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1. 

This invention relates to improvements in con 
bustion furnaces for heating fluids flowed through 
tubes, and to an improved method of heating such 
fluids, wherein the heating tubes are arranged 
within a heating space so as to cause hot con 
bustion gases to flow longitudinally with respect 
to the heating tubes, and wherein the combustion 
gases are recirculated. The heater and method 
according to this invention are, for example, par 
ticularly useful in the carrying out of endothermic 
chemical reactions, such as the dehydrogenation 
of alcohols or other gaseous hydrocarbons which 
takes place at about 1000 F. Other examples are 
the conversion of ethylene dichloride into vinyl 
chloride and hydrochloric acid at about 960 F., 
the cracking of hydrocarbon oil, and catalytic de 
hydrogenation proceSSeS. 
In heaters of this class difficulty is frequently 

IO 

experienced because of uneven heating of the 
tubes, resulting in local overheating. It is al 
ready known to provide a more gentle heating 
by recirculating the flue gases, but this has re 
sulted in operating difficulties. With the heaters 
heretofore known the use of Steam injectors for 
effecting circulation was not satisfactory because 
the primary and recirculated combustion prod 
ucts were not always completely mixed and dif 
ferent tubes were not heated equally. 

It is an object of this invention to provide an 
improved tube heater and an improved method of 
heating flowing fluids wherein heat of Substan 
tially uniform intensity is distributed among the 
several heating tubes, and the tubes are heated substantially evenly along their lengths. 

It is a further object to provide an improved 
tube heater and an improved method of heating 
flowing fiuids wherein recirculation of combustion 
products or flue gas is induced by the injection 
of a gas, such as steam, in a flow arrangement 
which will insure substantially even distribution 
of heat to the several heating tubes. Ancillary 
thereto, it is an object to provide an improved 
method of heating and animproved heater where 
in the flue gas recirculation rate can be easily 
controlled. . . 

Still another object is to provide a heater hav 
ing a combustion chamber fitted with one or more 
Wenturi constrictions downstream from the burn 
er or other Source of combustion gases and hav 
ing a nozzle for expanding and discharging a gas, 
such as steam or air or combustion gas, into the 
Venturi throat in a manner to induce circula 
tion of the flue gas through the combustion 
chamber, in combination with flow passage ways 
for flowing the resulting augmented stream of 
combustion gases in heat exchange with the heat 
ing tubes and to effect the recirculation of flue 
gas through the combustion chamber. Ancillary 
thereto, it is an object to arrange the discharge 
port, through which excess or non-recirculated 
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flue gas is withdrawn from the heater, in such 
relation to the Wenturi constriction as to facilitate 
regulation of the recirculated gas. 

Still further objects of the invention will be 
apparent from the following description, taken in 
connection. With the drawings forming a part of 
this specification, wherein: 

Fig. 1 is a vertical sectional view of a preferred 
embodiment of the invention, parts being shown 
in elevation; 
r" 2 is a Sectional view taken on line 2-2 of 

ig. 
Fig. 3 is a vertical sectional view showing a 

modified construction; and 
Fig. 4 is a sectional view taken on line 4-4 of 

Fig. 3. 
Briefly, according to the instant invention com 

bustion gases are recirculated within the en 
closure of the heater proper by means of the jet 
effect of a gas, such as saturated or superheated 
Steam, air, or combustion gases which have been 
Compressed. I prefer to inject steam as the jet 
gas to avoid formation of an oxidizing atmos 
phere, and because it is readily available in fur 
nace installations. However, the invention is not 
limited to the use of steam and any gas, includ 
ing air, may be used as the jet gas. The jet gas 
is ejected from one or more expanding nozzles 
and directed as one or more jets through one or 
more Wenturi throats, thereby entraining com 
bustion gases. The hot combustion gases, from 
any Source, Such as a liquid fuel burner, are com 
mingled with the recirculated flue gas after the 
latter has passed in contact with the heating 
tubes and before flowing through the Venturi 
throat. The stream of hot combustion gases is 
therefore, successively augmented with recircu 
lated flue gas and with jet gas and, as a result, 
undergoes a decrease in temperature. The aug 
mented and partially cooled stream is then passed 
through one or more elongated convection heat 
ing passages containing the heating tubes through 
which the fluid to be heated is passed, the flow 
of the augmented gas stream being parallel to 
the axis of the heating tube and either concur 
rently or counter-currently to the direction of 
flow of the fluid in the tubes. The reduced tem 
perature and increased volume of the augmented 
gas stream minimize the temperature gradient 
along the heating tubes and also equalize the 
heat transfer rate from the gas to the heating 
tubes along the length and about the circumfer 
ence of the heating tubes. 
By my method of mixing the fresh combus 

tion gases with the recirculated gases prior to 
passage through the Wenturi throat (whereby the 
Venturi throat is disposed upstream from the 
heating paSSages) insures a complete mixing of 
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the fresh and the recycled combustion gas and 
the jet gas; this results in a more uniform heat 
ing of the heating tubes. 

Excess gases are withdrawn from the circu 
lating gas stream at any desired point in the 
circuit, and I prefer to withdraw them (approxi 
mately at a rate equal to the sum of the rate of 
admission of fresh combustion gases and jet 
gas) just after the gas has traversed the heating 
tubes. 
The method will be understood more completely 

from a consideration of the apparatus illustrated 
in the drawings, which illustrate certain preferred 
embodiments of the invention, it being under 
stood that the invention is not limited to the 
Specific arrangement of flow passages shown 
therein. - 

Referring to FigS. 1 and 2, the heater is Sup 
ported on a concrete foundation I having a cen 
tral or inner wall a supporting a horizontal bulk 
head Ib lined on its upper face with refractory 
fire bricks supporting a plurality, for example, five 
burners 2. These burners receive combustion 
air via opening c. The wall a is continued 
upwardly by a refractory brick section 3, a check 
er brick section 4, and a refractory section 5 
having slotS 5d, near the top. The space above 
the burners 2 and within these sections is herein 
referred to as the combustion space. The com 
bustion space is fitted with a transverse partition 
or Venturi block 6 having a plurality, for example, 
five perforations 6a forming Venturi throats. The 
lower portions of these throats may be lined with 
metallic sheathing as shown. Expansion nozzles 
are mounted beneath each of the Wenturi open 

ings and disposed to discharge jet gas upwardly 
Substantially tangent to the walls of the Wenturi 
throats. 
An outer furnace wall is provided surrounding 

the sections 4 and 5 and spaced therefrom. This 
wall may be supported in any conventional man 
ner. AS shown in FigS. 1 and 2 it is Suspended 
from a steel framework comprising H-columns 
8 resting on the foundation and supporting ver 
tical angle Sections 9 through gusset plates 9. 
The angle Sections 9 support arcuate angles ll 
from which fire resistant tile blocks 2 are SS 
pended by well known means, not shown, includ 
ing suspension lugs. A sheathing of heat in 
sulating material f3 surrounds the blocks 2 and 
is also suspended from the angles ff. Horizontal 
I-beams f4 extend across the top of the furnace, 
being secured to the H-columns 8 and forming 
supports for the suspended refractory roof 15 and 
for the heating tubes 6 and IT. The tubes are 
suspended by collars f6a and fia. These tubes 
extend vertically within the annular connection 
heating space between the combustion chamber 
walls and the outer furnace wall, extending 
‘downwardly through openings in a lower, annular 
refractory wall 8, supported from the steel 
framework. The heating tubes are sealed to the 
roof 5 and lower wall 8 by means of refractory 
bushings 19. 
The lower portion of the outer wall has a series 

of openings 20 communicating with an annular 
flue box 2 connected at One Side to a stack 22. 
A damper 23 is provided in the connection be 
tween the box 2 and stack. 
The nozzles 7 are connected by a manifold 24 

to a steam line 25 which is connected to a source 
of saturated or superheated steam, not shown. 
The valve 26 is open and the valve 27 is closed. 
For superheating and/or generating the steam I 
may provide a steam coil 28 in the stack or in the 
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4 
flue box 2; in this case the valve 26 is closed 
and the valve 27 is open. 
The fluid to be heated is passed from inlet 29 

to a manifold 30 connected to the bottons of the 
heating tubes 6. In this embodiment the heat 
ing tubes are arranged to vaporize liquid and the 
tubes 6 function as preheaters and are of rela 
tively small diameter to effect the turbulence 
necessary for efficient heat transfer. The vapors 
pass into the main heating tubes 7 via U-con 
nectors 3. The tubes 7 are of relatively large 
diameter to accommodate vapors and provide the 
necessary space velocity for the particular use to 
which the furnace is put. The fluid is discharged 
via radial pipes 32d to a circular exit header 32. 
In the operation of the heater, hot combustion 

gases are generated by the burners 2 and passed 
upwardly through the combustion chamber, radi 
ally outwardly through the slots 5a downwardly 
through the annular heating space enclosing the 
heating tubes, and out through the flue box 2. 
and stack 22. A portion of the flue gas is recir 
culated through the checkerbrick 4, augmenting 
the stream of combustion gases and cooling the 
latter. Circulation is induced by the action of 
the nozzles 7 and the Venturi block 6, whereira 
the augmented stream is entrained and still fur 
ther augmented by the jet gas. The pressure in 
the upper portion of the heater, above the Venturi 
block, may be atmospheric or slightly above 
atmospheric, while the pressure beneath the 
Venturi block may be somewhat less than atmos 
pheric, although the invention is not limited to 
operation at such pressures. - 
The recirculation rate is regulated by the rate 

of flow of jet gas issuing from the nozzles 7 and 
by the damper 23. By “recirculation rate” I 
mean the weight ratio of the flue gas flowing ra 
dially in through the checker brick 4 to the com 
bustion gases generated by the burners. 2. The 
recirculation rate may be varied, depending upon 
the desired temperature of the mixed gases flow 
ing downwardly through the annular heating 
space. By way of example, and without limiting 
the invention thereto, it maay be stated that the 
circulation rate may in typical installations be 
between about 1:0.5 and 1:3. Thus, when the 
recirculation rate is 1:2, the quantity of gas 
passed through the heating space is between 3 
and 4 times as great as the quantity generated 
(consisting of one part of fresh combustion gases, 
two parts of recirculated flue gas, and a small 
anotht, usually less than one part, of jet gas). 

Heat losses are mir ed in this heater by 
placing the hottest portion inside the inner, cy 
lindrical sections 4 and 5 and by venting the ex 
cess flue gas into the flue box 2 at its lowest 
temperature. It is, further, desirable to avoid ex 
cess combustion air in order to improve the ther 
mal efficiency and to avoid formation of an oxi 
dizing gas mixture which rapidly deteriorates the 
tubes and brickwork. The augmented stream of combustion gas is 
usually cooled in flowing through the Venturi 
throats because the jet gas is cooler than the gas 
stream entrained thereby. - 
The central location of the combustion cham 

ber and the recirculation of flue gas make it pos 
sible to use less resistant walls for the outer 
furnace walls and minimizes heat lost by radia 
tion. The heating tubes are evenly spaced in the 
annular heating space whereby the individual 
tubes at different points of the circumference of 
the heater receive an equal amount of heat. This 
axial symmetry, while particularly useful with 
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the heater disclosed, is also useful in cases where 
the Venturi throat and jet nozzle T are omitted 
and the flow of fiue gas is effected by ther 
mosyphon action or by fans or the like, and the 
invention, in one aspect, resides in this arrange 
ment of flow channels, regardless of , whether 
means for inducing circulation are provided or 
of the type of such means employed. 
An important feature of the invention is the 

arrangement whereby an augmented stream of 
heating gas is flowed along the heating tubes at 
a reduced temperature, whereby the temperature 
gradient lengthwise of the tube surface is reduced 
and the heat transfer rate in the direction of the 
length and circumference of the heating tubes is 
nearly equalized. Another important feature re 
sides in the location of the Venturi throats in 
mediately downstream from the point of junct 
ture of the fresh, hot combustion gases and the 
recirculating flue gas. This arrangement insures 
complete mixing of the fresh and recycled gases 
and the jet gas and results in the more uniform 
heating of the tubes. 
By suspending the heating tubes from the top 

by collars resting on the exterior Steel framework 
they are easily removed from the top, it being 
only necessary to disconnect them from the bot 
tom manifolds. By connecting the preheating 
tubes 6 to the main heating tubes 7 at the top, 
wherein no vertical movement due to thermal ex- : 
pansion takes place, the provision of fluid-tight 
connections are facilitated. .. 
The heater may be modified in several re 

spects. For example, the discharge of excess 
flue gases may be effected from the top or from : 
an intermediate level of the heating Space, 
whereby the heating of the tubes may be varied 
to meet particular conditions. The Outer walls 
may be made entirely of refractory or of insulat 
ing material, instead of containing a layer of 
each. Further, it is not necessary to arrange 
the combustion chamber vertically or to place 
the heating tubes entirely around the combus 
tion chamber; however, the arrangement shown 
is preferred in that it provides a symmetrical 
arrangement and thereby promotes even dis 
tribution of heating gases. Finally, the SuS 
pension of the outer furnace wall and the tubes 
from a steel framework is not a part of the in 
vention, and I may employ any other construc 
tion such as, for example, that illustrated in Figs. 
3 and 4. 

Referring to Figs. 3 and 4, the furnace com 
prises a concrete foundation to with a cylin 
drical portion 0 a lined with refractory fire 
bricks 03 and 103a and insulating brickwork 33, 
and provided with a plurality of premix burners 
O2 adapted to generate combustion gases by 

burning a previously partly or fully mixed 
stream of fuel and air. Above this brickwork 
there are checker brickwork iO4 and a cylin 
drical refractory section 05 having slots 05a 
at the top. The section 05 has a plurality, e. f., 
five, radial fins 05b extending outwardly and 
subdividing the annular heating space into a 
plurality of smaller heating spaces. A single 
Venturi block 06 having a throat 06a is fitted 
within the section iO5 and provided with a plural 
ity of nozzles (OT for expanding jet gas into the 
Venturi throat. . . . . . 
The outer furnace wall comprises checker 

brickwork 34 and a cylindrical wall 2 which 
may be of suitable heat-resistant concrete or 
of refractory brick. The furnace top 5 rests 
on the wall 2 and is covered by heat insulat 
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6 
ing material 35 and a steel plate 36. Heat 
ing tubes T extend vertically within the ver 
tical heating spaces between the walls 05 and 
2 and fins 05b and are suspended from the 

steel plate i? 3b by collars Ta. The tubes are 
connected at the top to a manifold 30 and at 
the bottom to a circular header 32 via radial 
connectors 32d. 
The flue exit duct is in the form of an annular 

flue box. 2 in communication. With the heating 
space through the checker brickwork. 34. It 
is connected to a stack. 22 through a passage 
way fitted with a damper 23. The nozzles Ol 
are Supplied with jet gas by a manifold 24, pipe 
25, and valve. 26. 

... The heater is operated in the same manner 
as that according to Figs. 1 and 2, except that 
no preheating tubes are provided. The fluid to 
be heated may be flowed, either upwardly or 
downwardly through the heating tubes, depend 
ing upon the type of heating desired. For ex 
ample, in endothermic reactions, wherein the 
conversion temperature is to be maintained as 
uniformly as possible, it is usually important to 
avoid too great a difference in temperature be 
tween the reacting gas mixture and the heating 
gas in the part of the heating tube where the 
reaction takes place, i.e., the outlet part of the 
tube. At the inlet end greater differences in tem 
perature are permissible without causing any 
detrimental effect. In such a case heating in 
concurrent flow With the heating gas is most 
suitable and the reaction mixture is flowed down 
wardly through the tubes T. For other ap 
plications of the heater countercurrent flow may, 
of course, be more appropriate, and the mixture 
may be flowed upwardly through the heating 
tubes. 

I claim as my invention: 
1. A tube heater comprising an enclosing wall 

Structure forming a central vertical combustion 
chamber, a source of hot combustion gases near 
the bottom of Said combustion chamber, an outer 
Wall Spaced from and surrounding said wall 
structure to form a vertically elongated heat 
ing Space therebetween, vertical convection heat 
ing tubes located entirely outside of said enclos 
ing wall structure and within said heating space, 
paSSageWays interconnecting the combustion 
chamber and the heating space both at the top 
and at the bottom, means located within said 
Combustion chamber for inducing upward move 
ment of combustion gases and flue gas upwardly 
Within Said combustion chamber, whereby gases 
may circulate through said chamber and space, 
and a flue for discharging flue gas. 

2. The tube heater according to claim 1 where 
in there are a plurality of interconnecting pas 
sageways at each end of the heating space and 
the heating tubes and the passageways are 
Spaced Substantially evenly about the combus 
tion chamber. 

3. The tube heater according to claim 1 where 
in the heating tubes are arranged in pairs, the 
tubes of each pair being interconnected at the 
One vertical end of the heating space. 

4. A. tube heater comprising an enclosing wall 
Structure forming a central vertical combustion 
chamber, a Source of hot combustion gases near 
the bottom of Said combustion chamber, an outer 
wall Spaced from and surrounding said wall 
structure to form a vertically elongated heat 
ing Space therebetween, a plurality of radial 
partitions extending from the enclosing wall 
structure to Said outer Wall and subdividing said 
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heating space into a plurality of circumferen 
tially contiguous vertical Smaller heating spaces, 
Vertical convection heating tubes located entirely 
Outside of said enclosing Wall structure and 
Within said smaller heating spaces, passageways 
interconnecting the combustion chamber and 
the Smaller heating spaces both at the top and 
at the bottom, means located within said: “com 
bustion chamber for inducing upward movement 
Of combustion gases, and flue: gas upwardly 
Within Said combustion chamber, whereby gases 
may circulate through said chamber and "Smaller 
heating Spaces, and a flue for discharging flue 
gaS. 

5. A tube heater comprising an enclosing: wall 
Structure forming a combustion chamber, a 
Source of hot combustion gases near one end of 
the chamber, a second wall structure forming, to 
gether with Said first wallstructure, an elongated 
convection heating Space, convection heating 
tubes Within the heating space and located to 
be shielded by Said enclosing wall structure, from 
direct radiation from the said source of combus 
tion gases extending longitudinally with respect 
to the heating space, passageways interconnecting 
the ends of Said heating Space with spaced points 
in Said combustion chamber, a Venturi con 
Striction Within said combustion chamber inter. 
mediate Said Spaced points, nozzle means for 
discharging a fluid jet into the throat of said 
Wenturi constriction, and a flue for discharging 
flue ga.S. 

6. A tube heater comprising a first inner wall 
of refractory material forming a vertical com. 
bustion chamber, a source of hot combustion 
gases near the bottom of said combustion cham 
ber, a Second outer Wall of insulating-refractory 
material Surrounding said first wall and spaced 
therefrom to form a vertically elongated heating 
Space therebetween, vertical convection heating 
tubes located entirely outside of said first, inner 
Wall and Within Said heating Space, passageways 
interconnecting the ends of Said heating space 
With Spaced points in said combustion cham 
ber above said source of combustion gases, a Wen 
turi constriction within said combustion cham 
ber intermediate Said spaced points, nozzle means 
for discharging a fluid jet upwardly into the 
throat of Said Wenturi constriction, and a fue 
for discharging flue gas. 

7. The tube heater according to claim 6 where 
in the flue is connected to the bottom of said 
heating Space. 

8. The tube heater according to claim 6 where 
in there are a plurality of passageways at each 
end of the heating space, the heating tubes and 
passageways are Spaced substantially, evenly 
about the combustion chamber and the flue come 
prises an annular fluebox surrounding the outer 
wall and in communication with said heating 
Space through a plurality of passageways. dis 
posed circumferentially with respect to the heat 
ing Space. 

9. A tube heater comprising an inner wall 
structure of refractory material forming a verti 
cal combustion chamber, Said. Wall. Structure"Come 
prising an open checkerwork section near the 
botton and a solid Section above said checkers 
work section, a plurality of circumferentially 
spaced openings at the top of said Solid, section, 
a Wenturi block within, said. Solid. Section. having 
one or more Venturi constrictions, a source of 
hot, cornbustion gases beneath said, open checker. 
work section, an outer wall of insulating or re 
fractory material surrounding said inner wall 
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8 
and Spaced therefrom to form a vertically elon 
gated heating Space therebetween, said space 
being in communication with the combustion 
chamber through said open checkerwork sec 
tion and said openings, a plurality of vertical 
convection heating tubes within said heating 
Space Spaced Substantially evenly about the com 
bustion chamber, a second, outer wall structure 
Surrounding. Said inner Wall and forming a flue 
bOX, passage-Ways interconnecting Said heating 
Space and said flue box at a plurality of points, 
a flue for discharging fiue gas from said fue 
box, and a damper for controlling the discharge 
of the flue gas. 

10. The heater according to claim 9 where 
in the fiue box is located near the bottom of the 
heating space. 

11. A method of heating flowing media, com 
prising flowing the medium to be heated through 
a tube, flowing an augmented stream of com 
bustion gases, described hereafter, through an 
elongated convection heating space longitudi 
nally with respect to said tube, thereafter admix 
ing at least a portion of the combustion gases 
With fresh, hot combustion gases, to form an 
augmented stream of combustion gases, forcing 
foW of the augmented Strean toward Said con 
Veetion. Space through the entraining action of 
a jet, thereby establishing a circulating stream 
of combustion gases, and removing a portion of 
said circulating stream. 

12. The method according to claim 11 where 
in the portion of the circulating stream is re 
moved from the augmented Stream immediately 
after passage thereof through the convection 
Space. 

13. The method according to claim 11 where 
in the flow of the augmented stream is induced 
by injecting a jet of a gas into a Venturi con 
striction. - 

14. A method of heating flowing media com 
prising flowing the medium to be heated through 
a plurality of vertical tubes, flowing an aug 
mented stream of combustion gases, described 
hereafter, downwardly through a vertically elon 
gated convection heating space along said heat 
ing tubes, thereafter admixing a portion of the 
combustion gases with fresh, hot combustion 
gases, to form an augmented stream of com 
bustion gases, inducing upward flow of the aug 
mented stream externally of said convection 
Space toward the top of said convection space by 
means of the entraining action of a jet, thereby 
establishing a circulating stream of combustion 
gases, and removing a portion of said circulat 
ing stream. 

15. The method aecording to claim 14 wherein 
the upward flow of the augmented stream is 
induced by injecting a jet of steam into a Venturi 
constriction. - 

KARL PERMANN. 
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