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[57] ABSTRACT 
The‘reaction apparatus comprises an annular nest of 
contact tubes in a reaction tank and connected into 
headers at their opposite ends, for passage of the reaci 
tion gas through the contact tubes in contact with cat 
alyst material in the tubes. A heat exchange medium is 
circulated by afan, pump or the like through an exter 
nal heat exchanger and is supplied and discharged 
through respective axially spaced annular supply and 
discharge conduits, to ?ow over the contact tubes. 
Baffles are arranged in the tank in a known manner to 
extend transversely ol’the length of the tubes to direct 
the heat exchange medium to flow alternately in op 
posed radial directions over the tubes between the 
supply and discharge conduits. At least one additional 
annular circuit is arranged at at least one point of the 
tank intermediate the supply and discharge conduits, 
is connected to the heat exchanger and the tank and 
supplies and discharges a regulable partial amount of 
the heat exchange medium. In one embodiment of the 
invention, several such additional annular conduits are 
arranged at respective points of the tank intermediate 
the supply and discharge conduits. In another embodi 
ment of the invention, diaphragms or partitions divide 
the tank into separate compartments each of which 
has a respective heat exchanger associated therewith. 

11 Claims, 6 Drawing Figures 
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REACTION APPARATUS FOR CARRYING OUT 
EXOTHERMIC AND ENDOTHERMIC CHEMICAL 
PROCESSES WITH RADIAL FLOW OF A HEAT 

EXCHANGE MEDIUM 

FIELD AND BACKGROUND OF THE INVENTION 

This invention is directed to reaction apparatus for 
carrying out exothermic and endothermic chemical re 
actions and, more particularly, to an improved heat ex 
change arrangement for such reaction apparatus. 

In a conventional design of such reaction apparatus, 
there is a tank in which there is arranged a vertical nest 
of contact tubes. These contact tubes, which contain a 
catalyst material, have their opposite ends secured, in 
a ?uid-tight manner, into respective headers and open, 
at their opposite ends, into upper and lower hoods con~ 
nected to the tank. The reaction gas ?owing through 
the contact tubes is supplied and removed through 
these hoods. 

In addition, a heat exchange medium generally is 
conducted through the space of the tank surrounding 
the contact tubes, in order either to absorb or to sup 
plement the heat released or used up, depending on the 
type of the chemical process. The heat exchange me 
dium is restored to its original temperature, after issu 
ing from the tank, by a cooling device or a heating de 
vice, depending on the type of the chemical process, 
before the heat exchange medium is again directed into 
the tank for a further ?ow cycle. . 

In order to assure uniform external heat transfer 
contact between the contact tubes and the heat ex 
change medium, in the axially traversed central region 
of the heat exchanger, there are provided distributor 
plates or baf?es defining ?ow cross sectional areas di 
mensioned and corresponding to the pressure loss of 
the heat exchange medium supplied and discharged, in 
the two end regions, transversely of the contact tubes 
and thus parallel to these distributor plates. 
A predominantly transverse flow of the heat ex 

change medium with respect to the contact tubes, in 
stead of the predominantly longitudinal ?ow, has al 
ready been provided by arranging deflecting plates or 
baf?es which provide alternate ?ow cross sections on 
opposite sides thereof, as disclosed in German pub 
lished Specification No. 1,039,040. However, such a 
flow course is not suitable for reaction apparatus with 
a high output, where the ratio of diameter to length of 
the reaction tank is relatively high, because of the large 
number of contact tubes. The ?ow resistance to the 
heat exchange medium through the many contact tubes 
extending in each course of the many de?ections trans 
verse to its direction of ?ow is likewise relatively high, 
because it requires, on the one hand, an uneconomi 
cally high circulation performance for the heat ex 
change medium and, on the other hand, an inadmissa 
bly large portion of the heat exchange medium ?ows 
through the gap between the various contact tubes and 
the de?ecting plates or baf?es. 
The drawbacks of a purely transverse flow of the heat 

exchange medium can be avoided by a radial flow, 
where the heat exchange medium is conducted, inside 
the reaction taznk, by the arrangement of deflection 
plates or baf?es having alternately a ?ow cross section 
in the center and a flow cross section on their outer 
edge, from the outside to the inside and from the inside 
to the outside. This arrangement is particularly suitable 
for ring-shaped or annular nests of tubes with a free 
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central space and for heat exchangers, and is shown, 
for example, in British Pat. No. 310,157. 

In connection with a‘ radial ?ow, it is advisable to ar 
range ring or annular conduits at the two ends of the 
reaction tank, with openings distributed evenly over 
the entire circumference for the uniform supply and 
discharge of the heat exchange medium. This is also 
known as shown in German published application 
1,601,162. 

In this type of reaction apparatus, it is frequently 
tried to keep the temperature difference of the heat ex 
change medium as constant as possible, both in the hor 
izontal section and between the inlet and outlet of the 
entire apparatus. In speci?c cases, it is necessary, how 
ever, not to keep the temperature constant along the 
contact tubes in order to achieve a maximum yield dur 
ing the‘reaction. 

SUMMARY OF THE INVENTION 

The present invention is based on the consideration 
of changing the temperature characteristic of the heat 
exchange medium along the contact tubes in a certain 
manner, and this requires additional measures to in?u- “ 
ence the elimination and the supply of heat. Accord 
ingly, the invention comprises, in connection with the 
uniform supply and discharge of the heat exchange me 
dium around the circumference, as well as the alter 
nately radially inwardly and radially outwardly directed 
?ow of the heat exchange medium, providing at least 
one additional ring circuit or annular conduit for the 
supply or discharge of an adjustable partial amount of 
the heat exchange medium, at at least one point inter 
mediate the annular discharge and supply conduits at 
the respective opposite ends of the reaction chamber or 
tank. 

In accordance with another feature of the invention, 
the gaps between the de?ecting plates or baf?es and 
the contact tubes are so designed that the transverse 
velocity of flow of the heat exchange medium is main 
tained substantially constant within a zone, which has 
the result that the heat transfer within a zone is also 
constant. In connection with varying intervals between 
the de?ecting plates or baffles, it is also possible to 
achieve that the temperature differences and the pres 
sure losses are reduced to a minimum in a horizontal 
section inside the zone. 

In accordance with another feature of the invention, 
the reaction tank is divided, by separating partitions or 
diaphragms extending transversely of the contact 
tubes, into two or more sections, with separate inlets 
and outlets for the heat exchange medium being ar 
ranged for each section. In this connection, it is advis 
able to provide a separate circulating pump or fan and, 
if necessary, also a separate heat exchanger for each 
zone of the heat exchange medium conducted through 
a section of the reaction tank. It is even possible to use 
different heat exchange media separated from each 
other by partitions or diaphragms, or to use different 
contact materials for the respective regions of the 
contact tubes, or to do both. 
An object of the invention is to provide an improved 

heat exchange arrangement for reaction apparatus for 
carrying out exothermic and endothermic chemical 
processes. 
Another object of the invention is to provide such a 

heat exchange arrangement in which the temperature 
characteristic of the heat exchange medium longitudi 
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nally of the contact tubes of the reaction apparatus can 
be changed in a certain manner. 
A further object of the invention is to provide such 

a heat exchange arrangement, for reaction apparatus in 
which the heat exchange medium is supplied and dis 
charged through respective axially spaced annular sup 
ply and discharge conduits, in which at least one addi 
tional annular conduit, for the supply or discharge of an 
adjustable partial amount of the heat exchange me 
dium, is provided at at least one point intermediate the 
supply and discharge conduits. 
Another object of the invention is to provide such a 

heat exchange arrangement in which the transverse ve 
locity of ?ow is kept substantially constant within the 
zone to maintain the heat transfer within the zone also 
constant. 
A further object of the invention is to provide such 

a heat exchange arrangement in which the temperature 
differences and the pressure losses are reduced to a 
minimum in a horizontal section inside a zone. 
For an understanding of the principles of the inven 

tion, reference is made to the following description of 
typical embodiments thereof as illustrated in the ac 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the Drawings: 
FIG. 1 is a vertical sectional view of a reaction tank, 

embodying the invention, with an external heat ex 
changer; 
FIGS. 2 and 3 are diametric sectional views taken on 

the line ll-ll and Ill-Ill, respectively, of FIG. 1; 
FIG. 4 is a vertical sectional view of another reaction 

tank embodying the invention and also provided with 
external heat exchanger means; 
FIG. 5 is a vertical sectional view through still an 

other reaction tank embodying the invention; and 
FIG.‘ 6 is a detailed sectional view illustrating the 

contact tubes as rolled to attain a ?uid-tight fit in a par 
tition. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIG. 1, a substantially cylindrical 
reaction tank 1 has arranged therein a ring-shaped or 
annular nest of contact tubes 2 whose opposite ends are 
secured, in ?uid tight relation, in upper and lower 
headers 3 and 4, respectively, and open into respective 
adjoining hoods or chambers 5 and 6. The contact 
tubes 2 are filled, as usual, with a catalyst material, and 
they are traversed by a reaction gas from either the top 
to the bottom or from the bottom to the top thereof. 
Several horizontal de?ecting plates or baf?es extend 

transversely relative to contact tubes 2 in vertically 
spaced relation to each other, so as to leave ?ow cross 
sections therebetween. The de?ecting plates or baf?es 
are arranged in two groups, one comprising the de?ect 
ing plates or baf?es 7 secured at their outer ends to the 
inner surface of the side wall of reaction tank 1 and the 
other comprising the de?ecting plates or baf?es 8 se 
cured at their centers to a vertical tube 9. De?ecting 
plates 7 have their inner ends spaced from tube 9, and 
de?ecting plates 8 have their outer ends spaced from 
the side wall or reaction tank 1. In addition, the de?ect 
ing plates or baf?es have annular slots through which 
the contact tubes extend, and whose width, and thus 
the ?ow cross section, is slightly differently dimen 
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4 
sioned, if necessary, in order to attain, by the resulting 
leakage currents, a possibly uniform velocity of ?ow 
and thus a possibly uniform heat transfer within the in 
dividual radial ?ow zones between the alternating de 
?ecting plates and baf?es 7 and 8. 
For the supply and discharge of a heat exchange me 

dium, which is to absorb the heat released in the 
contact tubes during the reaction when carrying out an 
exothermic chemical process, reaction tank 1 is con 
nected at its upper and lower ends to respective ring or 
annular conduits 12 and 13 through respective open 
ings 10 and 11 distributed substantially uniformly 
around the circumference of reaction tank 1. Annular 
conduits l2 and 13 are connected, by respective nip 
ples 14 and 15, to the housing 16 of a cooler forming 
an external heat exchanger, and in which is arranged a 
spiral tube 17 having external inlets and outlets. In ad 
dition, an axial ?ow pump or fan, driven by an electric 
motor 18, is mounted from the top into the housing 16 
of the heat exchanger. 
At a point intermediate annular conduits l2 and 13 

there are arranged, directly above and below an annu 
lar de?ecting plate or baf?e 7, having its outer periph 
ery sealed to the shell or side wall of reactiontank 1, 
two additional annular conduits 20 and 21 which are 
also connected to the interior of reaction tank 1, sur 
rounding contact tubes 2, through openings 22 and 23, 
respectively, distributed around the circumference. 
Annular conduits 20 and 21 are also connected, by nip 
ples 24 and 25, respectively, to the cooler housing 16. 
The ?ow cross section of the nipples 24 and 25 can be 
varied by respective adjustable throttle elements 26 
and 27. 
The apparatus operatesin a manner which will now 

be described. The heat exchange medium, circulated 
by axial ?ow pump or fan 19 through reaction tank 1 
and cooler housing 16 in the direction of the arrows, 
enters reaction,tank 1 through upper nipple 14, upper 
annular conduit 12 and the respective circumferen 
tially spaced openings 10. From there, the heat ex- _ 
change medium initially ?ows inwardly through the top 
section of contact tubes 2 between upper header 3 and 
the uppermost annular de?ection plate or baf?e 7. 
After reversal of the direction of ?ow in the tube-free 
central part of the interior of reaction tank 1, the heat 
exchange medium ?ows between the top de?ection 
plate or baffle 7 and the de?ection plate or baf?e 8 im 
mediately therebelow and radially outwardly toward 
the shell or side wall of reaction tank 1. These alternat 
ing inward and outward ?ows are repeated several 
times, until the heat exchange medium enters cooling 
housing 16 at the bottom end of reaction tank 1 
through circumferential openings 11, annular conduit 
13 and nipple 15 to give off the heat absorbed from the 
contact tubes 2 to the spiral tube 17 which is traversed 
by a cooling medium. 
Since most of the heat is generated in the upper range 

of the reaction tank 1, a part of the heat exchange me 
dium is returned to the cooler housing 16, after a corre 
sponding temperature increase and inner de?ection, by 
annular conduit 20 and nipple 24. Another part is re~ 
turned to cooler housing 16 after the next inner de?ec 
tion, through annular conduit 21 and nipple 25, while 
the balance of the heat exchange medium remains in 
reaction tank 1 to the bottom end thereof. By regulat 
ing the previously branched off partial amounts by 
means of the throttle elements 26, 27, it is possible to 
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achieve a certain temperature characteristic of the heat 
exchange medium in the longitudinal direction of 
contact tubes 2 corresponding to the amount of heat, 
which varies from the top to the bottom. 
FIGS. 2 and 3 illustrate, in a cross section through the 

annular conduits 12, 13 and the respective circumfer 
ential openings 10 and 11, the uniform radial supply 
and discharge of the heat exchange medium. 
FIG. 4 illustrates another arrangement of the circu 

lating system for the heat exchange medium in accor 
dance with the invention. In addition to the supply of 
the heat exchange medium through annular conduit 29 
arranged at the upper end of reaction tank 28, and dis 
charged through an annular conduit 30 arranged at the 
bottom end, there is both an additional discharge and 
an additional supply of regulable partial amounts of the 
heat exchange medium at various levels between the 
upper and lower ends of the reaction tank 1. This is ef 
fected through a group of three annular conduits 31, 32 
and 33 and a group of two annular conduits 34 and 35, 
whose nipples connecting the same to heat exchangers 
are provided with throttle elements 36. Annular con 
duits 31, 32 and 33, serving for the additional discharge 
of heat exchange medium, are connected to the suction 
side ofa circulating pump or fan 37 in a heat exchanger 
housing 39. Annular conduits 34 and 35, serving for the 
additional supply of heat exchange medium, are con 
nected to the pressure side of a second circulating 
pump 38 in a respective heat exchanger housing 40. 

In housing 39, there is arranged a spiral tube 41 tra 
versed by a cooling medium and having external inlets 
and outlets, so that the partial amounts of the heat ex 
change medium discharged additionally through annu 
lar conduits 31, 32 and 33 are cooled to be returned 
conjointly through the top annular conduit 29 to reac 
tion tank 28. The amounts of cooling medium and the 
amount of heat discharged are regulated by means of 
a valve 41a in dependence on the temperature at a cer 
tain point a in reaction tank 28. 

In the range of the additional supply of regulable par 
tial amounts of heat exchange medium, however, spe 
cial cooling is not necessary as this is already effected 
by the mixing of the heat exchangemedium with the 
additionally discharged circulating partial amounts. 
The amount of heat thus withdrawn effects an intensive 
circulation in the lower range of reaction tank 28. 
The desired temperature characteristic of the heat 

exchange medium, longitudinally of the contact tubes 
which have not been shown in‘ FIG. 4, is obtained by 
adjusting throttle elements 36 in the cycle of the dis 
charged and supplied partial amounts of heat exchange 
medium. These throttle elements can be adjusted ini 
tially by hand and can then remain in a certain adjusted 
position. ’ 

FIG. 5 illustrates an embodiment of the invention 
wherein a reaction tank 42 is divided, by separating 
partitions or diaphragms 43 and 44, into three super 
posed sections 42', 42" and 42"’ which are not con 
nected with each other. As far as the operation is con~ 
cerned, each of these three sections can be considered 
as a reactor or as any other heat exchanger with its own 
circulating pump and its own regulation. In section 42’, 
the heat exchange medium is circulated by means of 
pump or fan 45, being supplied and discharged through 
annular conduits 46 and 47. Section 42’ is exothermic, 
and has a lower temperature than the adjacent section 
42". Regulation of section 42" is effected in a manner 
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6 
such that a partial amount of the relatively colder heat 
exchange medium, which can be varied by means of 
regulating element 48, is supplied from section 42". 
Adjustment of regulating element 48 is effected auto 
matically in dependence on the temperature at a cer 
tain point b in section 42’ of reaction tank 42. 
An equal partial amount of the heat exchange me 

dium is withdrawn from the cycle of section 42' 
through line 49 and is fed to the cycle of the adjacent 
section 42" in the range of the respective pump 50 and 
the spiral tube 51 traversed by a cooling medium. The 
temperature regulation of the heat exchange medium 
discharged in this region 42" through annular conduit 
52 and supplied again through annular conduit 53 is ef 
fected by the amount of cooling medium flowing in spi 
ral tube 51, and this latter amount can be regulated by 
means of regulating element 54. 

Section 42"’ is endothermic and has a higher tem 
perature level than the other two sections 42’ and 42". 
In the case of section 42"’, the heat exchange medium, 
supplied through annular conduit 55 and discharged 
through annular conduit 56, and whose circulation is 
maintained by pump or fan 57, gives off heat to the 
contact tubes in the range adjacent section 42", and 
the heat thus given off is resupplied to the beating me 
dium by the heating medium flowing through the spiral 
tube 58. The amount of heating medium is varied by 
means of a regulating element 59. 

In section 42”’, the heat exchange medium is con 
ducted radially to the nest of contact tubes only in the 
end regions adjacent annular conduits 55 and 56, as 
can be seen from the arrows, that is, transversely of the. 
individual contact tubes. In the interposed central re 
gion, the heat is conducted to the tubes parallel to the 
longitudinal extent of the latter. Such a flow course is 
attained, in a known manner, by the arrangement of the 
two deflecting plates or baf?es 60 and 61 which delimit 
the central region with respect to the two end regions. 
Unlike the de?ecting plates or baffles 7 and 8 of FIG. 
1, which are arranged between two adjacent radial flow 
regions, baffles 60 and 61 extend across the entire inte 
rior of reaction tank 42 and have openings whose cross 
sections increase in correspondence with the pressure 
gradient on the in?ow side of the plates or baffles in the 
range of the individual contact tubes, to achieve a uni 
form flow of the heating medium with respect to all the 
contact tubes, if at all possible. 
For the supply and discharge of the heat exchange 

medium in the reaction tank 42, the annular conduits 
46 and 47, 52 and 53, and 55 and 56 are arranged, in 
the embodiment of FIG. 5, inside the double-walled re 
action tank. The deflection plates and baffles and the 
separating partitions or diaphragms extend up to the 
outer wall of the tank shell to delimit the annular con 
duits. 
FIG. 6 is a detail view illustrating how a sealed rela 

tion or packing of the sections 42', 42" and 42'” can 
be attained by rolling contact tubes 2 into the separat 
ing partitions or diaphragms 43 and 44. 

It is also possible to arrange, in correspondence with 
the various reaction processes in individual sections in 
side the contact tubes, different catalysts, or inert ma 
terials, which can be separated from each other, if nec 
essary, by corresponding superposed tube closers. 
Also, all embodiments of the invention with cooling de~ 
vices can also be used in reaction apparatus for endo 
thermic chemical processes. It is only necessary to re 
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place the coolers by heaters to bring the heat exchange 
medium again to its original temperature, after it has 
given off its heat to the contact tubes. 
While speci?c embodiments of the invention have 

been shown and described in detail to illustrate the ap 
plication of the principles of the invention, it will be un 
derstood that the invention may be embodied other 
wise without departing from such principles. 
What is claimed is: 
1. In a reaction apparatus for carrying out exother 

mic and endothermic chemical reactions, of the type 
having an annular nest of contact tubes in a reaction 
tank and over which a heat exchange medium, circu 
lated by forced flow producing means through an exter 
nal heat exchanger and supplied and discharged 
through respective axially spaced annular supply and 
discharge conduits connected to the heat exchanger, is 
directed to flow, the improvement comprising, in com 
bination, baffle means arranged in said tank to extend 
transversely of the length of said tubes to direct the 
heat exchange medium to flow alternately in opposed 
radial directions over said tubes between said supply 
and discharge conduits; and at least one additional an 
nular conduit, at at least one point of said tank interme 
diate said supply and discharge conduits, connected to 
said heat exchanger and said tank and supplying and 
discharging a regulable partial amount of the heat ex 
change medium. 

2. In a reaction apparatus, the improvement claimed 
in claim 1, in which said tank has a cylindrical side wall 
and a support extending centrally axially thereof; said 
baffle means including first annular baffles secured at 
the radially outer ends to said circumferential wall and 
having radially inner ends spaced from said support, 
and second baf?es secured to said support and having 
radially outer ends spaced from said cylindrical wall; 
there being two said additional annular conduits ar 
ranged on respective opposite sides of one of said first 
baf?es and discharging a regulable partial amount of 
the heat exchange medium into said external heat ex 
changer. 

3. In reaction apparatus, theimprovement claimed in 
claim 1, including respective conduits connecting each 
said additional annular conduit to the associated heat 
exchanger; and respective throttle valves in each con 
duit. 

4. In reaction apparatus, the improvement claimed in 
claim 1, including a first series of said additional annu 
lar conduits communicating with an upper section of 
said reaction tank and withdrawing heat exchange me 
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8 
dium from said reaction tank and discharging the with 
drawn heat exchange medium into said heat exchanger 
for return to said annular supply conduit; and a second 
series of said additional annular conduits communicat 
ing with said reaction tank over a lower portion thereof 
and with said annular discharge conduit; said second 
series of additional annular conduits supplying heat ex 
change medium from said annular discharge conduit to 
said‘ reaction tank. - . 

5. In reaction apparatus, the improvement claimed in 
claim 1, including at least one partition extending 
transversely of said reaction tank and dividing said re 
action tank into at least two sections; each section hav 
ing respective inlets and outlets for the heat exchange 
medium. 

6. In reaction apparatus, the improvement claimed in 
claim 5, in which said forced flow producing means 
comprises respective circulating pumps for each said 
reaction tank section operable to circulate the heat ex 
change medium through the respective reaction tank 
section. ' g - 

7. In reaction apparatus, the improvement claimed in 
claim 5, in which said contact tubes extend in ?uid 
tight sealed relation through said partitions. 

8. In reaction apparatus, the improvement claimed in 
claim 1, in which said baffle means comprises a series 
of baf?es spaced apart axially of said reaction tank, 
each baffle being formed with openings through which 
said contact tubes extend; and each opening being 
larger than theadjacent contact tube to define an annu 
lar flow passage, and the passages in respective baf?es 
having different sizes to attain a uniform heat transfer, 
between axially adjacent baf?es, between the contact 
tubes and the heat exchange medium. 

9. In reaction apparatus, the improvement claimed in 
claim 1, in which said baf?e means comprises a series 
of baf?es spaced apart axially of said tank; the axial 
spacing between adjacent baf?es being adapted to the 
quantity of heat exchange medium flowing through 
each space de?ned by a pair of axially spaced baffles. 

10. In reaction apparatus, the improvement claimed 
in claim 1, in which said reaction tank has a double side 
wall including inner and outer cylindrical walls spaced 
radially from each other; said annular conduits being 
defined, in part, by said inner and outer tank walls. 

11. The improvement claimed in claim 5, in which 
the respective tube sections extending through each re 
action tank section contain respective different filling 
materials. 

' * '>|= * * * 


