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This invention relates to a heating furnace
and to a heating method in which the medium
to be heated flows through a number of tubes
arranged vertically or practically vertically
around a central combustion chamber, and
which is designed to prevent the heating of the
medium to an excessive temperature., A furnace
constructed according to this invention is, for
example, particularly useful in the conversion
of dichloro-ethane into vinyl chloride and hy-
drochloriec acid, which is an endothermic reaction
taking place at about 500° C. Another example
of the use to which such a furnace may be put
is the cracking of hydrocarbon oil.

In furnaces designed for heating flowing
media to elevated temperature difficulty is fre-
quently experienced due to uneven heating of
the tubes, resulting frequently in local overheat-
ing and in temperature fluctuations in the flow-
ing media within the heating tubes as they pass
from points having different temperatures. Also,
fluctuations in the operation of the burners and
in the rate of flow of the media to be heated
often leads to unsteady operations.

When combustion gases are circulated by means
of fans or ventilators, difficulties are often ex-
perienced in supporting the revolving shaft in
the bearings, e. g., ball, roller or sliding bearings,
because even though the bearings are located
outside of the high temperature space it is de-
sirable, for obtaining adequate support, to mount
the bearing as near as possible to the fan blades
operating within the high temperature space.
As a result of heat flow through the fan shaft

the bearing temperature often rises to an un- ;

desirable level.

It is an objeet of the present invention to pro--

vide an improved tube furnace and an improved
method of heating flowing media wherein heat
of substantially uniform intensity is distributed
throughout the lengths of the heating tubes and
about their circumferences.

Another object is to provide an improved tube
furnace wherein an appreciable part of the heat
is transferred to the tubes by radiation in a man-
ner that fluctuations in the rate of flow of the
medium to be heated and/or in the rate of heat
generation in the combustion zone will result
in only minor variations in the temperature of
the medium to be heated.

Still another object is to provide a furnace of
‘thie type described wherein combustion products
a ‘e recirculated through a plurality of separate
e.ongated heating passages or channels enclos-
i1ig individual heating tubes, whereby the tubes
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are heated in part by convection and in part by
radiation from the surrounding walls of the heat-
ing passages. .

A further object is to provide an improved
heating furnace wherein combustion gases are
circulated through a combustion chamber and
through a series of heating passages or chan-
nels, the furnace having a fan for inducing such
circulation. Ancillary thereto, it is an object to
provide an improved mounting for the fan, per-
mitting its bearings to be located near to the
combustion chamber without danger of over-
heating such bearings.

Additional objects will become apparent from
the following description, wherein one specific
form of the invention is described by way of
example.

The furnace according to the invention is con-
structed to preclude excessive heating of the
medium to be heated and to effect the transfer
of the greatest practicable amount from the com-
bustion gas to the medium to be heated. To
this end each of the heating tubes is housed in a
separate channel or heating passage through
which hot gases are flowed; the top and bottom
ends of these channels are connected to a cen-
trally located combustion chamber within which
one or more burners and ventilators are fitted,
the latter serving to circulate the heating gases
through the channels and the combustion cham-
ber. The circulation of the hot gases makes it
possible to maintain their temperature economi-
cally and easily within desired limits, and the
central location of the combustion chamber and
its symmetrical construction insure an even dis-
tribution of the gases among the various chan-
nels, Axial symmetry is maintained as far as
possible also in the discharge of the spent heat-
ing gases from the furnace, and in the supply
and withdrawal of the medium to be heated, so
as to obtain the same temperature conditions in
the different heating tubes.

The burner or burners may be suitably ar- .
ranged in the bottom of the combustion cham-
ber, so that the circulation may be aided by
thermosyphonic action. The ventilator or fan
may be fitted at any part within the combus-
tion chamber, but is preferably near the top to
facilitate mounting the bearings outside of the
combustion space and avoid the use of long drive
shafts which are injured by overheating. Con-
sequently, the heating gases flow downwards
through the heating channels, The medium to
be heated may be flowed through the heating -
tubes in either direction: If less heat is desired
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in the last portion of the heating operation, the
medium is flowed through the heating tubes con-
currently with the heating gases, i. e., down-
wardly; if, however, the medium requires the
greatest supply of heat at the end of its path
through the furnace, it is passed countercur-
rently to the heating gases. The former re-
quirement would arise, for example, in the case
of most endothermic reactions, wherein the re-
actants must be brought up to reaction tempera-
ture in the first portion of their travel through
the furnace, but only the heat of reaction needs
to be added during its subsequent passage. The
latter requirement would arise in the case that

the reactants are brought up to reaction tem-

perature by a pre-heater and/or where an in-
creased reaction temperature is desired after the
complete or partial consumption of one of the
reactants in the initial part of the reaction.:

Because the heating tubes are housed in chan-
nels the walls of which are heated to a high tem-
perature by the heating gases passing there-
through, an appreciable portion of the heat is
transferred to the heating tubes by radiation
from the walls of these channels. This has the
great advantage that if, by some cause or other,
convectional heating of the tubes is less or more
than normal, the total heating will deviate less
from the normal value. This is due to the fact
that the surrounding refractory, fire-proof or in-
sulating material forming the walls of the chan-
nels has a high heat capacity, as a result of which
the temperature. of such walls will not fluctuate
rapidly from the normal, but will tend to main-
tain a more or less steady temperature. Since the
transfer of heat from such walls to the heating
tubes by radiation takes place at a rate which is
highly dependent upon the difference between
the temperatures of the heating tube and the
wall of the channel, a slight fluctuation in the
temperature of the heating tube will already ef-
fect an appreciable compensation by a change in
the rate of radiant heat transfer.

To permit mounting the supporting bearing
for the fan near to the combustion chamber the
bearing is not directly in contact with the fan
shaft, but is connected to a sleeve or bushing
which is spaced from the shaft to provide a pas-
sage for the circulation of a cooling agent be-
tween the shaft and the bushing, thereby keeping
the latter and the bearing comparatively cool.. As
a cooling agent use is preferably made of air
which can be sucked or forced through the space
between the shaft and the bushing by any means,
such as an auxiliary fan connected to the bushing
or to the shaft itself. The shaft is supported from
the bushing through the auxiliary fan or by
radial fins bridging the aforesaid space. Such a
bearing arrangement may be applied also to other
installations wherein s device is mounted on 8
revolving shaft which extends into heated sur-
roundings; for example, it may be used for shafts
which drive stirrers for hot liquids, gas or steam
turbines, rotary pumps for hot liquids, etec.

The invention will be described more particu-
larly by reference to the accompanying drawings
forming a part of this specification and illustrat-
ing a specific embodiment, wherein:

Fig. 1 is a vertical cross-sectional view of a
furnace according to the invention, parts being
shown in elevation;

Figs. 2 and 3 are sectional views taken on line
2—2 and 3—3, respectively, of Fig. 1; and

Fig. 4 is an enlarged fragmentary vertical sec-
tional view of the shaft mounting for the fan.
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The furna.ce is supported by uprights carrying
I-beams { and a base 2 supporting the lower wall
3, which may be refractory material and is pro-
vided with one or more openings 4 for burners 5.
The burners may be of any desired type, for ex-
ample, of the type admitting gaseous fuel and
air. The intermediate furnace section is formed
as an annular wall 6 of heat insulating material
enclosed, if desired, in fire-proof alloy sheathing
T and 8 which is capable of withstanding com-
bustion temperatures. I may, however, dispense
with the sheathing on the inside, or on both in-
side and outside, and use conventional refractory.
The central space 9 within the wall § constitutes
the combustion chamber. Within the wall 6 and
regularly distributed over the circumference are
a plurality of vertical cylindrical channels {0 of
circular cross-sections, optionally lined with alloy
sheathing {1 of the type described above. These
vertical channels form heating spaces and are
joined at the top to an annular space {0a which
is connected to the combustion chamber §
through radial passages supportfing stationary
fan blades {8a. The lower ends of channels 10
are connected to combustion chamber 8 through
radial passageways 10b. The top wall {2 may
likewise be lined with sheathing and made of heat
insulating material, or may be unlined and of
rigid, refractory. It has a central opening
through which a shaft 13, supporting the ro-
tating blades (4§ of the fan, extends into the com-
bustion chamber. The fan shaft is driven by an
electric motor {5. A plurality of radial ports {6,
preferably at least three in number, and uni-
formly spaced circumferentially, pierce the wall
6 and connect the space {0a to an annuiar pipe
7 connected to a flue i8. The fan 1§ malintains
a constant ecirculation of hot gases upwardly
through the combustion chamber; radially out-
wardly into the space i0a, from which the gases
are evenly distributed into the several heating
channels §6; and into the bottom of the com-
bustion chamber through the passageway (0b.
Additional combustion gases are continually sup-
plied by the burner 5 and a corresponding amount
of excess gas is drawn off through the ports {6
and circular pipe £7.

A vertical heating tube 20 extends from the top
to the bottom of -each heating channel and is
mounted concentrically therein, leaving sufficient
space between the tube and the wall of the chan-
nel to permit hot gases to circulate. The medium
to be heated is supplied to a manifold 2{ con-
nected by tubes 22 to the heating tubes 20. A
circular discharge line 23 is mounted beneath the
heating tubes and connected thereto. These con-
nections insure an equal distribution of the me-
dium to be heated over the several heating tubes.
Since moreover, the symmetrical arrangement of
the heating channels about the central combus-
tion chamber causes the hot gases to be equally
distributed among the heating channels, the con-
ditions for an equal supply of heat to the medium
to be heated in the various tubes are thereby ful-
fllled. By the rapid circulation of the heating
gases caused by the fan {4 the temperature dif-
ference between the gas which enters and that
which leaves the heating channels may be com-
paratively slight, for example, about 30° C. Any
point on the outer walls of the heating channels
will have a higher temperature than the oppo-
site wall, i. e., than the wall of the heating tube
through which the medium to be heated flows.
This results in the absorption of heat by the heat-
ing tube not only by convection from the hot gases
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but also by radiation from the outer wall of the
heating channel enclosing the tube; this is a fac-
tor of great importance in the furnace and in the
improved method of heating according to the in-
vention, because thereby a fluctuation in the tem-
perature of the heating.gases does not cause a
proportional fluctuation in the heat absorption of
the heating tube. This is explained by the fact
that a decrease (or increase) in the heat absorbed
directly by convection from the heating gas is
partially compensated automatically by an in-
crease (or decrease) of the heat absorbed by ra-
diation, which is due to the circumstance that
the temperature of the wall of the channel follows
changes in the temperature of the heating gas
only slowly. The outer walls of the heating chan-
nels have sufficiently high heat capacity to main-
tain a more or less even temperature despite fluc-
tuations in the temperature of the heating gases.
The heat transmitted from the outer walls to the
heating tubes by radiation is strongly dependent
on the difference in temperature between the
emitting body (in this case the outer wall of the
channel) and the absorbing body (in this case the
heating tube 20); consequently, a slight temro-
rary change in the temperature of the latter
causes a comparatively great change in the rate
of heat transfer by radiation.

Referring to Fig. 4, the shaft 13 is supported by
two bearing blocks 24 ind 25 carried by a rigid
structure or block housing 26 mounted over the
top of the combustion chamber. This construc-
tion also carries the motor 5. The upper bearing
block 24 is fitted in a horizontal partition 27 and

supports the shaft 13 in the conventional man- 3

ner through a bearing race. The bearing 285,
nearer the combustion chamber, is fitted in a
frusto-conical partition 28 and has its rotatable
race connected to a bushing 29, which surrounds
the shaft 13 but is spaced therefrom to provide
an annular space therebetween. The bushing 23
is formed integrally with (or may be formed sep-
arately and rigidly attached to) an auxiliary im-
peller fan, having an upper, flat conical disc 30
forming the upper wall of the fan, and having fan
blades 31 on its lower surface. A second, flat,
conical disc 32, forming the lower wall of the fan
is bolted to the rim of the disc 30, the latter hav-
ing downward projections to provide a plurality
of radial ports 33 between the two rims. The cen-
tral portion of the disc 32 has a bushing fitting
snugly about the shaft 13 and up against a shoul-
der of the shaft, as shown, thereby affording sup-
prort for the shaft 13 from the lower bearing block
25. A spacer sleeve 34 on the shaft 13 abuts the
disc 32 and the hub of the fan {4 when a nut 35
is tightened. Pan blades 31 are shaped to draw
air in through the space between the bushing 29
and the shaft I3 and discharge it through the
openings 33. This air is sucked into the housing
26 through one or more openings 36 and is ex-
pelled therefrom through one or more openings
31. The ball bearing block 25 is thereby kept cool
because the cooling air circulates not on'y be-
tween it and the shaft 13 but also between it and
the upper wall [2 of the combustion chamber.
This cooling of the shaft {3 alsc lessens the heat
transmitted to the bearing block 24. It will be
noted that the partition 28 divides the housing
26 into an upper supply chamber and a lower dis-

charge space for the cooling air. It is evident that:

any other cooling fluid, other than air, may be
used by applying supply and discharge conduits
to the openings 36 and 37 respectively.
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the heating gases and the medium to be heated
flow concurrently, i. e., downwards. Such an ar-
rangement is useful, for example, in the con-
version of dichloro-ethane into vinylchloride and
hydrochloric acid gas, which endothermic reac-
tion takes place at approximately 500° C., and the
combustion gases may, for example, be main-
tained at frem 500-600° C. The conversion tem-
perature is to be maintained as uniformly as pos-
sible, and it is important to avoid too great a
difference in temperature between the reaction
gas mixture and the heating gas in the part of the
heating tube where-the reaction takes place, i. e.,
the lower part of the tube. In the upper part,
wherein the dichloro-ethane is heated to the re-
action temperature, greater differences in tem-
perature between the heating gas and the reac-
tion mixture are permissible without causing any
detrimental effect. In this particular case, heat-
ing in concurient flow is most suitable. For other
applications of the furnace countercurrent flow
may, of course, be more appropriate, wherein the
medium to be heated is flowed upwardly through
the heating tubes.

The furnace may be modified in several re-
spects. Thus, for example, the discharge of ex-
cess combustion gases may be effected from the
bottom of the heating channels, where a lower
temperature prevails, whereby less heat is dis-
charged with the spent gases. If rapid circulation
is not required, the fan 14 may be omitted and
thermosyphonic action may be relied upon for
circulation. :

The shaft mounting is claimed in divisional ap-
plication Ser. No. 137,131, filed January 6, 1950.

I claim as my invention:

1. A furnace for heating flowing media com-
prising, in combination, a combustion chamber

“having a source of combustion gases, a plurality

of heating tubes for the passage therethrough
of the medium to be heated, radiant walls sub-
stantially surrounding each of said heating tubes
and providing a separate annular heating chan-
nel between each tube and its surrounding wall,
passageways between the ends of said heating
channels and sald combustion chamber, and a
fan for circulating hot combustion gases through
said passageways, heating channels, and com-
bustion chamber.

2. The furnace according to claim 1 wherein
the source of combustion gases comprises a fuel
burner at the bottom of the combustion chamber
and the fan is located within and at the top of
the combustion chamber.

3. The furnace according to cldaim 1 wherein
the radiant walls surround the individual heated
tubes completely and each heating channel con-
stitutes a separate closed channel having exter-
nal flow connection for the passage of gases only
through said passageways.

4. A furnace for heating flowing media com-
prising, in combination, a combustion chamber
having a source of combustion gases, a plurality
of substantially vertical heating tubes for the
passage therethrough of the medium to be
heated, said heating tubes being arranged around
the combustion chamber, radiant walls substan-
tially surrounding each of said heating tubes
and providing a separate annular heating chan-
nel between each tube and its surrounding wall,
and radial passageways between the upper and
lower ends of each of said heating channels and
said combustion chamber. ’

5. A furnace for heating flowing media com-

In the furnace illustrated and described above, _” prising, in combination, a combustion chamber
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having a source of combustion gases, a plurality
of substantially vertical heating tubes for the
passage therethrough of the medium to be
heated, said heating tubes being arranged around
the combustion chamber, radiant walls substan-
tially surrounding each of said heating tubes and
providing a separate annular heating channel
between each tube and its surrounding wall, ra-
dial passageways between the upper and lower
ends of each of said heating channels and said
combustion chamber, and a fan for circulating
hot combustion gases radially outwardly from
the combustion chamber to the top ends of said
heating channels.

6. The furnace according to claim 5 wherein
the fan is located within and at the top of the
combustion chamber and is provided with blades
discharging hot combustion gases radially out-
wardly through said radial passageways at the
upper ends of said heating channels.

7. In combination with the furnace according
to claim 5, a motor for said fan mounted outside
and above the combustion chamber, a shaft ex-
tending downwardly from the motor into the

combustion chamber and connected at the bot- -

tom to said fan, a bearing mounted about said
shaft outside of the combustion chamber, a bush-
ing surrounding said shaft and rotatably sup-
ported by said bearing, and means supporting
sald shaft from sald bushing, said shaft and
bushing being spaced apart to provide a passage
therebetween for the passage of a cooling agent.

8. In combination with the furnace according
to claim 5, a circular discharge line for spent
heating gases surrounding the heating channels,
and a plurality of at least three passageways
connecting the furnace with said discharge line,
said passageways being equally spaced along the
circumference of the furnace.

9. In combination with the furnace according
to claim 5, a supply conduit for the medium to be
heated, and a manifold connected to said supply
conduit, each of said heating tubes being con-
nected at their upper ends to said manifold.

10. In combination with the furnace accord-
ing to claim 5, a circular discharge line for the
heated medium substantially opposite the ends
of said heating tubes, each of said heating tubes
being connected to said circular discharge line.

11. A furnace for heating flowing media com-
prising, in combination a combustion chamber
having g source of heat and a top wall, a plurality
of heating tubes for the passage therethrough of
the medium to be heated, radiant walls substan-
tially surrounding each of said heating tubes and
providing a separate annular heating channel
between each tube and its surrounding wall, pas~
sageways between the ends of each of said heat-
ing channels and said combustion chamber, a
fan within the combustion chamber near the
top thereof for circulating hot combustion gases
through said passageways, heating channels and
the combustion chamber, a drive shaft for said
fan extending through said top wall, means for
driving said shaft, a bearing surrounding said
shaft outside the combustion chamber and in close
proximity to said top wall, a bushing surround-

(=]

20

ing sald shaft and rotatably supported by said
bearing, said shaft and bushing being paced apart
to provide & passage therebetween for the pas-
sage of a cooling agent, means supporting said
shaft from said bushing, and a fan on said drive
shaft outside of said combustion chamber ar-
ranged to circulate a cooling agent through said
passage. J

12, A furnace for heating flowing media com-
prising, in combination, an annular wall of heat
insulating material providing therewithin a cen-
tral, vertical combustion chamber, a source of
combustion gases for said combustion chamber,
a plurality of separate vertical heating channels
formed in said wall, said heating channels being
distributed evenly along said annular wall, pas-
sageways between the upper and lower ends of
each of said heating channels and said combustion
chamber, a fan for circulating hot combustion
gases through said passageways, heating chan-
nels and combustion chamber, and a heating
tube for the medium to be heated within each
of said heating channels and spaced from the
walls thereof. .

13. The furnace according to claim 12 wherein
each heating channel is of substantially circular
cross-section and is concentric with the heating
tube mounted within it.

14. A method of heating flowing media com-
prising flowing the medium to be heated through
an elongated tube, flowing hot combustion gases
through an annular heating channel surround-
ing said heating tube and providing an elongated

- radiant surface surrounding said heating tube,
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thereby heating said heating tube and said radi-
ant surface by convection and heating said heat-
ing tube uniformly circumferentially by radia-
tion from said radiant surface, and recirculating
said hot gases through a combustion chamber to

‘maintain the desired temperature of said gases.

15. A method of heating flowing media com-
prising flowing different portions of the medium
to be heated through a plurality of elongated
heating tubes connected in parallel, flowing
hot combustion gases concurrently with the me-
dium to be heated through separate annular
heating channels surrounding each of said heai-
ing tubes, said heating channels providing elon-
gated radiant surfaces surrounding the several
tubes, thereby heating said heating tubes and
radiant surfaces by convection and heating said
heating tubes uniformly -circumferentially by
radiation from said radiant surfaces, and recir-
culating said hot gases through a combustion
chamber fo maintain the desired temperature
of said gases.

JOHANNES A. SCHUURMAN.
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