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poration of Delaware 

Application February 12, 1946, Serial No. 646,981 
(C. 122-58) 8 Cairns. 

The present invention relates to steam loco 
motives and particularly to an improved Water 
tube fire box for such locomotives. 
The present invention contemplates a water 

cooled supporting structure for radiantly heated 
water circulating tubes constituting the walls of 
a locomotive fire box. The structure is So de 
Signed that the fire box structure Supports not 
only its own Weight but also that of the grates 
and the outer protective lagging and sheeting. 
A further advantage of the improved construc 
tion is that it may be manufactured as a unit 
for use on new locomotives and may readily be 
removed and replaced and also substituted for 
the conventional stayed fire box of a locomotive 
already in Service. 
The invention will be best understood upon 

reference to the following detailed description 
of an illustrative embodiment of the invention 
When read in conjunction. With the accompany 
ing drawings in which: 

Figure 1 is an elevational view of a steam loco 
notive embodying a Water tube fire box con 
structed in accordance with the present in 
vention. 

Figure 2 is an enlarged perspective view of 
the water tube fire box shown in Figure 1. 

Figure 3 is a Sectional view on the line 3-3 
in Figure 2 and shows a detail of construction. 
The locomotive illustrated in Figure 1 has a : 

fire tube boiler section or water barrel 0 of 
conventional construction involving a plurality 
of fire tubes and flues 2 extending through the 
Water Space of the boiler and Seated at their 
ends in the front and rear tube sheets 4, 6 re 
Spectively. An exterior conduit 29 connects into 
the lower side portion of the water barrel O and 
leads to the inlet side of a water pump 22. Al 
though shown in the drawings only on the right 
hand Side Of the locomotive, the connection 20 
and pump 22 are preferably duplicated on the 
left side. In the construction shown in Fig. 
2 the pumps at either side of the locomotive 
discharge through conduits 24 into tubular head 
ers 26 that extend along the sides of the fire box 
at the lower portion thereof and are supported 
adjacent either end by Saddle blocks 27 mounted 
On the locomotive base 29 (Figure 1). At the 
forward and lear ends of the fire box the head 
ers 25 are interconnected by cross-headers 28, 
3 respectively. Also, at the front and irear ends 
of the fire box are the U-shaped conduits 32, 
34 respectively connected at their ends into the 
headers 26 and disposed transversely of the loco 
motive frame. The supporting structure for the 
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water wall of the fire box also includes addi 
tional U-shaped supporting tubes 36 mounted in 
spaced relation between the conduits 32, 34 lo 
cated at the ends of the fire-box. The inter 
mediate supports 36 are joined to the Supporting 
tubes 32, 34 at the ends of the fire box to form 
a cage-like supporting structure by means of 
brace pipes 38 extending longitudinally in verti 
cally spaced relation along the sides and roof of 
the fire-box. As shown in Figure 3 a fluid con 
nection between contiguous brace pipes 38 is ob 
tained by welding the ends of these sections in 
abutment against the transverse Supports 36 
which are pierced laterally in alinement With the 
axes of the pipe sections 38 by tubes 39. 
The side Was and roof of the fire box proper 

are lined by the looped elements 4 each compris 
ing an odd number of parallel tubes intercon 
nected at adjacent ends by integral return bends 
with the inlet 4 and outlets 42 of the elements 
located at opposite ends and connected into the 
main transverse Supports 34 and 32 respectively. 
The tubes constituting the elements 40 are in 
contact, With each other or may be provided with 

5 fins in the intertube Spaces so that the adjacent 
elements constitute a CCImplete Water cooled Wall 
completely enclosing the fire box at its sides and 
roof. The tubes of elements 4 are spot welded 
to the supporting conduits 36 or may be held 
thereto by Suitable clips. The rear Wall of the 
fire box is similarly lined, except for the fire 
box opening or access door, with looped elements 
44 connected at One end into the rear trans 
Verse conduit 3 and at the ends near the top 
Of the fire box into an auxiliary header 46. This 
header also receives the forward ends of arch 
tubes 5 supplied at their lower forward ends 
from the transverse header 28. Extending along 
the top of the firebox is a steam collecting header 
52 connected with the mid and highest portion 
of the rear transverse Support 34 by means of a 
nipple 54 and also with the supplementary header 
46 by means of a nipple 56. The mid-points of 
the intermediate transverse SupportS 36 which 
are also located at the top of the fire box are 
also connected to discharge into the collecting 
header 2. -- 
Forwardly of the fire box the combustion cham 

ber is also lined with longitudinally extending 
looped elements 60 which at the rear ends partly 
circle the combustion chamber and then extend 
doWinWardly into the transverse header 28 at the 
front end of the fire box. The discharge ends of 
the elements 6 are connected into the forward 
transverse Support 32 which also defines the rear 
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end of the combustion chamber. Like the fire 
box elements 4 the elements 6 on the walls of 
the combustion chamber are supported by con 
nection to longitudinally spaced transverse Sup 
ports 62, 64 which in this case are of circular form 
but interconnected like the firebox transverse 
Supports by longitudinally extending brace tubes 
66 Spaced at intervals around the combustion 
chamber. These circular Supporting members are 
Supplied near their bottom parts from transverse : 
header 28 through tubes S8 and then discharge 
at their upper parts through nipples 69 into head 
er 52. 
Space of boiler (Fig. 1) through a tangential 
Separator the water from which is led off through 
a pipe. 
In the form described above the water tube 

firebOX does not rely for support upon special 
Structural frames, nor upon being hung from a 
Surrounding casing structurally as is frequently 
the case With locomotive boilers. The supporting 
Structure, consisting of the headers 26, along op 
posite Sides of the firebox at the base thereof 
and the bowed conduits 32, 34, 3S interconnecting 
the latter together with the longitudinal tubes 
38 that join adjacent bowed tubes, constitutes a 
Water cooled supporting structure for the walls 
Of the firebox which is not directly exposed to 
radiant heat. The entire firebox unit is a rigid 
unitary construction maintained without exter 
nal Support since the bowed conduits 32, 34 and 
36 have sufficient strength to maintain then 
Selves as Well as to hold the side wall tubes 4 
in proper relation. 
Inasmuch as the water tube fireboxes described : 

above each constitute a forced circulation steam 
generator, their various circuits need not be of 
exactly the Same length since appropriate ori 
fices may be used at the entrance of each par 
ticular circuit in accordance with its needs; such 
Orifices may also compensate for unequal heat 
absorption by different circuits of equal length. 
What I claim is: 

... In a locoiotive having a boiler and a fire 
hoX Space therefor; the combination there with of 
headers extending along opposite sides of the 
firebOX Space at the base thereof; inverted Sub 
Stantially U-shaped conduits in fluid communi 
cation with and interconnecting said headers at 
the front and rear of the firebox space and at 
a number of interinediate points spaced at inter 
vais equal to Several times their diarieter; a plu 
rality of horizontal tubes spaced around the fire 
box Space on the sides thereof attached to and 
interconnecting said U-shaped tubes to form a ; 
rigid cage-like Supporting structure disposed over 
the firebox space; a steam collecting header ex 
tending centrally along the top of the firebox 
Space and connecting at its forward end into the 
Steam Space of Said boiler; connections between 
Said Stean collecting header and said inverted 
U-shaped conduits at substantially the tops 
thereof; aid steam generating tubes connected 
at opposite ends to the U-shaped conduits at the 
rear and the front of the firebox space and dis 
posed in parallel longitudinally of the firebox 
Space in contacting relation inwardly of said inter 
mediate USShaped conduits to form a Water Wall 
for the sides and top of the firebox space. 

2. In a locomotive having a boiler and a firebox 
Space therefor; the combination therewith of 
headers extending along opposite sides of the fire 
box Space at the base thereof; inverted substan 
tially U-shaped conduits in fluid communication 
With and interconnecting said headers at the 
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4. 
front and rear of the firebox space and at a nun 
ber of intermediate points spaced at intervals 
equal to Several times their diameter; a plurality 
of horizontal tubes spaced around the firebox 
Space on the Sides thereof attached to and inter 
connecting Said U-shaped tubes to form a rigid 
cage-like Supporting structure disposed over the 
firebox Space; a Steam collecting header extend 
ing centrally along the top of the firebox space 
and connecting at its forward end into the steam 
Space of Said boiler; connections between Said 
Steain collecting header and said inverted 
U-shaped conduits at Substantially the tops 
thereof; Steam generating tubes connected at 
Opposite ends to the U-shaped conduits at the 
rear and front of the firebox space and disposed 
in parallel longitudinally of the firebox space in 
contacting relation inwardly of said intermediate 
U-shaped conduits to form a water wall for the 
Sides and top of the firebox space; and means 
Supporting said generating tubes from said inter 
mediate U-shaped conduits. 

3. In a locomotive having a boiler and a firebox 
Space therefoir; the combination therewith of 
ileaderS eXtending along opposite sides of the 
firebOX Space at the base thereof; inverted Sub 
Stantially U-shaped conduits in fluid communi 
Cation with and interconnecting said headers at 
the front and real' of the firebox space and at 
a limber of intermediate points spaced at inter 
vals equal to Several times their diameter; a plu 
rality of horizontal tubes spaced around the fire 
i}{}X Space on the sides thereof attached to and 
interconnecting said U-shaped tubes to form a 
Irigid cage-like Supporting structure disposed over 
the firebox Space; and water circulating tubes 
ining the sides and top of said firebox space and 
Supported by connection with said U-shaped 
conduits. 

4. In a locomotive having a boiler and a firebox 
Space therefor; the combination therewith of 
longitudinal headers extending along opposite 
sides of the firebox space at the base thereof; 
inverted substantially U-shaped conduits in fluid 
communication with and interconnecting said 
headers at the front and rear of the firebox space 
and at a number of intermediate points spaced 
at intervals equal to several times their diameter; 
a plurality of horizontal tubes Spaced around the 
firebOX Space on the sides thereof attached to and 
interconnecting said U-shaped tubes to form a 
rigid cage-like supporting structure disposed over 
the firebox Space; a conduit extending centrally 
along the top of the firebox space and attached to 
Said U-shaped conduits; transverse headers at 
the base of the firebox space interconnecting said 
longitudinal headers at the front and rear of the 
firebOX Space, arch tubes connected at their for 
Ward ends to the transverse header at the front 
of the firebOX Space; and an auxiliary steam col 
lecting header connected to the rear ends of said 
arch tubes. 

5. In a locomotive having a boiler and a firebox 
space therefor; the combination therewith of 
longitudinal headers extending along opposite 
sides of the firebox space at the base thereof; 
inverted Substantially U-shaped conduits in fluid 
communication with and interconnecting said 
headers at the front and rear of the firebox space 
and at a number of intermediate points spaced 
at intervals equal to several times their diameter; 
a plurality of horizontal tubes spaced around the 
firebOX Space on the sides thereof attached to 
and interconnecting said U-shaped tubes to form 
a rigid cage-like supporting structure disposed 
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over the firebox space; a conduit extending Cen 
trally along the top of the firebox Space and at 
tached to said U-shaped conduits; transverse 
headers at the base of the firebox Space inter 
connecting said longitudinal headers at the front 
and rear of the firebox space; arch tubes Con 
nected at their forward ends to the transverse 
header at the front of the firebox space; an auxil 
iary steam collecting header connected to the 
rear ends of said arch tubes; and Steam generat 
ing tubes connected at one end to Said transverse 
water header at the rear of the firebox Space and 
at their other ends to said auxiliary Stean col 
lecting header and arranged to form a Water 
wall at the rear end of the firebOX Space. 

6. In a locomotive having a boiler, a fire JOX 
space therefoir and headers extending along Op 
posite sides of the firebox space at the base there 
of; the combination therewith of inverted Sub 
stantially U-shaped conduits in fluid commu 
nication with and interconnecting Said headers 
at the front and rear of the firebOX Space and at 
a number of intermediate pointS Spaced at inter 
vals equal to several times their diameter; a 
plurality of groups of horizontal tubes each group 
comprising a plurality of axially a lined tubeSat 
tached to and interconnecting said U-shaped 
tubes with the groups spaced around the fire 
box space on the sides to form a rigid cage-like 
supporting structure disposed over the firebox 
space, the horizontal tubes attached to the U 
shaped conduits at front and rear of the fire 
box space being in fluid circulation thereWith; 
and auxiliary tubes extending through the in 
termediate U-shaped conduits in a linement With : 
the axes of the alined horizontal tubes attached 
to intermediate conduits for placing Said horizon 
tal tubes in fluid communication to establish 
fluid paths from the rear conduit to the forward 
conduit. 

7. In a locomotive having a boiler, a firebox 
space therefor and headers extending along Op 
posite sides of the firebox Space at the base 
thereof; the combination therewith of inverted 
substantially U-shaped conduits in fluid con 
munication with and interconnecting said head 
ers at the front and rear of the firebOX Space 
and at a number of intermediate points Spaced 
at intervals equal to several times their dian 
eter; a plurality of groups of horizontal tubes, 
each group comprising a plurality of axially 
alined tubes attached to and interconnecting Said 
U-shaped tubes with the groups Spaced around 
the firebox space on the sides to form a rigid 
cage-like supporting structure disposed over the 
firebox space; a steam collecting header extend 
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ing centrally along the top of the firebOX Space 
and connecting at its forward end into the Steam 
space of said boiler; connections between Said 
steam collecting header and Said inverted U 
shaped conduits at Substantially the tops there 
of; and other parallel tubes extending longitu 
dinally of the firebox Space and connected for 
fluid circulation between Said real and for Ward 
U-shaped conduits and arranged in contacting 
relation to form water cooled side Walls and roof 
for Said firebox Space. 

8. In a locomotive having a boiler, a firebOX 
space therefor and headers extending along op 
posite sides of the firebox space at the base there 
of; the combination therewith of inverted Sub 
stantially U-shaped conduits in fluid commu 
nication with and interconnecting said headers at 
the front and rear of the firebox space and at 
a number of intermediate points Spaced at inter 
vals equal to several times their diameter; a 
plurality of groups of horizontal tubeS, each group 
comprising a plurality of axially alined tubes 
attached to and interconnecting said U-shaped 
tubes with the groups Spaced around the fire 
box space on the sides to form a rigid cage-like 
Supporting structure disposed over the firebox 
space; a steam collecting header extending cen 
trally along the top of the firebox Space and con 
necting at its forward end into the Steam Space 
of said boiler; connections between Said Steam 
collecting header and said inverted U-shaped 
conduits at Substantially the tops thereof; other 
parallel tubes extending longitudinally of the 
firebox space and connected for fluid circulation 
between said rear and forward U-shaped conduits 
and arranged in contacting relation to form Wa 
ter cooled side walls and roof for said firebOX 
space; and Substantially continuous circular Con 
duits surrounding the combustion chamber for 
Wardly of said firebox space and connected at 
their top portions with said steam header. 

ARTHUR WILIAMS. 
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