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This invention relates to improvements in heat 
ers of the type having heating tubes disposed 
Within a furnace chamber and wherein provision 
is made for conducting combustion within the 
chamber in a manner to raise the temperature of 
a hydrocarbon fluid, as it is passed through the 
tubes, to a desired distillation point, or to a 
Cracking point, predominantly by radiant heat 
received from Such combustion. 
An important object of the invention is to pro 

vide such a heater with improved means for ef 
fecting heating of the tubes by convection as well 
as by radiant heat, Within a single- chamber. 
Another object of the invention is to provide 

a highly efficient convection heating feature of 
improved design within a heater of the vertical 
tube type wherein an annular series of heating 
tubes Surrounds a combustion region within the 
lower portion of an upright furnace chamber and 
Wherein the products of combustion escape from 
the upper end of the chamber. 
Another object of the invention is to provide 

such a convection heating feature designed for 
long Service without repair or replacement of 
parts. 
These and other objects and advantages of the 

invention will appear from the following descrip 
tion and from the accompanying drawings. 

In the drawings: 
Fig. 1 is a vertical sectional view of a heater 

embodying one form of the convection heating 
feature; 

Fig. 2 is a horizontal Section on the line 2-2 of 
Fig. 1, upon a larger scale and partly broken 
a Way, 

Fig. 3 is a vertical sectional view of a portion 
of the heater, showing a modified form of the 
central deflector which forms part of the con 
vection heating feature; 

Fig. 4 is a view, partly in elevation and partly 
in Section, of the upper portion of a heater en 
bodying a further modification of the convection 
heating feature; 

Fig. 5 is a section on the line 5-5 of Fig. 4, 
partly broken away; 

Fig. 6 is a sectional perspective view of a por 
tion of the heater ShoWn in Fig. 4, disclosing de 
tails of construction of the convection heating 
feature; and 

Fig. 7 is a development of the periphery of a 
portion of the central deflector, indicated in Fig. 
4, showing the arrangement of the baffles borne 
by said deflector. 

Figs. 1, 2 and 3 show my invention embodied 
in a heater of the vertical tube type. The struc 
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ture of the heater includes a vertical cylindrical 
shell lined with heat insulation 2. InWardly of 
the heat insulation, there is a refractory wall 3 
formed, in the present instance, of blocks or 
bricks of ceramic or other Suitable refractory 
material. For supporting the bricks, a number 
of rings are secured to the inner side of the shell 
in vertically spaced positions. These rings have 
inwardly projecting flanges forming ledges bear 
ing the weight of the bricks. The lower end of 
the shell is closed by a hearth 5 of refractory 
material and formed with a depressed central 
portion within which burners 8 are located. At 
the upper end of the shell a flat ring of refrac 
tory material is fitted within the brick Wall, and 
the wall, the hearth and the ring define the 
furnace chamber of the heater. Within Said 
chamber there is an annular series of vertical 
heating tubes 8. The tubes are disposed near the 
brick Wall and are equidistant from the axis of 
the shell. The upper end portions of the tubes 
project through holes in the ring and through 
holes in an annular tube sheet, a overlying the 
ring. The lower end portions of the tubes pro 
ject through holes in the margin of the hearth . 
5 and through holes in an annular tube sheet 5d. 
underlying said margin. 
In the present instance, the tubes 3 are all 

serially interconnected by return bends 9 and 
at the upper and lower ends respectively, of the 
tubes, and the series has an inlet and an ad 
jacent outlet 2, both located at the lower end of 
the heater. However, different groups of tubes 
of the series may be connected into different flow 
circuits, if desired. An annular housing f3 en 
closes the return bends at the upper ends of the 
tubes, and an annular housing A encloses the 
return bends at the lower ends of the tubes, for 
heat conservation. The burnei's 6 are gas burn 
ers and they are preferably of a directional type. 
Their upper ends are inclined and they are 
mounted for individual rotative adjustment on 
vertical axes so that the flame from any one of 
the burners may be directed toward a selected 
group of the tubes. An oil burner 5 is also pro 
vided at the center of the hearth. At the upper 
end of the furnace chamber a collar 6 of refrac. 
tory material extends upwardly from the aper 
ture of the ring and defines the outlet for gas 
eous products of combustion from the furnace 
chamber. Said collar is connected to an exhaust, 
stack through a hood 8 at the base of the 
stack. The stack and the hood are supported by 
beams 9 which form part of a frame structure 2) 
borne by the shell, and the collar 6 and the ring 
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are supported by the shell. Legs 2 at the lower 
end of the shell support the entire heater struc 
ture. 
The lower portions of the tubes 8 are heated 

predominantly by radiant heat from the Com 
bustion within the lower portion of the furnace 
chamber, and the present invention provides for 
increased transmission of radiant heat to said 
portions of the tubes and also provides for effi 
cient transmission of heat of convection to the 
upper portions of the tubes. For these purposes, 
a drum-like deflector 22 is supported centrally 
within the upper portion of the furnace cham 
ber, within the space surrounded by the tubes. 
The deflector comprises a cylindrical body of 
substantial vertical length and of an external 
diameter materially less than the internal diam 
eter of the Series of tubes, to afford a Sur 
rounding Space of material Width between the 
deflector and the tubes. The lower end of the 
deflector is in the form of an inverted cone 22d 
and tapers downwardly from the periphery of the 
cylindrical body of the deflector. The deflector 
is supported suspended in a position coaxial with 
the shell by links 23 whose upper ends are 
pivotally attached to ears borne by the hood 8 
and whose lower ends are pivotally attached to 
ears borne by the deflector and located within 
the cone 22a. The vertical position of the de 
flector is such as to dispose its upper edge spaced 
from the outlet of the furnace chamber. Prefer 
ably, the deflector is made of a heat resistant 
metal alloy such as stainless steel, for example. 
The deflector bears a series of flat annular 

baffles 24 surrounding the cylindrical body of 
the deflector and vertically spaced therealong. 
The inner edges of these baffles are upturned and 
secured by welding, or otherwise, to the deflector. 
The baffles extend radially outward toward the 
tubes and have notches 25 receiving the inner 
portion of the periphery of the tubes. The shell 
bears a series of vertically spaced flat annular 

baffles 26 having upturned outer edges welded, or 
otherwise Secured, to the shell, and these baffles 
extend radially inward, between the bricks of the 
refractory Wall 3 and across the Space between 
said Wall and the tubes. At their inner edges the 
baffles have notches 27 receiving the outer por 
tion of the periphery of the tubes, and the baffles 
are disposed at levels intermediate the levels of 
the inner baffles 24. The baffles 24 are all of the 
same external diameter and the baffles 26 are all 
of the same internal diameter. The external 
diameter of the baffles 24 is also less than the in 
ternal diameter of the baffles 26 so that the for 
mer can pass the latter baffles in assembly and 
disassembly of the parts. Preferably the notches 
25 and 27 of the baffles are large enough to afford 
substantial clearance between the edges of the 
baffles and the tubes. Thereby, the necessity for 
accurate shaping and fitting of the baffles is 
avoided and removal of the tubes is also facili 
tated, : 

In the operation of the heater the hydrocarbon 
fluid is admitted through the inlet f l and passed 
through the tubes in succession to the outlet 2. 
In the course of its passage through the tubes the 
fluid is heated predominantly by radiant heat 
transmitted from the combustion. Within the 
lower region of the furnace chamber directly 
to the lower portion of the tubes. This direct 
radiant heat is supplemented by reflection of ra 
diant heat from the conical lower end of the. de 
flector, located directly over, the combustion re 
gion. The cone 22a is provided with a good re 
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4. 
flecting surface disposed to reflect the radiant 
heat outwardly and downwardly upon the lower 
portion of the tubes. 
The gaseous products of combustion ascending 

from the combustion region are deflected by the 
deflector 22 and are compelled to flow into the 
Space Surrounding the deflector and containing 
the upper portion of the tubes. Within said 
Space the staggered baffles cause turbulence and 
circuitous flow of the hot combustion gases for 
efficient transfer of heat of convection therefrom 
to the tubes. From said space the gases, mate 
rially cooled by Such heat transfer, flow past the 
upper edge of the deflector and through the fur 
nace chamber outlet to the stack T. Thus, effi 
cient radiant heating of the tubes is obtained 
within One Zone of the furnace chamber and effi 
cient convection heating of the fluid is obtained 
within another zone of the chamber. 

Fig. 3 shows a convection heating feature pre 
cisely like that just described, and shown in 
Figs. and 2, except that the periphery of the 
cylindrical body of the deflector is faced with a 
refractory brick wall 28. The provision of this 
Wall enables the body of the deflector to be made 
of a less expensive metal. The baffles 24 project 
outwardly between the bricks of the wall 28. 
In the further modification shown in Figs. 4 to 

7, inclusive, the cylindrical body of the deflector 
consists entirely of a refractory wall 29. The 
hood 8d, at the base of the stack also extends 
downwardly to the refractory shell wall 3a, and 
the annular upper edge of the deflector wall 29 
abuts an annular flange at the base of the hood. 
The hood also has a refractory lining 30. For 
escape of the combustion gases from the space 
between the deflector and the surrounding Wall 
3a, the deflector wall has, at its upper edge, a 
series of notches 3 of liberal size through which 
the gases flow to the hood and the stack. The 
stack, the hood and the deflector are all support 
ed by the shell. 
The deflector wall 29 is integrally formed with 

a Series of helical baffles 32 projecting radially 
therefrom toward the tubes. These baffles are of 
steep pitch and they make materially less than 
a complete turn around the deflector. The sur 
rounding Wall 3a is also integrally formed with 
a series of similar helical baffles 33 projecting 
inWardly toward the tubes and in direct edge 
Wise opposition to the bafiles 32. Like the walls 
Which bear them, the baffles 32 and 33 are formed 
of refractory material. The Wall 3a is shown as 
a continuous piece of refractory but it may be 
formed of bricks with ribs suitably arranged to 
form the baffles 33. The baffles 33 have, at their 
inner edges, notches 34 receiving the outer por 
tion of the periphery of the tubes, and the baffles 
32 have similar notches 35 at their outer edges 
receiving the inner portion of the periphery of 
the tubes. The notches are large enough to 
afford a desired clearance around the tubes, and 
the outside radius of baffles 32 is substantially 
less than the inside radius of baffles 33, for the 
purposes previously stated in the description of 
the form of the invention shown in Figs. 1 and 
2. 
The baffles 32 and 33 combine to define a series 

of Concurrent or parallel helical channels around 
the deflector. These channels are all open at 
their lower ends to the combustion region for flow 
of the combustion gases into the channels. The 
notches 3 in the upper edge of the defector 
are located so that one of said notches occurs 
at the upper end of each channel so that the 
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gases can flow from each channel to the stack. 
The tubes extend across all of the channels di 
rectly in the path of the hot gases so that highly 
efficient transfer of heat to the tubes is obtained. 

It is, of course, to be understood that the fore 
going description is merely illustrative and in 
no Wise limiting and that I desire to Compre 
hend within my invention such modifications as 
are included within the scope of the appended 
claims. 

Having thus clearly described my invention, 
what I claim as new and desire to secure by 
Tetters Patent is: 

1. A heater for a hydrocarbon fluid comprising 
a furnace chamber, substantially parallel heat 
ing tubes arranged over the inner surface of a 
wall of said chamber, burner means disposed to 
conduct combustion within a region of the cham 
ber adjacent one portion of the length of said 
tubes for radiant heating thereof, a deflector 
disposed inwardly of the tubing and having a 
wall in opposed face-to-face relation to Said 
chamber wall and overlying another length por 
tion of the tubes, said deflector being constructed 
and arranged to direct the products of combus 
tion between said walls for convection heating 
of the portion of the tubes therebetween, a set 
of transversely spaced concurrent baffles oblique 
with respect to the tubes extending laterally Out 
ward from said deflector Wall and having notches 
at their outer edges receiving the inner portion 
of the periphery of the respective tubes, a set of 
baffles spaced similarly to the first-mentioned 
baffles and similarly oblique extending laterally 
inward from said chamber Wall and having 
notches at their inner edges receiving the Outer 
portion of the periphery of the respective tubes, 
said sets of baffles together defining a plurality of 
oblique concurrent channels for flow of the com 
bustion products therethrough, and the tubes ex 
tending across said channels in the paths of the 
combustion products therein. 

2. A heater for a hydrocarbon fluid, comprising 
an upright furnace chamber having at the upper 
end thereof an outlet for combustion products, 
an annular series of substantially vertical heat 
ing tubes Within said chamber and adjacent to 
and surrounded by a side Wall of the chamber, 
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6 
burner means disposed to conduct combustion 
Within a region surrounded by a lower portion 
of Said tubes for radiant heating thereof, a de 
flector Within a region surrounded by an upper 
portion of the tubes and constructed and ar 
ranged to deflect ascending products of com 
bustion outwardly against the tubes for convec 
tion heating thereof, a set of spaced concurrent 
helical baffles borne by and extending around and 
along the said deflector and extending laterally 
outward therefrom, and a set of spaced concur 
rent helical bafiles borne by and extending lateral 
ly inward from said surrounding Wall and form 
ing, together With the first-mentioned baffles, a 
plurality of concurrent helical channels to con 
duct the products of combustion to said outlet, 
the tubes extending across said channels in the 
path of the combustion products therein. 

3. A heater for a hydrocarbon fluid, as claimed 
in claim 2, wherein the outer edges of the baffles 
borne by the deflector are respectively in opposed 
relation to the inner edges of the baffles borne 
by the surrounding Wall and have notches re 
ceiving the inner portion of the periphery of the 
tubes, and said edges of the wall-borne baffles 
have notches receiving the outer portion of the 
periphery of the tubes. 

4. A heater for a hydrocarbon fluid, as claimed 
in claim 2, wherein the baffles of both of said 
sets are formed of non-metallic refractory ma 
terial. 
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