also by Virtue of the greater Static head and 
preSSulie existing in the preheating section de 
veloped by the discharge pressure of the pump. 
Thus as illustrated, the Water in chamber Ed 
Within Section E may stand at a level L. Sub 
stantially higher than the water level L' in the 
Steam chamber 4. Communication between the 
two chambers may be maintained in any suit 
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able nanner, for the purpose of venting into the 
Stearin chamber any steam that ray be gener 
ated in the preheating chamber, as by terminat 
ing the upper edge of tube sheet 22 below the 
Crown of shell 5 to provide an opening at 42. 
If desired, provision may be made for increas 
ing the Static head in the preheating chamber 
Sea by extending the effective eight of the 
Water column therein above the top of shell 5. 
For example, as shown in Fig. 5, tube sheet 22 
imay be extended to the top of shell 2 and the 
chambers at opposite sides of the tube sheet 
interconnected by a pipe 33 which may extend 
upWardly any distance in accordance with the 
desired Water head to be maintained in the pre 
heating Section. 
In the fire bCX Section of the boiler the pre 

heated. Water is heated to higher temperatures 
and converted to Stean in circulating through 
tubes 3 and the side and end water legs at 7 
2nd 3. The high efficiency of the boiler is due 
largely to the fire box being water jacketed, so 
that in addition to the water being heated with 
in tubes 3, there is a direct transference of 
heat through the fire box wall 6 to the water 
Standing in the enclosed jacket. One of my 
primary objectS is to further increase the boiler 
efficiency by maintaining forced circulation of 
Water through tubes 3 and within the water 
jacket So as to materially increase the rates of 
heat transfer. 
Under the combined effects of the relatively 

high velocity of water discharged by the pump 
36, and the increased static head of the water 
in the preheating section to, the water forced 
into tubes 34 is discharged upwardly from noz 
zles 3ist) at fairly high velocity along the outer 
Surfaces of the fire box shell S. Water dis 
charged from the ends 34a of tubes 34 main 
tains an upward circulation at substantial ve 
locity Within the lower portion of the end water 
leg 9 and along the outer surface of the fire 
box Wall 8. The effect of upward forced cir 
culation of Water along the cuter surfaces of 
the fire box is to Substantially increase the rate 
of heat transfer from the combustion gases and 
fire box Wall to the water, by centinuously re 
moving from the Surface of the wall steam bub 
bles and Superheated water films that other 
Wise would materially reduce the heat transfer 
rate. The rate of water discharge from pipes 34 
and the Spacing between shell 5 and the side 
and end Walls of the fire box, are such as to 
maintain a rate of upward circulation within the 
Water legs Sufficient to effectively free the ex 
posed fire box surface of insulating steam par 
ticles and thermally stagnant water film. 

Nozzles 34b are shown to be positioned be 
tween baffles 38 and the fire box and wall 8, 
So that the circulated water being discharged 
by the nozzles flows upwardly toward the top of 
the fire box and then reverses its flow in passing 
downwardly between the baffles and the tube 
sheet 22. If desired, pipes 34 may be provided 
With discharge nozzles between baffles 33 and 
the tube sheet 22, although the downward cir 
culation of the Water being taken into pipes 35 
ordinarily will be sufficient to maintain eficient 
heat transfer from the fire box Wall. 

Figs. 6 and 7 show another embodiment of the 
invention in a vertical type water tube boiler 
similar to the previously described form in that 
the fire box is water jacketed, and forced recir 
culation of Water is maintained between a feed 
water inlet chamber and the legs of the water 
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2,189,448 
jacket. The boiler in Fig. 6 comprises an Outer 
shell 50 containing a floor plate 5? having an 
opening 52 within which is placed a suitable 
burner unit 53. The feed water is introduced 
from line 54 to chamber 55 enclosed by an an 
nular plate 66, the inner vertically extending por 
tion 56d of which is lined with fire, brick 57 and 
forms the burner housing. Here the fire box is 
formed by a cylindric shell 58 positioned con 
centrically within and annularly spaced at 59 
from the outer shell 50. The water tubes 60, 
which may be of any suitable form and shape, 
are expanded within plate 56 and within the 
crown sheet G of the fire box shell. Hot con 
bustion gases flow upwardly from the burner 
unit 53 through the fire box and along the Water 
tubes 60, and are discharged through the stack 
62. Preferably I provide within the fire box a 
fire brick baffle B positioned, as illustrated, to 
direct the rising combustion gases outwardly 
toward and along the jacketed Wall of the shell. 
Water flowing upwardly through the tubes 60 is 

discharged into the annular steam chamber 63, 
the latter having an outlet 64 and being in open 
communication with space 59 which forms an 
annular Water leg directly surrounding the fire 
box shell. A continuous circulation of Water from 
space 59 into the feed water chamber 55, and then 
upwardly along the surface of the fire box shell 
58, is maintained by a suitable pump, diagram 
matically indicated at P. Water is taken by the 
pump, preferably at a point or points toward the 
lower end of the water leg, through pipe 65, and 
is discharged through pipe 66 into the chamber 
55. A by-pass line 6, having a normally closed 
valve 84 may be provided in order that if it is 
not desired to maintain positive or mechanical 
circulation of the water, the pump may be shut 
down, valves 85 and 86 closed and the valve 84 
opened to permiit convection or thermosiphonic 
circulation through the by-pass line. . I prefer 
ably provide within space 59 an annular baffle 68 
spaced at 69 and 70 from the fire box and outer 
shell 50, in order that rapid upward circulation 
of water may be maintained along the surface of 
the fire box, and the water then recirculated 
downwardly to the pump inlet without interfer 
ence with the upwardly flowing stream. 
The combined fresh feed and recirculated water 

are forced through the water tubes 60 and also 
through circularly spaced nozzles 7 which dis 
charge the water upwardly in high velocity 
streams within space 69 along the Outer Surface 
of the fire box shell 58. As in the previously de 
scribed form of the invention, the pump main 
tains a forced circulation of water from the 
nozzles at sufficient Velocity to continuously re 
move from the surface of the shell 58 Steam 
bubbles and superheated water films that other 
Wise would diminish the heat-transfer rate. 
Where the boiler is designed for relatively low 

pressure steam generation, the lower extent of 
the stack 62 may form the inner wall of the an 
nular steam chamber 63, but if extremely high 
pressure steam is to be generated, it may be de 
sirable to remove the stack from exposure to the 
steam, and thus avoid overheating and resultant 
failure of that portion of the steam chamber Wall 
about the stack. Accordingly, as shown in Fig. 
6, I may provide a separate inner steam chamber 
wall 87 spaced at 88 from the stack 62 so that 
all portions of the steam chamber shell not con 
tacted by water, are removed from direct heat 
transference from the combustion gases dis 
charged through the stack. As an alternative, I 

3 
may in effect water jacket the bottom portion of 
the stack 62 within the steam chamber, as shown 
in Fig. 8, by providing an annular baffle or bell 89 
overlying the upper ends of tubes 60 and direct 
ing the Water discharged from the tubes upWardly 
along the surface of the stack. The water spills 
over the upper edge of the baffle 89 into the steam 
chamber, and, by direct contact with the stack, 
prevents it from becoming overheated. 

Further heat economies may be effected by 
utilizing the heat contained in the combustion 
gases flowing through the stack to superheat the 
steam and also, if desired, to preheat the boiler 
feed Water. Thus, by closing valve 90 and open 
ing valve 9, the steam may be discharged at 92 
from the top of chamber 63 through a super 
heater coil 93 within which the steam passes 
Counterflow to the stack combustion gases and is 
discharged through pipe 94 to the supply line 95. 
Feed Water may be passed from pipe 96 through 
the preheating coil 97 and then through pipe 98 
into the boiler water chamber 55. 

In both the described forms of the invention, 
the rate of water circulation within the boilers 
may be automatically controlled in accordance 
with the steam pressure so that as the steam 
preSSure builds up beyond a predetermined limit, 
the water circulation rate, and consequently the 
rate of steam generation, will be reduced; and 
conversely as the steam pressure falls below that 
predetermined limit. To accomplish this object, 
I may regulate the speed of operation of the 
Water circulating pump in accordance with the 
boiler steam pressure by any suitable type of 
automatic control, various forms of which (per 
Se) are known and in common use. For example, 
aS shown in Fig. 3, the pump 36 may be driven 
by an engine 9S supplied with steam from the 
boiler through line 00. The supply of steam to 
the engine is regulated by a suitable control, 
diagrammatically illustrated at 0 , which in turn 
is connected by pipe O2 to the steam line GO 
So as to operate to reduce the supply of steam 
to the engine, and therefore the engine speed, 
When the steam pressure in line 30 increases, 
and conversely when that steam pressure de 
creases below a predetermined limit. In Fig. 6, the 
pump. P may be driven by an electric motor G2, 
the Speed and supply of current to which may be 
automatically regulated by a suitable pressure 
responsive control device, conventionally illus 
trated at 03, connected at 94 with the boiler 
Steam chamber 63. As before, the motor and 
pump Speeds are thus controlled to automatically 
reduce the rate of water circulation within the 
boiler under the influence of the pump when the 
Steam pressure becomes excessive, and to increase 
the water circulation rate when the steam pres 
sure drops. 
AS Will be seen from the foregoing, in both the 

described forms of the invention, the water is 
heated and converted to steam in flowing through 
tubes within the combustion chamber or fire box, 
and also in being maintained in a state of cir 
culation within the water legs directly adjacent 
the outside of the fire box shell. By providing 
forced recirculation both through the tubes and 
Within the Water legs, I an able to establish 
maximum heat transfer rates from the combus 
tion gases to the water, and by virtue of the 
jacketed fire box construction, utilize a maximum 
of the heat content of the combustion gases. Be 
cause of the greater heat efficiency afforded by 
these features, it is made possible in designing a 
boiler for given horse-power rating to substan 
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4. 
tially reduce the size and weight, as well as the 
cost of the boiler, as compared with other boilers 
of corresponding horse power. 
I claim: 
1. In a boiler, the combination comprising Walls 

forming a fire box, walls spaced from Said fire box 
forming a steam chamber and a Water leg extend 
ing below the steam chamber and directly ex 
posed to the side of the fire box wall, means form 
ing a water chamber having a feed water inlet, a 
baffle extending upwardly within said water leg, 
means including a pump for recirculating water 
from said water leg at one side of the baffle into 
the water chamber, and means for discharging 
water under the influence of said pump from Said 
water chamber into the water leg at the opposite 
side of said bafile and along the Surface of the 
fire box wall. 

2. In a boiler, the combination comprising walls 
forming a fire box, walls spaced from Said fire bOX 
forming a steam chamber and a water leg extend 
ing below the steam chamber and directly ex 
posed to the side of the fire box wall, means form 
ing a water chamber having a feed water inlet, a 
smoke box, fire tubes extending from Said fire box 
through the water chamber to the Smoke box, a 
vertical baffle extending upwardly within Said 
water leg, means including a pump for recirculat 
ing water from said water leg at one side of the 
baffle into the water chamber, and means for dis 
charging water under the influence of Said pump 
from said water chamber into the water leg and 
along the surface of the fire box wall at the other 
side of the baffle. 

3. In a boiler, the combination comprising walls 
forming a firebox, walls spaced from said fire box 
forming a steam chamber and a water leg extend 
ing below the steam chamber and directly exposed 
to the side of the fire box wall, means for with 
drawing water from one location within Said 
water leg, and means for so discharging water 
into another location within said water leg that 
the water discharged ficws upwardly therein di 
rectly adjacent and along the Surface of the fire 
box wall. 

4. In a boiler, the combination comprising Walls 
forming a fire box, walls spaced from Said fire box 
forming a steam chamber and a water leg ex 
tending below the steam chamber and directly 
exposed to the side of the fire box Wall, means for 
withdrawing water from one location within Said 
water leg, and means for so discharging water 
into another location within said water leg that 
the Water discharged flows upwardly therein di 
rectly adjacent and along the surface of the fire 
box Wall, the last mentioned means comprising 
a nozzle through which the water is discharged 
upwardly within a lower portion of the water leg 
at relatively high velocity. 

5. In a boiler, the combination comprising walls 
forming a fire box, walls spaced from Said fire box 
forming a steam chamber and a Water leg extend 
ing below the steam chamber and directly exposed 
to the side of the fire box wall, a baffle Within Said 
Water leg, means for withdrawing water from the 
water leg at one side of said baffle, and means for 
discharging water into said water leg at the oppo 
site side of the baffle and along the Surface of the 
file box Wall. 

6. In a boiler, the combination comprising walls 
forming a fire box, walls spaced from said fire box 
forming a steam chamber and a water leg extend 
ing below the steam chamber and directly exposed 
to the side of the fire box wall, means forming a 
water chamber having a feed Water inlet, means 
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for recirculating water from one location within 
said water leg into the Water chamber, and means 
for so discharging water from said water chamber 
into the lower portion of the water leg at a loca 
tion different from the first mentioned location 
that the water discharged is caused to flow up 
Wardly within the water leg along the Surface of 
the fire box Wall. 

7. In a boiler, the combination comprising walls 
forming a fire box, walls spaced from said fire box 
forming a steam chamber and a water leg extend 
ing below the steam chamber and directly exposed 
to the side of the fire box wall, means forming a 
Water chamber having a feed Water inlet, means 
including a pump for recirculating Water from 
one location within said water leg into the water 
chamber, and means for so discharging water 
under the influence of said pump from said water 
chamber into the lower portion of the Water leg 
at a location different from the first mentioned 
location that the water discharged is caused to 
flow upwardly within the Water leg along the Sur 
face of the fire box Wall. 

8. In a boiler, the combination comprising walls 
forming a fire box, walls spaced from said fire box 
forming a steam chamber and a water leg extend 
ing below the steam chamber and directly exposed 
to the side of the fire box wall, means forming a 
water chamber having a feed water inlet, means 
for recirculating water from one location within 
said water leg into the water chamber, and means 
for so discharging water from said water cham 
ber in a plurality of high velocity streans into 
the lower portion of the Water leg at a location 
different froin the first mentioned location that 
the water discharged is caused to flow upwardly 
Within the water leg along the surface of the fire 
box wall. 

9. In a boiler, the combination comprising walls 
forming a fire box, outer walls spaced from said 
fire box forming a steam chamber and a water leg 
extending below the steam chamber and directly 
exposed to the side of the fire box Wall, means 
forming a Water chamber having a feed water 
inlet, Water tubes extending within said fire box 
and interconnecting said water chamber and the 
Space betWeen Said Outer Walls and fire box so 
that Water is delivered through the tubes from the 
water chamber into Said Space, means for recir 
culating water from one location within said 
Water leg into the Water chamber, and means for 
So discharging water from said water chamber 
into the lower portion of the water leg at a loca 
tion different from the first mentioned location 
that the water discharged is caused to flow up 
Wardly within the Water leg along the surface of 
the fire box Wall. 

10. In a boiler, the combination comprising 
Walls forming a fire box, outer walls spaced from 
Said fire box forming a steam chamber and a 
Water leg extending below the stean chamber 
and directly exposed to the side of the fire box 
wall, means forming a Water chamber having a 
feed water inlet, water tubes extending within 
Said firebox and interconnecting said water cham 
ber and the space between said outer walls and 
fire box so that water is delivered through the 
tubes from the water chamber into said space, 
means including a pump for recirculating water 
from one location within the lower portion of said 
Water leg into the Water chamber, and means for 
So discharging water under the influence of Said 
pump from said water chamber into the lower 
portion of the water leg at a location different 
from the first mentioned location that the water 
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discharged is caused to flow upwardly within the 
Water leg along the surface of the fire box wall. 

11. In a boiler, the combination comprising 
Walls forning a fire box, Outer Walls Spaced from 
said fire box forming a steam chamber and a 
water leg extending below the steam chamber 
and directly exposed to the side of the fire, box 
Wall, means forming a Water chamber having a 
feed water inlet, water tubes extending within 

10 said fire box and interconnecting. Said water 
chamber and the space between said outer Walls. 
and fire box So that Water is delivered through 
the tubes from the Water chamber into said 
Space, means including a positive displacement 

15 pump for recirculating water fron One location 
within said water leg into the water chamber, 
and means for discharging water under thein-, 
fluence of said pump from said water chamber 
into a lower portion of the Water leg at a location 

20 different from the first mentioned location and 
upwardly along the surface of the fire box. Wall. 

12. In a boiler, the combination comprising. 
Walls forming a fire box, outer walls spaced from 
said fire box forming a Steam chamber and 

25 Water legs below the steam chamber and di 
rectly exposed to opposite sides of the fire box 
wall, means forming a water chamber having 
a feed water inlet, water tubes extending with 
in said fire box and interconnecting said Water 

30 and fire box so that Water is delivered through 
the tubes from the water chamber into Said space, 
means for recirculating water from locations 
within said water legs into the water chamber, 

Water legs at locations different from the first 
mentioned locations that the water discharged is 
caused to flow upwardly within the Water legs 

40 along the surface of the fire box wall. - . . . . 
i3. In a boiler, the combination comprising: 

walls forming a fire box, Outer walls spaced from 
said fire box forming a steam chamber and Water. 
legs below the steam chamber and directly ex 

45 posed to opposite sides of the fire box wall, 
means forming a water chamber having a feed. 
Water inlet, Water tubes extending. Within said 
fire box and interconnecting said. Water cham 
ber and the space between said outer. Walls and 
fire box so that water is delivered through the 
tubes from the water chamber into said. Space, 
means including a pump for recirculating water 
from locations within said water legs into the 
Water chamber, and means for so discharging 
Water under the influence of said pump from the 
water chamber into the lower portions of said 
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Water legs at locations different from the first 
mentioned locations that the Water discharged is 
caused to flow upwardly within the water legs 
along the Surface of the fire box Wall. 

14. In a boiler, the combination comprising 
Walls forming a fire box, outer walls spaced from 
Said fire box forming a steam chamber and Wa 
ter legs below the steam chamber and directly. 

65 exposed to opposite sides of the fire box wall, 
means forming a Water chamber having a feed 
Water inlet, Water tubes extending within said 
fire box and interconnecting said water cham 
ber and the space between Said outer walls and 
fire box so that water is delivered through the 
tubes from the water chamber into said space, 
means including a pump for recirculating Water 
from locations within said water legs into the 
water chamber, and means including nozzles for 
so discharging water under the influence of said 
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chamber and the space between said outer Walls. 

and means for So discharging Water from the 
Water chamber into the lower portions of said. 

pump from the water chamber into the lower 
portions of Said Water legs at locations different 
from the first mentioned locations that the wa 
ter discharged is caused to flow upwardly at high 
velocity along the surface of the fire box wall. 

15. In a boiler, the combination comprising 
Walls forming a fire box, Outer Walls Spaced from 
said fire box forming a steam chamber and wa 
ter legs below the Stean chamber and directly 
exposed to opposite sides of the fire box wall, () 
means forming a Water chamber having a feed 
Water inlet, ... Water tubes extending Within said 
fire: box and interconnecting Said Water chamber 
and the Space between said Outer Walls, and fire 
box so that water is delivered through the tubes 5 
from the Water chamber into said Space, means 
for recirculating. Water from locations within 
said water legs into the Water chamber, and 
means including separate Series of nozzles for So 
discharging water from the water chamber into 20 
the lower portions of said Water legs at loca 
tions, different from the first mentioned iocations 
that the water discharged is caused to flow up 
wardly within the water legs at high velocity 
along the Surface of the fire box Wall. 25 

18. In a boiler, the combination comprising 
Walls forming a fire box, Outer walls spaced from 
said fire box forming a steam chamber and wa 
ter legs below the steam chamber and directly 
exposed to opposite sides of the fire box wa), 30 
means forming a Water chamber having a feed 
Water inlet, Water tubes extending within said 
fire box and interconnecting said water chamber 
and the Space between said outer walls and fire 
box so that water is delivered through the tubes 35 
from the water chamber into Said space, means 
including a pump for recirculating water from 
Said Water legs into the Water chamber, and 
means for discharging water under the influence 
of said pump from the water chamber into said 40 
Water legs at points along the lower portions 
of said water legs and upWardly along the surface 
of the fire box Wall. 

17. In a boiler, the combination comprising 
walls forming. a vertically extending fire box, 45 
Walls annularly spaced from the sides and top 
of said fire box to form a Steam chamber and 
an annular Water leg Surrounding and directly 
exposed to the fire box. Wall, means forming a 
water chamber having a feed water inlet, means 50 
for recirculating Water from one location. Within 
said water leg into the Water chamber, and 
means for so discharging Water from said water 
chamber into the lower portion of the water leg 
at a location different from the first mentioned 55. 
location that the Water discharged is caused to 
flow upwardly within the water leg along the 
surface of the fire box Wall. 

18. In a boiler, the combination comprising 
walls forming a vertically extending fire box, 60 
walls annularly Spaced from the sides and top 
of said fire box to form a steam chamber and 
an annular water leg surrounding and directly 
exposed to the fire box Wall, means forming a 
water chamber having a feed water inlet, means 65 
including a pump for recirculating Water from 
one location within said water leg into the wa 
ter chamber, and means for so discharging water 
under the influence of said pump from said Wa 
ter chamber into the lower portion of the water 70 
leg, at a location different from the first men 
tioned location that the water discharged is 
caused to flow upWardly within the water leg 
along the Surface of the fire box Wall. 

19. In a boiler, the combination comprising S. 
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Walls forming a vertically extending fire box, 
Walls annularly spaced from the sides and top of 
Said fire box to form a steam chamber and an 
annular Water leg Surrounding and directly ex 
pOSed to the fire box wall, means forming below 
Said Water leg a water chamber having a feed 
Water inlet, means including a pump for recir 
culating Water from one location within said 
Water leg into the water chamber, and means for 
So discharging Water under the influence of said 
pump from Said water chamber into the lower 
portion of the water leg at a location different 
from the first mentioned location that the Water 
discharged is caused to flow upwardly within the 
Water leg along the Surface of the fire box Wall. 

20. In a boiler, the combination comprising 
walls forming a vertically extending fire box, 
outer Walls annularly spaced from the sides and 
top of Said fire box to form a steam chamber and 
an annular Water leg Surrounding and directly 
exposed to the fire box wall, means forming a 
Water chamber having a feed water inlet, water 
tubes extending upWardly Within said fire box 
and interconnecting Said water chamber and the 
Space between said outer Walls and fire box SO 
that Water is delivered through the tubes from 
the Water chamber into said space, means for re 
circulating water from one location within said 
Water leg into the Water chamber, and means 
for So discharging Water from said Water chan 
ber into the lower portion of the Water leg at a 
location different from the first mentioned loca 
tion that the water discharged is caused to flow 
upWardly Within the Water leg along the Surface 
of the fire box Wall. 

21. In a boiler, the combination comprising 
Walls forming a Vertically extending firebOX, Outer 
Walls annularly Spaced from the sides and top of 
Said fire box to form a steam chamber and an 
annular water leg Surrounding and directly ex 
posed to the fire box Wall, means forming a Water 
chamber having a feed Water inlet, water tubes 
extending upwardly within said fire box and 
interconnecting said water chamber and the space 
between said outer Walls and fire box. So that the 
Water is delivered through the tubes from the 
Water chamber into said space, means including a 
pump for recirculating water from one location 
Within Said Water leg into the water chamber, and 
means for so discharging water under the infiu 
ence of Said pump fron said Water chamber into 
the lower portion of the Water leg at a location 
different from the first mentioned location that 
the Water discharged is caused to flow upwardly 
within the Water leg along the Surface of the fire 
box Wall. 

22. In a boiler, the combination comprising 
walls forming Walls forming a vertically extend 
ing fire box, Outer Walls annularly Spaced from 
the sides and top of Said fire box to form a steam 
chamber and an annular Water leg surrounding 
and directly exposed to the fire box Wall, means 
forming directly below said Water leg a Water 
chamber having a feed Water inlet, water tubes 
extending upWardly Within Said fire box and 
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interconnecting said Water chamber and the Space 
between said outer Walls and fire box so that the 
Water is delivered through the tubes from the 
Water chamber into said Space, means for recircu 
lating Water from One location within said water 
leg into the Water chamber, and means for So dis 
charging Water from said Water chamber into the 
lower portion of the Water leg at a location differ 
ent from the first mentioned location that the 
Water discharged is caused to flow upwardly with 
in the Water leg along the surface of the fire box 
Wall. 

23. In a boiler, the combination comprising 
Walls forming a vertically extending fire box, 
Outer Walls annularly Spaced from the sides and 
top of Said fire box to form a steam chamber and 
an annular Water leg surrounding and directly 
exposed to the fire box wall, means forming di 
rectly below said water leg a water chamber hav 
ing a feed Water inlet, water tubes extending 
upwardly Within said fire box and interconnect 
ing Said water chamber and the space between 
Said outer walls and fire box so that water is 
delivered through the tubes from the water cham 
ber into Said Space, means including a pump for 2. 
recirculating water from one location within said 
Water leg into the Water chamber, and means for 
so discharging water under the influence of said 
pump from said water chamber into the lower 
portion of the Water leg at a location different 
from the first mentioned location that the water 
discharged is caused to flow upwardly within the 
Water leg along the Surface of the fire box wall. 

24. In a boiler, the combination comprising 
Walls forming a vertically extending fire box, a 
shell annularly spaced from Said fire box forming 
a Steam chamber and an annular water leg ex 
tending below the steam chamber and directly 
exposed to the side of the fire box Wall, Walls 
forming a Water chamber below said water leg, 
Water tubes extending upwardly within said fire 
box and interconnecting the water chamber with 
the Space between said shell and the fire box wall, 
means for feeding Water to Said water chamber, 
and means for So passing Water from said water 
chamber upwardly into the water leg that the 
water is directed in a rapidly flowing stream 
along the Outer Surface of the fire box wall. 

25. In a boiler, the combination comprising 
Walls forming a vertically extending fire box, a 
shell annularly spaced from Said fire box form 
ing a steam chamber and an annular water leg 
extending below the steam chamber and directly 
expoSed to the side of the fire box wall, walls 
forming a water chamber below said water leg, 
water tubes extending upwardly within said fire 
box and interconnecting the water chamber with 
the Space between said shell and the fire box wall, 
a pump for forcing Water into said water cham 
ber, and means for discharging water under the 
influence of Said pump upwardly and in a high 
velocity stream fron Said Water chamber into the 
lower portion of said water leg and along the fire 
box wall. 

JOHN E. BRANTLY. 
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