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57 ABSTRACT 

A boiler is disclosed in which hot flue gases generated 
by combustion within a furnace tube mounted in a 
liquid filled boiler drum are directed back and forth 
over different portions of the outside of the drum by 
an arrangement of partitions and baffles located 
within a housing containing the boiler drum. The 
resulting multi-pass design provides for substantially 
uniformly high flue gas velocity over a plurality of fins 
helically disposed along the length of the boiler drum 
on the outside thereof, resulting in effective extraction 
of heat from the flue gases and high boiler efficiency. 
The helically disposed fins can be subjected to sub 
stantial temperature variations without undue stressing 
of the boiler drum. 

20 Claims, 6 Drawing Figures 
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BOILER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to boilers for vaporiz 

ing or otherwise heating a liquid, and more particularly 
to boilers of the "Scotch Marine' type in which hot 
flue gases are generated within a combustion chamber 
located within a liquid containing boiler drum and are 
thereafter used to heat the liquid such as by directing 
them through a plurality of fire tubes extending 
through the drum or by directing them over the outside 
of the drum. 

2. History of the Prior Art 
Boilers are known in which hot flue gases are gener 

ated within a combustion chamber located within a 
drum, a separate firebox or other container for liquid 
to be heated, the hot flue gases providing some heating 
of the liquid by virtue of the combustion process and 
thereafter being utilized in appropriate fashion to cre 
ate further heating of the liquid. In the well known 
"Scotch Marine' type boiler the flue gases are typically 
generated in a combustion chamber defined by the in 
side of a furnace tube, the furnace tube being disposed 
within and extending along the length of a liquid con 
taining boiler drum. Combustion within the furnace 
tube is typically provided by a burner assembly which 
mixes natural gas, oil or other appropriate fuel with air 
and forces the resulting mixture past an ignitor and into 
the combustion chamber. The resulting combustion 
and generation of hot flue gases and which constitutes 
a first "pass' of the hot flue gases, relative to the liquid, 
provides heating of the liquid surrounding the furnace 
tube. Further heating of the liquid is provided by one 
or more additional passes of the flue gases relative to 
the liquid. 
Such further heating is provided in one type of boiler 

by a plurality of fire tubes which are mounted within 
the boiler drum along with the furnace tube so as to ex 
tend along the length of the drum. The combustion 
gases may be directed through all of the fire tubes in 
the same direction, providing the second pass of a two-l 
pass boiler. Alternatively the combustion gases may be 
directed through different fire tubes in opposing direc 
tions providing a boiler of the type having four passes 
or other numbers of passes greater than two. The num 
ber of fire tubes carrying hot flue gases is reduced in 
the third and subsequent passes of a boiler having more 
than two passes in order to obtain a reduction in cross 
sectional area as a means to obtain, in each pass, the 
highest flue gas velocity for greater heat transfer effi 
ciency. In a very few cases extremely expensive tapered 
fire tubes are used to maintain uniformly high flue gas 
velocities as the flue gases cool down in each pass. 
As the hot flue gases pass along the fire tubes, heat 

is transferred therefrom to the liquid surrounding the 
fire tubes within the boiler drum. In the case of a water 
or liquid boiler the liquid is ultimately heated to a de 
sired temperature or temperature range, whereupon it 
is transferred from the boiler drum to the location 
where it is to be used. In the case of a steam or vapor 
boiler the liquid within the drum is ultimately heated to 
the point where it vaporizes, the resulting vapors exit 
ing through a pipe or other appropriate arrangement at 
the top of the boiler drum. 
While boilers of the type described function in a rea 

sonably effective and efficient manner for many appli 
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2 
cations, they suffer from a number of limitations which 
may limit their usefulness generally as well as for cer 
tain particular applications. As the boiler is used, lime 
becomes deposited on the water side and soot builds up 
on the flue gas side within the fire tubes requiring that 
the boiler be periodically shut down and opened up so 
that the fire tubes can be rodded out. The fire tubes, 
moreover, must generally be replaced one or more 
times during the natural life of the boiler; a process 
which may prove to be almost as expensive as the boiler 
itself. In those boilers of the type in which the hot flue 
gases are passed through different groups of fire tubes 
in more than one direction, significant differences in 
temperature occur at different locations along the 
lengths of the fire tubes. Such temperature variations 
may range from approximately 350 F. at one extreme 
to approximately 1,800 F. or higher at the other ex 
treme; and as a result the ligaments which join the op 
posite ends of the fire tubes to tube sheets in time often 
crack due to thermal stresses causing the fire tubes to 
leak. The constant need to clean (rod out the fire 
tubes) and replace fire tubes in a boiler of this type 
makes it absolutely necessary that an additional service 
area equal to the space taken up by the boiler be pro 
vided in order to clean or replace the fire tubes. The 
fire tubes also take up space within the boiler drum 
which would otherwise be occupied by the liquid, and 
tend to inhibit circulation of the liquid, resulting in re 
duced heat transfer. 
The Horizontal Return Tube (H.R.T.) boiler is of 

similar design as the "Scotch Marine' boiler except 
that the combustion takes place in a firebox under the 
boiler with the resulting flue gases travelling through 
fire tubes that are located in a boiler drum in a manner 
similar to the fire tubes in a 'Scotch Marine' boiler. 
The H.R.T. boiler suffers the same deficiencies as the 
"Scotch Marine' type except that the thermal stress 
problem is reduced but the size and cost are increased. 

In a further alternative form of prior art boiler which 
eliminates fire tubes within the boiler drum, the hot 
flue gases generated within the combustion chamber 
defined by the furnace tube are directed to the outside 
of the boiler drum where they are allowed to pass over 
the outside of the drum to effect further heating of the 
liquid. Boilers of this type while generally free from the 
problems posed by the presence of fire tubes neverthe 
less suffer from an overall reduction in efficiency. In an 
effort to increase their efficiency some boilers of this 
type are equipped with an arrangement of fins which 
extend longitudinally along the outside of the boiler 
drum. Such fins are typically continuously welded 
along their entire length. Boilers with longitudinal 
(straight) fins located around the periphery of a boiler 
drum of cylindrical shape do not lend themselves to 
multiple pass design or to a baffling arrangement, both 
of which are necessary for the efficient extraction of 
heat from the flue gases. Because of these fundamental 
design problems, finned boilers have never been ac 
cepted, except in small sizes as a low-cost boiler. Also, 
straight finned boiler designs are basically of a vertical 
design configuration which severely limits the size that 
can be built. 

65 
One key factor in achieving good heat transfer be 

tween the flue gases and the boiler drum or other liquid 
containing member is to maintain a uniformly high ve 
locity of the gases relative to the drum or other mem 
ber, thereby providing a turbulent flow rather than a 
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laminar flow of the gases. However, in boilers having a 
relatively long flow path for the gases such as those of 
the multi-pass type, uniformly high flue gas velocity is 
maintained over the entire flow path only if adequate 
compensation is provided for the decrease in the vol 
ume of the gases as they cool. For a given volume of 
flue gas, the velocity of the gas is a direct function of 
the cross-sectional flow area. Therefore as the volume 
of the flue gas decreases with cooling, the flow path 
must be tapered or otherwise reduced in cross 
sectional area along the length thereof to obtain the 
highest flue gas velocity for greater heat transfer effi 
ciency. 

In boilers of the type having a plurality of fire tubes 
disposed within the drum, the flow area may be pro 
gressively reduced so as to maintain the flue gas veloc 
ity such as by using tapered tubes with a reducing diam 
eter or by reducing the number of fire tubes with each 
succeeding pass. The practical result is a long and 
twisted flow path which presents considerable friction 
to the flue gases and therefore requires a relatively 
large blower in the burner assembly in order to force 
the combustion products through the furnace tube 
under considerable pressure. 

In some boilers various devices are located within the 
fire tubes or other vessels for the flue gases in an at 
tempt to spiral the gases or otherwise cause turbulence 
thereof so as to improve heat transfer. However the de 
sired degree of turbulence is difficult or impossible to 
accomplish in many such systems where the fire tube 
or vessel may be as little as 1 inch in diameter and as 
much as 20 feet long, 
Accordingly, the prior art would be significantly im 

proved upon by a boiler which eliminates the need for 
fire tubes within the boiler drum while at the same time 
providing for optimum heat transfer and relatively high 
efficiency of the boiler. Such boiler should also be ca 
pable of multi-pass design in which the hot flue gases 
are caused to make a plurality of different passes rela 
tive to liquid within the drum while at the same time ne 
gotiating flow paths of minimum frictional resistance 
but of continuously decreasing size so as to maintain 
uniformly high flue gas velocity with resulting turbu 
lence and increased heat transfer. In cases where fins 
are used on the outside of the boiler drum, such fins 
should be capable of optimizing heat transfer by con 
trolling and directing the flow of hot flue gases so as to 
maximize the striping of heat from the flue gases and 
the transferring of said heat to the boiler liquids or flu 
ids. 

BRIEF SUMMARY OF THE INVENTION 

Briefly, the present invention provides a boiler in 
which hot flue gases generated within a combustion 
chamber defined by the interior of a furnace tube lo 
cated within an elongated, generally cylindrical boiler 
drum having opposite enclosed ends are allowed to 
pass to the outside of the boiler drum where they are 
directed by an arrangement of partitions and baffles to 
pass over selected portions of the finned exterior of the 
boiler drum in opposing directions. Such an arrange 
ment avoids fire tubes and the problems which are in 
herent in the use of such tubes. At the same time, how 
ever, heat transfer and the ultimate efficiency of the 
boiler are optimized by the presence of the fins on the 
outside of the boiler drum and the repeated passing of 
the hot flue gases over the outside of the drum and the 
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4. 
included fins in opposite directions at a substantially 
uniformly high velocity. The partitions are arranged 
within a housing containing the boiler drum so as to di 
vide the interior of the housing into a plurality of differ 
ent chambers, with each chamber defining a different 
'pass' of the flue gases over the drum in a transverse 
direction generally normal to the axis of elongation of 
the drum. Contact between the flue gases and the drum 
is enhanced and the flue gas velocity is controlled by 
curved baffles within each chamber which extend from 
locations spaced apart from the drum near the up 
stream end of the chamber onto the outer edges of the 
fins at the downstream end of the chamber so as to 
cause the flue gases to converge on the fins and on the 
outside surface of the drum. 
The chambers and included baffles are arranged in 

accordance with the invention to provide a flow path 
of decreasing area having minimal frictional resistance. 
As a result, the velocity of the flue gas is maintained at 
a uniformly high level providing turbulent flow and in 
creased heat transfer; while at the same time the need 
for a large blower in the burner assembly in order to 
force the flue gas into the system under increased pres 
sure is substantially reduced. Controlled decreases in 
the flow path area can be provided by decreasing the 
length of each succeeding chamber in the flow path for 
the gases. With the length of the chamber decreased, 
the length of the included baffles is also decreased pro 
viding a decrease in the width and area of the flow path 
between the baffles and the drum. The baffles them 
selves provide a gradual decrease in the flow area since 
they extend from locations spaced apart from the out 
side edges of the fins at their upstream ends into con 
tact with the fins at their downstream ends. Where de 
sired, the upstream ends of the baffles within each suc 
ceeding chamber may be spaced progressively closer to 
the drum and included fins to provide further uniform 
ecreases in the flow area. 
The fins on the outside of the boiler drum extend 

around the circumference of the drum so as to encircle 
the drum in a direction which is transverse relative to 
the axis of elongation of the drum and parallel to the 
passes of the flue gases, each individual fin which encir 
cles the entire circumference of the drum being spaced 
apart from adjacent fins along the axis of elongation of 
the drum. Such arrangement effectively facilitates heat 
transfer to the boiler drum. The fins may comprise a 
plurality of individual fins with each fin extending 
around the entire circumference of the drum in spaced 
apart relation to the adjacent fins. Fabrication and 
mounting of the fins on the outside of the drum are fa 
cilitated however by an arrangement in which a single 
element is repeatedly wound around and mounted on 
the outside of the drum in helical fashion. 

In one preferred arrangement of a four-pass boiler in 
accordance with the invention, a mixture of fuel from 
a burner assembly at one end of the furnace pipe is ig 
nited within the combustion chamber to generate the 
hot flue gases and to provide the first pass of the gases 
relative to the liquid. The flue gases exit at the opposite 
end of the furnace tube from the burner assembly 
where they are directed downwardly to the underside 
of the drum within a second pass chamber. As the gases 
rise within the second pass chamber, they are directed 
onto the outside surface of the drum and included fins 
by curved baffles on the opposite sides of the drum 
within the chamber to complete a second pass relative 
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to the liquid. The gases rise to the top of the second 
pass chamber where they are directed to the top of an 
adjacent third pass chamber, the third pass chamber 
being separated from the second pass chamber by a 
partition which extends between the outside of the 
boiler drum and the boiler housing. The flue gases at 
the top of the third pass chamber are directed down 
wardly over both sides of the boiler drum by a pair of 
baffles to the bottom of the third pass chamber to com 
plete a third pass. The gases at the bottom of the third 
pass chamber are directed into the bottom of an adja 
cent fourth pass chamber which is separated from the 
third pass chamber by a partition and which directs the 
flue gases upwardly around the opposite sides of the 
boiler drum to complete a fourth pass with the aid of 
opposite baffles. The flue gases at the top of the fourth 
pass chamber exit from the boiler through a stack at the 
top of the housing. 
The invention facilitates the design of boilers using 

different arrangements by scientifically combining vari 
ous alternative arrangements offins, partitions and baf 
fles to achieve desired design objectives such as effi 
ciency, cost, size and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention may 
be had from a consideration of the following detailed 
description, taken in consideration with the accompa 
nying drawings, in which: 
FIG. 1 is a perspective view, broken away, of a boiler 

in accordance with the invention; 
FIG. 2 is a side sectional view of the boiler of FIG. 1. 
FIG. 3 is an end sectional view of the boiler of FIG. 

1 take along the line 3-3 thereof; 
FIG. 4 is an end sectional view of the boiler of FIG. 

1 taken along the line 4-4 thereof, l 
FIG. 5 is an end sectional view of the boiler of FIG 

1 taken along the line 5-5 thereof, and 
FIG. 6 is a perspective view of one end of the boiler 

drum of the boiler of FIG. 1 illustrating one preferred 
technique for mounting fins thereon. 

DETAILED DESCRIPTION 

Referring to FIGS. 1 and 2, one preferred embodi 
ment of a boiler 10 in accordance with the invention 
has a generally rectangular housing 12 comprising a top 
14, a bottom 16, opposite ends 18 and 20, and opposite 
sides 22 and 24. The housing 12 encloses an elongated, 
generally cylindrical boiler drum or vessel 26 having 
opposite semi-ellipsoidal closed ends, one of which is 
disposed within the housing adjacent the end 20 and 
the other of which extends through the housing end 18 
to the outside of the housing 12. An elongated cylindri 
cal furnace tube 28 of steel or other appropriate con 
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between the opposite ends of the drum, the axis of 
elongation of the furnace tube 28 being generally paral 
lel to and located below the axis of elongation 29 of the 
drum 26. The furnace tube 28 is open at the end 
thereof adjacent the housing end 20. The other end of 
the furnace tube 28 is coupled to a burner assembly 30. 
The burner assembly 30 which may assume any ap 

propriate form functions in conventional fashion to 
provide combustion within a combustion chamber 32 
defined by the inside of the furnace tube 28 and to 
thereby generate hot flue gases therein. The burner as 
sembly 30 mixes oil, natural gas or other appropriate 
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6 
fuel with air and forces the resulting mixture past an ig 
nitor (not shown) to provide the desired combustion 
and generation of flue gases. Combustion within the 
chamber 32 results in the transfer of heat through the 
furnace tube 28 to a surrounding liquid 34. 
The liquid 34 which may comprise water, Dowtherm 

(a registered trademark of Dow Chemical Co.) or other 
appropriate liquid to be heated is disposed on the out 
side of the furnace tube 28 and within the drum 26. The 
liquid 34 is introduced into the interior of the drum 26 
by means of an entry valve 36 or other appropriate de 
vice. In the present example the boiler 10 comprises a 
steam or vapor boiler in which vapors rise from the sur 
face of the liquid 34 as a result of the heating of the liq 
uid and exit via an outlet pipe 38 extending from the 
top of the drum 26 through the top 14 of the boiler 
housing 12. It will be understood by those skilled in the 
art, however, that the present invention also encom 
passes water or liquid boilers in which the liquid is 
heated without necessarily being vaporized and is 
thereafter used in liquid form. Sensing devices (not 
shown) located in the vicinity of the burner assembly 
30 monitor the level of the liquid 34 and provide for a 
continuous supply of liquid 34 into the drum 26 to 
maintain the liquid level within a desired range as va 
porization occurs. 
The combustion chamber 32 within the furnace tube 

28 defines the first pass of the boiler 10. At the end of 
the furnace tube 28 opposite the burner assembly 30 
the hot flue gases enter a chamber 40 which is generally 
rectangular in configuration and which is defined by 
walls which are preferably made of concrete, Firecrete 
(a registered trademark of Johns-Manville Sales Cor 
poration) or a combination thereof. The back wall 42 
of the chamber 40 adjacent the end 20 of the boiler 
housing is preferably made of Firecrete to provide fur 
ther combustion of the hot flue gases and thereby pre 
vent wasteful reduction in the temperature of the flue 
gases. 
The hot flue gases within the chamber 40 are di 

rected downwardly into the bottom of an adjoining sec 
ond pass chamber 44 defined at one end by a partition 
46 and at the other end by a partition 48. The partition 
46 which extends between the opposite sides 22 and 24 
of the boiler housing from the housing top 14 to the top 
of the chamber 40 prevents flue gases which rise to the 
top of the second pass chamber 44 from entering the 
space directly above the chamber 40. The partition 48 
as best seen in FIG. 4 extends between the opposite 
sides 22 and 24 of the housing 12 and the outside of the 
drum 26 from the housing bottom 16 up to a level 
which is slightly higher than the axis of elongation 29 
of the drum 26. The partition 48 which helps to support 
the drum 26 along with the end 18 prevents flue gases 
entering the second pass chamber 44 from flowing di 
rectly into a third pass chamber 50, and instead forces 
the gases in an upward direction generally normal to 
the axis of elongation 29 of the drum 26 through a sec 
ond pass around the opposite sides of the drum 26. 
Heat transfer between the flue gases and the drum 26 

and included liquid 34 is enhanced by a plurality of fins 
52 mounted on the outside of the drum 26 so as to en 
circle the circumference of the drum in directions 
transverse to the axis of elongation 29 of the drum 26. 
Heat transfer is also facilitated within the second pass 
chamber 44 by a pair of baffles 54 disposed on opposite 
sides of the drum 26. The baffles 54 which are curved, 
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generally rectangularly shaped elements extend from 
locations spaced apart from the drum 26 and included 
fins 52 at their upstream ends adjacent the upstream 
end of the chamber 44 into contact with the outer 
edges of circumferential portions of the fins 52 at their 
downstream ends adjacent the downstream end of the 
chamber 44. As best seen in FIG. 3, the baffles 54 are 
arranged to cause the flue gases to converge on the out 
side surface of the drum 26 between the included fins 
52 to enhance the heat transfer during the second pass 
of the gases. The upstream ends of the baffles 54 are 
spaced a selected distanced from the drum 26 to pro 
vide the flue gas flow paths defined by the space be 
tween the baffles 54 and the outside of the drum 26 
with selectively decreasing cross-sectional areas. As 
more fully discussed hereafter, decreases in the areas 
of the flow paths within each succeeding chamber are 
also provided for by decreasing the length of each 
chamber and its included baffles. 
The flue gases within the second pass chamber 44 are 

directed over the partition 48 and into the third pass 
chamber 50. As seen in the sectional view of FIG. 4 the 
flue gases within the third pass chamber 50 undergo a 
third pass in which they are directed generally down 
wardly in directions which are opposite those of the 
second pass and which are normal to the axis of elonga 
tion 29 of the drum 26. The gases are caused to con 
verge on the outside of the drum 26 between the fins 
52 by a pair of baffles 56 disposed on opposite sides of 
the drum 26. The baffles 56 are curved, rectangular 
shaped members which are similar to the baffles 54 in 
the second pass chamber 44 except that their lengths 
in the direction of the axis of elongation 29 of the drum 
26 are shorter than the corresponding lengths of the 
baffles 54 and they are mounted so as to account for 
the fact that unlike the second pass chamber 44 the 
third pass chamber 50 has its upstream end at the top 
thereof and its downstream end at the bottom thereof. 
Accordingly the baffles 56 have upstream ends which 
are spaced a distance de from the drum 26 and extend 
into contact with circumferential portions of the fins 52 
at their downstream ends. As seen in FIG. 1 the lengths 
of the baffles 56 are less than the lengths of the baffles 
54 within the chamber 44 to reduce the flow area. The 
flow area may be even further reduced in the chamber 
50 as compared with the chamber 44 by making the 
distance de less than the corresponding distance d in 
FIG 3. 
Flue gases at the bottom of the third pass chamber 50 

are directed under a partition 58 and into a fourth pass 
chamber 60 which extends between and is defined by 
the partition 58 and the end 18 of the boiler housing 12 
and which is shown in detail in the sectional view of 
FIG. 5. The partition 58 extends between the opposite 
sides 22 and 24 of the housing 12 and the outside sur 
face of the drum 26 from the top 14 of the housing to 
a level just below the axis of elongation 29 of the drum 
26. The flue gases within the fourth pass chamber 60 
are directed upwardly through a fourth pass in which 
they are caused to converge on the outside of the drum 
26 and included fins 52 by a pair of baffles 62. The baf 
fles 62 which are of like shape but shorter than the baf 
fles 54 and 56, are mounted in a fashion similar to baf 
fles 54 within the second pass chamber 44 in that they 
extend inwardly from positions spaced apart from the 
drum 26 a distanced at their lower or upstream ends 
onto the outer edges of the fins 52 at their downstream 
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8 
ends. Accordingly, as the gases undergo the fourth 
pass, they travel in directions which are opposite those 
of the third pass and the same as those of the second 
pass and which are normal to the axis of elongation 29 
of the drum 26. The lengths of the baffles 62 in the di 
rection of the axis of elongation 29 of the drum 26 are 
less than the corresponding lengths of the baffles 56 
within the third pass chamber 50 to provide a further 
reduction in the flow area for the flue gases. Where de 
sired the flow area can be even further reduced by 
making the distance da less than the distance d. The 
flue gases at the top of the fourth pass chamber 60 exit 
from the boiler 10 via a stack 64 in the top 14 of the 
boiler housing 12. 
As previously noted, the flow path for the flue gases 

is gradually decreased in area without a significant in 
crease in the frictional resistance of the path in a multi 
pass system according to the invention. The various 
chambers 44, 50 and 66 and their included baffles de 
fine a flow path having a minimum of turns, constric 
tions and other friction producing items which gener 
ally require a larger and more powerful blower in the 
burner assembly 30. The cross-sectional area of the 
flow path may be selectively decreased by a number of 
factors including variation in the lengths of the cham 
bers and included baffles and variation in the distances 
d, d. and ds between the baffle upstream edges and the 
drum 26. With respect to the chamber lengths it has 
been found that satisfactory results are achieved if the 
lengths of the chambers 44, 50 and 60 respectively 
comprise 40, 35 and 25 percent of the length of the 
finned portion of the drum 26, although other propor 
tions can of course be used. Where further reduction 
in flow path area is desired the baffles can be mounted 
such that d is less than d and d is less than d as previ 
ously discussed. 
As previously noted, the fins 52 facilitate heat trans 

fer between the hot flue gases and the liquid 34 in the 
inside of the drum 26. The circumferential disposition 
of the fins 52 relative to the drum 26 in accordance 
with the invention enables the fins to be subjected to 
substantial variations in temperature without exces 
sively stressing or otherwise endangering the drum 26. 
The fins 52 can comprise individual fins, each of which 
encircles the circumference of the drum so that its op 
posite ends are joined together. For ease of manufac 
ture, however, an arrangement shown in FIG. 6 is pre 
ferred in which the fins 52 are formed by helically 
winding a continuous strip of material 66 around the 
outside of the drum 26. As the strip 66 is wound about 
the drum 26 it is affixed thereto by appropriate means 
such as a plurality of spot welds 68 located at selected 
intervals around the circumference of the drum 26 or 
by a continuous weld such as at 70. Each "fin' which 
results from this technique extends around the circum 
ference of the drum 26 with its opposite “ends' spaced 
apart from one another by the distance between adja 
cent fins and comprises a portion of the length of the 
strip 66. 
The fins 52 may comprise any appropriate material 

which will provide good heat transfer and which is 
readily bonded to the steel or similar material typically 
comprising the drum 26. It has been found that the fins 
52 may be fabricated from a strip of 12 gauge steel. The 
fins 52 may have any appropriate width, although it has 
been found that sufficient heat transfer is provided if 
fins at least 1 - 1 % inches wide are used in relatively 
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small boilers and fins 2 % - 3 inches wide are used for 
large boilers. 
The various members such as the top 14, the bottom 

16, the ends 18 and 20, and the sides 22 and 24 which 
comprise the housing 12, can be fabricated of any ap 
propriate material such as a single sheet of steel or a 
sandwich of two sheets of steel with a layer of insulating 
material therebetween. For high temperature applica 
tions a metal-insulation-metal sandwich may be used 
with a further layer of insulating material being located 
on the inside thereof, and the inner sheet of metal may 
comprise a combination of aluminized steel at the 
upper portion thereof and stainless steel at the lower 
portion thereof, as desired. 

It will be appreciated by those skilled in the art that 
boilers in accordance with the present invention elimi 
nate many of the problems present in prior art boilers 
such as of the type in which fire tubes are mounted 
within the boiler drum. As already noted the use of cir 
cumferential fins on the outside of the boiler drum al 
lows greatly improved heat transfer because of the 
greatly improved ability of this design concept to con 
trol uniformly the flue gas velocities. Heat transfer bel 
tween the hot flue gases and the liquid inside the drum 
is further facilitated by the design of boilers in accor 
dance with the invention wherein different chambers 
are defined by the use of partitions to provide a multi 
pass system. The curved baffles within each chamber 
greatly aid in controlling the flue gas velocities and in 
directing the flue gases onto the outside of the drum. 
This type of multi-pass design also provides a low fric 
tion flow path of gradually decreasing area so as to 
maintain uniformly high flue gas velocity over the fins 
to more effectively extract heat from the flue gases. 
Heat transfer in accordance with the invention is even 
further improved by the absence of fire tubes and other 
obstructions within the drum which allows the liquid to 
freely circulate and to undergo turbulence at the inside 
surfaces of the drum. 
Whereas prior art boilers of the “Scotch Marine' 

type and other similar types usually have a maximum 
efficiency on the order of 75 percent, it has been found 
that boilers in accordance with the invention have an 
efficiency more on the order of 80 or 81 percent with 
even higher values being attainable depending on de 
sign. Boilers of one particular design in accordance 
with the invention have been found to provide 5/2 - 
6ft of heating surface per boiler horsepower. The stack 
temperature where the flue gases exit from the boiler 
and which provides one measure of boiler efficiency 
must usually be no greater than about 600 F, if the 
boiler is to be considered reasonably efficient. In boil 
ers in accordance with the invention the stack tempera 
ture is typically no greater than 450 F. and is fre 
quently more on the order of 300 to 400 F. 
The preferred embodiment of FIGS. 1-6 is shown 

and disclosed herein by way of example only, and it will 
be appreciated by those skilled in the art that modifica 
tions and variations thereof can occur within the scope 
of the invention. Boilers in accordance with the inven 
tion may comprise water or liquid boilers rather than 
a steam or vapor boiler of the type shown and de 
scribed. The boilers need not be of the four-pass type 
but can include any number of passes desired. Also, the 
boiler need not necessarily be fired by a forced draft 
system using a furnace tube within the drum. Where 
available space or other design considerations dictate, 
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10 
the boiler may be of the vertical type in which the axis 
of elongation of the drum is vertically rather than hori 
zontally disposed. 
What is claimed is: 
1. In a boiler in which hot gases are generated by 

combustion within a liquid carrying drum, the hot gases 
being directed over the outside of the drum trans 
versely in directions substantially perpendicular to the 
longitudinal axis of the drum, the improvement com 
prising a plurality of fins mounted on the outside of the 
drum, each of said fins extending around the entire cir 
cumference of the drum so as to form substantially a 
circle and comprising an elongated element of substan 
tially uniform cross section mounted so as to be sub 
stantially perpendicular to the outer surface of the 
drum and having at least one flat edge in contact with 
the outer surface of the drum over substantially the en 
tire length of the fin. 

2. The invention defined in claim 1 above, wherein 
the fins comprise a strip which is helically disposed on 
the outside of the drum. - 

3. In a boiler in which hot gases are generated by 
combustion within a liquid carrying drum, the hot gases 
being directed onto the outside of the drum, the im 
provement comprising a plurality of fins mounted on 
the outside of the drum, each of said fins extending 
around the entire circumference of the drum, and baf 
fle means having at least one curved element mounted 
on the outside of the fins at one end thereof and spaced 
apart from the fins at the other end thereof to cause the 
hot gases to converge on the fins and the outside of the 
drum. 

4. A boiler comprising the combination of a generally 
cylindrical vessel having opposite enclosed ends and 
including means for receiving a liquid to be heated 
therein and means for allowing vapors formed within to 
pass out of the vessel, means for directing hot gases 
onto the outside of the vessel so as to flow over the out 
side surface of the vessel in directions generally normal 
to the direction of elongation of the vessel, and a plu 
rality offins mounted on the outside of the vessel, each 
fin encircling substantially the entire circumference of 
the generally cylindrical vessel so as to facilitate heat 
transfer between the hot gases and the inside of the ves 
sel and comprising an elongated strip of uniform rect 
angular cross section defined by a pair of opposite 
broad surfaces and a pair of opposite narrow surfaces, 
each fin being mounted on the vessel so that the broad 
surfaces are perpendicular to the outside surface of the 
vessel and one of the narrow surfaces is in contact with 
the outside surface of the vessel over substantially the 
entire length of the fin. 

5. A boiler comprising the combination of a generally 
cylindrical vessel having opposite enclosed ends and 
including means for receiving a liquid to be heated 
therein and means for allowing vapors formed within to 
pass out of the vessel, means for directing hot gases 
onto the outside of the vessel, a plurality of fins 
mounted on the outside of the vessel, each fin encir 
cling substantially the entire circumference of the gen 
erally cylindrical vessel so as to facilitate heat transfer 
between the hot gases and the inside of the vessel, and 
at least one baffle comprising a flat element being 
curved so as to converge on the fins from locations 
spaced outwardly from the fins. 

6. A boiler comprising the combination of a generally 
cylindrical vessel having opposite enclosed ends and 
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including means for receiving a liquid to be heated 
therein and means for allowing vapors formed within to 
pass out of the vessel, means for directing hot gases 
onto the outside of the vessel, a plurality of fins 
mounted on the outside of the vessel, each fin encir- 5 
cling substantially the entire circumference of the gen 
erally cylindrical vessel so as to facilitate heat transfer 
between the hot gases and the inside of the vessel, and 
means for directing the hot gases onto the outside of 
the vessel in at least two substantially opposite direc 
tions. 

7. The invention defined in claim 6 above, wherein 
each of the at least two substantially opposite direc 
tions is generally normal to the axis of elongation of the 
generally cylindrical vessel. 

8. The invention defined in claim 7 above, wherein 
the means for directing hot gases onto the outside of 
the vessel includes tube means disposed within the ves 
sel for generating the hot gases from combustion 
therein and means coupled to the tube means for di 
recting the hot gases onto the outside of the vessel in 
a first direction generally normal to the axis of elonga 
tion of the generally cylindrical vessel, and the means 
for directing the hot gases onto the outside of the vessel 
in at least two substantially opposite directions includes 
means for directing the hot gases onto the outside of 
the vessel in a second direction opposite the first direc 
tion and generally normal to the axis of elongation of 
the generally cylindrical vessel and means for directing 
the hot gases onto the outside of the vessel in a third di 
rection the same as the first direction and generally 
normal to the axis of elongation of the generally cylin 
drical vessel. 

9. In a boiler in which hot gases are directed onto the 
outside of an elongated drum to heat liquid contained 
within the drum, the improvement comprising means 
for directing the hot gases through successive different 
passes over the outside of the drum, each of said passes 
comprising simultaneous flow of the gases around op 
posite sides of the drum in directions generally perpen 
dicular to the direction of elongation of the drum 
through substantially the entire transverse dimension of 
the drum. 

10. The invention defined in claim 9 above, wherein 
the directions of each successive pair of passes are gen 
erally opposite one another. 

11. The invention defined in claim 9 above, further 
including a plurality of fins mounted on the outside of 
and encircling the elongated drum in a generally trans 
verse direction, the fins being generally parallel to the 
directions of the successive different passes. 

12. The invention defined in claim 9 above, wherein 
the means for directing includes means for providing a 
flow path for the hot gases having an area which de 
creases with each successive different pass. 

13. The invention defined in claim 9 above, wherein 
the means for directing includes means associated with 
each pass for decreasing the area of a flow path for the 
hot gases through the pass. 

14. The invention defined in claim 10 above, further 
including a housing surrounding and enclosing at least 
a part of the elongated drum, and partition means ex 
tending between the inside of the housing and the out 
side of the elongated drum to define a plurality of 65 
chambers, each of the chambers being operative to re 
ceive and direct hot gases through one of said passes 
over the outside of the drum. 
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15. The invention defined in claim 14 above, wherein 

the lengths of the chambers decrease with each differ 
ent succeeding pass contained therein so as to provide 
a flow path of continually decreasing area for the hot 
gases. 

16. The invention defined in claim 15 above, further 
including baffle means disposed within each chamber, 
said baffle means extending from a location spaced out 
wardly from the drum and the fins at one end thereof 
adjacent one end of the associated chamber where hot 
flue gases enter the chamber to a location adjacent the 
drum and the fins at the other end thereof to provide 
a flow path of decreasing area for the hot gases and to 
cause the hot gases to converge on the outside of the 
drum. 

17. The invention defined in claim 16 above, wherein 
the distance between said one end of each baffle means 
and the drum decreases with each succeeding chamber 
and the pass contained therein. 

18. A boiler comprising the combination of: 
an elongated, generally cylindrical drum having op 

posite closed ends; 
a plurality offins mounted on the outside of the drum 
so as to extend around the drum in a circumferen 
tial direction, the fins being spaced apart from one 
another along an axis of elongation of the drum; 

a housing surrounding and enclosing at least a part of 
the drum; 

a furnace tube mounted within and having opposite 
ends disposed adjacent the opposite closed ends of 
the drum; 

burner means coupled to one of the opposite ends of 
the furnace tube for generating hot gases within the 
furnace tube, the path of the hot gases through the 
furnace tube defining a first pass of the hot gases 
relative to a liquid to be heated within the drum; 
and 

partition means extending between the inside of the 
housing and the drum to define three separate 
chambers, a first such chamber receiving the hot 
gases from the other one of the opposite ends of the 
furnace tube and directing the hot gases over the 
outside of the drum in directions normal to the axis 
of elongation of the drum to define a second pass 
of the hot gases relative to a liquid to be heated 
within the drum, the second such chamber receiv 
ing the hot gases from the first chamber and direct 
ing them over the outside of the drum in directions 
normal to the axis of elongation of the drum but 
opposite the directions of the second pass to define 
a third pass of the hot gases relative to a liquid to 
be heated within the drum, and the third such 
chamber receiving the hot gases from the second 
chamber and directing them over the outside of the 
drum in directions normal to the axis of elongation 
of the drum and parallel to the directions of the 
first pass to define a fourth pass of the hot gases rel 
ative to a liquid to be heated within the drum. 

19. The invention defined in claim 18 above, further 
including baffle means within at least one of the cham 
bers, the baffle means comprising at least one curved 
element which extends from a location spaced apart 
from the drum onto the fins. 
20. The invention defined in claim 19 above, wherein 

the drum is disposed with its axis of elongation gener 
ally horizontal, the first and third chambers direct the 
hot gases upwardly around opposite sides of the drum, 
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the second chamber directs the hot gases downwardly are greater than the lengths of the third chamber and 
around opposite sides of the drum, the lengths of the included baffle means, and the distance between the 
first, second and third chambers and included baffle curved element comprising the baffle means and the 
means in the direction of the axis of elongation of the drum is greater within the first chamber than within the 
drum are such that the lengths of the first chamber and 5 second chamber which is greater than within the third 
included baffle means are greater than the lengths of chamber. 
the second chamber and included baffle means which k sk. k. xk sk 
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