March 25, 1969

Filed July 20, 1967

20

G. IBING ETAL
REACTOR WITH HEAT EXCHANGER

~G. 7

|
/4 ik
I h yali
T el WY s
I T

LI

| |_i }"‘I’ . [ ll ['f;l !}II.I
=2 e ot LN iy

|l

e ke

-wﬂﬂm4|

li

.m

Tl

=

3,434,807

Sheet _/ of 2

}". ) /
K
"
e L
il :
= i
i i
AHCR il
— |
..... !
| B
I.' ' ;
i .
IR
e |
T

1
[ <=, . !
O A At i B
it 7 ST it ]
R gg,? - il - _1._:‘: oir: =
___‘—__—_———\—"'—-':- e
“\\\\ T~ T
— e | TEAOFATURE
e FESPONSIVE
,3 ’ COATIREL.

| INVENTORS:
A

M
i

s “--‘Ei"‘-c"l, Ty -r'\-'{:
4

F s 11 L~ [
[oN {_;\»‘1.

' \E‘;. -\“'\-' ot Lo
CRERE A
(‘.To‘;-."\. .

1
T VI RS PpTawp

17

a0l



March 25, 1969 G.IBING ETAL 3,434,807
: REACTOR WITH HEAT BXCHANGER ' _—

Filed July 20, 1967 : Shest _2_ of 2

. INVENTORS:
'ﬁumlg[u;au Moy o )

. ]'l!f(, —a e, "131 ‘r\._"llk't'\::\il!”tn |
i!t"\.{u _-_I Ve L{ el

TR PR ..q_(.('-n.-

L" a I'||'l . ‘['\“‘:*P b e L( \
.:.“!1 Blae N >, e

R ‘. i} 3y 1\
LA



United States Patent Office

3,434,807

1

3,434,807
REACTOR WITH IIEAT EXCHANGER
Guenther ¥bing, Gildensir, 57, Gladbeck, Germany; Her-
wmann Schitzmacher, Horster Sir. 522: Herbert Vollmer,
Horster Str, 5243 and Joscf Boemelburg, Horster Sir.
526, all of Botirop, Germany; and Fritz Schwall, ITeler-
buseh 20, Essen-Bredeaey, Germany
Filed Yuly 20, 1967, Ser, No. 653,726
Clalms priority, application Germany, July 21, 1966,
8t 25,870
Imt, CL, BO1j 6/04,; F28F 13/05; ['283 13/00
US. CL 23288 9 Clalms

ABSTRACT OF THE DISCLOSURE

A housing defires an jmner chamber having an inlct
and outlet for o first heut exchunge medinm. A circu-
lating tube with & fan is arranged contraily of the cham-
Der for circuluting the first mcdium therein. A plurality
of pipes are disposcd in the chamber and carry 2 second
heat oxchange medium. ‘The pipes are arranged in a plu-
rality of groups adjacent oncs of which define with one
another unobstrncted passuges for the first medinm. Con-
duit menns Is wranged in one of the passeges and con-
mects the civeulaling fube with the inlet and the outlet,
Tespeciively.

Background of ihe invention

The present jnvention relates generally {o a reactor,
and mare particndarly to a calelyiic reacior. Slill more
particularly, the. present Invenlion relates io a reactor
for exothenmal and endothermal renctions.

The processes tnvolved In exothermal and endother-
mal catalytic veactions are well known, Exampley of
exothermal reactions, which are by no means intended
to be exhanstive, are the Fischer-Tropsch synthesis, {he
conversion of sulfur dinxide into enlfvr trioxide, und
others. To carry ont these reactive processes the catalyzer
passes through a plarality of tuhes which are disposed
in the actwal oven or reactor vessel. These tubes are ex-
poscd to 2 flowing heaf cxchange meditum which g in-
lerwled {0 immpart or remove heat for the purpose of main-
taining the optimal reaction lempersture, Various dif-
ferent heat exchange media are sujtable for this purposs
and the wutilization of the particular medinm employed
depends larpely on the requived reaction {emperature, If
a heat exchange smedivm is nsed whichk remains liquid at
the required reaction temperature, thal is which does not
hoil at this temperature, then a medhyn is wsed which
has a Tow as parsitle a vapor pressure, 1 has been found
that anorganic salt solntions, for instance a mixiure of
Yalivm pitrate and natrinm nitcite, are very well suited
for this purpose.

Regardless of what fype of heat exchange medivm s
used, however, it is necessary that the heat exchange in-
tansity be as identical as possible throughont the entie
cross section of the chamber, that is at all points of all
of the tubes which carry the catalyzer.

A reactor which is sullable for exothermic reactions js
known from the prior art and is connected with a sorrce
of cooling medium with inlet and cutlet conduits, The

- heat exchange medium is conveyed by 2 condnit secured
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{v lbe wall of (be resctur bousing in the upper region -

thereof into the separaie cooling device, ynd upon being
cnaled ta the necessary extent it is returned into the lower
region of the reactor through several conduils so that it
can again tise in the reactor and, having been heated by
contact with the catalyzer-containing pipes, be recireu-
lated to the cooling device. The saveral inlei conduits
-which connect the cooling device with the lower regiom
of the reacior communicate with the laster at preferably
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equidistantly spaced cirewmferential poinis, and from
the respective points of cnmmunication tunnel-shaped
guide bafles extend to the center of the chamber for dis-
tributing the heat exchanging medium substantially noi-
formly throughont the cross section of the chamber,

This constrrction, knowa from the prior oxl, is gen-
erally satisfactory for the purposes at haod, However, it
necessitates a relatively complicated constivction because
there are several inlet conduits ali of which are of dif-
ferent length, Furtharmore, the larger ithe eircnmfercnce
of the reactor honsing is, the more of these inlet con-
duits are pecessary in order to oblain proper distribution
of the heat exchapge medium within the chamber.
Evidently, this will not only necessitate a rclatively exten-
sive use of matesials, thus raising the cost of constructing
the’ reactor; rather, (his solufion frequently encotnters
space problems because the many tubes and conduits in-
volved are frequently difficult to accommodate, Forther-
more, i musl be remembered that all these tubes must
be well insulaled for proventing freezing of the heat ex-
change medinmn during short periods of inactivity of the
reastor,

Tt is obvious, from what has fust been sald, that im-
provements i this field are highly desirable.

Summary of the inveation

The present invention overcomes the aforementioned
disadvanizges.

More parliculary, the presemt invemtion provides u
reactor in which only two very short copdmifs are meces-
saly o vonpect the resetor o an externally lovaied heat
exchange upit, such as a cooling device for vevling the
heat exchange mediom. :

The comstruction of my novel reactor is simple and
requires only a relatively minor deparmire from the con-
striction for instance of the earlier-mentioned prior-art
reactor, so that utilization of the present invention docs
not necessitate signilicant changing of production method,
refraining of personnel, or the like,

Despite the facl that the required differences are rela-'
tively minor, the presont reactor is, however, consider-
ably simpler and more compact than prior-art reactors
of this type.

In sccordance with one feaiure of our invention, we
provide a catalytic reactor which comprises a housing
defining sn inner chamber having =n inlet and ap outlet

for 5 firs{ heat-exchange medium. Circulating means is

arranged centraily of the chamber and fs operative for
cigculating the first medivm therethrough, A plurality of
pipes are disposed within the chamber so as to be ex-
posed lo the first medium, ‘These pipes are adupted to
convey ihe second heat exchange medinm through the
chamber, namely the catalyzer, The pipes are so arranged
as 9 defige u plurslity of groups which are adjacent fo
one another, with adjacent ones of these groups defining
with one another unobsiructed passapes throngh which
the first medinm carn fow, Finally, our novel teactor alsc
comprises condnit means which is arranged in one of thess
passages and which connects the inlet and the ontlet both
with the circnlating means. Thus, fresh first mediom
which enters the inlet from the externally located heat
exchanger, namely the cooling device or the like, is con-
veyed by the conduit means to the circulating means far
circolaling through the chamber into heat cxchanging
contaci with the pipes. Conversely, spent first medium is
conveyed by the conduii means from the cireulating means
1o the outlet to be relurned fo the externally located heat
exchanper., Recavse the reacior and the heat exchanger
are connected only by the iwo very short conduits which
constitnte the conduit means, they can be insnlated fo-
gother and can thus be united at any fime and at any
blave, for instance by having the conduit means welded
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thereta, inte what in effect constitutes a single unitary
structure,

To effcct regnlation of the amount of heat to be sup-
plied or te be removed we can elther provide spitable
means for continuounsly varying the operative heat ex-
changing area of the pipes, or by varying the quantity
of facoming or outgoing first heat exchange medium. In
case of an exothermal reaclion in which fhe reaclion heat
is to be used for producing steam, it has heretofore been
customary to dispose the cnoling device, numely the heat
exchanger for cocling the heat exchanging medinm di-
rectly in the reactor. The regulation of the heat exchange
function was accomplished by regulating the amount of
water .supplied wihich was completely converted into
steamt. In accordance with the present comstraetion, the
much-improved regulating  possibilties just mentioned
make it pussible to convert only a portion of the water
into steam which fu furn mukes it feasible to msc water
of considerably less purity than that which is necessary

where (he entire quantity of walter is converted into s

stearn. "This also is obviously in adventage over the prior
arl.

The novel features which are considered as characteris-
tic far the invention are set forth, in particalar, in the up-
pended claims. The jovention itself, however, bolh as 1o
fts construction and its method of operation, together
with additionui objects and advantages thereof, will be
best nnderstovd from the following description of specific
smbodiments when read in conneelion with the accom-
panying drawing.

Brief description of the drawing

FiG. 1 iy u vertical section through u reactor emhody-
ing our invenlion; and

FICG. 2 is 2 horizontal section through ke embodiment .

filustrated in FIG, 1.
Dascription of the preferred embodiments

Discussing now the drawing in detail, it will be seen that
the novel reacior is pererally indicated with reference
numeral 1, It defiges an internal chamber 10a which in
the illustraied embodiment is upright and within which is
arranged a plurslity of pipes 11 cach of which is filled
with calalyzer, namely 2 first heat-exchanging medivm as
il may be broadly expressed, The pipes 11 are cornected
with the inlet condpit 12 through which they are sup-
plied with the catalyzer, and with the outlet conduit 13
through which the catulyzer leaves the reactor. Thus, the
flow pattern of the catalyzer is from the top to the bottom
of the chambar 10g. It will be understood, of course, that
it is the reaction produci whichk leaves the chamber lla
through the cutlet conduii or pipe 13

FIG. 2 in purlicular indicatss that the pipes 1l, of
which only some are shown as representative of all the
others, arc arranged in substantially wedge-shaped groups
11z adjacent ones of which define between ihemselves
the uaabstructed free passages 14 whick extead from the
ton of the bottom of the chamber 10u. Thus, the tihe
system—by which is meant the fotality of all of the
pipes 11 in the chamber 10a—is divided into a plarality of
sectors or groups vf substantially identical size.

In accordance with the inveotion, one of the passagcs
identified in FIG. 2 with reference numeral 15, iz some-
what Uroader than the other passages 14, Arranged will-
in the passage 15 is an outlet conduit 16 which connecls
the charnber f{lz with the heoat cxchunger 17 which is
Jacated adjacent to the reactor 10, ay clearly evident {rom
FEGS. 1 and 2, and with ay inlet condwit 1§ which eon-
ncels the hient exchanger with the chamber 10

A suide fube or baffle 19 is disposed subsiantiafly cen-
trally within the chambcr 10g, as shown e FIG. 2 in
particular, and arranged willin iy tube 19 is un impeller
21 which is driven by = suvilable drive means, for in-
stance by electromotor 20, shown in FIG. 1. The action
of the impeller 21 is such that it circulates the firsf heat
exchangine mediony, which enters the chamber 10«
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through the conduit 18, downwardly in the tube 19 which
the mediom leaves at the boliom end of the {ube, as
indicated by the arrow shown in FIG. 1. The major por-
Lo of the thus-circulated medium, for instance approxi-
mately 50%, thus flows into the space hetween the pipc
boftom 22 and a perfurale lower circular bafle 23 and
is distributed cvenly over the entire cress scclion of the
chamber 10g viz the pussages 14, 15 and the bullle 23.
This major portion of the first heat exchange medivm
then rises in the chamber Iy, contacting all of ihe pipes
11 in hest exchansing engagement, and aller passing
throngh the perlorale apper circular baffle 24 (compare
FIG. 1) is drawn back Into the gnide tobs 1% by [he ac-
tion of the impeller 21. The remainder of the heat ex-
change medinm, thal is 10% if the major portion is as-
snmed to be Y0%, leaves the guide tube 19 and pusses
from there into the outlet canduit 16 from where it enters
the externafly arranged hoat exchenser 17 to he heated
or cooled. Having nndersone ons of these processes in
the heat exchanger 17, these 10% of lhe first heat ex-
changing medium eve returned into the chamber g, or
more particulurly icte the guide be 12, thromgh the in-
let conduit 18 which, as clearly evident from FIG. 1,
communicales with the upper end of the gulle tube 19,
Enlering the vpper £nd of the puide tnke 19 this fresh
heal-exchanze medium is admixed will: the spent heat ex-
change mediom which has circulaled upwardly through
the baffle 24, as & Tesult of the action of the impeller 23,
and again moves downwardly to be snbdivided into a
major and a minor stream as already indicated earlier,

To permit efectuation of heat exchange control, the
embodiment illustrated in FIGS. 1 and 2 shows a baffle
25 jnserted in the outlet conduit 16. This baffle 25 is in
well-known manner responsive ta the temperature of the
first heat exchange mediun, or rather to fiectuations in
such temperature, and 15 operative for permitiing coiry
af the required quantity of the heat exchange medium into
the heat exchanger 17 1o dependence upon such t=mpera-
tnre fluctuations, A more detafled description of the con-
strueton and operation of the bhaffie 25 is not believed
it will control the entry of fresh heat exchange medium
necessary since this is well known to those skilled in the
art, 1t will be evidevi that the batfie 25 can be provided
in the inlet conduit 18 fnstead, if so desited, In which case
fromn the heat exchange 17 into the cliamber 10q. Again,
it can be responsive to the temperature of the heat ex-
change medium.

It is clear that a varicly of medifications are readily
possible, and that they will be clearly svident to those
skilled in the art. All such modifications are infended to
be encompassed by the prolection sought with the
appended claims. It is also clear that with the present con-
struction the configuration, construction and, to some ex-
tent, positioning of the heat exchanger 17 Is entirely a
matter of choice and is in no way influenced or dictated
by the construction or configuration of the reactor Useli.
This resalts in significant savings, permits scparuis trans-
portation of the reactor and the heat exchunger, if neces-
sury, facilitates positioning of the two compornents, and
makes for an arrangemeni which is much improved over
what is known in the prier arl.

Tt will be understood that euch of the elements de-
scribed above, or {wo or more together, may also find a
useful applivation i other tvpes of reactors differing from
the {ypes described abovs,

Vihile the inventiom has bean flinstrated and described
us embodied in @ catalytic reactor, it is not intended to be
limited to the details shown, since various modifications
and structurzi changes may be rmade without departing
in anv way from the gpirit of the present invention.

Without further analvsis, the foregoing will so fully
reveal the mist of the present Invention that others can, by
applying current knowledge, readily adapt & for verious
applications without omilting fcatures that, from the
standpeint of prior art, luirly comnstitute essential char-
acterislivs of the peneric or specific aspects of this inven-
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tion and, therefore, such adaptatiens should and are fn-
tended to be comprehended within the meaning and range
of equivalence nf the following claims,

What is claimed as new and desired to he protectad by
Letters Patent is set forth in the appended claims.

‘We claim:

1. A catalytic reactor comprising, in combination, a
housing defining an inner chamber having an infet and an
outlet for a first heat-exchange mediyuy; circulating means
atranged centrally of sald chamber and operative for
gireulating said first medium through said chamber; a
plurality of nipes disposed within said chamber exposed
to said first medium, said pipes being adapted to convey
a second heat-exchange medium throngh said chamber
and heing arranged In a plurality of gronps adiacent ones
of whicl define with one another nnabstmcted passages
for said first medivm; and condvit means arranged in one
of said passapes and connecting said inlet and said ontlef
with sald cirenlating means o that fresh first mediym en-
tering said inlet i conveyed by said condpit means fo
said circnlating rasans, and spent first medinm. i conveyad
by said conduit means from sald circutating means to said
ontlei, .

2. A reactor as defined in claim 1, wherein said one
. passage hap a width excesding the width of the remain-
ing paseages,

3. A reactor as defined fn claim ¥, wherein said cham-
© her is of sphstantially civenlar cross-section, and wherein
said passages extend in substantally radial direction.

4, A reactar as defined 1o claim 2, wherain said hous-
ing is upright and said chamber has a top region and a
bottom region, said pipes extending from said top region
to said bottom regfon and said radially extending pas-
sages being unobstructed intermediate sald top and bot-
fom region.
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5. A rencior as deffued In clai 2, wherein seid con-
duit means comprises an inlet conduil communicaling
with said inlet and said cirenlating maans, and an ouvtiet
conduil commeniceting with said outlet and said circn-
luling means.

6, A reacfor as defined in claim § and further com-
prising flow regulating means provided in at least one of
satd conduits for regulating the flow of said firet madinm
tharethrough.

7. A reastor as dJefined in claim 6, wherein said flow
regilating means fs temperature-responsive and operative
for regnlating the flow of said first medivm in autematic
responce to a varation of predetermined nagnilude in
the temperature of said first madinm.

& A reactor as defined in claiin §, wherein onc of suid
condeits is arranged In sail onc passage in the fop re-
gion of sald chawmber, und the other of said conduits is
arrapged In said ope pussuge in the bottom regiom of
said chember, )

% A reacior as delined in cluim & wherein said one
conduit is suid inlet conduit, and wherein said other
conduil I3 suid outlet conduit,
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