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Tracy H. Sherman, South Nyack, N.Y., assignor 
to Foster Wheeler Corporation, New York, 
N. Y., a corporation of New York . . . . . . . 

Application November 10, 1947, serial No. 785,106 

This invention relates to heaters and more 
particularly to fluid heaters in which products of 
combustion flow in indirect heat exchange rela 
tionship with fluid to be heated, 
The present invention provides a heater for 

the conversion of fluids, particularly the conver 
sion of hydrocarbon oil, in which the fluid is 
passed through a plurality of tubular members 
and the tubular members are uniformly heated 
both circumferentially and longitudinally thereof. 
This invention further provides a fluid heater 

which is efficient and of relatively simple con 
struction. 
This invention will be understood from the 

following description when considered in con 
nection with the accompanying drawings form 
ing a part thereof and in which: 

Fig. 1 is a vertical sectional view taken on the 
line - of Fig. 2; 

Fig. 2 is a sectional plan view taken on the 
line 2-2 of Fig. 1; 

Fig. 3 is a view, similar to Fig. 2 but taken on 
the line 3-3 of Fig. 1, and 

Fig. 4 is a sectional plan view taken on the 
line 4-4 of Fig. 1. 
Like characters of reference refer to the same 

or to similar parts throughout the several views. 
Referring to the drawings, the heater of the 

present invention comprises a generally frusto 
conically shaped refractory shell or Outer wall it : 
having a cylindrical portion at the top thereof 
and another cylindrical portion 2 at the base. 
The shell forms a combustion chamber 3 which 
is closed at the base by an annular refractory 
bottom 4. The shell is supported by girders 5 
which are secured adjacent one end thereof to 
portion 2 of the shell. The opposite end of said 
girders rest on foundation 6. 
An annular row of vertically disposed, spaced 

tubular members , the outside diameter of 
which row is slightly less than the inside diam 
eter of upper portion i? extends longitudinally 
of the chamber 3. ... Annular row of tubular 
members 7 forms the periphery of a passage 20 
which extends longitudinally of the chamber 3. 
The lower ends of the tubular. members pass 
through the bottom 4, and are in communica 
tion. With an annular lower header 8 to Which 
the tubes are secured. Header 8 is supported 
by Supporting members 9 cooperating with bot 
tom plate 4. The upper ends of the tubular 
members 7 extend beyond the upper end of 
the shell and communicate. With an annular 
upper header 2 to which the tubes are con 
nected. ". 
A cylindrical baffle plate or inner wall 22, 

having an outside diameter slightly less than the 
diameter of the passage 20, is positioned within 
the passage 20 at the top thereof, said baffle plate 
extending substantially vertically in the passage 
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2 . . . . . . . . 
and being longitudinally coextensive with the 
cylindrical portion f f of the shell. A bottom 
ring plate 23, through which tubular members 
IT extend in a fluid-tight manner at the outer 
periphery thereof, is securely mounted in fluid 
tight relationship in the shell 0 and at the 
inner periphery thereof is secured in a fluid-tight 
manner to the baffle plate 22 thereby forming 
a bottom wall for a passage or convection heat 
ing chamber 24 the inner periphery of which is 
formed by the baffle plate 22 while the outer 
periphery thereof is formed by the inner surface 
of the cylindrical portion f of shell 10. The 
passage 24 is closed at the top thereof by an 
annular top plate 25, which is in the form of a 
ring, and is in communication at the central 
portion thereof with a flue 26. Header 21 is 
enclosed by an enclosing box structure 27. 
A circular plate 28 extends horizontally within 

the cylindrical baffle plate 22, intermediate the 
top and bottom thereof, the outer periphery of 
plate 28 engaging the inner periphery of baffle 
22 thereby forming a lower gas space 29 and an 
upper gas space 30, within the cylindrical baffle 
plate 22. Lower gas space 29, which receives gases 
from passage 20, communicates with convection 
heating chamber 24 through a plurality of elon 
gated gas inlet openings 3 ?. The gas inlet open 
ings extend longitudinally through baffle 22 from 
a point beneath plate 28 to the lower end of said 
baffle and are, as shown (Fig. 3), spaced sub 
stantially.90° from one another circumferentially 
of baffle 22. Upper gas space 30 is in communica 
tion with passage. 24 through a plurality of gas 
outlet openings 32, which are similar to openings 
3f but extend from a point adjacent, the upper 
surface of plate 28 to the upper edge of cylin 
drical baffle 22. The gas outlet openings 32, 
as shown (Fig. 4), are spaced substantially 90° 
from one another, circumferentially of baffle 22 
and are so positioned in relationship to inlet 
Openings 3 as to be substantially equidistant 
between openings 3, or spaced substantially 45° 
from each of said openings 32 circumferentially 
of the cylindrical baffle 22. . . . . . . . . . 
The heater of the present invention is fired 

by one or more burners. As shown, burners 33 
and 34 are provided to fire the heater, burner 33 
being so disposed in relationship to the chamber 
3 as to direct a stream of gases of combustion 

to flow tangentially of said chamber and tubular 
members f1. The burner 33, as shown more 
particularly in Figs. 1 and 2, is mounted in the 
shell fo at one side of the portion 12 thereof 
so that a stream of gases therefrom will flow 
in a circular direction within the chamber 3. 
Other burner 34 is mounted in bottom 4 of the Setting and positioned centrally of passage 20 
within the row of tubular members IT to direct 
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a stream of gases of combustion substantially 
vertically. . 

Oil, or other fluid, to be heated enters lower 
header f3 through inlet pipe 35 and flows through 
tubular members Tinto upper header 2. Heated 
fluid is withdrawn from header 2 through outlet 
pipe 36. 
In operation, gases of combustion fron burner 

33 flow in a circular direction within chamber 3 
and in heat exchange relationship with the outer 
periphery of the circular row of tubular members 
7. As the gases rise, the diameter of the circular 

flow path of the gases of combustion gradually de 
creases due to the shape of shell 0 and chan 
ber 3. Gases of combustion flowing from burn 
er 34 flow-vertically upwardly in passage 29 with 
in the circular row of tubular members f and 
passin heat exchange relationship with the inner 
periphery of said row of tubes. . 
The gases of combustion flowing upwardly paSS 

into lower gas space 29 of cylindrical baffle 22 and 
impinge on the under surface of plate 28 there 
after to flow into passage 24 through gas inlets 
3. The gases entering passage 24 flow in clock 
wise and in counterclockwise directions and also 
upwardly to enter gas outlet openings 32 at op 
posite sides of a gas inlet opening 3 after paSS 
ing in convection heat exchange relationship with 
the upper portion of tubular members within 
passage 24. A portion of the gases from each gas 
inlet opening 3 will flow in a counterclockwise 
direction over tubes comprising a substantially 
45° portion of the circular row of tubular men 
bers before entering a gas outlet slot 32 while 
another portion of the gases will flow in a clock- : 
wise direction over other tubes comprising an 
other substantially 45 portion of said circular 
row of tubes. From the gas outlets 32, the gases 
of combustion enter upper gas space 30 above 
cylindrical baffle 22 and flow outwardly of the 
setting through flue 26. 
From the foregoing it will be readily under 

stood that an efficient transfer of heat from the 
gases of combustion to the fluid flowing through 
the tubular members is attained. 
While the spacing of the gas inlets 3 from one 

another and the spacing of the gas outlets 32 from 
one another has been shown and described as 
substantially 90° and the spacing of the gas in 
lets and gas outlets from one another has been 
set forth as substantially 45, the spacing may be 
of a greater or lesser degree without departing 
from the invention. 
Changes may be made in the form, location and 

relative arrangement of the several parts of the 
heater disclosed and many embodiments of the 
invention may be made without departing from 
the principles thereof. 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. A furnace having a vertically extending 

chamber comprising an annular outer wall, said 
chamber being substantially circular in trans 
verse cross-section, a Substantially annular group 
of fluid conducting tubular members disposed in 
said chamber to extend longitudinally thereof, 
said tubes being spaced from the Outer Wall and 
arranged to form an axial passage within the 
group, means for producing a stream of gases of 
combustion disposed in the lower portion of the 
furnace to direct said stream upwardly and longi 
tudinally of the axial passage, means forming a 
convection heating chamber around the upper 
portion of said tubes and extending axially there 
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4. 
of, the annular outer wall forming the outer pe 
riphery of the convection heating chamber, an 
annular inner. Wall in Spaced relationship With 
the outer Wall and the tubular members and ex 
pending axially of said members, the Space be 
tween the outer Wall and the tubes and the space 
between the inner Wall and the tubes being such 
as to cause the gases to flow in heat exchange 
relationship with the tubular members in a con 
fined space around said members, said convection 
heating chamber being separated from the first 
mentioned chamber and having a plurality of 
gas inlet and gas outlet openings, the gas inlet 
openings being positioned to communicate With 
the lower portion of the convection chamber and 
with said axial passage at a plurality of circum 
ferentially spaced points and the gas outlet open 
ings being positioned to communicate with the 
upper portion of the convection chamber at a 
plurality of circumferentially spaced points above 
and intermediate said inlet openings, said inlet 
openings and the outlet openings being spaced 
from one another such distance that a stream 
of gases passing from an inlet opening divides 

5 and the gases flow to adjacent outlet openings 
transversely of the upper portion of a plurality of 
tubular members in a generally horizontal direc 
tion, a baffle disposed above the inlet openings, 
below the outlet openings and in the path of flow 
of the gases in said first-mentioned chamber so 
as to direct said gases into the convection section 
through said gas inlet openings, and gas outlet 
means for the furnace in communication with 
Said gas Outlet openings. 

2. A furnace having a vertically extending cir 
cular chamber comprising an annular Outer Wall, 
an annular row of spaced tubes spaced from the 
outer wall, said row being of lesser diameter than 
the chamber, the tubes being disposed to extend 
longitudinally of the chamber and arranged to 
Surround an axial passage, means for producing 
a stream of gases of combustion disposed in the 
lower portion of the furnace to direct said stream 
upwardly and longitudinally of the axial passage, 
means forming a convection heating chamber 
around the upper portion of said tubes and ex 
tending axially thereof, the annular outer wall 
forming the outer periphery of the convection 
heating chamber, said means comprising an an 
nular inner wall of a diameter slightly less than 
the diameter of said annular row of tubes, a bot 
tom wall through which the tubes extend ar 
ranged to close the bottom of the convection 
chamber in a fluid-tight manner, and a top Wall 
above the bottom wall in spaced relationship 
thereto and arranged to close the top of said con 
vection heating chamber in a fluid-tight manner, 
the space between the outer wall and the tubes 
and the space between the inner wall and the 
tubes being Such as to cause the gases to flow 
in heat exchange relationship with the tubular 
members in a confined space around said mem 
bers, the inner Wall having a plurality of gas 
inlet and gas outlet openings therethrough, the 
gas inlet openings being positioned in the lower 
portion of the Wall and Spaced circumferentially 
from one another, the gas outlet openings being 
positioned in the upper portion of the wall above 
the inlet openings and at spaced points inter 
mediate said inlet openings, said inlet openings 
and the outlet openings being spaced from one 
another such distance that a stream of gases pass 
ing from an inlet opening divides and the gases 
flow to adjacent outlet openings transversely of 
the upper portion of a plurality of tubular mem 
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bers in a generally horizontal direction, a baffle 
extending transversely of the first-mentioned 
chamber in the path of flow of the gases of com 
bustion and disposed in fluid-tight relationship 
With said inner Wall above said inlet openings 
and below. said outlet openings, and gas outlet 
means for the furnace in communication with 
Said gas outlet openings. - 

3. A furnace having a vertically extending cir 
cular chamber comprising an annular Outer Wall, 
an annular row of spaced tubes Spaced from the 
Outer Wall, Said row being of lesser diameter than 
the chamber, the tubes being disposed to extend 
longitudinally of the chamber and arranged to 
Surround an axial paSSage, means for producing 
a stream of gases of combustion disposed in the 
lower portion of the furnace to direct said stream 
upwardly and longitudinally of the axial passage, 
other means for producing a stream of gases of 
combustion, said other means being disposed in 
the lower portion of the furnace chamber So as 
to direct a stream of gases of combustion tan 
gentially of the furnace chamber and circum 
ferentially of the annular row of tubes, means 
forming a convection heating chamber around 
the upper portion of said tubes and extending 
axially thereof, the annular outer Wall forming 
the outer periphery of the convection heating 
chamber, said means comprising an annular in 
ner wall of a diameter slightly less than the 
diameter of said annular row of tubes, a bottom 
Wall through which the tubes extend arranged to 
close the bottom of the convection chamber in 
a fluid-tight manner, and a top Wall above the 
bottom wall in spaced relationship thereto and 
arranged to close the top of said convection heat 
ing chamber in a fluid-tight manner, the Space 
between the outer wall and the tubes and the 
space between the inner wall and the tubes being 
such as to cause the gases to flow in heat ex 
change relationship with the tubular members in 
a confined space around said members, the inner 
wall having a plurality of gas inlet and gas outlet 
openings therethrough, the gas inlet Openings 
being positioned in the lower portion of the Wall 
and spaced circumferentially from one another, 
the gas outlet openings being positioned in the 
upper portion of the wall above the inlet open 
ings and at spaced points intermediate said inlet 
openings, said inlet openings and the outlet open 
ings being spaced from one another Such dis 
tance that a stream of gases passing from an in 
let opening divides and the gases flow to adjacent 
outlet openings transversely of the upper portion 
of a plurality of tubular members in a generally 
horizontal direction, a baffle extending trans 
versely of the first-mentioned chamber in the 
path of flow of the gases of combustion and dis 
posed in fluid-tight relationship with said inner 
Wall above said inlet openings and below said 
outlet openings, and gas outlet means for the 
furnace in communication with said gas outlet 
openings. - - 

4. A heater having a substantially Wertically ex 
tending circular furnace chamber comprising an 
annular outer wall the top of the chamber being 
cylindrically shaped and of lesser diameter than 
the bottom of the furnace, the portion of said 
chamber intermediate the top and bottom being 
of frusto-conical shape, a substantially annular 
group of fluid conducting tubular members Spaced 
from the outer wall, the tube group being of 
slightly lesser diameter than said top of the 
chamber and extending longitudinally of the 
furnace chamber, the tubes being arranged to 
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6 
form an axial passage within the group, means 
forming a convection heating chamber in said: 
top of the chamber and around the upper end of 
the tubes the annular outer wall forming the outer 
periphery of the convection heating chamber 
which chamber comprises an annular inner wall 
of a diameter slightly less than the diameter of 
Said annular row of tubes, a bottom wall through 
Which the tubes extend arranged to close the bot 
tom of the convection chamber in a fluid-tight 
Inanner. and a top Wall above the bottom wall in 
Spaced relationship thereto and arranged to close 
the top of Said convection heating chamber in 
a fluid-tight manner, the space between the outer 
Wall and the tubes and the space between the 
inner Wall and the tubes being such as to cause 
the gases to flow in heat exchange relationship 
With the tubular members in a confined space 
around Said members, the inner Wall having a 
plurality of gas inlet and gas. Outlet, openings 
therethrough, the gas inlet openings being posi 
tioned in the lower portion of the wall and spaced 
circumferentially from one another, the gas out 
let openings being positioned in the upper portion 
of Wall above the inlet openings and at spaced. 
points intermediate said inlet openings, said in 
let Openings and the outlet openings being spaced 
from One another Such distance that a stream 
of gases passing from an inlet opening divides. 
and the gases foW to adjacent outlet. Openings 
transversely of the upper portion of a plurality 
of tubular members in a generally horizontal di 
rection, a baffle extending transversely of the first-, 
mentioned chamber, in the path of flow of the 
gases of combustion and disposed in fluid-tight 
relationship with said inner wall above said inlet. 
openings and below said outlet openings, means 
adjacent said bottom of the furnace for produc 
ing a stream of products of combustion and dis 
posed to direct said gases longitudinally of the 
axial passage and toward the top of the furnace, 
other means adjacent the bottom of the furnace 
chamber for producing a stream of gases of con 
bustion, said other means being so disposed as to 
direct a stream of gases tangentially of said cham 
ber and circumferentially of the tube group, and 
gas outlet means in communication with said gas 
outlet openings. . . . . . . . 

5. A furnace having a vertically extending 
chamber comprising an annular outer Wall, Said 
chamber being Substantially circular in trans 
verse cross-section, a Substantially annular group 
of fluid conducting tubular-members disposed in 
said chamber to extend longitudinally thereof, 
said tubes being Spaced from the Outer Wall and 
arranged to form an axial paSSage Within the 
group, firing means for firing the furnace dis 
posed in the OWer portion thereof, means form 
ing a convection heating chamber around the 
upper portion of Said tubeS and extending axially 
thereof, the annular outer Wall forming the outer 
periphery of the convection heating chamber, an 
annular inner wall in Spaced relationship with 
the Outer Wall and the tubular members and ex 
tending axially of said members, the space be 
tWeen the Outer Wall and the tubes and the space 
between the inner Wall and the tubes being such 
as to cause the gases to flow in heat exchange 
relationship with the tubular members in a con 
fined Space around Said members, said convection 
heating chamber being separated from the first 
mentioned chamber and having a plurality of gas 
inlet and gas outlet openings, the gas inlet open 
ings being positioned to communicate with the 
lower portion of the convection chamber and with 
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said axial passage at a plurality of circumfer 
entially spaced points and the gas outlet Open 
ings being positioned to communicate With the 
upper portion of the convection chamber at a 
plurality of circumferentially spaced points above 
and intermediate said inlet openings, said inlet 
openings and the outlet openings being Spaced 
from one another such distance that a stream 
of gases passing from an inlet opening divides 
and the gases flow to adjacent outlet openings 
transversely of the upper portion of a plurality of 
tubular members in a generally horizontal di 
rection, a baffle disposed above the inlet openings, 
below the outlet openings and in the path of flow 
of the gases in said first-mentioned chamber So 
as to direct said gases into the convection Section 
through said gas inlet openings, and gas outlet 
means for the furnace in communication with 
said gas outlet openingS. - 

6. A furnace having a vertically extending 
chamber comprising an annular outer Wall, Said 
chamber being substantially circular in trans 
verse cross-section, a substantially annular group 
of fluid conducting, tubular members disposed in 
said chamber to extend longitudinally thereof, 
said tubes being spaced from the outer Wall and 
arranged to form an axial paSSages within the 
group, firing means for firing the furnace dis 
posed in the lower portion thereof, means form 
ing a convection heating chamber around the 
upper portion of said tubes and extending axially 
thereof, the annular outer Wall forming the outer 
periphery of the convection heating chamber, an 
annular inner wall in spaced relationship with 
the outer wall and the tubular members and ex 
tending axially of said members, the space be 
tween the outer wall and the tubes and the space 
between the inner wall and the tubes being such 
as to cause the gases to flow in heat exchange 
relationship with the tubular members in a con 
fined space around said members, said convection 
heating chamber being separated from the first 
mentioned chamber and having a plurality of gas 
inlet and gas outlet openings, the gas inlet open 
ings being positioned to communicate with the 
lower portion of the convection chamber and with 
said axial passage at a plurality of points Spaced 
circumferentially from one another substantially 
90° and the gas outlet openings being positioned 
to communicate With the upper convection cham 
ber at a plurality of points above the inlet open 
ings and spaced circumferentially from one an 
other substantially 90° and Spaced circumferen 
tially from the inlet openings substantially 45°, 
said inlet openings and the outlet openings being 
spaced from one another such distance that a 
stream of gases passing from an inlet opening di 
vides and the gases flow to adjacent outlet open 
ings transversely of the upper portion of a plu 
rality of tubular members in a generally hori 
zontal direction, a baffle disposed above the inlet 
openings, below the outlet openings and in the 
path of flow of the gases in Said first-mentioned 
chamber so as to direct said gases into the convec 
tion Section through Said gas inlet openings, and 
gas outlet means for the furnace in communica 
tion with said gas outlet openings. 

7. A heater having a substantially vertically 
extending circular furnace chamber comprising 
an annular outer wall the top of the chamber 
being cylindrically shaped and of lesser diameter 
than the bottom of the furnace, the portion of 
said chamber intermediate the top and bottom 
being of frusto-conical shape, a substantially an 
nular group of fluid conducting tubular members 
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8 
spaced from the outer wall, the group being of 
slightly esser diameter than said top of the 
chamber and extending longitudinally of the 
furnace chamber, the tubes being arranged to 
form an axial passage within the group, firing 
means for firing the furnace disposed in the lower 
portion thereof, means forming a convection heat 
ing chamber in said top of the chamber extend 
ing around the upper end of the tubes and axially 
thereof, the annular outer Wall forming the outer 
periphery of the convection heating chamber, an 
annular inner Wall in spaced relationship with 
the Outer Wall and the tubular members and ex 
tending axially of Said members, the space be 
tween the outer Wall and the tubes and the space 
between the inner wall and the tubes being such 
as to cause the gases to flow in heat exchange 
relationship with the tubular members in a con 
fined space around said members, said convection 
heating chamber being separated from the first 
mentioned chamber and having a plurality of gas 
inlet and gas outlet openings, the gas inlet open 
ings being positioned to communicate with the 
lower portion of the convection chamber and with 
Said axial passage at a plurality of circumferen 
tially Spaced points and the gas outlet openings 
being positioned to communicate with the upper 
portion of the convection chamber at a plurality 
of circumferentially spaced points above and in 
termediate said inlet openings, said inlet openings 
and the outlet openings being spaced from one 
another Such distance that a stream of gases 
passing from an inlet opening divides and the 
gases flow to adjacent outlet openings trans 
versely of the upper portion of a plurality of 
tubular members in a generally horizontal direc 
tion, a baffle disposed above the inlet openings, 
below the outlet openings and in the path of flow 
of the gases in said first-mentioned chamber so 
as to direct Said gases into the convection section 
through said gas inlet openings, and gas outlet 
means for the furnace in communication with 
Said gas outlet openings. 

8. A heater having a substantially vertically ex 
tending circular furnace chamber comprising an 
annular outer Wall the top of the chamber being 
cylindrically shaped and of lesser diameter than 
the bottom of the furnace, the portion of said 
chamber intermediate the top and bottom being 
of frusto-conical shape, a substantially annular 
group of fluid conducting tubular members spaced 
from the outer wall, the group being of slightly 
lesser diameter than said top of the chamber and 
extending longitudinally of the furnace cham 
ber, the tubes being arranged to form an axial 
passage within the group, firing means for firing 
the furnace disposed in the lower portion there 
of, means forming a convection heating chamber 
in Said top of the chamber extending around the 
upper end of the tubes and axially thereof, the 
annular outer wall forming the outer periphery 
of the convection heating chamber, an annular 
inner wall in Spaced relationship with the outer 
Wall and the tubular members and extending 
axially of Said members, the space between the 
outer Wall and the tubes and the space between 
the inner Wall and the tubes being such as to 
cause the gases to flow in heat exchange rela 
tionship with the tubular members in a confined 
Space around Said members, said convection heat 
ing chamber being separated from the first-men 
tioned chamber and having a plurality of gas 
inlet and gas outlet openings, the gas inlet Open 
ings being positioned to communicate with the 
lower portion of the convection chamber and with 
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said axial passage at a plurality of points Spaced 
circumferentially from one another substantially 
90° and the gas outlet openings being positioned 
to communicate with the upper convection cham 
ber at a plurality of points above the inlet open 
ings and spaced circumferentially from One an 
other substantially 90° and spaced circumferen 
tially from the inlet openings substantially 45, 
said inlet opening and the outlet openings being 
spaced from one another such distance that a 
stream of gases passing from an inlet opening 
divides and the gases flow to adjacent outlet Open 
ings transversely of the upper portion of a plus 
rality of tubular members in a generally hori 
zontal direction, a baffle disposed above the inlet 
openings, below the outlet openings and in the 
path of flow of the gases in said first-mentioned 
chamber so as to direct said gases into the con 
vection section through said gas inlet openings, 
and gas outlet means for the furnace in con 
munication. With said gas Outlet OpeningS. 

9. A furnace having a vertically extending cir 
cular chamber comprising an annular outer Wall, 
an annular row of Spaced tubes Spaced from the 
outer wall, said row being of lesser diameter than 
the chamber, the tubes being disposed to extend 
longitudinally of the chamber and arranged to 
Surround an axial passage, means for producing 
a stream of gases of combustion disposed in the 
lower portion of the furnace to direct said stream 
upwardly and longitudinally of the axial passage, 
other means for producing a stream of gases of 
combustion, said other means being disposed in 
the lower portion of the furnace chamber So as to 
direct a stream of gases of COmbustion tangential 
ly of the furnace chamber and circumferentially 
of the annular row of tubes, means forming a con 
vection heating chamber around the upper por 
tion of Said tubes and extending axially thereof, 
the annular Outer Wall forning the outer pe 
Iriphery of the convection heating chamber, Said 
means comprising an annular inner Wall of a 
diameter slightly less than the diameter of said 
annular row of tubes, a bottom Wall through 
which the tubes extend arranged to close the bot 
...tom of the convection chamber in a fluid-tight 
manner, and a top wall above the bottom wall in 
spaced relationship thereto and arranged to close 
the top of Said convection heating chamber in a 
fluid-tight manner, the Space between the Outer 
wall and the tubes and the space between the 
inner Wall and the tubes being such as to cause 
the gases to foW in heat eXchange relationship 
With the tubular members in a confined space 
around Said members, the inner Wall having a 
plurality of gas inlet and gas Outlet Openings 
therethrough, the gas inlet openings being posi 
tioned in the lower portion of the Wall and spaced 
circumferentially from one another substantially 
90° and the gas outlet openings being positioned 
in the upper portion of the Wall above the inlet 
openings and spaced circumferentially of one an 
other substantially 90 and spaced circumferen 
tially from the inlet openings substantially 45°, 
said inlet Openings and the outlet openings being 
spaced from One another Such distance that a 
stream of gases passing from an inlet opening di 
Wides and the gases flow to adjacent outlet open 
ings transversely of the upper portion of a plu 
rality of tubular members in a generally hori 
ZOntal direction, a baffle extending transversely 
of the first-mentioned chamber in the path of 
flow of the gases of combustion and disposed in 
fluid-tight relationship with said inner wall above 
Said inlet Openings and below said outlet openings, 
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10 
and gas outlet means for the furnace in Con 
munication with said gas outlet openings. 

10. A heater having a substantially vertically 
extending circular furnace chamber comprising 
an annular outer wall, the top of the chamber 
being cylindrically shaped and of lesser diameter 
than the bottom of the furnace, the portion of 
said chamber intermediate the top and bottom 
being of frusto-conical shape, a substantially an 
nular group of fluid conducting tubular members 
spaced from the outer wall, the tube group being 
of slightly lesser diameter than said top of the 
chamber and extending longitudinally of the 
furnace chamber, the tubes being arranged to 
form an axial passage Within the group, means 
forming a convection heating chamber in Said 
top of the chamber and around the upper end of 
the tubes the annular outer Wall forming the 
outer periphery of the convection heating cham 
ber which chamber comprises an annular inner 
wall of a diameter slightly less than the diameter 
of said annular row of tubes, a bottom Wall 
through which the tubes extend arranged to close 
the bottom of the convection chamber in a fluid 
tight manner, and a top Wall above the bottom 
Wall in Spaced relationship theretO and arranged 
to close the top of Said convection heating cham 
ber in a fluid-tight manner, the space between 
the outer wall and the tubes and the Space be 
tween the inner wall and the tubes being such as 
to cause the gases to fiOW in heat eXchange rela 
tionship. With the tubular members in a confined 
Space around said members, the inner Wall having 
a plurality of gas inlet and gas outlet openings 
therethrough, the gas inlet openings being posi 
tioned in the lower portion of the wall and spaced 
circumferentially from one another substantially 
90 and the gas outlet openings being positioned 
in the upper portion of the Wall above the inlet, 
OpeningS and Spaced circumferentially of one 
another substantially 90° and spaced circum 
ferentially from the inlet openings substantially 
45, Said inlet openings and the outlet openings 
being spaced from one another such distance that 
a stream of gases passing from an inlet opening 
divides and the gases flow to adjacent outlet open 
ings transversely of the upper portioni of a plu 
rality of tubular members in a generally hori 
ZOntal direction, a baffle extending transversely 
of the first-mentioned chamber in the path of 
flow of the gases of combustion and disposed in 
fluid-tight relationship with said inner wall above 
Said inlet openings and below said outlet openings, 
means adjacent said bottom of the furnace for 
producing a stream of products of combustion 
and disposed to direct said gases longitudinally 
of the axial passage and toward the top of the 
furnace, other means adjacent the bottom of the 
furnace chamber for producing a stream of gases 
of combustion, said other means being so dis 
posed as to direct a strean of gases tangentially 
of Said chamber and circumferentially of the tube 
group, and gas outlet means in communication 
With Said gas outlet openings. 
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