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ABSTRACT OF THE DISCL05.JRE 
An all-Welded furnace construction wherein the walls 

Of the furnace are formed of a plurality of passes in 
Series, each paSS Occupying a portion of the furnace 
periphery. The design of the furnace is such that it permits 
the all-Welded type construction to be used even in the 
bottom or lower portion of the furnace. In particular, the 
COrnerS Of the furnace are comprised of tubes of the same 
paSS to permit the lower or bottom corners to be welded 
together, and the layout of the passes is such that one 
paSS Will be adjacent in its longitudinal dimension to a 
paSS Which either immediately precedes or immediately 
follows it in the flow circuitry. The invention is applicable 
to both a flat bottom type of furnace and a hopper bottom 
type of furnace. 

The present invention relates to an all-welded furnace 
Construction for wapor generators of the once-through 
type, and in particular to a nowel all-Welded construc 
tion for the furnace bottom. 
The all-Welded construction or design is that construc 

tion or design wherein the tubes or the fins of parallel 
finned tubes are Welded together, for instance along their 
lengthS, So that a Surface comprised of the tubes is gas 
tight without the need for seal plates and/or refractory. 
A once-through wapor generator is defined as a gen 

erator wherein the flow is forced through the tubes of the 
generator without recirculation. In the smaller generators 
of past years, the flow was usually transmitted in a single 
tube pass defining the generator furnace walls, and then 
Was tranSmitted through super-heating passes in a con 
wection area of the furnace to a point of use. As the 
generators have become larger in dimension, present 
generators having a furnace section in the order of eighty 
by forty feet in width and depth, with large numbers 
of burners disposed on opposite front and rear walls of 
the furnace, it has become apparent that special pre 
cautions are necessary to assure an equal flow distribution 
in the tubes of the furnace walls. For instance, tubes in 
the center of a wall may have a greater heat absorption 
than tubes in a corner of the furnace, resulting in un 
equal or unbalanced fluid and metal temperatures, and 
flow upSets. 

In prior Patent No. 3,324,837, issued June 13, 1967 
assigned to assignee of the present application, there was 
described a furnace pass arrangement in which the fur 
mace walls were divided into a plurality of upwardly 
extending parallel passes, the passes being connected 
together by Suitable downcomers for series flow through 
the passes. This unique arrangement had the outstand 
ing advantage of minimizing the furnace periphery cooled 
by any one pass, and according, minimizing the danger 
of a flow upset between areas of a given pass. In addition, 
the passes were arranged in the furnace So that a given 
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tube in a Wall Was always adjacent to a tube at the 
Same metal and fiuid temperature, or at a temperature 
Sufficiently close so that differential thermal expansion 
resulting thermal StreSS between adjacent tubes was kept 
within safe limits. 
A problem has always existed with respect to the con 

struction and design of the lower portion of the furnace 
Or the furnace bottom, particularly for a furnace which 
iS maintained at abowe atmospheric pressure. Because the 
burners are disposed near the bottom of the furnace, 
the bottom is Subjected to extreme heat effects, and in 
addition is Subjected to the severe chemical effects of 
combustion, particularly if a pulverized solid fuel is 
used where the imcombustible elements of the fuel arrive 
at the bottom in a molten state. Efforts have been made 
to Seal the bottom using plates or refractory or both, but 
Such efforts have not always been entirely satisfactory. 
Although the possibility of slag break-through or leak 
age has been considerably reduced, the action of slag 
on refractory has required considerable maintenance 
when refractory is used. The use of Seal plates requires 
considerable exact fitting and welding which is expensive 
in the field, and accompanied with the danger of ac 
cidental burning or cutting of tubular pressure parts. 
The design and construction of the furnace bottom, which 
has always been a complicated and expensive part of 
the construction of a wapor generator, is further com 
plicated when the furnace is constructed of a plurality 
of passes in series by the differential thermal expansion 
stresses which result. 

It is an object of the invention to provide an all 
welded multi-pass furnace construction wherein the all 
welded feature is continued into the bottom or lower 
portion of the furnace. 
A further object of the invention is to minimize fit-up 

and field welding costs and to simply the furnace bottom 
construction. 
The invention is applicable to two , types of furnaces, 

a hopper bottom type furnace, or a flat bottom type of 
furnace which is coal, oil or gas fired. In the case of 
coal firing, the furnace would be of the slag-tap type. 

In accordance with the invention there is provided a 
rectangular upright furnace encloSure including first and 
second oppositely facing walls and side walls therebe 
tween or intermediate the first and second walls. A plu 
rality of parallel upright finned tubes welded together 
define · each of the walls and said furnace enclosure. A 
plurality of headers are connected to predetermined 
groups of tubes to divide the furnace enclosure walls into 
a plurality of flow passes, there also being provided a 
plurality of downcomers connecting the passes so that the 
passes are in Series. The Walls are divided preferably into 
at least three flow passes, with the oppositely facing first 
and Second Walls being predominantly comprised of tubes 
of the first and third passes, the intermediate side wails 
constituting tubes of the second pass. The headers, and 
connections between the headers and tubes, are arranged 
so that the intermediate second pass extends around the 
corners of the furnace enclosure to occupy portions of 
the ends of the first and second walls adjacent the inter 
mediate walls, the upright corners thereby being com 
prised of tubes of the same pasS. By the above arrange 
ment, the tubes of any one pass will always be adja 
cerat to tubes of the same pass or of either a preceding 
or following pass, along the lengths thereof. 

In a preferred embodiment, in connection 'with a fiat 
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bottom type generator utilizing a fiat floor, the sides of 
the floor adjacent the furnace side walls are comprised 
of tubes of the second pass, so as to avoid stress be 
tWeen the floor and side walls, and in the three dimen 
sional corners consisting of the opposite first and second 
walls, the side walls and the floor, the tubes defining each 
corner are all at the same temperature. . Preferably the 
remainder center portion of the floor is comprised of 
tubes of the first pass which then extend on upwardly 
in Said first upright wall of the furnace enclosure. 
The above arrangement permits welding the walls and 

floor together using the fin-tube all-welded construction 
in the lower portion or bottom of the furnace and elimi 
|nateS Or minimizes the use of seal plates and refractory 
and the accompanying disadvantages of both. 
The invention and advantages thereof will become ap 

parent upon further consideration of the following speci 
fications, with reference to the accompanying drawings, 
in which: ~ 

FIGURE 1 is a perspective partially broken-away view 
illustrating the invention in connection with a gas-fired 
fiat bottom once through wapor generator or a slag-tap 
type of coal fired generator; 
FIGURE 2 is a section view taken through line 2—2 

of FIGURE 1; and, 
FIGURE 3 is a perspective partially broken-away wiew 

of a dry aSh hopper bottom type generator in accord 
ance with the invention. 

Referring to the drawings, and in particularly, FIG 
URES 1 and 2, there is illustrated a furnace enclosure 12 
consisting of first and second (hereafter called front and 
rear walls) walls 14 and 16, and side walls 18 and 20 
betWeen or intermediate the front and rear walls. Along 
the floor is a flat bottom wall 22, and extending upwardly 
along the middle of the furnace enclosure is an upwardly 
extending division Wall 24. The generator can be fired by 
coal, gaS, Or oil by burners which are not shown and 
for coal firing the fiat bottom arrangement of FIGURE 
l Would be provided with a suitable slag tap, also not 
Shown. The division Wall is not required, but is utilized 
With the larger furnaces of today for the purpose of in 
troducing further heat absorption surface into the fur 
nace enclosure. 
Each of the Side and front and rear walls is made up 

of a plurality of upwardly extending parallel flow tubes 
While the floor is made up of a plurality of parallel hori 
ZOntally extending tubes, which extend parallel to the 
side Walls between the front and rear walls, and the di 
vision wall is made up of a plurality of tubes which 
enter the furnace enclosure in a horizonta1 direction and 
are disposed in a vertical plane and which are then bent 
to extend upwardly in the middle of the furnace enclosure 
in a vertical plane parallel to the sidewalls 18 and 20. 
AS shown in FIGURE 1, all of the walls, including 

the floor and division walls are divided into passes by 
being connected at their lower ends to a plurality of inlet 
headers. In the arrangement illustrated, the division wall 
makes up a first pass *A,'' receiving a fluid flow from 
the economizer (not shown) of the generator, and from 
the division wall the flow is transmitted to a first fur 
nace enclosure pass *1'' made up of tubes of the bottom 
Wall 22 of the furnace and also tubes of the front wall 
14. From the outlet header of the front wall, the fiow 
is transmitted to a second pass '2'' consisting primarily 
of tubes of the sidewalls 18 and 20 of the furnace en 
closure. Finally, the flow is transmitted through a third 
pass ''3' of the furnace enclosure defining primarily the 
rear Wall 16 of the enclosure. 
The arrangement can be easily visualized by referring 

Specifically to the inlet headers for the various passes. For 
the division wall tube pass **A'' there is provided a first 
pair of headers comprising opposite vertically extending 
headers 26 and 26° outside of the upright rear and front 
Walls 16 and 14. The flow from the economizer section 
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4 
of the generator is distributed equally to these two head 
ers by conduits 27 and 27’ for uniform distribution of 
flow in the division wall. From the division wall, the fiow 
is through a suitable downcomer 29 to a single header 28 
for the first enclosure pass **1.*? The header 28 is parallel 
to and outside of the rear wall 16 in a horizontal plane 
approximately coplanar with the floor or bottom wall 
22 and is connected to a center section 22d of tubes 
of the flat bottom wall 22, making up most of the bot 
tOm wall or floor. These tubes are simply bent upwardly 
when reaching the front wall 14 so that this pass of tubes 
also makes up predominently the front wall of the fur 
nace enclosure portion 14a. From the outlet of the first 
paSS, the flow is transmitted uniformly to a plurality of 
inlet headers 30, 32, and 34 through downcomer 35, and 
tO 2 imlet headers 36, 38 and 40 through downcomer 41 
these inlet headers being connected to tubes which make 
up paSS '2,'' comprising the entire sidewalls 18 and 20 
of the furnace enclosure (headers 30 and 40), the side 
portions 16b and c of the rear wall 16 (headers 32 and 
36) and also side portions 22b and c of the bottom wall 
or fioOr 22 (headers 34 and 38). These latter portions 
extend on upwardly along sides of the pass **1?? tubes 
14a of the front wall 14 as panels 14b and c. Finally 
the flow is returned to header 42, through downcomer 
43, for the rear Wall 16 for pass *3,'' this pass being 
defined by tubes 16a constituting most of the rear wall 
of the enclosure. 
FIGURE 2 illustrates the construction of the furnace 

where the pass **1' fioor tubes intersect the pass **3'' 
wall tubes. The tubes of pass **3' are all fin-welded to 
gether, and the pass 'I' tubes which intersect the pass 
'3' wall are seal welded to the latter. The pass **3' 
tubes are all aligned in a vertical plane, and the pass *'1'' 
tubes are for the most part in a horizontal plane within 
the furnace enclosure, except in the area adjacent to the 
paSS '3' wall. In this area the tubes are grouped into 
groups of four and the a, b and d tubes are bent down 
Wardly and towards the c tube to pass through the pass 
'3' wall in the Same vertical plane as the pass c tube, 
aligned vertically with the latter. Outside of the rear wall, 
the tubes are connected to header 28 in groups of two, 
aS ShOwn. The principle advantage of this arrangement 
is that it reduces the number of penetrations required in 
the rear wall. A long Scalloped seal plate 50 the oppo 
Site edges of which are cut away so that the bar can be 
Seal welded to the tubes of passes **3° and **1?? is horizon 
tally welded into the corner between the rear and bottom 
Walls Sealing the corner. The result is that the differential 
lateral expansion between passes **1'' and **3” is absorbed 
by the plate 50 rather than in weld joints between the 
tubes of passes **1?? and **3.?? 

In the front and rear. walls 14 and 16, the pass **2' 
tubes occupy Sufficient areas of these walls, perhaps a 
dozen tubeS or a foot or more in from either side wall, 
SO that the differences in expansion experienced between 
passes '2' and *3' and passes **2° and **1'' are distributed 
OVer a number of tubes before the corners are reached.' 
Along the bottom cornerS Of the furnace, stresses are 

also minimized. Between the bottom wall 22 or floor, and 
the Side Walls 18 and 20, the tubes are at the same tem 
perature. Between the bottom wall or floor 22 and the 
frOnt wall 14, there is no stress pattern, since the bottom 
Wall tubes are simply bent upwardly to make up the 
front wall. In the rear Wall 16, the tubes of the bottom 
Wall or fioOr are grouped together in groups of four to 
paSS in a vertical plane through the vertical wall and a 
fairly long plate member 50 Sealing the bottom and rear 
Wall corner takes up the stresses caused by any tempera 
ture differences between the tubes of these walls. In the 
Very critical three dimensional corners the tubes are all 
at the Same temperature. 

Referring back to FIGURE 1, it is evident that the 
invention minimizeS stresses at the bottom of the furnacé 





8,498,270 
7 8 
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