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UNITED STATES PATENT OFFICE 
VERTICAL WATER-TUBE BOLER...WITH 
REMOVABLE COMBUSTION CHAMBER 

Charles T. Denker and John R. Moore, Chicago, III assignors to The Calefactor Corporation, 
Chicago, III., a corporation of Illinois 

Application December 15, 1948, Serial No. 65,464 
5 Claims. 

This invention relates to boilers and more par 
ticularly to boilers of the water tube-fire tube 

Boilers of the water tube-fire tube type have 
heretofore been known in the art. However, 
boilers of this general type which have been here 
tofore known haye had several inherent disad 

(C. 122-271) 

vantages such as, for example, being relatively 
expensive or difficult to produce commercially; 
being difficult to clean or repair; or having a 
tendency to "sweat,” that is, having a tendency 

0 

to form condensation on the outer surface of cer 
tain water tubes and like parts through which 
water passes during an operation of the boiler, 
especially when the boiler is being operated at 
high capacity. 

It is a primary object of our invention to over 
come these disadvantages and to afford a novel 
boiler which may be economically constructed in 
a novel and expeditious manner, and which is 
efficient in operation and embodies improved op 
erational characteristics. 
We have found that one of the principal causes 

of what is commonly known in the art as 'sweat 
ing' during operation of a boiler of the afore 
mentioned type, is that the distribution of the 
water or other liquid passing through the boiler 
is uneven so that certain parts thereof receive 
more than their proper share of the relatively 
cool liquid being fed into the boiler so that in 
some instances, and especially when the boiler is 
being operated at high capacity, the chilling 
effect of the relatively large amount Qf liquid 
passing through these parts is sufficient to cause . 
condensation on the gutside of the same. 
An important object of our invention is to 

construct a boiler of the aforementioned type in 
such a manner that proper, substantially even 
distribution of the flow of water or other liquid 
t gh is assured in a novel and expe 

e. 

An object ancillary to the foregoing is to en 
able a novel fire tube-water tube boiler, embody 
ing an inlet header and an outlet header to be 
onstructed in such a manner that the flow of 

water through the inlet header into the water 
tubes of the boiler, and the flow of water from 
the water tubes of the boiler through the outlet 
header, is controlled and distributed in such a 
manner that substantially equal flow is afforded 
through all of the water tubes. 
A further object of our invention is to con 

struct a novel boiler of the aforementioned type 
embodying metering, or control, plates in the 
headers thereof which plates are effective to con 
trol or distribute the flow of water through the 
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of the boiler may be removed or inserted therein 

2 
headers and through water tubes connected 
thereto, in a novel and expeditious manner. 
Yet another object of our invention is to pro 

vide a boiler of the aforementioned type having 
a novel removable firebox embodied therein. 
In addition, it is an object of our invention to 

enable a boiler of the aforementioned type to be 
in such a manner that the firebox 

and when inserted in operative position in the 
boiler, may be disposed in sealing engagement 
with a header mounted in the boiler in such a 
manner that the header affords a top wall for 
the firebox so that combustion products passed 
from the firebox into other portions of the boiler 
housing are required to pass through the header. 
Other and further objects of the present inven 

tion will be apparent from the following descrip 
tion and claims and are illustrated in the accom 
panying drawings which, by way of illustration, 
show a preferred embodiment and the principles 
thereof and what. We now consider to be the best 
mode in which we have contemplated applying 
those principles. Other embodiments of the in 
vention embodying the same or equivalent prin 
ciples may be used and structural changes may 

30 

be made as desired by those skilled in the art 
without departing from the present, inyention 
and the purview of the appended claims, 
In the drawings: 
Fig. 1 is a longitudinal Sectional view of a boil 

er embodying the principles of our invention; 
Fig. 2 is a sectional yiew taken substantially 

along the line. 2-2 in Fig. 1; 
Fig. 3 is a detail sectional view taken substain 

tially along the line 3-3 in Fig. 1; 
Fig. 4 is a detail sectional view taken substan 

tially along the line 44 in Fig. 1; and 
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Fig. 5 is a detail sectional yiew taken substan 
tially along the line 5-5 in Fig.1. 

In the drawings, a boiler 20, embodying the 
principles of our invention, and comprising, in 
general, a housing 22 in which a heat-exchange 
unit 24 is mounted over a removable firebox 26. 
The housing 22 comprises a top wall 28, a bot 

tom wall 29, a rear wall 39, a front wall 3, Fig. 1, 
and two side walls 32 and 33, Fig. 2, a partition 
Wall 34 being disposed in upright position be 
tween the rear. Wall 3). and the front Wall 3 to 
thereby divide the housing 22 vertically into an 
accessory section 36 at the rear thereof and a 
chamber 38 at the front thereof. The aforemen 
tioned walls of the housing 22 may be constructed 
of any suitable material such as, for example, 
sheet metal S, and the partition wall 34, the front 
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wall 3, and the forward end portions of the top 
wall 28, the bottom Wall 29 and the side walls 32 
and 33 preferably have a suitable refractory ma 
terial such as fire clay, fire brick, or the like, dis 
posed thereon to afford a lining L, for the chan 
ber 38. . . . . . . . . . 
The heat-exchange unit 24 comprises an upper 

header 4) and a lower header A2 interconnected 
by a plurality of water tubes 44, the water tubes 
affording passageways through which a liquid 
Such as water to be heated in the boiler 20, may 
paSS from one to the other of the headers 40 and 
42. Individual fire tubes 46 are mounted in each 
of the water tubes 44 in spaced relation to the side 
Walls thereof, and the fire tubes 46 extend up 
wardly and downwardly through the headers 40 
and 42, respectively. 
The header 40 is Substantially rectangular in 

form and relatively flat, comprising a top wall 
48, a bottom wall 49, a rear wall 50, a front wall 
5, and two side walls 52 and 53. In the con 
Struction of the header 40 We prefer to form the 
top wall 48, the front wall 51, and the side walls 
52 and 53, from a single sheet of Suitable mate 
rial Such as, for example, sheet metal, and to 
form the rear Wall 50 and the botton Wall 9 
of a single sheet of suitable material such as, 
for example, sheet metal, and to thereafter se 
cure the two units together by suitable means 
such as welding 55. 
The header 42 comprises a top. Wall 57, a bot 

ton wall 58, a rear wall 59, a front wall 60 and 
two side Walls 6 and 62 and, as a matter of 
fact, is substantially the same as the header 40 
With the exception that the rear wall 59, instead 
of the front wall 60 is arcuately-shaped. In 
fact, in the commercial production of our novel 
boiler 20, the upper header 40 and the lower 
header 42 are preferably interchangeable, the 
lower-header 42 merely comprising a header con 
structed in the same manner as the upper header 
60 but being turned end over end and disposed 
in inverted position so that what comprise the 
top wall 48, bottom wall 49, front wall 51, and 
rear wall 50 of the upper header 40 are disposed 
to afford the bottom wall 58, the top wall 57, the 
rear wall 59 and the front wall 60 of the lower 
header A2. 
The Water tubes 44, Fig. 1, extend through the 

botton wall 49 of the header 40 and the top wall 
57 of the header 42 and are preferably connected 
thereto in sealing relation therewith by suitable 
means Such as Welding. Similarly, the fire tubes 
46, which extend through the water tubes 44, ex 
tend through the top wall 48 and the bottom 
Wall 49 of the upper header 40 and through the 
top wall 57 and the bottom wall 58 of the lower 
header 2, and are connected to the walls 48, 49, 
57 and 58 in sealed relation thereto by suitable 
means such as by welding. 
Suitable means, such as, for example, a cir 

culation pump P, which is adapted to be con 
nected to a Source of supply, not shown, by a 
pipe or conduit 64, is connected to the longitu 
dinal central portion of the rear wall 59 of the 
OWer header 42 by a pipe or conduit 65, is af 
forded for feeding water or other liquid to be 
heated in the boiler 20 into the headers 42 and 
40 and the Water tubes 44, the pipe 65 extending 
through the partition wall 34. 
An outlet pipe 67 may be mounted in the upper 

Wall 28 of the housing 22 and may be connected 
to the central longitudinal portion of the end 
Wall 5 of the upper header 40 to afford means 
for feeding water from the headers 40 and 42 

O 

4. 
and the water tubes 44 to work units, not shown, 
to which water heated in the boiler 20 is to be 
fed. 
The heat-exchange unit 24 is preferably mount 

ed in the chamber 38 of the housing 22 in Such 
a manner that the headers 40 and 42 are dis 
posed at a slight, acute angle to the horizontal 
therein, With the front end portions of the head 
ers 4 and 42 disposed above the rear end por 
tions thereof, and with the water tubes 44 rear 
wardly inclined at a relatively small, acute angle 
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to the vertical. Support of the heat-exchange 
unit 24 in this position may be effected by a 
bracket 69 mounted on the partition Wall 34, and 
on which the rear end portion of the header 40 
is disposed, and by the outlet pipe 6 and the 
inlet pipe 65 which extend through the top Wall 
28 and the partition wall 34, respectively, of the 
housing 22. . . . . . . . . v. - . . . 

An opening Ti, Figs. 1 and 2, is formed in the 
central portion of the partition Wall 34, and a 
exhaust duct 73 is connected thereto and pro 
jects rearwardly therefrom out through the rear 
wall 30 of the housing 22 and affords means 
whereby combustion products may be fed from 
the combustion chamber 38 outwardly of the 
housing 22, as will be discussed in greater detail 
presently. . . . . . . . . . . 
The removable firebox 26 is substantially dra W 

er-like in form, comprising a botton. Wall 75, 
a rear wall 76, a front wall T, Fig. 1, and tWO 
side walls 78 and 79, Fig. 2, and is mounted in 
the lower end portion of the chamber 38 and 
rests on the bottom wall 29 of the housing 22, 
the walls 75-79 being formed of suitable refrac 
tory material such as fire clay, fire brick, or the 
like. The firebox 26 is of such size that it may 
be slidinwardly and outwardly through an opens 
ing 8i formed in the front wall 3 of the hous 
ing 22, and the walls of the firebox 26 are. So 
constituted and arranged that when the firebox 
26 is disposed in normal operating position. With 
in the housing 22, the rear wall 76, the bottom 
Wall 75 and the side walls 8 and 79, thereof, are 
disposed in juxtaposition to the partition Wall 
34, the bottom wall 29, and the side Walls 32 and 
33, respectively, of the housing 22, and the front 
Wall 7 of the firebox 26 is disposed in align 
ment with the upper portion of the front wall 
3 of the housing 22. As is best seen in Figs. 
1 and 2, the rear wall 76, the front wall TT and 
the sidewalls 78 and 9 of the firebox 26 are 
so constituted and arranged that when the fire 
box 26 is disposed in the aforementioned normal 
operating position in the housing 22, the upper 
surface of these walls affords a ledge or shelf 
projecting inwardly from the adjacent corre 
sponding walls of the housing 22. As is best seen 
in Fig. 1, the rear wall 76 is somewhat shorter 
than the front wall 77 of the firebox 26 and 
the upper surfaces of the side walls 78 and 79 
thereof slope downwardly from the upper sur 
face of the front wall 77 to the upper surface 
of the rear wall 6. Notches 83, 84 and 85 are 
formed in the inner upper edge portion of the 
front wall 77 and the side walls 78 and 79, re 
Spectively, of the firebox. 26 and afford ledges 
which are disposed in sealing engagement with 
the adjacent edge portions of the header 2 
When the firebox 26 is disposed in the afore 
mentioned normal operating position. The rear 
Wall 76 of the firebox 26 is of such a height that 
when the firebox 26 is disposed in the aforesaid 
normal operating position, the upper surface 
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thereof is in sealing engagement with the rear 
edge portion of the header 42. . . . . . . 

Suitable means such as, for example, an oil 
burner B, of a type well known to those skilled 
in the art, may be mounted in the accessory 
section 36 of the housing 22 for feeding fuel and 
air into the firebox 26 during an operation of 
Our device. . . . . . . . . 
Aligned openings 88 and 89 are afforded in the 

partition wall 34 of the housing 22 and the rear 
wall 76 of the firebox 26, respectively, to afford 
means through which fuel and air may be fed 
from the burner B into the firebox. 26, the oil 
burner B shown in the accompanying drawings 
embodying a nozzle BN, which is shown extend 
ing through the openings 88 and 89, Fig. 1, into 
the firebox 26, in position to feed fuel and air 
into the firebox 28 in a manner well known to 
those skilled in the art. . . . . . . . 
Two metering plates or control plates 9? and 

92, Figs. 1 and 5, are mounted in the headers 
AE) and 42, respectively, in parallel relation to 
the end walls 5 and 59. Each of the plates 9 
and 92 extends entirely across the header Ae 
or 42 in which it is mounted to afford a partition 
wall therein which is in engagement with the top 
wall, bottom wall and two side walls of the header 
Within which it is mounted. The metering plate 
9 is disposed between the outlet pipe 97 and the 
closest adjacent water tubes 44, and, likewise, the 
plate 92 is disposed between the inlet pipe 65 and 
the closest adjacent water tubes 43. 

Each of the metering plates 9 and 92 has five 
openings 95, 96, 97, 98 and 99, Fig. 5, formed 
therein which are of such predetermined diame 
ter, and are so constituted and arranged, that 
effective control of the passage of the water from 
the pipe 65 into the water tubes 44, and from the 
tubes 44 into the outlet pipe 67, is afforded in such 
a manner that water passing through the heat 
exchange unit 24 is substantially evenly dis 
tributed among the Water tubes 44. 
With the boiler constructed in the nanner 

shown in the accompanying drawings, and 
wherein the inlet pipe 65 and the outlet pipe 67 
are connected to the central portion of the rear 
wall 59 and the front Wall 5 of the headers 42 
and 44, respectively, we have found that to effect 
the aforesaid even distribution of the water flow 
through the water tubes 44, it is desirable that 
the central opening 97 in the control plates 92 
and 9 be of a predetermined diameter which is 
considerably less than the diameter of the inlet 
pipe 65 and outlet pipe 67, respectively. The 
openings 93 and 99 which are disposed most 
closely adjacent to the ends of the plates 9? and 
92 of the five openings disposed therein, prefer 
ably have a diameter somewhat larger than the 
opening 97 but still considerably smaller than 
the diameter of the pipes 65 and 67. Likewise, 
the intermediate openings 96 and 98, between the 
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central opening 97 and the end openings 95 and 
99, respectively, are preferably of a diameter 
somewhat larger than that of the openings 95 
and 99, but still considerably less than the diame 
ter of the pipes 65 and 6. 
As a specific example of the approximate pre 

ferred size of the openings through the plates 9 
and 92, we have found that when using headers 
having a depth of substantially 3', a width of 
substantially 14%' and a length of Substantially 
17%', and when using water tubes having an 
internal diameter of substantially 2', and fire 
tubes having an internal diameter of Substan 
tially 14'', and when using inlet and outlet pipes 

70 

75 

6 - 
having an internal diameter of substantially 2', 
the opening 97 preferably has a diameter of sub 
stantially 5%', the two openings 95 and 99.pref 
erably have diameters of substantially ', and 
the two openings 96 and 98 preferably have di 
ameters of substantially-1A'. 
With the boiler 20 constructed in the afore 

mentioned manner, it has-been found that the 
flow of water through the water-tubes 44 is sub 
stantially equally distributed thereamong and 
with a minimum of resistance to the flow of 
water through the heat-exchange unit 24. . . 
Thus, it will be seen that in the operation of 

our novel boiler, water may be fed by the pump 
P through the inlet pipe 65 and the end wall 59 
into the header 42, whence it flows through the 
openings 95-99 in the metering plate 92, the 
water tubes 44 and into the header 48. The 
water in the header 48 may flow outwardly 
through the openings 95-99 in the metering plate 
9? into the outlet pipe 67 to the work units to 
which the boiler may be attached. During this 
passage of water through the heat-exchange unit 
24, fuel and air are fed by the burner unit B into 
the firebox. 2, which is disposed in normal oper 
ating position, shown in solid lines in Fig. 1. 
The fuel and air thus fed into the firebox. 26 
enter into combustion therein and the hot. gases 
resulting therefrom pass upwardly through the 
fire tubes 46, and swirl upwardly from the top of 
the header 40 down past the front end portion 
thereof, across the outside of the water tubes 
44 and outwardly through the opening i? and 
the exhaust duct 73 whence it may be fed to the 
atmosphere through suitable means such as a 
Smoke stack, not shown. Thus, it will be seen 
that the water in the h 's 40 and 42 and the 
fire tubes. 44 are heated by hot gases passing up 
Wardly...therethrough... and passing transversely 
across the outside thereof in an efficient manner. 
Removable panels 92 and 0.4 may be mounted 

On the top wall 28 and the front Wall 3 of the 
housing 22, if desired, to thereby facilitate clean 
ing of the upper portion of the chamber 38 and 
permitting ready access to... the heat-exchange 
unit 24. . . . . . . . . . 

Also, it will be seen that the reliaovable firebox 
26 affords ready access to the lower portion of 
the chamber 38 and to the lower endportion of 
the heat-exchange unit 24 to thereby permit 
ready cleaning and repair of the heat-exchange 
unit 24 and the lower interior portion of the 
housing 22. . . . . . . . . . . . 
From the foregoing it will be seen that we have 

afforded a novel boiler which may be readily and 
economically constructed and wherein the flow 
of water through the water tubes thereof is 
evenly distributed to thereby prevent localized 
sweating of certain of the tubes as has been here 
tofore experienced in boilers known in the art, 

Also, it will be seen that we have afforded a 
novel boiler embodying a novel firebox which 
may be quickly and readily removed or replaced 
in the housing of the boiler and wherein ready 
access is afforded to the interior of the boiler 
for the purpose of repairing or cleaning the 
boiler housing or units such as the heat-exchange 
unit mounted therein. 

Thus, while we have illustrated and described 
the preferred embodiment of our invention, it 
is to be understood that this is capable of varia 
tion and modification and We therefore do not 
Wish to be limited to the precise details set forth, 
but desire to avail ourselves of such changes and 

  



alterations as fall within the purview of the fol 
lowing claims. . . . . . . . . . . . . . . . . . . . . . . . 

We claim: . . . . . . . 
1. A boiler comprising a housing, a drawer slid 

ably mounted in said housing and movable into 
and out of a predetermined position in the latter, 
a heat-exchange unit mounted in said housing, 
Said heat-exchange unit including a header 
mounted in said housing in position to engage 
said drawer when said drawer is disposed in said 
predetermined position and to afford a top wall 
therefor, means mounted on said housing for 
feeding fuel and air into said drawer for com 
bustion therein, means connected to Said heat 
exchange unit for feeding water thereinto, and 
means including said... heat-exchange unit for 
feeding combustion products from said drawer to 
the atmosphere. 

2. A boiler comprising a housing having Side 
walls, a top wall, and a bottom Wall defining a 
combustion area, therebetween, a drawer compris 
ing a bottom wall, and side walls projecting up 
Wardly therefrom, Said drawer being slidably 
mounted in Said housing With said bottom wall 
of said drawer engaged with Said bottom wall of 
said housing, said drawer being operable to be 
disposed in a predetermined position in said hous 
ing wherein said side walls of Said drawer are dis 
posed in engagement With corresponding Side 
walls of said housing and to be moved on said 
bottom wall outwardly from said position relative 
to said housing, corresponding side walls on one 
side of said housing and said drawer having 
aligned openings formed therein, means mounted 
in said opening when said drawer is disposed in 
said predetermined position for feeding fuel into 
said drawer for combustion therein, and a heat 
exchange unit for passing Water through said 
combustion area in heat-exchange relation to 
combustion products from said drawer. 

3. A boiler comprising a housing having walls 
defining a combustion area, therein, a drawer slid 
ably mounted in the lower end portion of said 
housing and having a normal predetermined 
position in said housing wherein Said drawer af 
fords an inwardly projecting ledge extending 
around said combustion area, said drawer being 
movable outwardly from said housing away from 
said predetermined position, a water header 
mounted in Said housing in position to engage 
said ledge when said drawer is in said predeter 
mined position in said housing, another water 
header mounted in said housing in spaced rela 
tion to said first mentioned header, means for 
feeding water into and out of said headers, means 
for feeding fuelinto said drawer for combustion in 
Said housing, and means including fire tubes 
mounted in and extending through said headers 
for feeding combustion products from said drawer 
through said headers and to the atmosphere. 
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4. A boiler comprising a housing having side 
walls, a front Wall, a rear Wall, a top Wall and a 
bottom wall, said walls defining a chamber there 
between, means including an upper and a lower 
header for passing water through said chamber, 
a drawer affording a removable firebox mounted 
in said housing below said lower header, said 
drawer comprising a bottom Wall and a front Wall, 
rear wall and two side Walls projecting upwardly 
from said last mentioned bottom Wall, said drawer 
being operable to be disposed in a predetermined 
position in said housing with said side walls, rear 
Wall and front Wall of Said drawer disposed in 
sealing engagement With the peripheral edge por 
tion of said lower header and to be moved Out 
wardly therefrom into outwardly projecting rela 
tion to said housing, means mounted on Said 
housing for feeding fuel into Said drawer for COm 
bustion in said chamber when said drawer is dis 
posed in said predetermined position, and means 
including conduits in said lower header for feed 
ing combustion products from Said drawer 
through said chamber to the atmosphere. 

5. A boiler comprising a housing having wall 
means defining an upper and lower chamber, 
one portion of Said housing being slidable in 
Wardly and outwardly relative to the other por 
tion of said housing, said lower chamber being 
defined in Said. One portion, means including a 
heat-exchange unit mounted in said upper cham 
ber for feeding hot gases from Said lower chamber 
to the atmosphere, said heat-exchange unit being 
operable to engage said first mentioned portion of 
said housing When Said first mentioned portion 
of said housing is in Said in Wardly disposed posi 
tion to thereby afford a partition Wall between 
Said upper and lower chambers, and means for 
feeding liquid into said heat-exchange unit into 
heat-eXchange relationship with such hot gases. 

CHARLEST. DENEXER. 
JOHN R. MOORE. 
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