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(57) ABSTRACT

A heating unit for the heating of liquids in a motor vehicle
has one or more PTC-heating elements between two heat-
conducting plates then between a multi-part plastic housing.
The two heat-conducting plates each have a base section
against the one or more PTC-heating elements and each
have an arm adjacent to the base section. An insulating
element is arranged between the arms of the two heat-
conducting plates, where the plastic housing has a first
housing part and a second housing part. The first housing
part has at least one pocket into which an arm of the
heat-conducting plates and interposed insulating element is
inserted. The first housing part and the second housing part
together form a heating chamber adjacent to the at least one
pocket, in which are arranged the base sections of the
heat-conducting plates and the at least one PTC-heating
element which is interposed between them.
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HEATING UNIT FOR HEATING LIQUIDS IN
A MOTOR VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to German Patent
Application No. 10 2017 103 039.5, filed Feb. 15, 2018, the
entire contents of which are hereby incorporated by refer-
ence.

DESCRIPTION

Field of the Invention

[0002] The application relates to a heating unit for the
heating of liquids in a motor vehicle, wherein the heating
unit comprises at least one PTC-heating element and two
heat-conducting plates, between which the PTC-heating
element is arranged.

Background of the Invention

[0003] A heating unit for the heating of liquids is of known
from EP 1 414 275 B1l. The said heating unit has two
heat-conducting elements, which forward heat generated by
a PTC-element to a cartridge-like housing, in that arms of
the heat-conducting elements press resiliently fit against the
inner face of a metal housing. The heat transfer elements
themselves generate a contact pressure by virtue of their
elastic shape.

[0004] The disadvantage here, however, is that the cylin-
drical housing has only a relatively small surface area and its
shape cannot be variably configured. For the heating of a
liquid in a larger tank, which also requires a larger surface
area for the transfer of heat from the heating unit to the
liquid, this design is therefore rather unsuitable. This is all
the more the case if the housing to be used is not a metal
housing, but rather a cheaper plastic housing that can be
flexibly manufactured, but has poor heat-conducting prop-
erties. Heating units with a plastic housing are, however,
particularly advantageous for use in the heating of corrosive
liquids in motor vehicles, as is the case, for example, with
the reducing agent tank of SCR-systems.

[0005] An object is therefore that of developing a heating
unit, which is protected by a plastic housing from a corrosive
liquid, and at the same time has the largest possible heat
exchange surface area, but nevertheless calls for the smallest
possible volume. In the case of a tank heater for a reducing
agent system, the tank heater should be able to thaw frozen
reducing agent over a larger region as quickly as possible,
including the region of the suction opening.

SUMMARY OF THE INVENTION

[0006] This object is achieved by a heating unit with the
features of claim 1. Advantageous refinements are the sub-
ject of the dependent claims and the following description.
[0007] A heating unit in accordance with the invention has
a multi-part plastic housing, in which are arranged two
heat-conducting plates, each having a base section and at
least one arm adjacent to the base section. The base sections
of the two heat-conducting plates, together with at least one
PTC-heating element located between them, are arranged in
a heating chamber of the plastic housing. In each case two
arms of the heat-conducting plates, together with an inter-
posed insulating element, are arranged in a housing pocket,
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which is adjacent to the heating chamber. The plastic hous-
ing can have one or more housing pockets. Here the first part
of'the housing can form the pockets and a floor of the heating
chamber. The second part of the housing, acting as a cover,
can then close off the heating chamber and the pockets. Both
the first and second parts of the housing can be assembled in
each case from a plurality of parts, but are preferably
monolithic in each case, so that the housing is preferably a
two-part housing.

[0008] In order to ensure good heat transfer from the
heat-conducting plates via the pocket sidewalls to the adja-
cent liquid that is to be heated, opposing sidewalls of the
pocket can press against the arms of the heat-conducting
plates. A stack formed by the arms and the interposed
insulating element is thus clamped in the pocket. The outer
surfaces of the heat-conducting plates can, for example, be
elastically preloaded against the inner face of the pocket
sidewalls that is located opposite to the former in each case.
The pockets are preferably widened as a result of the
insertion of the arms of the heat-conducting plates, together
with the interposed insulating element, that is to say, they are
stretched elastically. For this purpose, one or both sidewalls,
which face the arms in a planar manner, can be provided
with an inwardly directed curvature. Another possibility is
for the interior of the pocket to taper towards its end facing
away from the heating chamber; it preferably tapers in a
wedge shape and thus increases the contact pressure during
the insertion.

[0009] In an alternative embodiment, the insulating ele-
ment is made of an elastically compressible material. As a
result of an oversizing of the heat-conducting plates and
insulating element that is present in the unloaded state, the
heat-conducting plates, in the installed compressed state of
the insulating element, are pressed against the inner faces of
the pocket.

[0010] It is also possible for the heat-conducting plates
themselves to produce the elastic preload against one
another. By suitable shaping of the heat-conducting plates,
the preloading, e.g. by screwing, of the heat-conducting
plates with the one or more PTC-heating elements then
generates in the region of the pockets a spreading of the arms
of the heat-conducting plates against one another, and thus
a pressing of the heat transfer elements against the inner
faces of the pockets.

[0011] The two heat-conducting plates preferably also
serve to make electrical contact with the at least one PTC-
heating element, for example, in that in each case a terminal
pin of an electrical connector is attached to one of the two
heat-conducting plates.

[0012] If a number of heating elements are present, the
heating elements can also be connected to separate heat-
conducting plates. Thereby individual regions of a heating
unit can be heated separately to different levels, for example,
different pockets of the plastic housing.

[0013] In an advantageous refinement, the at least one
heating element is designed as a ceramic PTC-heating
element, for example one based on barium titanate. By
virtue of their resistance-temperature characteristics,
ceramic PTC-heating elements can be described as intrinsi-
cally safe heating elements. On the other hand, however, a
high heat output can only thereby be guaranteed if good heat
dissipation is ensured.

[0014] In an advantageous refinement the two heat-con-
ducting plates are clamped together in the immediate vicin-
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ity of the interposed PTC-heating element with the aid of a
screwed joint. However, other clamping joints such as, for
example, a riveted joint, are also possible. The PTC-heating
element is preferably configured so as to be annular, which
enables a central clamped joint.

[0015] Here a connecting element that protrudes through
the PTC-heating element, such as a screw or a rivet, is
preferably electrically insulated from at least one of the two
heat-conducting plates by an insulating sleeve. The connect-
ing element can have an additional spring element, so that
the two heat-conducting plates are pressed against the one or
more PTC-heating elements even more reliably.

[0016] In a preferred embodiment, the heat-conducting
plates are also essentially U-shaped in design with two arms
and a connecting base section, wherein in each case one arm
of the heat-conducting plates is accommodated in a plastic
pocket and at least one heating element is arranged on, in
particular is clamped against, the base between the two
heat-conducting plates. However, alternative configurations,
such as a double U-shaped, an H-shaped, or even pockets
arranged in a circle, are also possible.

[0017] Advantageously, a large heat exchange surface area
is provided by such an easy-to-design shape. In fact, while
the heat-conducting plates are pressed within the pockets by
the elastic preload against the inner sides of the pockets, a
good transfer of heat is provided from the one or more
heating elements onto the heat-conducting plates in the
region outside the pockets by the clamping of the heating
element between the base sections of the heat-conducting
plates.

[0018] In a further advantageous refinement of the inven-
tion provision is made for the two heat-conducting plates
each to carry an electrical terminal pin, wherein the electri-
cal terminal pins are in each case attached to an attachment
region of one of the two heat-conducting plates, which is
located opposite a recess of the respectively other heat-
conducting plate, and is formed as a depression pressed into
this recess, such that the two attachment regions of the
heat-conducting plates are arranged essentially in one plane,
and the two terminal pins have the same length. In this
manner it is possible to simplify the electrical connection.
The terminal pins can be attached to the arms, but are
preferably provided on the base sections of the heat-con-
ducting plates, in particular on a part of the base sections,
between which no PTC-heating elements are arranged.
[0019] In a refinement of the invention, the heating unit,
with the exception of the region around the electrical con-
necting leads, is completely surrounded by a plastic housing.
Here the plastic housing is of a multi-part design, preferably
a two-part design, wherein the housing parts are tightly
joined, in particular are welded together. The one or more
heating elements are thus arranged so as to be well protected
against corrosive liquids inside the interior of the plastic
housing. In an advantageous embodiment, the plastic hous-
ing is in turn tightly joined, in particular welded, to a tank,
for example a reducing agent tank. By this means the plastic
housing particularly advantageously tightly seals an opening
in the tank, wherein the connecting leads of the heating unit
arranged in the plastic housing protrude through the opening
onto the exterior of the tank.

[0020] The opening preferably comprises just the imme-
diate region of the electrical connections. By this means
almost the entire outer region of the plastic housing can be
in heat-conducting contact with the heating liquid and can
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form the largest possible heat exchange area. For this
purpose, not only are the inner faces of the pockets advan-
tageously manufactured so as to be undersized in at least
some regions, before the introduction of the heating pack-
age, but the same is true also for opposing inner faces of the
plastic housing in the region of the base.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Further advantages of the invention ensue from the
claims and the accompanying figures and their description,
in which embodiments of the inventive heating unit are
illustrated. Here:

[0022] FIG. 1 shows an overall view of a heating unit in
perspective;
[0023] FIG. 2 shows a cross-section through the heating

unit in the region around a heating element;

[0024] FIG. 3 shows a detail view of the heat-conducting
plates in the region around the electrical terminal connec-
tions;

[0025] FIG. 4 shows an alternative embodiment of the
heating unit with heat-conducting plates that can be elasti-
cally preloaded; and

[0026] FIG. 5 shows a schematic view of an inventive
heating unit in a tank.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0027] FIG. 1 shows an overall view in perspective of an
embodiment of the inventive heating unit 1. What is shown
is the two-part plastic housing 2, 3 with the two protruding
terminal pins 4a, 45 as the electrical connecting leads of the
ceramic PTC-heating elements arranged in the interior. The
lower part of the housing 2 has a base plate 2¢ and two
pockets 2a, 2b arranged essentially at right angles to the
latter. On the upper part of the housing 3 is formed an
annular ring 3a with passage openings for the terminal pins
4a and 4b. Furthermore, an attachment tab 3d is provided
with an aperture 3¢ for an attachment element, such as a
screw or rivet, for purposes of attaching the heating unit 1
to a housing or tank. Furthermore, the two parts of the
housing 2, 3 can have a congruent opening 2d, 3d, for
example, for the case in which the heating unit 1 serves to
heat a reducing agent tank, and a suction line (not shown) is
then arranged there, preferably together with a filter unit.
Advantageously, the region around the suction line can then
also be heated at the same time.

[0028] FIG. 2 shows a sectional view through the heating
unit 1, wherein two heat-conducting plates 5, 6 are arranged
in the interior. They have an essentially U-shaped configu-
ration with two arms 5a, 5b and 6a, 6b respectively, and a
connecting base section 5S¢ and 6¢ respectively. They are
located with their inner surfaces 5d, 6d opposed. An insu-
lating element 7 is arranged between the arms 5a, 6a and 55,
6b, and at least one PTC-heating element 8 is arranged
between the base sections 5¢, 6c¢.

[0029] The pockets 2a, 2b of the plastic housing are
widened during insertion of the arms 5a, 6a and 55, 65, so
that the side walls 2e of the pockets 2a, 25, which face the
arms in a planar manner, press against the arms 5a, 6a and
5b, 65 with a clamping action. For this purpose, the interiors
of the pockets 2a, 25 can be designed so as to taper towards
their free ends, i.e. the distance between the inner sidewalls
2¢ reduces in this direction. Another possibility is an
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inwardly directed bulging of one or both side walls 2e of the
pockets 2a, 2b, or an oversizing of a package formed by the
arms 5a, 6a, 5b, 656 and the insulating element 7, compared
with the distance between the side walls 2e of the pockets
2a, 2b facing the arms 5a, 6a, or 5b, 6b respectively.
[0030] The two halves of the housing 2, 3 are tightly
joined, preferably welded, to one another all the way round
by a circumferential joint line 2f, 31

[0031] In this illustrative embodiment the two heat-con-
ducting plates 5, 6 are heated by one or more PTC-heating
elements 8, which are arranged between the base sections
5¢, 6¢ outside of the pockets 2a, 2b. The heat-conducting
plates 5, 6 form the two electrical connection faces for all
PTC-heating elements 8. The PTC-heating elements 8 can
be arranged in an annular manner, or can have an annular
shape. The PTC-heating elements are clamped between the
heat-conducting plates 5, 6 with the aid of a screw-nut joint
9, which protrudes through corresponding apertures of the
heat-conducting plates 5, 6. If an annular PTC-heating
element 8 is present, the screw can protrude through the
opening of the PTC-heating element. The screw 9 is elec-
trically insulated from the heat-conducting plate 6 by an
insulating sleeve 10. In addition, a spring element in the
connection area can increase the contact pressure further.
[0032] FIG. 3 shows a section through the base of the
heating unit without the housing in the region around the
electrical terminal pins 4a, 4b. In a limited region around
their respective pins 4a, 4b each heat-conducting plate 5, 6
is pressed onto the other heat-conducting plate, and in a
further limited region is cut out around the joint with the
other heat-conducting plate. The interposed insulating ele-
ment 7 is likewise cut out in the region of the terminals. By
this means, both terminal pins 4a, 45 can advantageously be
attached onto the heat-conducting plates 5, 6 in the same
plane, preferably by riveting.

[0033] FIG. 4 shows very schematically another embodi-
ment variant in which the heat-conducting plates 5, 6 press
against the side walls of the pockets, not by virtue of
undersizing the pocket side walls, but rather as a result of the
elastic configuration of the heat-conducting plates 5, 6
themselves. In the variant of this principle that is illustrated,
the distance between the two heat-conducting plates 5, 6 in
the region of the one or more PTC-heating elements 8 in the
unloaded state is significantly larger than in the installed
state. After the clamping of the heating elements 8, the
distance between the outer surfaces 5e, 6e of the heat-
conducting plates 5, 6 in the region of the pockets is
increased in relation to the unloaded state. If this distance is
greater than the distance between the pocket sidewalls, the
heat-conducting plates 5, 6 in the installed state are elasti-
cally preloaded against the pocket sidewalls 2e.

[0034] Other variants of the inventive heating unit are also
conceivable.
[0035] In FIG. 5 a heating unit 1 is shown very schemati-

cally, installed in a tank 11. Only the parts that are essential
to the illustration of the sealed arrangement of the heating
unit 1 in the tank 11 are indicated. The other structural
elements of the heating unit 1 can be taken from the earlier
figures and description. By virtue of the sealed joint 2f; in
particular a welded joint, the housing is sealed relative to the
liquid to be heated, apart from in the region around the joint.
In the region around the joint the outer edge 36 of the
annular ring 3a is likewise tightly sealed, preferably by
welding, against a corresponding annular shoulder 11a of
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the tank. Inside the annular shoulder, the terminal connec-
tions 4a, 45 are thus led out of the tank 11, sealed against the
liquid.

[0036] Also clearly visible is the large heat exchange
surface area of the heating unit in the tank. Since at least in
the region around the pockets, the heat-conducting plates are
preloaded against the pocket side walls, a particularly high
rate of heat transfer is provided here. But even in the base
region the heat-conducting plates 5, 6 fit against the housing
inner walls and thus transfer heat from both sides to the
adjacent liquid. By the arrangement of the one or more
PTC-heating elements only in the lower base section, adja-
cent to the bottom of the tank, reliable operation with a high
heat output is ensured, even when the level of the liquid is
low.

LIST OF REFERENCE SYMBOLS

[0037] 1 Heating unit

[0038] 2 Lower part of the plastic housing
[0039] 2a Pocket

[0040] 24 Pocket

[0041] 2c¢ Base plate

[0042] 2d Opening

[0043] 2e Sidewall

[0044] 2f Joint

[0045] 3 Upper part of the plastic housing
[0046] 3a Annular ring

[0047] 3b Attachment tab
[0048] 3¢ Aperture

[0049] 3d Opening

[0050] 4a Terminal pin

[0051] 46 Terminal pin

[0052] 5 Heat-conducting plate
[0053] 5a Arm

[0054] 56 Arm

[0055] 5c¢ Base section

[0056] 5d Inner surface

[0057] 6 Heat-conducting plate
[0058] 6a Arm

[0059] 6H Arm

[0060] 6c¢ Base section

[0061] 6d Inner surface

[0062] 7 Insulating element
[0063] 8 PTC-heating element
[0064] 9 Screw

[0065] 10 Insulating sleeve
[0066] 11 Tank

[0067] 11a Annular shoulder

What is claimed is:
1. A heating unit for the heating of liquids in a motor
vehicle, comprising:

one or more PTC-heating elements;

two heat-conducting plates, between which the one or
more PTC-heating elements are arranged; and

a multi-part plastic housing, in which the heat-conducting
plates and the one or more PTC-heating elements are
arranged;

wherein the two heat-conducting plates each have a base
section, which contacts the one or more PTC-heating
elements, and each have an arm, which is adjacent to
the base section, wherein an insulating element is
arranged between the arms of the two heat-conducting
plates;
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wherein the plastic housing comprises a first housing part
and a second housing part, wherein the first housing
part has at least one pocket, in which an arm of each of
the heat-conducting plates, together with the interposed
insulating element is inserted, and the first housing part
and the second housing part together form a heating
chamber adjacent to the at least one pocket, in which
the base sections of the heat-conducting plates and the
at least one PTC-heating element located between
them, are arranged.

2. The heating unit according to claim 1, wherein oppos-
ing side walls of the at least one pocket press against the
arms of the heat-conducting plates.

3. The heating unit according to claim 1, wherein the two
heat-conducting plates are pressed against the at least one
PTC-heating element by means of a screw, which protrudes
through the base sections and engages with a nut.

4. The heating unit according to claim 3, wherein the
screw is surrounded by an insulation sleeve.

5. The heating unit according to claim 1, wherein the two
heat-conducting plates each carry an electrical terminal pin,
wherein the electrical terminal pins are in each case attached
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to an attachment region of one of the two heat-conducting
plates, which is located opposite a recess of the respectively
other heat-conducting plate and is formed as a depression
pressed into this recess, so that the two attachment regions
of the heat-conducting plates are arranged essentially in one
plane, and the two terminal pins have the same length.

6. The heating unit according to claim 5, wherein the
attachment regions are arranged in the heating chamber.

7. The heating unit according to claim 1, wherein the at
least one pocket runs transverse to the heating chamber.

8. The heating unit according to claim 1, wherein the arms
of the two heat-conducting plates at their ends adjacent to
the base section have a greater distance from one another
than at their free ends.

9. The heating unit according to claim 1, wherein the first
housing part is formed from at least two pockets, in each of
which is inserted an arm of the two heat-conducting plates,
together with the interposed insulating element.

10. The heating unit according to claim 1, wherein the first
part of the housing has a base plate, which forms a floor of
the heating chamber.



