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ABSTRACT

- An immersion heater including a heating element im-

mersible in a fluid for heating the latter, and a mixing
device for agitating the fluid mounted on the heating
element. The mixing device is reciprocable in re-
sponse to.energization of an electromagnetic drive,
and may be connected into the electrical circuit for
the heating element so as to be operable in conjunc-
tion with the operation of the heating element or re-
sponsive to temperature levels sensed in the heating
element, :

25 .Claims, 12 Drawing Figures
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i
IMMERSION HEATER

BACKGROUND OF INVENTION

1. Field of the Invention

This invention relates to an immersion heater and,
more particularly, to a heater having an automatic tem-
perature control in which further heating is interrupted
upon the heater reaching a predetermined maximum
temperature.

2. Description of Prior Art

Heretofore, known immersion heaters of the above
type have had the disadvantage in providing an unequal
temperature distribution throughout the fluid being
heated. In particular, when the heating element of the
immersion heater fails to reach the lowermost layers of
the fluid, the further generation of heat is frequently
interrupted before these lowermost fluid layers can at-
tain their required operating temperatures.

Furthermore, in prior art immersion heaters incorpo-
rating contact thermometers, if the contact thermome-
ter fails to reach the heating spiral, the danger of over-
heating is created in which temperature deviations of
up to 20° C may be encountered. In particular, in the
chemical industry such temperature fluctuations are
generally undesirable and not permissible since reac-
tions of an unpredictable nature may be encountered,
or in the carrying out of fractional distillations, clean
separation of the elements of the mixture cannot be ob-
tained.

Heretofore, in order to eliminate the shortcomings of
prior art immersion heaters, agitation of the fluid being
heated has been effected manually or through a sepa-
rate stirring device. In the last instance, the related
costs are relatively high, and furthermore, special sup-
ports are required for mounting the stirring devices in
the vessel, making these inapplicable for rapid changes
of the installation from one vessel to another. In partic-
ular, when applied to distillation plants, the limitations
of space-consuming stirring devices become quite evi-
dent, since the vessels containing the fluid baths must
be made relatively large in order to afford sufficient
space for the stirring device. However, larger fluid
 baths require correspondingly greater energy supplies,
thereby adversely affecting the economic operation of
the plants. Additionally, such prior art plants or instal-
lations are relatively complex, and require a consider-
able amount of time for mounting and preparation.

'SUMMARY OF THE INVENTION

Accordingly, the present invention contemplates the
provision of an immersion heater which, in addition to
incorporating advantageous and versatile temperature
controls also provides for an optimum and equal tem-
perature distribution throughout the fluid. In addition
to the foregoing, the inventive immersion heater oper-
ates automatically and, furthermore, does not require
servicing during operation.

The foregoing object of the present immersion heater
is attained by providing, within the ambit of the electri-
cal control current circuit of its heating element, a mix-
ing device for the heated fluid.

Additionally, the immersion heater according to the
present invention is formed of a compact constructure
and operates essentially uninterruptedly. Another fea-
ture of the immersion heater lies in that the mixing de-
vice is rigidly fastened to the upper surface of the heat-
ing element and preferably is encompassed by a protec-
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tive arrangement which permits unhindered flow of the
fluid therethrough. .

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention may
be readily ascertained from the following description of
exemplary embodiments taken in conjunction with the
accompanying drawings, wherein:

FIG. 1 illustrates an elevational view of an immersion
heater according to the present invention;

FIG. 2 shows a plan view of the immersion heater of
FIG. §;

FIG. 3 shows a sectional view through a drive for a
mixing device utilized with a heater according to the
present invention;

FIG. 4 shows a plan view of the drive of FIG. 3;

FIG. 5 shows an enlarged detailed plan view of a por-
tion of FIG. 3;

FIG. 6 illustrates a sectional view along line 6—6 in
FIG. 5,

FIG. 7 shows an enlarged fragmentary sectional view
of another embodiment of the arrangement of FIG. 3;

FIG. 8 illustrates a schematic view of a further em-
bodiment of a mixing device used with a heater accord-
ing to the present invention; and

FIGS. 9 - 12 illustrate four embodiments of wiring
diagrams for an immersion heater according to the
present invention..

DETAILED DESCRIPTION

Referring now in detail to the drawings, FIG. 1 illus-
trates a basic embodiment of the inventive immersion
heater wherein a -handgrip 1 is connected to a heating
element 2 by means of a hollow rod 3 which is bent to
provide a suspension arrangement for immersion of the
heating element into fluid contained within a vessel.
The hollow rod 3 concurrently provides a passageway
for the electrical power conduit for heating element 2,
Suitable elements constituting the temperature control
installation are positioned in handgrip 1, the former of
which may be formed of a contactless switch. This will
effectively eliminate the risk of any sparks igniting
flammable fluids or vapors emanating therefrom.

The contactless switch incorporates its own electrical
control current circuit and a safety switching circuit,
which will be described in greater detail herebelow
with reference to the circuit diagrams.

A rotatable control knob 4 for an adjustable control
resistance, a control lamp 5 for the control current cir-
cuit, and a control lamp 6 and 22 for a safety switching
circuit 21, are each located on the handgrip. Each posi-
tion of the rotatable knob 4 corresponds to a predeter-
mined desired maximum operating temperature for
heating element 2. Upon the operating temperature
being attained, the flow of electrical current to heating
element 2 is interrupted by means of a temperature
sensor 7 which may be, for example, a thermistor. In
the event that, through some operative defect, the heat-
ing cycle is not terminated, the safety switching circuit
is actuated to thereby prevent excessive overheating of
the fluid. A mixing device 8 is fastened to the upper
surface of heating element 2, and is protected by a pro-
tective arrangement 9 so as to provide protection
against damage not only during operation of the im-
mersed heater, but also during storage and handling.

The protective arrangement 9 may be, as is shown in
the drawings, constructed of four bent wires which ex-
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tend over the mixing device. However, numerous other
constructions readily lend themselves to the formation
of the protective arrangement. Thus, for example, a
housing of a wide-mesh grillwork may be stapled over
the mixing device. In each instance it must, however,
be noted that unhindered access of the fluid to the mix-
ing device 8 must be provided by the protective ar-
rangement.

As illustrated in FIG. 2, the heating element 2 is
formed as a heating spiral having the mixing device 8
centrally positioned thereon.

The drive or actuator and detailed construction of
the mixing device 8 is illustrated in FIG. 3 of the draw-
ing. As an agitator for the fluid, a preferably circular
plate 8’ may be utilized which is reciprocable in an
axial direction. This construction eliminates the need
for the commonly used rotating elements in mixing de-
vices, which must be constantly serviced and which are
subject to a high degree of wear.

The drive or actuator for plate 8’ operates pursuant
to electromagnetic principles and is sealed within a
housing 10. The main element of the drive consists of
an induction coil 11 which is provided with electrical
current through an electrical conduit 11’. Accordingly,
the coil 11 may be connected, for example, in series
with the. heating coils, and with the electrical control
current circuit of the immersion heater. In this in-
stance, upon a maximum predetermined. temperature
being attained, the mixing sequence is terminated con-
currently with the flow of electric current to the heat
coils of the heating element.

It is also possible to directly connect the induction
coil 117into the electrical circuit of the immersion
heater to thereby provide a mixing device which, inde-
pendently of the predetermined maximum operating
temperature, is deactivated only upon the shutting-off
of the immersion heater.

It is noted that in the first instance the winding of the
induction-coil 11 must be made in conformance with
the current intensity required by the heating coils of the
immersion heater, and is thereby formed of heavy cop-
per wire, whereas in the second instance, the winding
is formed pursuant to the supply voltage and is consti-
tuted of thin copper wire having a corresponding larger
number.of windings. ' :

A stationary iron core 12 is located within housing
10, and is fastened to induction coil 11; with coil 12
having a portion 12’ extending over coil 11, as shown
in FIG. 4, so.as to provide a guide for a movable iron
core 13 which is rigidly connected to plate 8'. Plate 8'
is connecteéd wtih a return motion element 14. The lat-
ter may take the form of a membrane 14’ constituted
of corrugated sheet metal, which concurrently forms
the cover for housing 10, Preferably, the movable iron
core 13 is'fastened to the inner wall surface of mem-
brane 14’ and serves concurrently as support member
for the plate 8'. The electrical conduits 11’ extend into
housing 10 through connecting sleeve 10’ and are
sealed in the housing so as to permit the latter to pro-
tect the drive for the mixing device from corrosion and
dirt. ‘

The basic mixing device, in effect, plate 8, is pro-
vided with nozzles 15 extending in the direction of its
reciprocating movement and parallel to the axis
thereof, the nozzles being spaced about the entire sur-
face of plate 8.
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As shown in FIG. 5, the nozzles 15 in plate 8’ may
have the form of concentric, ring-shaped rows of aper-
tures, or may be formed as axially widening tapered
bores in FIG. 6, or centrally narrowed bores as shown
in FIG. 7. In the construction according to FIG. 6, the .
nozzles 15 may have their enlarged openings either up-
wardly or downwardly directed.

The operation of the mixing device is as follows:

Upon conduction of an alternating current through
the copper windings of induction coil 11, the movable
iron core 13 is axially displaced in the direction of sta-
tionary iron core 12. In response to movement of iron
core 13, the membrane 14’ and plate 8', which are rig-
idly fastened thereto, are correspondingly axially dis-
placed.

Upon the alternating current moving through its
“zero point,” the membrane 14’, and concurrently
plate 8’ and iron core 13, are snapped-back into the ini-
tial position thereof. This process is repeated in corre-
spondence with the frequency of the current, for exam-
ple at 50 Hertz, 50 times each second. Through this
movement, in addition to the agitation of the fluid, a
secondary advantageous mixing or agitating effect is
provided through the nozzles 15 of plate 8'. In this-in-
stance, in view of the funnel-shaped nozzles 15 the fluid
is always recaptured and forced through the nozzles.

In order to further improve the mixing of the fluid, in
accordance with the embodiment of FIG.- 8, two or
more mixing plates 8’ may be combined for actuation
by a single drive.

A simple switching circuit for the inventive immer-
sion heater is disclosed in FIG. 9 of the drawing. The
current flows through resistances 16, which also form
current limiters, toward trigger diode 17. The trigger
diode, with the aid of condensators 18, switches
through and concurrently ignites alternating current
thyristor 19. In response to the energy supply, the heat-
ing element 2 is heated and also, through the fluid, con-
tact thermometers 7 and 7' which serve as temperature
sensors. The thermometer 7' is located in a. safety
switching circuit 21 shown in chain-dotted lines in the
circuit diagram. The actuating temperature of the
safety switching circuit is somewhat higher than that of
the thermometer 7 of the control current circuit. When
the preset operating temperature is sensed by ther-
mometer 7, current flow through trigger diode 17 is ter-
minated. Responsively, thyristor 19 prevents the flow
of current through the heating element, thereby inter-
rupting the further generation of heat, and concur-
rently turns off control lamp §. '

In the event of a defect occuring, for example a break
in thermometer 7, which would prevent the shutting-off
the heat upon reaching the required maximum operat-
ing temperature, the temperature at first rises to the -
temperature designated at contact thermometer 7'.-
Upon this temperature being attained, contact 20
closes and the current thereby becomes insufficient to
switch trigger diode 17, thusly interrupting the heating
sequence. Concurrently, upon contact 20 being closed
by contact thermometer 7', the safety switching circuit
21 is actuated. The glow tube 22, which serves a func-
tion which is similar to a trigger diode, and is further-
more also utilized as a control lamp 6, triggers thyristor
23. Since the current supply to trigger diode 17 and to
alternating current thyristor 19 has been simulta-
neously interrupted, no current can flow across resis-
tance 24.
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An excessive voltage in the circuit of alternating cur-
rent thyristor 19 may damage the latter so as to prevent
the closing thereof. Consequently, the temperature will
then further rise until the preset temperature at contact
thermometer 7' is reached. At that instance, as previ-
ously mentioned, thyristor 23 is triggered by glow tube
22. The resistance 24 warms itself, and wire 25 as a seg-
ment of the current supply conduit which extends
across resistance 24, thereby melting the wire at a pre-
determined maximum temperature to thereby termi-
nate the current supply. Similarly, wire 25 is adapted to
melt upon experiencing an excessive ambient tempera-
ture. The melting wire 25 should be formed of an alloy
having a low melting point, and may be commercially
obtained for different heater temperature require-
ments. The wire may be readily introduced through a
suitable aperture in resistance 24,

In this circuit arrangement, the induction coil 11 is
directly connected to the electrical circuit for the mix-
ing device. As previously mentioned, this requires nu-
merous windings formed of thin wire and is operative
independently of the operating temperature for the
heater.

Another advantageous circuit is disclosed in FIG. 10,
illustrating essentially only the control current circuit.
Concurrently, this also shows that the induction coil 11
may be connected to the control current circuit 21 of
the induction heater, and particularly in series with the
electrical winding of heating element 2. In that case the
coil 11 is designed in accordance with the required cur-
rent intensities for the immersion heater, and is com-
posed of a lesser number of windings of relatively
thicker copper wire. The mixing or agitating process is,
in ‘this instance, terminated upon the heating coils
reaching their required operating temperature concur-
rent with the shutting-off of the current supply.

In lieu of the contact thermometer, in this particular
switching circuit, a thermistor formed of, for example,
an NTC-resistance, may be employed as temperature
sensor 7, so as to render the immersion heater easier to
manipulate. The voltage is reduced by means of a volt-
age divider 28, which is constructed so that no internal
heating of the NTC-resistance 7 takes place.

In this case the triggering of thyristor 19 is somewhat
more difficult since the operative efficiency of the im-
mersion heater, upon the temperature at which a po-
tentiometer 29 is approached, reaches only approxi-
mately 40 percent in response to the phase reduction.

Through the introduction of a corresponding RC-
element 30, which is formed of one or more resistances
31 and at least one condensator 32, the operative effi-
ciency may be raised to 85 percent and up to a maxi-
" mum of 95 percent. Furthermore, the resistances 31
provide for a desirable decrease in the circuit voltage
thereby reducing the load on thermistor 7 and provid-
ing protection for triggers 17 and 22. These latter may
only be actuated by means of relatively low current in-
tensities.

The phase cuts, however, cause intensive radio dis-
turbances, particularly in the medium and high fre-
quency range. In order to prevent the foregoing, trans-
mission rectifying members must be incorporated,
which generally consist of a transmission rectifying
valve and condensators. These valves are, however, ex-
tremely large, and cannot be practically incorporated
in the gripping device for the immersion heater.
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Accordingly, referring now to the design of the con-
necting circuit in FIG. 11, in which the phase cutting
angle is relatively small, the requirement for transmis-
sion rectifying members is eliminated. The thyristor 19
is herein completely switched. The schematic also in-
cludes a safety switching circuit 21. A thermistor is uti-
lized as a second temperature sensor 7', having a con-
trol resistance 33 together with a potentiometer 29 for
the control current circuit, mounted on a common axis
therewith, so as to form a tandem-potentiometer 34,
Clearly, the temperature sensor 7’ and the control re-
sistance 33 must be so coordinated with each other, to
prevent the premature actuation of the safety switching
circuit.

The trigger diode 35 which is utilized in safety
switching circuit 21, and concurrently operative trigger
diode 26 and thyristor 27 provided in the control cur-
rent circuit, the flow of current in only one direction,
and similarly does thyristor 36. Trigger diode 17 and
alternating current thyristor 19 permit the flow of cur-
rent in both directions. Consequently, a Zener diode 37
is required for the circuit, in accordance with FIG. 11,
which shunts-off the negative voltage and concurrently
provides for the stabilization of the control voltage. In
order to provide for the stabilization while concur-
rently avoiding circuit voltage fluctuations, suitable
voltage reference tubes, Zener reference diodes and
the like may be employed in addition to Zener diode
37. This becomes necessary when it is desired to obtain
temperatures in excess of 100° C, since at such higher
temperatures the resistance changes of thermistors 7,
and 7’ are lessened, whereby the voltage deviations re-
sult in large temperature deviations,

In order to prevent internal heating of thermistors 7
and 7' these should not be excessively loaded, since any
such heating of the thermistors will adversely affect the
accuracy of the temperature control.

In order to provide protection for the apparatus, a
high-speed safety installation 38 may be provided,
which is adapted to cause the short-circuiting of the
heating element. If thyristors only are utilized, it be-
comes advantageous to incorporate excess voltage
shunts, for example, a transmission conduit 39. In gen-
eral, however, the alternating current thyristors (Tri-
acs), are designed so that upon excess voltages being
sensed these are switched through without being trig-
gered, and without being damaged thereby. However,
thyristors may be damaged in the direction of closing,
whereby they must be essentially designed that their
closing voltage is higher than the transmission voltage
of the Triacs.

Another embodiment of the temperature control is
disclosed in FIG. 12 of the drawing, and essentially cor-
responds to the circuit diagram illustrated in FIG. 11.
However, it is apparent that a contact thermometer 7'
of the safety switching circuit, or a transistor 40 of the
current control circuit may be utilized as the trigger for
a pn-transmission. Furthermore, it is known that as a
transistor-trigger it is particularly useful to utilize a
transistor having a single transmission, a so-called
Unijunction-Transistor (UJT). Again, as previously dis-
cussed, the safety switching circuit incorporates a thy-
ristor 36, a resistance 24, and a thermal safety device
incorporating the wire 25. The remaining elements of
the safety circuit may correspond with those in FIG. 1 1,
or reversely.
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The transistor 40 replaces trigger diode 26 and re-
ceives a control voltage from point A. At point A the
voltage is led at one side toward thermistor 7, and at
the other side toward contact thermometer 7'. The ad-
vantage of this circuit lies in that between points C and
D the voltage reaches only approximately 3 to 4 volts,
thereby permitting the utilization of currently available
thermistors. Furthermore, in lieu of using the NTC-
resistances as thermistors, it is also possible to utilize
resistors -having positive temperature-coefficients
(PTC-resistors). However it must be noted that in this
instance, the thermistor 7 and the related potentiom-
eter 29 must be reversed. This also applies to the safety
switching circuit 21 in accordance with FIG. 11 for
thermistor 7' and control resistance 33.

The various circuits may be utilized for all voltage
ranges. However, individual elements, and particularly
resistances 24, 28, 31 and thyristors 23, 27 and 36 must
be selected in accordance with the predetermined op-
erative voltage. Furthermore, the alternating current
thyristor 19, the heat resistance of heating element 2
and the electrical coils for the drive of mixing device 8-
must also be selected in conformance with the required
operative parameters.

While there has been shown what is consxdered to be
the preferred embodiment of the invention, it will be
obvious that modifications may be made which come
within the scope of the disclosure of the specification.

Whatis claimed is:

1. Immersion heater including an automatic tempera-
ture control; comprising a heating element adapted to
be immersed in a fluid for heating thereof, and a fluid
mixing device operatively connected to said heating el-
ement for imparting agitating motion to said heated
fluid, said fluid mixing device comprising a circular
plate member, said plate member being axially recipro-
cable in- directions extending normal to the surface
thereof.

2. Immersion heater as claimed in claim 1, compris-
ing a source of electrical control current connected to
said “heating element, including temperature sensing
means, the electrical control current flow to said ele-
ment being responsive to said temperature sensmg
means, safety switch circuit means positioned in the
electrical control current circuit of said heating ele-
ment, said electrical control current circuit and said
-safety switch comprising a contactless switch including
at least one thyristor, said thyristor having a trigger.

3. Immersion heater as claimed in claim 2, the elec-
trical current supply to said heating element being con-
trolled by the relationship between a variable current
value responsive to said temperature sensing means
and a predetermined operating current value, and at
least one regulating resistance for determmmg said op-
erating current value,

4. Immersion heater as clalmed in claim 1, wherein
said plate member comprises at least one nozzle aper-

_ture extending in the direction of movement of said
plate member.

5. Immersion heater as claimed in claim 4, wherein
said nozzle aperture comprises a tapered bore diameter
extending along the length of said aperture.

6. Immersion heater as claimed in claim 4, wherein
said nozzle aperture comprises an intermediate re-
duced-diameter orifice portion.

7. Immersion heater as claimed in claim 1, said fluid
mixing device comprising an electrical induction coil,
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said induction coil including a movable iron core fas-
tened to said plate member for imparting axial move-
ment thereto in response to energization of said coil.

8. Immersion heater as claimed in claim 7, compris-
ing a stationary iron core in proximate relationship with
said movable iron core, said induction coil being rigidly
fastened to said stationary iron core.

9. Immersion heater as claimed in claim 8, said sta-
tionary iron ore having a recessed portion, said mov-
able iron core having portions thereof extending into
said recessed core portion.

10. Immersion heater as claimed in claim 1, compris-
ing means for imparting reverse axial movement to said
plate member.

11. Immersion heater as claimed in claim 10, wherein
said reverse movement imparting means comprises a
membrane.

12. Immersion heater as claimed in claim 11, said
membrane being formed of corrugated sheet metal.

13. Immersion heater as claimed in claim 9, compris-
ing a membrane means connected to said plate member
for imparting reverse axial movement thereto, recepta-
cle means encompassing said induction coil and said
movable and stationary iron cores, said membrane
means comprising a cover fastened to said receptacle
so as to form jointly therewith a sealed housing for said
induction coil and said iron cores.

14. Immersion heater as claimed in claim 7, compris-
inga plurality of said plate members adapted to be axi-
ally moved in response to energization of said induction
coil.

15. Immersion heater as claimed in claim 1, said
heating element having an upper and a lower surface,
said fluid mixing device being rigidly fastened to the
upper surface of said heating element.

16. Immersion heater as claimed in claim 3, compris-
ing a first one of said regulating resistance in the elec-
trical control current circuit, and a second regulating
resistance in said safety switch circuit means, said first
and second resistances forming a tandem-potentiome-
ter.

-17. Immersion heater as claimed in claim 2, said thy-
ristor trigger including a glow tube forming a control
lamp.

18. Immersion heater as claimed in.claim 2, said thy-
ristor trigger comprising a contact thermometer.

19. Immersion heater as claimed in claim 2, said thy-
ristor trigger comprising a transistor.

20. Immersion heater as claimed in claim 19, said
transistor comprising a transistor having a single pn-
transition.

21. Immersion heater as claimed in claim 2, compns-
ing a condensator-type RC-element, and a resistance in-
said safety switch circuit means providing for instanta-
neous actuation of the trigger and thyristor. ‘

22. Immersion heater as claimed in claim 2, compris-
ing at least one resistance for reducing the circuit cur-
rent intensity required for the safety switch circuit
means actuating current.

23. Immersion heater as claimed in claim 2, compris-
ing current stabilizers, current reference tubes, Zener
reference diodes, and Zener diodes for reducing the
operating circuit current intensities, and providing for
elimination of current fluctuations.

24. Immersion heater as claimed in claim 2, compris-
ing a low-temperature melting member, said member
receiving electrical current flowing across a resistance
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of said safety switch, said member adapted to be melted rent supply circuit of said heating element, said safety
upon heating during current flow so as to interrupt flow
of current to said heating element. ) .
25. Immersion heater as claimed in claim 2, compris-  S2id heating element.
ing instantaneously-operative safety means in the cur- 5 * ok ok x %

means shutting-off said heater by short-circuiting of
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