
A Sectioned Flow Device The present invention relates
to a sectioned flow device such as a sectioned heat
exchanger plate, a sectioned plate reactor or a
sectioned flow module, and a method for regulating the
temperature in a sectioned heat exchanger, sectioned
flow module or sectioned plate reactor. The invention
In the use of continuous reactors, the results are
controlled inter alia by the temperature, i.e. for
certain applications it is important to maintain the
temperature at an appropriate level for an appropriate
period of time. It is also advantageous to be able to
regulate the temperature in such a way that different
steps in a sequence can take place in different
temperature conditions and in a controlled manner. For
plate reactors or flow modules intended to be usable
for a plurality of purposes, this degree of
flexibility is highly desirable. It is therefore an
object of the present invention to provide flexible
regulation of the temperature in a heat exchanger,
flow module or plate reactor. Another object of the
present invention is to control exothermic and
endothermic reactions in a continuous heat exchanger,
plate reactor or flow module. A further object is to
provide a heat exchanger, plate reactor or flow module
which is flexible. The present invention proposes a
solution which makes it possible, for example, for a
plurality of reactions to take place continuously by
various reactants being injected at a plurality of
points along the flow channel. Controlling the
respective reactions and the formation of products and
by products entails the temperature being controlled
to prevent unwanted reactions and promote desired
reactions. The reactions are therefore conducted in
acontrolled manner by local cooling and heating of the
process flow in the flow 



channel. In a flow module or plate reactor which has
mixing zones, the flow channel may run in a serpentine
path, which may be two-dimensional or
threedimensional. Examples of two-dimensional flow
channels are to be found in PCT/SE2006/001 18 and
examples of three-dimensional flow channels in WO
2004/045761 . The flow channel may for example be
tubular or may take the form of a flow space. The flow
channel may according to this embodiment have mixing
elements, e.g. static mixing elements which constitute
mixing zones, and an example of such a flow channel is
described in PCT/SE 2006/001428 (SE 0502876-6). Along
the flow channel, samples may be taken, intermediate
products may be taken out and later returned to the
process flow, the temperature may be monitored along
the channel, etc. Flow channels such as are
exemplified in PCT/SE2006/001 18, PCT/SE2006/001428
and WO 2004/045761 are cooled and heated by sectioned
heat exchanger zones which may be sectioned heat
exchanger plates or whole heat exchanger plates
situated adjacent to the reactor plates or the flow
plates. It has surprisingly been found that by
altering the direction of flow on the heat exchanger
plate or the utility plate by 90 it is possible to
create a multiplicity of zones which in cross-flow
relative to the main direction of flow divide the
process flow into zones which may be differentiated
temperature zones, i.e. each zone having its own
temperature range. Having the heat exchanger zones at
90 relative to the main direction of flow may cause
the heat exchanger fluids to flow in cross-flow,
counterflow or co-flow relative to the flow in the
flow channel or flow space. The pattern of flow
depends partly on the size distribution of the zones
relative to the flow channel or flow space. These heat
exchanger zones divide the flow channel, flow module
or plate reactor into sections which may be heated and
cooled 



independently of one another. The present invention
therefore affords advantages which can be achieved
with the new sectioned heat exchanger zones, which
means that the temperature can be better regulated and
controlled and the process yield and product quality
can thereby be improved.With the present invention,
the flexibility can be increased by the possibility of
different sections of the heat exchanger plate, flow
module or plate reactor being used with different heat
exchanger fluids, making it possible to increase the
available temperature range. By increased flexibility
it is possible to recover heat between the various
sectioned zones, since, for example, the heat
exchanger fluids may be recirculated in order, for
example, to recover heat from, for example, a cooling
section, or vice versa. A larger available temperature
range makes it possible to alter reaction times by
increased process flow velocity etc. The aforesaid and
other objects are achieved according to the invention
by having the sectioned heat exchanger plate,
sectioned flow module or sectioned plate reactor
described in the introduction comprise one or more
heat exchanger sections and one or more regulating
valves, which regulating valves are connected to the
inlet of each heat exchanger section or to the outlet
of each heat exchanger section or to the inlet and
outlet of each heat exchanger section, each heat
exchanger being at an angle of 90 relative to a main
direction of flow for a process flow in said sectioned
heat exchanger plate, relative to a main direction of
a process flow in said sectioned flow module or
relative to a main direction of a process flow in said
sectioned plate reactor. The sectioned heat exchanger
plate may be stacked and connected to a similar flow
plate or reactor plate to form various temperature
zones of the flow channel. The sectioned heat
exchanger zones in the flow module or plate reactor
may also divide the flow channel or reactor channel
into various 



temperature zones by the use of heat exchanger plates
to separate the plates in the flow module or plate
reactor so that whole plates where the flow channel
runs constitute one temperature zone and another whole
plate constitutes another temperature zone. To provide
regulation of the flow in the heat exchanger zones,
either the inlet or the outlet of each heat exchanger
zone is connected to a valve which regulates the flow
through each heat exchanger zone, which means that
each zone has its individual flow regulated with
respectto the temperature and the heat exchanger fluid
used in the respective heat exchanger zone. To control
the flow of heat exchanger fluids or the temperature
in the zone, at least one control unit may be
connected to sensor units or thermocouples, e.g. for
recording of the temperature in the process flow, and
valves may be connected to the control unit or units,
which units control each valve. The measurement of the
temperature may be by, for example, thermocouples or
sensors, e.g. chemical sensors. The sensors may give a
temperature value but other parameters may also be
measured or recorded by means of sensors. The process
can thus be monitored and/or measured, resulting in
measured values which may serve as a basis for control
of the process by regulating the optimum effect of the
heat exchanger fluids. These thermocouples or sensors
may be provided at the inlet of each heat exchanger
section or the outlet of each heat exchanger section
or at the inlet and outlet of each heat exchanger
section, in one or more flow channels in said flow
plate, said sectioned flow module or said sectioned
plate reactor, or the thermocouples or sensors may be
situated on the outlet side of the regulating valves,
or combinations thereof. According to an alternative
embodiment of the invention, a thermocouple or a
sensor is provided at the outlet of the flow channel
in each plate or section. The information from the
thermocouple or sensor then controls the flow valve 



connected to the flow channel, which valve then
regulates the flow. The heat exchanger flow may also
be regulated by individual regulating valves, e.g.
modulating valves, solenoid valves, diaphragm valves,
direct-acting valves, thermostatic valves or spherical
sector rotary butterfly valves. Certain reactions
require rapid regulation of flows to prevent the
reaction sequence being affected by delayed cooling
through the material, e.g. in an exothermic sequence,
the purpose being to prevent damage etc., where it may
be advantageous to apply regulation by
magnet-controlled valves. In the case of endothermic
reactions, other valves may be advantageous where
these reactions require heat.The valves are controlled
by the temperature measured at the inlet or the
outlet, before the valve or after the valve or at a
plurality of points, depending on the type of reaction
and the reaction conditions which occur in the
specific chemical method or the process. The result of
the measurement is converted to a measurement signal.
The measurement signal can then be recorded,
modulated, controlled etc. in order to control the
connected valves. The measurement signal may be
converted to a frequency signal which can be modulated
to provide frequency-modulated pulse regulation. This
frequencymodulated pulse regulation may be
advantageous where thermic inertia occurs. There may
be such inertia in the heat exchanger unit or on the
heat exchanger medium side, or both, and in the flow
module or plate reactor. Frequencymodulated pulse
regulation makes it possible to use valves of an
"on/off" type for modulating regulation. The valves
may be regulating valves which may be selected from
the group of valves which comprises modulating valves,
solenoid valves, diaphragm valves, direct-acting
valves, thermostatic valves and spherical sector
rotary butterfly valves. The present invention also
relates to a method for regulating the temperature in
a flow module or plate reactor, in which the flow
module or plate reactor 



comprises one or more sectioned heat exchanger zones
and the method comprises recording of the temperature
in the process flow by means of thermocouples or
sensors, e.g. chemical sensors, modulation of the
recorded signals from the sensors or thermocouples,
and control of the valves connected to the heat
exchanger fluids. The method according to the
invention may also comprise input of reactants to the
process flow at at least one inlet along the flow
channel, which process flow runs in cross-flow,
counterflow or co-flow relative to the heat exchanger
fluids in the sectioned heat exchanger plates, with
recording of the temperature after the input of
reactants. The method according to the invention may
also comprise the possibility of the heat exchanger
sections being at an angle of 90 relative to a main
direction of flow for a process flow in at least one
flow plate or relative to a main direction of flow for
a process flow in said sectioned flow module or
relative to a main directionof flow for a process flow
in said sectioned plate reactor. The method may also
comprise recording of the temperature after the input
of reactants. Preferred embodiments of the present
invention are described below in more detail with
reference to the attached schematic drawings, which
depict only the features necessary for understanding
the invention. Brief description of the drawings
Figure 1 depicts a sectioned heat exchanger plate
according to the invention, as seen from above. Figure
2 depicts a sectioned flow module or plate reactor, as
seen from the side, in an alternative embodiment
according to the invention. Figure 3 depicts a pulsed
regulation of the temperature according to the present
method. Figure 4 depicts a further embodiment of the
present invention. Figure 5 depicts a temperature/time
diagram for the embodiment depicted in 



Figure 4 . Detailed description of the drawings Figure
1 depicts a sectioned heat exchanger plate according
to an embodiment according to the present invention.
The diagram depicts the heat exchanger plate as seen
from above, which is divided into a plurality of
parallel sections. The flow in the heat exchanger
plate according to this embodiment is at an angle of
90 relative to the main flow of the process, here
represented by a large grey arrow. In each section the
heat exchanger fluids may flow in crossflow, co-flow
or counterflow relative to the flow in the flow
channel, which is on flow plate or the reactor plate,
but the total flow or the main flow of the process
flows in cross-flow. Heat exchanger fluids are put
into each section 1 via the respective inlets 2 . The
heat exchanger fluids have according to this
embodiment the same inlet temperature. For
differentiation of the inlet temperature in the
various sections, it is necessary that the fluids be
taken from different sources at different
temperatures, which is not illustrated in Figure 1,but
if the combined inlet 6 is instead replaced by the
separate inlets 2 and the latter are separately
connected to different media or different sources of
heat exchanger fluids which are at different
temperatures, a differentiation of the inlet
temperature can be provided between the different
sections in the sectioned heat exchanger plate.
Another way of differentiating the temperature in the
various sections is to regulate the flows in the
various sections, which may be effected by means of
valves 5 situated either before the inlets 2 or after
the outlets 3 (in Figure 1 the valves are situated
after the outlets 3). The outlets 3 may be connected
to a manifold 7 in which the heat exchanger fluids are
brought together, but it is possible to have the
outlets 3 lead to some inlet for further heat
exchange, e.g. in a further heat exchanger zone, where
remaining heat may be utilised. 



Figure 2 depicts an alternative embodiment according
to the present invention, showing a reactor or flow
module. The flow in the heat exchanger plates
according to this embodiment is at an angle of 90
relative to the main flow of the process, here
represented by two small black arrows (in and out) on
each side of the module or reactor. This diagram
depicts a flow module or plate reactor which has
between each flow plate 8 or reactor plate 8 one or
more heat exchanger plates 1 which may be sectioned or
non-sectioned. The flow module or plate reactor is
seen from the side. According to this embodiment, two
heat exchanger plates 1 are separated by an insulating
plate 9. Figure 2 also shows how the valves 5 may be
situated either on the inlet side or on the outlet
side of the heat exchanger plates. According to the
embodiment in Figure 2 , the heat exchanger plates are
sectioned by at least one valve 5 being connected to
each plate to regulate the heat exchanger medium.
Thermocouples 10 may be connected either after the
valves 5 after the outlet for the heat exchanger
medium or before the outlet in the heat exchanger, or
thermocouples 10 may be provided both at the outlet of
the heat exchanger and on the outlet side of the valve
(only the provision of thermocouples 10 on the outlet
side of the valves is depicted in Figure 2). The
temperature recorded by the thermocouples then
controls the valves which regulate the flow through
therespective heat exchangers, thereby making it
possible to provide pulse regulation which may be such
that the temperature varies within a range or such
that a continuously uniform temperature is maintained.
Figure 3 depicts a time/temperature diagram for a
method in which the temperature is regulated. The
regulation of the temperature is based on a
measurement signal providing information about whether
the temperature at the measuring point has risen or
fallen from the predetermined temperature, and the
processing of such a signal leads to a signal being
sent to the regulating 



valve or valves so that the flow is regulated by the
latter being opened for a larger flow or constricted
for a smaller flow. Since chemical reactions do not
take place uniformly, the flow of the heat exchanger
media will vary according to the measurements which
are continuously made in order to achieve as
advantageous a temperature effect as possible on the
reaction flow. According to the embodiment in Figure
4, a regulating centre (RC in the diagram) uses
measured values from thermocouples situated both at
the inlet or outlet of the flow channel of each
section S 1, S2, S3 and S4 and at the inlet and outlet
of heat exchanger fluids from each section. The
diagram shows only temperatures measured by
thermocouples (T in the diagram). The recording in the
regulating centre may also be based on values from
sensors which directly or indirectly measure the
process results, i.e. portions of the reaction or
sidereactions which are used for controlling the
process. Regulation according to the embodiment
depicted in Figure 4 may also be used both to start
and stop reactions in different sections and to
control the reactions. Being able to mix warm and cold
heat exchanger fluids (W and KV respectively in the
diagram) makes it possible to achieve flexibility in
both regulating function and plant design. This
flexibility makes it possible to adapt the heat
exchange to different processes, but also to the heat
exchanger, flow module or reactor used. Figure 5
depicts a temperature/time diagram for a method
according to the embodiment depicted in Figure 4 , in
which a plurality of temperatures are bothmeasured and
regulated. The measured temperatures may be the inlet
and outlet temperatures of the process medium from one
or more sections and, for example, the inlet
temperature of the heat exchanger fluids. Temperatures
of incoming and outgoing heat exchanger fluids and
process media may also be regulated to cover safety
functions, e.g. to prevent boiling on the heat
exchanger side.Claims 



1. A sectioned heat exchanger plate, comprising inlets
and outlets for one or more heat exchanger fluids,
regulating valves, thermocouples and/or sensors, which
heat exchanger plate is divided into heat exchanger
sections, each heat exchanger section having a
regulating valve connected to its outlet for
regulation of the heat exchanger fluids, and having a
thermocouple and/or a sensor connected to its inlet or
outlet or in the process flow, which thermocouple or
sensor sends signals which control the regulating
valve at the outlet of heat exchanger section, each
heat exchanger section being at an angle of 90 to a
main direction of flow for a process flow in a
serpentine flow channel, which flow channel is on/in a
flow plate or on/in a reactor plate. 2 . A sectioned
heat exchanger plate according to claim 1, in which
the regulating valves are selected from the group of
valves which comprises modulating valves, solenoid
valves, diaphragm valves, direct-acting valves,
thermostatic valves and spherical sector rotary
butterfly valves 3 . A sectioned heat exchanger plate
according to claim 1 or claim 2, in which each heat
exchanger section is so situated that the heat
exchanger fluids flow in cross-flow, co-flow or
counterflow or combinations of cross-flow, co-flow or
counterflow, depending on the size of the heat
exchanger sections, with respect to a process flow in
a serpentine flow channel, which flow channel is on/in
a flow plate or on/in a reactor plate. 4 . A sectioned
heat exchanger plate according to any one of the
foregoing claims, in which regulating valves are
connected to one or more inlets on the sectioned heat
exchanger plate. 5. A sectioned heat exchanger plate
according to any one of the foregoing claims, in which
the heat exchanger sections have the same heat
exchanger fluid or the heat exchanger sections have
different heat exchanger fluids.6 . A sectioned heat
exchanger plate according to any one of the foregoing 



claims, in which the sectioned heat exchanger plate
forms part of a flow module or a plate reactor, and
the flow module or plate reactor also comprises flow
plates and/or reactor plates. 7. A sectioned flow
module or sectioned plate reactor comprising at least
one sectioned heat exchanger plate according to any
one of claims 1 to 5 and at least one flow plate
and/or at least one reactor plate which is/are stacked
between sectioned heat exchanger plates or between
sectioned heat exchanger plates and unsectioned heat
exchanger plates. 8 . A sectioned flow module or
sectioned plate reactor comprising a plurality of heat
exchanger plates which have inlets and outlets for
heat exchanger fluids and which further comprise
regulating valves, thermocouples and/or sensors, in
which the heat exchanger plates constitute heat
exchanger sections, each heat exchanger section having
a regulating valve connected to its outlet for
regulating the heat exchanger fluids and having a
thermocouple or a sensor connected to its inlet or
outlet or in the process flow, which thermocouple or
sensor sends signals which control the regulating
valve at the outlet of the heat exchanger section,
each heat exchanger section being at an angle of 90
relative to a main direction of flow for a process
flow in at least one flow plate and/or relative to a
main direction of flow for a process flow in at least
one reactor plate, which flow plates or reactor plates
have a serpentine flow channel for fluids. 9. A method
for regulating the temperature in a sectioned heat
exchanger plate according to any one of claims 1 to 6
, in which thermocouples and/or sensors record the
temperature of heat exchanger fluids at the inlet or
outlet of the heat exchanger section or in the process
flow, and measurement signals are sent from the
thermocouples or sensors, which measurement signals
are modulated 



and then control the flow through the regulating
valves at the outlets of the heat exchanger
sections.10. A method for regulating the temperature
in a sectioned flow module or sectioned plate reactor
according to claim 7 or claim 8, in which
thermocouples and/or sensors record the temperature of
heat exchanger fluids at the inlet or outlet of the
heat exchanger section or in the process flow, and
measurement signals are sent from the thermocouples or
sensors, which measurement signals are modulated and
then control the flow through the regulating valves at
the outlet of the heat exchanger sections. 11. A
method according to claim 9 or claim 10, in which
input of reactants to the process flow takes place at
at least one inlet along the flow channel, which
process flow runs in cross-flow, counterflow or
co-flow relative to the heat exchanger fluids in the
sectioned heat exchanger plates, with recording of the
temperature after the input of reactants. 12. A method
according to any one of claims 9, 10 or 11, in which
the heat exchanger fluids are recirculated to another
heat exchanger section for recovery of heat from a
cooling section or recovery of cold from a warming
section. 13. A method according to any one of claims
9, 10, 11 or 12, in which the measurement signals are
converted to a frequency signal which is modulated to
provide frequency-modulated pulse regulation of the
regulating valves so that a pulsating flow of fluids
is created. 


