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This invention relates to heating, and more 
particularly pertains to apparatus for the heat 
ing of fluids such as petroleum and the like. 

Controlled uniform heating is of prime im 
portance when heating fluids, such as petro 
leum, that break down and produce undesirable 
substances when overheated. Hence the rate 
of applying heat must be within a maximum 
allowable limit and it is most desirable that all 
of the tubes of a tube still which are exposed 
directly to the source of heat, absorb heat at or 
near the maximum allowable rate for their en 
tire length. An º arrangement of this type is 
preferable to an arrangement in which - tubes 
in cooler parts of the furnace absorb heat at 
considerably below the maximum allowable rate 
due to the fact that the latter arrangement is 
uneconomical because of wasteful use of heat 
ing surface. 
The present invention provides heating appa 

ratus which fulfill the requirement of uniform 
heating of the tubes in a practical manner. In 
one form of the invention, oil or gas is burned in 
conventional burners located in one of the walls 
of a combustion chamber, proportioned to in 
sure complete combustion of the fuel and uni 
form temperature throughout, and heat absorb 
ing tubes are symmetrically arranged about this 
source of heat in a casing lined with refractory 
material. As the hot gases cool because of heat 
radiated to the heat absorbing surface of the 
surrounding tubes, the gases fall by gravity to 
the bottom of the chamber because of their in 
creased density. The gas outlet is at the bottom 
of the chamber and some of the heat absorbing 
tubes extend across the gas outlet in spaced re 
lationship to each other, so that the cooled gases 
stream between these tubes and are collected 
in a chamber below the combustion chamber 
and thereafter are passed countercurrent be 
tween the tubes of a convection bank or an 
economizer at high velocity induced by the pull 
of a stack or induced draft fan. The stack draft 
also assists the gravity flow of furnace gases 
between the tubes at the bottom of the furnace 
chamber, and, to insure the gases being dis 
tributed substantially evenly over the entire 
horizontal area of the furnace chamber, the bot 
tom tubes are closely spaced, or a distributing. 
baffle is located below or on these tubes. The 
bottom tubes are subjected to heating by convec 
tion as well as radiation, but because the mass 
flow of, gases past these tubes is very low, the 
heating by convection is definitely moderated 
and serves to compensate. for a deficiency of 

radiant heat absorbed by these tubes due to 
their location in the cooler part of the furnace. 
The convection bank or economizer may be lo 
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cated in a separate chamber outside the casing 
of the furnace chamber, or in the chamber 
directly below it, as determined by local condi 
tions or whether , an overhead or underground 
fue is desirable. While the foregoing describes 
one form of the invention, it will be understood 
that other forms of the invention may be uti 
lized without departing from the principles of 
the invention. 
The preferred heater arrangement utilizes a 

rectangular furnace chamber of the required 
length which is lined with heat absorbing sur 
face on all four sides. The furnace gases flow 
naturally from the bottom of the furnace cham 
ber, thus dispensing with bridge walls. In con 
sequence of the omission of bridge walls it is 
possible to proportion the furnace more nearly 
on the basis of liberation of heat units per cu. 
ft. of furnace volume and the relative location 
of burners and heating surface. The result is " 
greatly" reduced overall dimensions and "economy 
of space occupied. 

Heater arrangements embodying the inven 
tion are flexible inasmuch as Small gas burners 
can be arranged in the roof or side walls closely 
spaced for the full length of the furnace, the 
room required being provided between tubes. 
Other fuel burners may be located in the end 
walls if desired or required. One Or more 
heater cells each independently fired and having 
individual or collective economizers Or Convec 
tion sections may be employed. In consequenee, 
any number of streams can be heated in one 
heater with adequate control of the heat sup 
plied to each. Sufficient radiant heat absorbing 
surface can be provided economically to prevent 
excessive furnace temperatures with a mini 
mum quantity of excess air, so that stack losses 
are reduced to a minimum. Because the ar 
rangement lends itself to small overall dimen 
sions, radiation losses from the walls of the cas 
ing are minimized. For these - reasons the 
thermal efficiency is high with corresponuding low 
fuel consumption. 

Heaters embodying the invention combine the 
following advantages: · 

1. The entire length of every tube is uniformly 
exposed to the source of heat. 

2. . The average rate of heat absorption is not 
limited by the possibility of over absorption of 
any particular parts of the exposed surface as 
where bridge walls or baffies are used. 
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3. The design is flexible in that many different 

arrangements are possible. 
4. The design is most compact. 
5. The construction follows well understood 

practice and because of its sinuplicity, is inex 
pensive. 

6. High thermal efficiency at low furnace tem 
perature results in good fuel efficiency. 

7. As all refrautory lining of the furnace is 
protected by heat absorbing surface no particu 
lar part of which is subjected to overheating, the 
cost of upkeep is small. 
The invention will be understood from the fol 

llowing description when considered in connec 
tion with the accompanying drawings forming a 
part thereof, and in which: 

Fig. 1 is a transverse vertical sectional view 
showing more or less diagrammatically, a heater 
embodying one form of the invention; . 

Fig. 2 is a horizontal Sectional view taken on : 
line 2-2 of Fig. 1; 

Fig. 3 is, a transverse vertical Sectional view 
showing more or less diagrammatically, another 
form of heater embodying the invention; 

Fig. 4 is a view similar to Fig. 3, showing a : 
further form of the invention; 

Fig. 5 is a view similar to Fig. 4, illustrating 
a further form of the invention; . 

Fig. 6 is a longitudinal vertical sectional view 
on line 6-6 of Fig. 7, showing a further form 
of heater embodying the invention, and 

Fig. 7 is a transverse vertical sectional view 
taken on line 7-7 of Fig. 6. 

Like characters of reference refer to the same 
or to similar parts throughout the several views. 
. Referring to the drawings, the form of heater 
shown in Figs. 1 and 2, has two independently 
fired furnaces with the convection bank of tubes 
disposed at one side of one of the furnaces. The 
same general arrangement may be employed 
with a single furnace, or with more than two 
furmaces. As shown, the heater has front and 
rear Walls 0 and fi f, side walls f2 and 3, a 
bottom Á, and a roof 5, which i form a sub 
stantially rectanglar enclosure. A vertical wall 
6 aparallel to the side walls i 2 and 3 divides 
the enclosure into two furnaces i 7 and 8, and 
a similar vertical wall 9 separates furnace i 8 
from the convection heating zone 20. Each fur 
nace i 7 and 18 is fired by a fuel burner 2 i lo 
cated in the front wall i 0. A plurality of burn 
ers may - be utilized to fire each furnace if de 
sired. , 

Heat absorbing tubes are Symmetrically ar 
ranged about the burner in each furnace. A 
bank- of roof tubes 22 is supported just below the 
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slots or marrow gas passages 38 which are dis 
posed in alignment with each of the tubes 2 
with the exception of the tubes at each end of 
the bank. The slots or passages 38 in the dis 
tributing bafide 28 have a dimension in a direc 
tidón transverse to the axes of the tubes 27, which 
is substantially no greater than the outside di 
ameter of the tubes with which they are in align 
ment. It will be understood, however, that the 
distributing baffles may be omitted if desired, in 
which event, the tubes 27 will be spaced suffi 
ciently close to insure that the gases produced 
in each furnace will be distributed substantially 
evenly over the entire horizontal area of the 
furnace chamber. 
The space between the bottom 4 and the dis 

tributing baffle 28 is divided longitudinally into 
a plurality of gas passages 29 by tube supports 
30, and the gas passage through the convection 
section 20 is similarly divided by tube supports 
3 from the bottom thereof to an elevation above 
the convection tube bank 32. If desired, a series 
of dampers or other fluid flow control devices 
not shown on the drawings, one for each of the 
gas passages, may be utilized above the convec 
tion bank 32, whereby the flow of gas through 
each of the gas passages may be independently 
controlled and the distribution of the heating ef 
fect over the lengths of the furnaces may be 
controlled. 
The fluid to be heated is delivered to the up 

, per end of the convection bank 32 simultane 

4 

50 

roof 5 of each furnace, and a bank of wall tubes 
is supported adjacent each side wall of each fur 
nace. In furnace 7, tube bank 23 is disposed 
adjacent side wall 2, and tube bank 24 is lo 
cated adjacent : wall f 3, ... while in furnace 8, 
tube bank 25 is supported adjacent wall 6, 
and tubebank 26 is mounted in front of wall í 9. 

. A row of tubes 27 defines the bottom of each 
furnace chamber 7 and 8. These tubes are 
closely spaced i and extend parallel to the roof 
tubes 22 as shown, and at a somewhat greater 
vertical distance from the burner. 2 than the 
roof tubes, although this distance may be varied 
as desired. . . . 

In the embodiment of the invention illus 
trated in Figs. 1 and 2, a distributing baffle 28 
extends parallel to and below the tubes 27 of 
each furnace in closely spaced i relationship - 
thereto. Each baffle is provided with elongated 
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ously at two points, and flows downwardly 
through the bank in parallel paths countercur 
rent to the upflowing gases. One stream of fluid 
after passing through the convection bank is 
delivered to the top row of side wall tubes 24 
in furnace 7 and flows downwardly through 
that bank of tubes to the right hand end, as 
viewed in Fig. 1, of the bottom tubes 27, through 
the bottom tubes to the left hand end of the 
row thereof and into the lowest row of the wall 
tubes 23, upwardly through these tubes 23 and 
into the left hand end of the roof tube bank 22, 
and after flowing through all the tubes of this 
bank, the heated fluid is discharged from the 
right hand end of thé bank. The other streàm 
of fluid is delivered to the top tube of wall tube 
bank 26 and filows through this bank, the bot 
tom bank, wall bank 25 and roof tube bank 22 
in furnace 8 in the same manner as in furnace 
d. The flow of the fluid to be heated may be 
otherwise, with the sequence of flow through the 
several tube banks as desired. W 
Any suitable means may be utilized for the 

support of the tubes in the heater and also for 
the support of the distributing baffle if used. As 
shown, the convection bank of tubes 32 is sup 
ported from the foundation. The bottom tubes 
2 are also supported from the foundation inde 
pendently of the support of the distributing baf 
fie. The tubes 27 are supported adjacent their 
ends and at spaced points intermediate their 
ends on the tube supports 30. The side wall 
tubes 23 are supported on side wall 2 by a plu 
rality of spaced supporting brackets 33 which 
extend through the wall and are secured to the 
steel framework of the heater setting. The wall 
tubes 23, 25 and 26 are supported from the heater 
foundation. The bottom tube of each of these 
Wall tube banks is supported by spaced pedestals 
which rest, on the foundation, and each of the 
other tubes in the bank is supported on the tube 
next below by a plurality of spacing blocks 34 
having arcuate tube engaging surfaces. The 
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spacing blocks for the tubes 24 and 25 are se 
cured together by bolts 35 which extend between 
blocks at the same elevation and which pass 
through sleeves to maintain the blocks in proper 
spaced relationship. The spacing blocks for the 
wall tubes 26 are maintained in position by bolts 
36 which pass through sleeves and are secured 
to the wall 9. These blocks are proportioned to 
hold the tubes firmly when hot, thereby avoiding 
the accumulated expansion of a long i support 
made in one piece. This tube supporting ar 
rangement will permit of the easy removal and 
replacement of the wall tubes. The roof tubes 
22 are supported in hangers 37. 

In the event the distributing baffle 28 is em 
ployed and is disposed below the bottom tubes as 
shown in Figs. 1 and 2, it is supported preferably, 
entirely by the heater foundation and complete 
ly independently of the bottom tubes 27. This 
manner of Supporting the distributing baffle pos 
sesses certain advantages, among which the fol 
lowing advantages are included. If the tubes 
distort, the bafile is not affected in any way. 
Since the baffle is spaced from the bottom tubes, 
better radiation of heat from the baffle to the 
lowermost portions of the bottom º tubes is ob 
tained, so that with the heat radiated from the 
furnace, the entire circumference of each of the 
bottom tubes is exposed to radiation. One or 
more of the bottom tubes can be removed and re 
placed without affecting the bafile. 

In operation, as the hot gases produced by the 
burner in each of the furnaces become cooledi 
due to heat radiated to the heat absorbing sur 
face of the tubes in the furnace, the gases fall 
by gravity to the bottom of the chamber due to 
their greater density. The cooled gases stream 
between the bottom tubes, and where a distrib 
uting baffle is employed, the gases pass through 
the slots in the baffle and into the gas passage 
29 at the bottom of the heater, whence they 
flow over the convection tube bank 32 and out 
to the stack. The stack draft assists the gravity 
flow of the furnace gases between the bottom 
tubes and induces a high velocity of gas flow over 
the tubes 32 of the convection bank. The bottom 
tubes are subject to heat absorbed both by con 
vection and radiation, but due to the face that 
the mass filow of the gases past the bottom tubes 
is very low, the heating by convection is greatly 
modified but serves to compensate for a deficien 
cy of radiant heat absorbed by these tubes due 
to their location in the cooler part of the furnace. 
The spacing of the bottom tubes 27 as previously 
mentioned, or the use of the distributing baffle 28, 
or both, assures a control of the flow of the gases 
in each furnace chamber so that the gases are 
distributed substantially evenly over approxi 
mately the entire horizontal area of each fur 
nace chamber. Distribution of the heating effect 
over the length of each furnace is also controlled 
by controlling the flow of gases through each of 
the gas passages 29 as hereinbefore mentioned. 
It is understood that the fluid after having passed 
through the tubes of the convection bank 32 may 
be introduced into any one or more of the tube 
banks in each furnace chamber, and that the 
fluid circuit through either or both of the furnace 
chambers may be varied as desired. 
The form of heater shown in Fig. 3 differs from 

, the arrangement shown in Figs. 1 and 2, essen 
tially in the location of the burners and the con 
vection section, and in the vertical inclination of 
the side walls. In Fig. 3, the side walls 40 and 
4 above the distributing baffide 28, are inclined 
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toward each other and are lined with side wall 
tubes 42 and 43 respectively. One or more burn 
ers 44 are disposed in the roof 45 so as to fire ver 
tically downwardly into the combustion or fur 
nace chamber 46. The convection section 4 
is disposed in the chamber 48 below the distrib 
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uting baffle 28 in a gas passage 49 formed in 
part by the wall 50. Gases leaving the convec 
tion Section flow out of a fue 5 which is con 
trolled by a damper 52. The operation is sub 
stantially the same as the operation of the heat 
er shown in Figs. 1 and 2. This heater may have 
one or a plurality of furnaces, and one or more 
burners may be disposed in one or both side walls, 
or in one or both end walls, instead of, or in addi 
tion to, the roof burners. It will be understood 
that the distributing baffle 28 may be omitted, 
in which event the spacing of the bottom tubes 
27 will be close enough to provide for substan 
tially even distribution of the gases over the 
entire horizontal area of the furnace chamber. 

In Fig. 4, the arrangement is like the heater 
shown in Figs. 1 and 2 with the principal excep 
tions of the omission of the distributing baffie, 
the location of the burners and the convection 
sections, and the use of roof tubes and under 
ground fillues. The heater is divided into two fur 
nace chambers 55 and 56 by a vertical partition 
Wall 5 located midway between the side walls 
38 and 59. Furnace i 55 has wall tubes 6 and 
6 ii, and furnace 56 has wall tubes 62 andi 63. 
Each furnace has roof tubes 64 below the roof 
65, and bottom tubes 66 which are spaced suffi 
ciently closely to provide substantially even dis 

5 tribution of the gases over the entire horizontal 
area of the furnace chamber. " One or more burn 
ers 67 are disposed in the roof of each furmace 
in such manner that they fire vertically down 
wardly. A convection section 68 is located be 
low the bottom tubes 66 of each furnace cham 
ber, and after the gases from each furnace flow 
over the section 68, they enter an underground 
fue 69. The operation is substantially the same 
as the operation of the heater shown in Figs. i 

5 and 2 with the exception , of the function per 
formed by the distributing baffle 28. The burn 
ers may be mounted "in the end or side walls, 
or both, either in lieu of, or in addition to the 
burners 67 in the roof. The roof tubes may be 
omitted, and tubes may be mounted adjacent 
one or both of the end walls, if desired. Addi 
tionally, a distributing baffle may be used below 
the bottom tubes 66. 
The form of heater shown in Fig. 5 is the same 

as that shown in Fig. 4 with the exception of 
the distributing baffle, and the location of the 
convection section. The convection section T0 is 
similar to the convection section 47 of Fig. 3, and 
is disposed in the gas chamber T i below the dis 
tributing baffle 28. Section 70 is located in a 
gas passage 72 which is formed in part by a par 
tition wall 73. After the gases have passed over 
the tubes of the convection bank 70, they enter 
a fue 74 which is controlled by a damper T5. 
From the description of the operation of the 
forms of heaters previously described, the Oper 
ation of this form of heater will be apparent. - 

In the embodiment of the invention shown in 
Figs. 6 and 7, the heater has a single furnace 
chamber 80, with a plurality of burners 8 in 
opposed walls of the furnace. As I shown, these 
burners are located at approximately the same 
elevation in the front and rear walls 82 and 83, 
but they may be located, if desired in the side 
walls 84 and 85. Roof tubes 86 are supported 
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below the roof 87, and a row of bottom tubes 
88 are maintained above the distributing baffide 
28. The convection section 89 is like the con 
vection section in Figs. 3 and 5, and is positioned 
in a gas passage 90 formed in the chamber 9 
partly by the partition 92. A damper 93 con 
trols the fue 94. As in the case of some of 
the previous embodiments of the invention, the 
distributing baffide 28 may be omitted if desired, 
and if omitted, the bottom tubes will be spaced 
to ensure substantially equal distribution of the 
gases throughout the horizontal area of the fur 
nace chamber. Tubes may be utilized on the 
front or rear wall, or both, and additional burn 
ers may be used which fire downwardly through 
the roof 87. In view of previous descriptions 
of the operation of prior forms of heaters, the 
operation of the form shown in Figs. 6 and 7 
will be apparent. M/ 

It will be understood that the invention is not 
limited to the particular embodiments of the 
invention which have been selected for illustra 
tion and description. It will be apparent to those 
skilled in the art that changes may be made 
in the form, location and relative arrangement 
of the several parts of each of the embodiments 
disclosed without departing from the principles 
of the invention. For example, more than a sin 
gle row of tubes extending across the gas out 
let of each furnace may be used, either with or 
without a distributing baffle or the equivalent,- 
With two or more rows of these tubes without 
a distributing baffle, the tubes in each row will 
ordinarily be staggered with respect to il the 
tubes in the adjacent row or rows, and the spac 
ing of the tubes in each row and the spacing 
of the rows will be such as to control the flow 
of gases so that substantially equal distribution 
of the gases through the horizontal area of each 
furnace will be obtained. Additionally, control of 
the flow of the gases out of the furnace and con 
sequent distribution of the gases through the 
horizontal area of the furnace may be obtained 
by providing one or more of the rows of the bot 
tom tubes With extended surfaces. One SLch 
arrangement would consist of longitudinally ex 
tending fins for the bottom tubes of the furnace. 
These fins would be diametrically opposed on 
each bottom tube with all the fins lying substan tially in a horizontal plane and with adjacentº 
fins of adjacent tubes spaced apart a distance 
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to provide the size of gas ports desired. Or, if two 
or more rows of tubes extend across the gas out 
let, the distributing baffle, or the component parts 
thereof, may be supported directly upon, or from, 
the lowermost row of these bottom tubes. Other 
means for performing the same function will 
occur to those skilled in the art and may be uti 
lized. 
Any suitable firing arrangement may be uti 

lized for the furnaces, inasmuch as the invention 
lends itSelf readilly to the use of any desired num 
ber of burners in any or all of the side Walls of 
each furnace as well as in the roof thereof. Any 
combination of burners with respect to number 
and location may be employed within practical 
limitS. 
From the foregoing it will be understood that 

the invention is not to be limited excepting by 
the scope of the appended claims. 
" What is claimed is: 
* 1. Fluid heating apparatus comprising walls 
forming an unobstructed furnace having its bot 
tom open to provide an outlet for the gases of 
combustion in the furnace, fiuid fuel burner 
means for firing the furnace in one of said walls, 
substantially straight fluid conducting tubular 
members adjacent oppositely disposed enclosing 
walls of the furnace adjoining said one wall, said 
burner meams being located substantially equi 
distantly between said oppositely disposed walls, 
other substantially straight, parallel tubüllar 

- members extending across said outlet in a sub 
stantially horizontal row in substantially uni 
formly, spaced relationship in said row, the Spac 
ing of said other tubular members being suffi 
ciently close to provide substantially even dis 
tribution of the furnace gases over substantially 
the entire horizontal area of the furnace cham 
ber, tubular members in said row being connect 
ed in series, the arrangement being such that the 
hot gases of combustion are cooled by radiating 
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sufficient to provide gas outlet. openings for the 
flow area required for the gas distribution de sired. Or, a single longitudinally extending fin 
on each/bottom tube may be used, the arrange 
ment being such that the fins all lie substantial 
ly in a horizontal plane and extend from the 
sam? side of each tube, with the outer longi 
tudinal edge of each fin being spaced from the 
wall of the adjacent tube to provide the size of 
gas outlet desired. Ordinarily, these fins will be 
welded to the tubes but they may be secured 
permanently thereto by other means, or they 
may be removably attached to the tubes by hav 

- ing the oppositely disposed fins secured to arcu 
ate straps at spaced intervals, and hanging the 
straps and the fins on the tubes. 
In lieu of using a distributing baffide which is 

entirely independent of the bottom tubes, means 
which perform the function of the distributing 
baffle, may be supported directly on or by the 
bottom tubes. For instance, if the bottom tubes 
are provided with horizontally extending fins as 
previously described, refractory or tille slabs or 
blocks may be laid on the fins and spaced apart 
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heat to the cooler tubular members thereby be 
coming more dense and falling to the bottom of 
the furnace and flowing over the tubular mem 
bers extending across the outlet, and means form 
ing a gas passage through which the cooled gases 
are withdrawn from the region below the tubu 
lar members extending across the gas outlet. 

2. Fluid heating apparatus comprising walls 
forming an unobstructed furnace having its bot 
tom open to provide an outlet for the gases of 
combustion in the furnace, fluid fuel burner 
means in one vertically extending Wall of the 
furnace for firing the furnace, fluid conducting 
tubular members adjacent Opposed Wertically eX- - 
tending walls of the furnace adjoining said one 
wall, said burner means being located Substan 
tially equidistantly between said oppositely dis 
posed walls, other substantially straight, paral 
lel tubular members extending across said out 
let in a substantially horizontal row in substan 
tially uniformly spaced relationship in said row, 
the spacing of said other tubular members being 
sufficiently close to provide substantially even 
distribution of the furnace gases over substan 
tially the entire horizontal area of the furnace 
chamber, tubular members in said row being 
connected in series, the arrangement being such 
that the hot gases of combustion are cooled by 
radiating heat to the cooler tubular members 
thereby becoming more dense and falling to the 
bottom of the furnace and flowing over the tubu 
lar, members extending across the outlet, and 
means forming a gas passage through which the 

73 cooled gases are withdrawn from the region be 
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low the tubular 
gas outlet. 

3. Fluid heating apparatus comprising walls : 
forming an unobstructed furnace having its bot 

members extending across the . 

tom open to provide an outlet for the gases of . 5 
combustion in the furnace, fluid fue? burner 
means in the roof of the furnace for, flring the 
furnace, fluid conducting tubular members ad 
jacent oppositely disposed vertically extending 
walls of the furnace, said burner means being il 
located substantially equidistantly between said 
oppositely disposed walls, other substantially 
straight, parallel tubular members. extending 
across said outlet in a substantially horizontal 
row in substantially uniformly spaced relation- l 

0 

5 
ship in said row, the spacing of said other tubu- , 
lar members being sufficiently close to provide * 
substantially even distribution of the furnace gases over substantially the entire horizontal area 
of the furnace chamber, tubular members in said 2 
row being connected in series, the arrangement 
being such that the hot gases of combustion are 
cooled by radiating heat to the cooler tubular 
members thereby becoming more dense and fall 
ing to the bottom of the furnace and flowing 2 
over the tubular members extending across the 
outlet, and means forming. a gas passage through 
which the cooled gases are withdrawn from the 
region below the tubular members exténding 
across the gas outlet. . " - 
4. Fluid heating apparatus comprising walls 

forming an unobstructed furnace having its bot 
tom open to provide an outlet for the gases of 
combustion in the furnace, means for fring the furmace, substantially straight fluid conducting 3 
tubular members adjacent at least one enclosing 
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wall of the furnace, other substantially straight, , , 
parallel tubular members extending across said 
outlet in substantially uniformly spaced relation 
ship, the spacing of said other tubular members i 4 0 being sufficiently close to provide substantially - 
even distribution of the furnace gases over sub 
stantially the entire horizontal area of the fur 
nace chamber, tubular mémbers extend??g across . " 
said outlet being connected in series, the ar- 45 
rangement being such that the hot gases of com 
bustion are cooled by radiating heat to the cooler i 
tubular members thereby becoming more dense 
and falling to the bottom of the furnace and *: 

( 
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stantially even distribution of the furnace gases 
over substantially the entire horizontal rea of 
the furnace chamber, the arrangement being 
such that the hot gases of combustion are cooled 
by radiating heat to the cooler tubular members 
thereby becoming more dense and falling to the 
bottom of the furnace and flowing over the tubu 
lar members extending across the outlet, and 
means forming a gas passage through which the 
cooled gases are withdrawn from the region be 
low the tubular , members extending across the 
gas outlet. 
6. Apparatus for heating i fluids i comprising 

walls i forming an unobstructed furnace having 
its bottom open to provide an outlet for the gases 
of combustion in the furnace, burner means in 
the roof of the furnace for firing the furnace, 
oppositely disposed walls of the furnace being 
vertically inclined and sloping outwardy toward 
the bottom thereof, substantially horizontally ex 
tending fluid conducting tubular members adja 
cent the inner sides of said oppositely disposed 
walls - of the furnace, said burner means being 
located substantially equidistantly between said 
oppositely disposed, walls, a substantially hori 
zontal row of substantially straight, parallel tu 
bular members extending. across said outlet in 
substantially uniformly spaced relationship in 
said row, tubular members in said row being con 
nected in s?ries, the spacing of said othertubular members being sufficiently close to provide sub 
stantially even distribution of the furnace gases 
over substantially the entire horizontal area of 
the furnace chamber, the arrangement being 
such that the hot g?ses of combustion are cooled 
by radiating heat to the cooler tubular members 
thereby becoming more dense and falling to the 
bottom of the furnace, and flowing over the tu bular members extending across the outlet, and 
means forming a gas passage through which the 
cooled gases are withdrawn from the region be 
low the tubular members extending across the 
gas outlet. . . . . . . . . . . . . 

7. Apparatus for heating fluids compristing 
walls forming an unobstructed furnace having 
its bottom open to provide an outlet for the gases 
of combustion in the furnace, burner means in a 
verticallyèxtending wall of the furnace for fir ing the furnace, substantially fiorizontally ex flowing over the tubular members extending 50 tending fluid conducting tubular members adja across the outlet, baffle means below the tubular 

members extending across the i gas outlet, said 
ba?e means having elongated openings of a 
width nöt substantially greater than the outside 
diameter- of said last mentioned tubular mem- 55 
bers, and meañs forming a gas passage through 
which the cooled gases are withdrawn from the 
region below said baffide means. . - N 

5. Apparatus for heating fluids comprising 

its bottom open to provide an outlet for the gases 
of combustion in the furnace, burner means in 

* an end wall of the furnace for fring the furnace, 
substantially - horizontally extending i fluid con 
ducting tubular members adjacent the inner sides 65 
of the sigde walls of the furnace, said burner. means being located substantially equidistantly 
between said side walls, a substantially horizon 
tal row of substantially straight, parallel tubular : 
members extending across said outlet in substan- 70 
tially uniformly spaced relationship in said row, 
tubular members in said row being connected im 

- series, the spacing of the tubular members in 
said row being sufficiently close to provide sub 

cent the inner side of the roof of the furnace, a substantially horizontal row of substantially 
- straight, parallel tubular, members extending 
across, said outlet in substantially uniformly 
spaced relationship in said row, tubular members 
in said row being connected in series, said burner 

1. means being located substantially equidistantly 
between the tubular members adjacent the roof 
and said row of tubular members, the spacing walls forming an unobstructed furnace having 60 of sald- other tubular members being sufficiently 
close to provide substantially even distribution 
of the furnace gases over substantially the entire 
horizontal areaä of the furnace chamber, the ar 
rangement being such that the hot gases of com 
bustion are cooled by radiating heat to the cooler 
tubular members thereby becoming more dense 
and falling to the bottom of the furnace and 
flowing over the tubular i members extending 
across the outlet, and means forming a gas pas 
sage through which the coolied gases are with 
drawn from the region below the tubular mem 
bers extending across the gas outlet. 
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