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(54) MODULAR PTC ELECTRIC HEATER

(57) A modular PTC electric heater equipped with a
cold liquid inlet (30) and a heated liquid outlet (40) is
assembled from at least two structurally identical mod-
ules (10). The module (10) is designed as a cylindrical
or cuboid tank (1) with a cavity watertight closed by two
flanges or plugs (2), while the module (10) has a tubular

inlet opening (3) and a tubular outlet opening (4), both
openings are connected with the tank (1) cavity. The
modules (10) are interconnected by a connecting part (7)
provided with two sealings (71, 72) and each module (10)
is equipped with at least one PTC cartridge heating ele-
ment (5) fixed on at least one flange or plug (2).
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Description

Field of the invention

[0001] The presented invention concerns an electric
heater for heat transfer fluid, in particular water or a mix-
ture of water and antifreeze agent, which is routed in a
closed circuit of a building heating system. The invention
particularly concerns an auxiliary (back-up) electric heat-
er in heating systems with a heat pump.

Background Art

[0002] Current eco-friendly building heating concepts
use heat pump systems in which heat is extracted from
the outside environment. The heat pump systems are
usually supplemented by an additional heating source -
for example, solar heating or an auxiliary (back-up) elec-
tric heater, or a combination of several heating sources.
[0003] An auxiliary (back-up) electric heater is used in
the heat pump systems especially when the heat extract-
ed from the outside environment is not sufficient for com-
fortable heating and/or hot water heating, especially in
winter months. At the same time, the electric heater also
prevents freezing of the heat transfer medium.
[0004] In known auxiliary electric heaters, the heating
elements are made as resistive heating elements (rods,
coils). The heating coil heats up to a temperature of
850°C, which can cause overheating of adjacent parts if
the temperature of the heating source is not properly con-
trolled or monitored. To avoid thermal damage caused
by the temperatures of these heating sources, which are
significantly higher than the temperature of the fluid to
be heated, an expansive safety concept is required.
[0005] The electric resistance coil heaters are de-
scribed, for example, in EP3910260 A1, EP3869118 A1
and EP3037741 A1 documents.
[0006] An alternative to electric resistance coil heaters
is the state-of-the-art electric heater with PTC (Positive
Temperature Coefficient) heating elements, the use of
which is particularly advantageous due to the fact that
the temperature of the heating element does not exceed
300°C, or even less, depending on the specific design of
the PTC heating element.
[0007] PTC elements are elements that are electrically
conductive at low temperatures, but after a certain tem-
perature barrier is reached, the electrical conductivity
drops sharply. Thus, when the temperature of the PTC
element increases, its resistance increases. Negative
feedback is used, acting on the actual self-heating of the
PTC element due to the passing current. When powered
from a constant voltage source, this will cause a drop in
power on the PTC element, counteracting further tem-
perature rise. The result is simple heating with stabiliza-
tion of the temperature of the heated space.
[0008] The existing PTC fluid heating devices (for use
in automobiles in particular) generally contain a PTC
heating element with a heat transfer structure that is typ-

ically very complex and therefore has disadvantages
such as a low heat transfer rate and uneven heat transfer.
Even modular solutions that allow for the increase in the
heater power are typically very complex and not applica-
ble for heating in heating systems. Such devices are de-
scribed, for example, in EP 2792211 A1 document.
[0009] Document WO 2021/014432 describes an elec-
tric cartridge heating element which is simpler in design
and function, the electric heating element comprising at
least one tubular cartridge comprising at least one PTC
resistor therein, further comprises an aluminium or alloy
block pressed by die-casting around at least one ar-
moured tubular cartridge, while a coating layer of plastic
material being applied around the aluminium block.
[0010] The cartridge heating elements of similar de-
sign optimize heat transfer to ensure uniform heating and
are also used for heating very small volumes with specific
power and high temperatures. The design of the housing
made of stainless material (aluminum, aluminum alloy,
or steel) with one end closed and power wires coming
out of the other end simplifies installation and electrical
connection.
[0011] The electric back-up heater for heat pump sys-
tems is designed to provide power outputs typically from
5 kW to 12 kW. A commercially produced cartridge heat-
ing element provides power of typically up to 450W.
Clearly, to achieve the required overall power, the use
of multiple PTC cartridge heating elements, suitably ar-
ranged to transfer the heating energy as efficiently as
possible, will be required.
[0012] The resistance coils used in the previous gen-
eration of electric back-up heaters could be arranged in
a simple way in a cylindrical exchanger and did not re-
quire further increase in dimensions when increasing the
power of the back-up heater, i.e. a single exchanger di-
mension could be used for all performance ranges.
[0013] The use of the cartridge PTC heating elements
requires a different spatial arrangement of the heating
elements in the heat exchanger.
[0014] The aim of the presented invention is to design
a PTC electric heater with a high level of power and di-
mensional variability using a cartridge PTC heating ele-
ment. This is achieved by a modular and expandable
assembly. A PTC electric heater of smaller power will
have smaller dimensions than a more powerful PTC elec-
tric heater. The modular assembly will be easily expand-
able while ensuring the required watertightness of the
assembly.

Summary of the Invention

[0015] The expandable modular PTC electric heater is
assembled from separate modules that are simply con-
nected by a watertight joint using a sealed connecting
piece. All modules have the identical design.
[0016] The module is made as a cylindrical or cuboidal
(flattened) tank with a cavity watertight closed by two
flanges or plugs. The module has a tubular inlet opening
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and a tubular outlet opening, both openings being con-
nected to the cavity.
[0017] On each module, at least one PTC cartridge
heating element is mounted on at least one flange (or
plug) and is provided with a casing made of a stainless
material (such as aluminum, aluminum alloy, or steel)
with one end closed and power wires coming from the
other end. The casing of the heating element may pref-
erably be coated with an insulating plastic material.
[0018] The casing design does not require any addi-
tional casing insulation when installed in the module cav-
ity.
[0019] The cartridge PTC heating element can be pro-
vided with parts for fixing in a flange (or in a plug), the
fixing of the PTC heating element to the flange is not
described in detail as it is part of the state of the art (a
fixing nut, silicone gasket, etc. are used).
[0020] The PTC cartridge heating element, mounted
and connected to an electrical source, transfers heat to
the fluid flowing through the module cavity.
[0021] The module is provided with ribs arranged in
the cavity to prevent swirling and to direct the fluid flow
from the tubular inlet opening to the tubular outlet open-
ing. The ribs also serve to stiffen the entire module and
increase resistance to the pressure of the flowing fluid.
[0022] To connect two modules, a tubular inlet opening
of the second module is connected to the tubular outlet
opening of the first module, the second module being
rotated 180°.
[0023] In this way, the electric heater can be expanded
as required.
[0024] The tubular openings have stops for the con-
necting piece. The connecting piece made of metal or
suitable plastic is fitted with two sealing rings, which is
inserted into the tubular openings to form a watertight
connection.
[0025] Furthermore, the module is provided with a pro-
truding wall on the outer surface with a cut-out for mutual
connection and/or fixing the position of the modules.
[0026] In addition, the module is also provided with two
holds on the outer surface with openings for threading
the connecting rods through. The connecting rod is pref-
erably metal and can have a thread with a nut on both
ends to press the modules together and create a tight
connection between all modules.
[0027] The module can be made of a suitable metal or
plastic material designed for hot heat transfer fluid, also
the connecting rod can be made of any firm material.
[0028] In a preferred design, the module is made of
plastic by injection molding.

Brief Description of the Drawings

[0029] The invention is further explained using the fig-
ures below, without limitation thereto. The figures show:

Fig. 1 - view of the module with PTC cartridge heating
elements fitted

Fig. 2 - longitudinal cross-section of the module from
Fig. 1

Fig. 3 - front view of the module cavity with ribs (with-
out PTC cartridge heating modules fitted)

Fig. 4 - detail of the connecting piece with two seals
and the position of the connecting piece in the tubular
opening of the module

Fig.5 - indicated direction of fluid flow in the modular
PTC electric heater

Fig. 6 - modular electric PTC heater assembled from
four modules

Example of Embodiment

Example 1

[0030] Fig. 6 shows an expandable modular electric
PTC heater 100.
[0031] The expandable modular PTC electric heater
100 is provided with a cold fluid inlet 30 and a heated
fluid outlet 40, and is assembled from four separate mod-
ules 10, each module 10 being made as a cylindrical tank
1 with a cavity watertight sealed by two flanges 2. The
module 10 has a tubular inlet opening 3 and a tubular
outlet opening 4, both openings 3, 4 being connected to
the tank cavity 1.
[0032] Each module 10 has four PTC cartridge heating
elements 5 mounted on each flange 2 and provided with
a stainless steel casing with one end sealed, immersed
in fluid, and power wires coming from the other end. The
PTC casing of the heating element 5 may preferably be
coated with an insulating plastic material.
[0033] The module 10 (shown in Fig. 1, 2 and 3) is
provided with ribs 9 arranged in the cavity to prevent swirl-
ing and to direct the fluid flow from the tubular inlet open-
ing 3 to the tubular outlet opening 4. The ribs 9 simulta-
neously serve to stiffen the entire module 10 and increase
the strength against the pressure of the flowing fluid. The
PTC cartridge heating elements 5 are mounted in the
flange 2 in such a way they extend into the module cavity
10 between the ribs 9.
[0034] To connect two modules 10 in series, a tubular
inlet opening 3 of the second module 10 is connected to
the tubular outlet opening 4 of the first module 10, the
second module 10 being rotated 180°. The first module
10 means the upstream (preceding) module, and the sec-
ond module 10 means the downstream (following) mod-
ule in the fluid flow direction.
[0035] The tubular openings 3,4 have stops 11 for the
connecting piece 7 which is inserted into the openings
3,4 to make a watertight connection. The connecting
piece 7 is provided with two sealing rings 71, 72 (shown
in Figure 4).
[0036] After the modules 10 are connected by the con-
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necting piece 7, the fluid flows through the cold fluid inlet
30 in the flow direction from the inlet opening 3 of each
module 10 to its outlet opening 4, the flow being directed
by the ribs 9, and this method of guiding the fluid through
the modules 10 shows the smallest pressure losses.
[0037] The direction of flow of the heated fluid through
the connected modules 10 is shown by the arrows (in
Fig. 5).
[0038] In Fig. 5, the cold fluid inlet 30 is at the lowest
point of the modular electric PTC heater 100, such an
arrangement being advantageous due to the removal of
air bubbles directed upstream to where the vent valve is
usually located in the system. Of course, in another de-
sign, the cold fluid inlet 30 may be at the highest point of
the modular electric PTC heater 100. The illustrated di-
rection of the fluid flow shows that the fluid flows through
the connected modules 10 always from the inlet annular
opening 3 to the outlet annular opening 4.
[0039] The module 10 provided with a protruding wall
8 on the outer surface with a cut-out for connecting the
modules to each other and/or fixing their position prior to
connection by means of a connecting piece 7.
[0040] The module 10 is also provided with two holds
6 on the outer surface with openings for threading the
connecting rods 50 through. The connecting rod 50 is
preferably metal and can be threaded with a nut on both
ends for additional pressing the modules 10 together and
forming a tight connection between all modules 10 and
the respective connecting pieces 5.
[0041] The module 10 can be made of a suitable metal
or plastic material designed for hot heat transfer fluid,
also the connecting rod 50 can be made of any firm ma-
terial.
[0042] In a preferred design, the module 10 is made
of plastic by injection molding.
[0043] In the example of the design, the modular PTC
electric heater 100 is assembled from four modules 10,
each having eight of cartridge PTC heating elements 5
having a power of 400 W, and thus the total power output
of the modular PTC electric heater is 12.8 kW. The mod-
ular electric PTC heater has overall dimensions of
300mm x 110mm x 480mm (length x width x height),
which is a suitable power and dimensions for using the
modular heater as a back-up electric heater for heat
pump systems.

Example 2

(not illustrated)

[0044] The modular PTC electric heater 100 assem-
bled from two modules 10, each of which has eight car-
tridge PTC heating elements 5 having a power of 400 W,
and thus the total power of the modular PTC electric heat-
er is 6.4 kW. By combining just two modules 10 with six-
teen cartridge PTC heating elements, a smaller back-up
electric heater for heat pump systems is created.
[0045] In a separate claim, a heat pump system for

heating buildings and/or preparing domestic hot water is
protected, wherein the back-up electric heater connected
in a closed circuit of the heat transfer medium is a modular
PTC electric heater according to the presented invention.

Industrial applicability

[0046] The modular PTC electric heater according to
the presented solution can replace currently used electric
heaters with resistance coils. The invention allows the
heater assembly to be easily expanded depending on
the required power, with output values ranging from
400W and virtually unlimited from above.

Claims

1. A modular PTC electric heater equipped with a cold
fluid inlet (30) and a heated fluid outlet (40), assem-
bled from at least two structurally identical modules
(10),
characterized in that,

the module (10) is made as a cylindrical or
cuboid tank (1) with a cavity watertight closed
by two flanges or plugs (2),
the module (10) has a tubular inlet opening (3)
and a tubular outlet opening (4), both openings
being connected to the tank (1) cavity,
the modules (10) are connected to each other
by a connecting piece (7) provided with two
seals (71, 72),
each module (10) is provided with at least one
PTC cartridge heating element (5) mounted on
at least one flange or plug (2).

2. The modular PTC electric heater according to claim
1,
characterized in that,
the module (10) is provided with ribs (9) arranged in
the tank (1) cavity to prevent swirling, to direct the
flow of the heated fluid and to increase the strength
of the tank (1) against pressure.

3. The modular PTC electric heater according to claim
1 or 2,
characterized in that,
the cold fluid inlet (30) is connected to the tubular
inlet opening (3) of the first module (10), and the
heated fluid outlet (40) is connected to the tubular
outlet opening (4) of the last connected module (10)
in flow direction.

4. The modular PTC electric heater according to any
of the claims above
characterized in that,
the module (10) is provided with a protruding wall (8)
on the outer surface with a cut-out for connecting the
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modules (10) together and/or fixing their position pri-
or to connection by means of a connecting piece (7).

5. The modular PTC electric heater according to any
of the claims above
characterized in that,
to connect two modules (10) in series, a tubular inlet
opening (3) of the second module (10) is connected
to the tubular outlet opening (4) of the first module
(10), the second module (10) being rotated 180° rel-
ative to the first module (10).

6. The modular PTC electric heater according to any
of the claims above
characterized in that,
the module (10) is provided with two holds (6) with
openings for threading the connecting rods (50)
through on its outer surface, the connecting rod (50)
having a thread with a nut on each end for addition-
ally pressing the modules (10) and the respective
connecting parts (7) together.

7. A modular PTC electric heater according to any of
the claims above
characterized in that,
the module (10), the connecting piece (5) and the
connecting rod (50) are made of metal or plastic ma-
terial designed for hot heat transfer fluid.

8. A modular PTC electric heater according to any one
of claims 1 to 6,
characterized in that,
the module (10) is preferably made of plastic by in-
jection moulding.

9. A heat pump system for heating buildings and/or pre-
paring domestic hot water,
characterized in that,
the back-up electric heater connected in the closed
circuit of the heat transfer medium is a modular PTC
electric heater according to any of the claims above.
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