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COMPLETE SPECIFICATION

Temperature Regulating Apparatus.

We, Hovpry ProcEss CORPORATION,
of 19, Dover Green, Dover, Delaware,

United States of America a corporation
duly organized and existing under the
laws of the State of Delaware,
States of America, do hereby declare the
pature of this invention and in what
manner the same is to be performed, to
be particularly described and ascertained
in and by the following statement:—

This invention relates in gemeral to
heat exchange and more particularly to
apparatus adapted for use in the control
or regulation of the reaction temperatures
of contact masses. '

One object of the invention is to im-

part heat to or remove heat from a con-

tact mass ab a rapid but controlled rabe.

Another object is to effect the heat ex-
change in a substantially uniform ~man-

ner throughout the depth of the mass.

Another object is to make the heab. ex-

change largely by -radiation.  Other

objects will be apparent from the detailed

deseription which follows. i

The invention involves passing a heat

exchange fluid through a confact mass so
as to heat or cool the same in a substan-
tially uniform manner. The fluid may
be either gaseous or liquid. Transfer
of heat by conduction is minimized,
preference being given to radiation. In
certain cases convection may play a part
in the heat transfer. While the conduits
for the heat exchange fluid extend within
the contact mass, they are preferably kept
oub of contact with the latter by the inter-
position of spacing means of any suitable
type such for example as an outer mem-
ber or conduit which may or may
not be perforated or apertured.
outer member is apertured, some of the
heat exchange hetween the mass and the
fluid will be by convection. Such an
apertured outer member enables the heat
exchange unit to serve also as means for
distributing reactant fluids within the
mass or for removing the products of the
reaction from within the mass.

Tn order to illustrate the invention and
the manner of its operation, concrete em-
bodiments thereof are shown in the

" accompanying drawings, in which:

United-

If the

Fig. 1 is a vertical sectional view
through a converter and showing one form
of circuit for the heating or cooling
medium;

Fig. la is supplemental to Fig 1, and
illustrates a portion of another type of
circuit for the heating or cooling
medium, the converter being omitted;

Fig. 2 is a vertical sectional view of a
converter similar to that shown in Fig. 1,
but indicating a modification of the heat-
ing or cooling arrangement for the con-
tact mass;

Figs. 8 and 4 ‘are fragmentary vertical
sectional views on an enlarged scale show-
ing additional modifications; and

Tigs. 5 and 6 are transverse sectional
views on the lines 5—5 and 6—6 of Figs.
8 and 4, respectively.

The converter disclosed in Fig. 1 com-
prises an outer shell 7 divided on its in-
terior by upper and lower perforated par-
titions 8 and 9, respectively, to provide
a large central reaction chamber 10 and
upper and lower chambers 11 and 12, re-
spectively, the latter having connections
18 and 14, respectively, to the exterior of
the converter. Reaction chamber 10 is
filled with a contact mass M which may
be mere spreading material or which may

have catalytic or adsorptive properties

capable of effecting the desired conversion
of the selected starting material. If the

converter is used for the transformation

or modification of hydrocarbons, such, for
example, as the conversion of high boil-
ing forms of petroleum or the like into
low boiling hydrocarbons, the contact
mass may comprise pieces or fragments of
a ceramic material which has adsorptive
properties, or it may be prepared in
molded pieces of substantially uniform
size containing or impregnated, if de-
sired, with other active substances, such
as finely divided metals or metallic
oxides. By preference, the converter is
arranged for regeneration of the contact
mass in situ by oxidation so that the reac-
tions taking place in chamber 10 will be
alternately endothermic and exothermic.

To effect control of the temperature of
the contact mass, especially during the
exothermic operation, so that the mass
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will not be impaired or.destroyed through
overheating, the invention involves ex-
tracting a large amount of. the liberated
heat by radiation to a circulated cooling
medium, water, for example. For this
purpose, imperforate conduits 15 are em-
bedded in the contact mass and extend
through certain of the perforations in par-

“titions 8 and 9 to connect with headers 16

and 17 disposed above and below the re-
action chamber, as in upper and lower
chambers 11 and 12, respectively. To
keep mass M out of direct eontact with

- pipes 15, so that the transfer of heat will

be predominately by radiation, suitable

members 18 are mounted on pipes 15 so’

as to-enclese that portion of the -same

which “is “within reaétion chamber 10.

Members 18 dare preferably tubular, of
greater diameter than the pipes, and im-
perforate,  although they may be per-
forate,- as will ‘later™ dppear.
header 16 has a connection 19 provided
with a pressure reducing valve 20 which
opens into a flashpot 21. Vapor may be
released from flashpot 21 by a valve con-
trolled connection 22 at its top, while
condensate from the bottom of the flash-

~ pot is conducted by line 28 along with

additional makeup material from valved
supply line 24 to pump 25 which sends

the cooling medium by connection 26 to’

lower header 17. The cooling medium
in that part of the circuit which lies
between pump 25 and flashpot 21 is main-
tained under sufficient pressure to keep it
m liquid state or substantially in liquid
state while picking up heat in pipes 15

~and until it reaches release valve 20.

" If the circulated medium is to be used
for heating as well as cooling, it may
be preferable to use a gaseous medium.
Details of that portion of a circuit out-
side of the converter for a medium which
is either liquid or gaseous are disclosed
in Fig. la, where connection 19¢ from
upper header 16 of converter 7 leads to a

pump 25a connected by line 20a to an-

apparatus “2le, capable of functioning
either as a heater or cooler, from which
another connection 23a leads to a second

pump 25b connected by a line 26a to the

Tower head 17 of the converter. The
heating or cooling meédium may be intro-
duced into the ecircuit by a valved con-
nection 24aq.
be bypassed in whole or in part by
a valved connection 22a between lines
LEither or both pumps 25a
and 25b may be operated and the fluid
may be circulated in either direction.
While the reactant fluids fed to - con-

_ verter 7 may be passed directly through

reaction chamber 10 from end to end,
from either'of chambers 11 or 12, and the

Upper

Heater or cooler 21z may-

products of the reaction removed from

the other of such chambers, more satis-
factory and uniform results are obtained
by a uniform parallel flow arrangement
within reaction chamber 10, after the
manner diselosed in our British Specifi-
cation No. 414,779, dated May 14, 1932.

~To this end, the perforations for the re-

actant fluids in partitions 8 and 9 are
made of sufficient size to mount therein,
by a threaded arrangement or otherwise,
series” of perforated conduits 27 and 28,
respectively, these conduits extending
into reaction chamber 10 and being em-
bedded in contact mass M in. uniformly
spaced, parallel and symmetrical arrange-
ment. One series, such as 27, may be
used for the distribution of reactant fluids
from = upper chamber 11 within and

throughout the inferior of contact mass M,

while the other series, 28, uniformly with-
draws the products of the reaction from
within contact mass M and discharges the
same into lower chamber 12.

Instead of heating or cooling the con-
tact mass by separate elements disposed
in the reaction chamber, such as units

15, 18 of Fig. 1, it is possible to sim-

plify the structure of the converter by

‘combining or incorporating - the heating

or cooling units with or into certain of
the perforated distributing or outlet con-
duits, as illustrated in various ways in
Figs. 2 to B, inclusive. In such com-
bination forms, the perforated distribut-
ing - or collecting element is substituted
for the imperforate enclosing member 18
of the embodiment shown in Fig. 1.

Fig. 2 discloses a converter similar to
that shown in Fig. 1 and like parts are
indicated by the .same vreference char-
acters with the addition of the letter a.

~ In this form of the invention, the pipes

15a which extend between headers 16a
and 17a are shown as passing centrally
within and through the perforated con-
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duits 28a, with the result that heat trans- - :

fer between the heating or cooling pipes
15¢ and contact mass Ma is both by radia-
tion and-convection instead of predomin-
‘ately " only by radiation as in the form
shown "in Fig. 1. When pipes 15a are
used to impart heat to contact mass Ma,
as during an endothermic reaction, the
movement of the reactany fluids may be
in either direction, but if they enter into
lower chamber 12¢ of converter 7a they
will pass into perforated conduits 28a,
thence into contact mass Ma,
through perforations in the nearest con-
duits 27a, and thence into upper chamber
1la. - When pipes 15a are used for cool-

‘ing, as in an exothermic reaclion, it is

preferable that the reactant fluids be fed
into upper chamber 1la, ’c-hencg dist-ri-
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buted by conduits 27¢ into mass Ma, and

the products leave by perforated conduits
98¢. Mass Ma then gives up its heab
directly to conduits 28a, and thence by
radiation to pipes 15a, and indirectly by
vonvection as the products of the reaction
pass over pipes 15a¢ in their movement
into lower chamber 12a.

Tnstead of passing the heating or cool-
ing medium through the contact mass
from end to end, with headers for the
medium above and below the reaction
chamber, Figs. 8 and 4 show modified
forms in which both beaders ave either
above or below the reaction chamber, and
the heating or caoling medium makes a
reverse movement within the reaction
chamber. In TFig. 8, the heating or
gooling means extending = within perfor-
ated conduit 28b comprise double or
nested pipes. The inner pipe 29 of this
unit connects with a supply header (not
shown), and extends to the lower end of
the unit, where it discharges the fluid
into the bottom of the outer enclosing
pipe 30. - Thereupon the fluid reverses
its movement, passing back around the
exterior of pipe 29, and leaving abt the
top of the unit by pipe 81 which connects
with the ouflet header (not shown). In
Fig. 4, the heating or cooling unit com-
prises a single pipe 82 bent in a loop to
pass within. perforated conduit 28¢ from
either end, in this instance from the
lower end. Pipe 82 has a reverse bend
82¢ disposed adjacent the end of perfor-
ated conduit 28¢, -remote from the end

entered by pipe 32, the latter accord-

ingly having portions extending in oppo-
gite directions and in - parallelism.  One

end of reversely bent pipe 32 connects

with the inlet header, while the other
end connects with the outlet header (such
headers not shown). : .

To effect greater movement of heat be-

" tween the enclosing member and the con-

tact mass, the former may be provided
with fins extending radially into-the con-
tact mass. Figs. 3 and 5 disclose a series
of axially directed  fins 83 -extending
radially into the contact mass from outer
perforated member 28b. - Figs. 4 and
6 show elements of a similar character
arranged on. ouber enclosing perforated
member 28¢, but, in this instance, the fins
differ in axial projection, short fins 34
alternating with longer fins 85, the long
fins being provided with transverse mem-
bers 86 abt their outer ends to secure an
even greater amount of heat ftransfer.

- Similarly, the pipes conducting the heat-

ing or cooling medium may be formed
with an extended surface to increase the
transfer of heat by radiation or by radia-
tion and convection. In Figs. 8 and 5,

the outer pipe 80 is shown with a series
of fins 87, while in Figs. 4 and 6 the
reverse portions of pipe 82 within outer
conduit 28c are provided with aligned fins
38. Tt is to be understood that fins or
the equivalent may be similarly applied
to the heating or cooling units shown in
Figs. 1 and 2. To produce the maxi-
mum radiating effect between the inner

“faces of the outer enclosing members and

the outer faces of the pipes for the heat-
ing or cooling fluids, the invention con-
templates making all such opposed sur:
faces or faces *‘ black ™.

With a once-through use of the heating

or cooling medium, in accordance with
the forms of the invention disclosed in
TFigs. 1 and 2, it is necessary to have a
relatively fast rate of flow and a rvela-
tively small pickup or giving up of heat
per unit of weight of circulated fluid to
effect substantially uniform heat ex-
change throughout the depth of the con-
tact mass, except that when change of
state of the civculated fluid is involved,
the exchange of heat per unit of circu-
lated fluid can be greatly accelerated.
With the reverse or double movement of
heating or cooling fluid, as indicated in
the modifications. shown in Figs. 8 and 4,
temperature. equalization in the fluid
stream is effected, and there can be 2
much greater pickup of heat per unit of
weight of circulated fluid.
applications of the invention, it is neces-
sary to adjust the rate of flow to suit the
requirements of the particular apparatus
used and the character of the reaction
involved. )
_ For a liquid cooling medium, water
is. the preferred material, but other
materials can be used. For example,
under certain conditions, it may be desir-
able to raise the boiling point of the
cooling medium by other means than to
increase -the operating pressure, in which
case a salt solution or the like may be
used -in place -of water. For the gaseous
heating or cooling medium, any desired
gaseous fluid may be used. It is pre-
ferable, however, to avoid one which
would make an explosive mixture with
the materials undergoing reaction in case
of a break in the connections. Nitrogen
will usually it the ‘requirements, bub in
many instances a cheaper medium, such
as air, can be used.

While the invention has been herein
disclosed in certain preferred forms, it is
to be understood that the invention is nob
confined to the specific details thereof,
but covers all variations, adaptations,
and modifications within the scope of the
appended claims.

Having now particularly described and
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ascertained the nature of our said inven-
tion, and in what manner the same is to
be performed, we declare that what we
claim is:—

1. Process of regulating the tempera-
ture of a contact mass during endothermic
or exothermic reactions by .one or more
streams of fluid medium sent through the
mass but out of heat-conducting relation
therewith to supply heat or to remove heat
from the mass; characterized by disposing
the conbtact mass in a deep and continu-
ous bed and maintaining the rate of
passage of the medium through the mass
sufficiently high, depending on the tem-
perature difference between the medium
and the mass, so that the change in tem-
perature of the medium because of the
passage will not be great enough to pro-
vide any substantial difference in the rates
of heat transfer at the two ends of the
passage, and leading said fluid medium
away from the mass without passing ib
in heat-conducting relation with any por-
tion or at least any substantial portion
of the contact mass.

2. Process of regulating .the tempera-
ture of a contact mass during endothermic
or exothermic reactions by one
more streams of fluid - medium sent
through the mass to supply heat to
or remove heat from the mass, charac-
terized by disposing the contact mass
i and continuous bed and
minimizing the proportion of the heat
transfer- which is effected by conduction
to restrict heat exchange between the
medium and the mass to a controlled or
limited amount but effective to substan-
tially the same extent throughout the
entire mass, said stream being led away
from the mass without passing in heat-
conducting relation with any pottion or
at least any substantial portion of the
contact mass.

3. Process according to eclaim 2 fur-
ther characterized by confining the heat
exchange between the medium and the
mass largely to radiation, :

4. Process according to eclaim 2 fur-

ther characterized in that fluid medium.

is passed through the bed of contact mass
in a plurality of streams, spaced one
from another, said streams being kept out
of heat conducting relation with the sur-
rounding contact mass.

5. A converter for effecting chemical
reactions with the aid of a contact mass

- disposed in a -suitable reaction chamber

60"

and with a conduit for a fluid medium
for heating or cooling the mass extending
into the latter, characterized by an en-
closing member, surrounding the conduit
in spaced relation and interposed between
the latter and the mass so that heat ex-

Oor -

change between the mass and the fluid
is effected primarily through radiation,
there being no fluid communication, or at
least substantially none, between the-said
conduit and the space between it and said
enclosing member.

6. A converter according to claim 5
further characterized in that the Afuid

medium is sent in reverse flow within said -

member.

7. A converter according to eclaim 6
further characterized in that reverse flow
of the fluid medium is effected by means
of nested imperforate conduits within said
member.

8. A converter according to any one of
claims 5, 6 and 7 further characterized
in that either the conduit for the fluid
medium or the enclosing member, or
both of them, has or have fins radiating
therefrom to increase their surface area
and consequently the transfer of heat.

9. A converter according to any or all
of claims 5 to 8 inclusive further chaz-
acterized in that the outer wall of the
conduit and the inner wall of the enclos-
ing member are black.

10. A converter according to any or
all of claims 5 to 9 inclusive further
characterized in that the enclosing mem-
ber may be either imperforate or
perforated. :

11. A converter for effecting chemical

reactions providing a reaction chamber

containing & contact mass-and one or more
series of apertured conduits embedded in
the mass for admitting reactants and/or
removing reaction products character-
ized by means divecting a heating or cool-
ing medium into the converter but out of
heat-conducting relation with the mass to
effect heat exchange by radiation with
the mass.

12. A converter aceording to claim 11
further characterized in that the said
means are interposed between the series
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of apertured conduits or between mem-

bers thereof. )

13. ‘A converter according to claim 11
further characterized in that the said
means extend within the apertured con-
duits of one series.

118

14. A converter substantially as de-

seribed and shown in Fig. 1.

15. A converter substantially as de-
scribed and shown in Fig. 2.

16. Circuits for heating or cooling fluid
as described and shown in Tigs. 1 and
la,  having fluid-conducting
spaced one from another and passing
through o contact mass as shown, the

contact mass being held in spaced relation -

from said elements by surrounding mem-
bers as shown.

12¢
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