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(54) AIRCONDITIONING UNITWITH CURRENTBASED ICE AND SNOWDETECTION AND METHOD
FOR OPERATING SUCH AN AIR CONDITIONING UNIT

(67)  The present invention refers to an air condition-
ing unit (1), in particularly for buildings. The inventive air
conditioning unit preferably comprises at least an air con-
ditioning means for heating and/or cooling of air, wherein
the air conditioning means comprises a functional fluid
and functional means (8, 10), in particular a condenser
means (8) for condensing said functional fluid or an evap-
orator (10) for evaporating said functional fluid or a
heat-exchanger for transferring thermal energy from the
functional liquid to the surrounding or vice versa, a frost
detection means (2) for detecting ice or snow inside or
at the outside of the functional means, wherein the frost
detection means (2) comprises at least one conductor
element (41) for conducting electric energy from a source

(70) to an electric energy conducting part (71) of the func-
tional means (8, 10), wherein the conductor element (41)
is arranged spaced apart and in close vicinity, in partic-
ularly less distance than 10mm, to the electric energy
conducting part (71) of the functional means (8, 10),
wherein the conductor element (41) and the electric en-
ergy conducting part (71) become short-circuited due to
growth of ice or snow, and a current measurement and/or
detection unit (60) for measuring and/or detecting current
flow via the conductor element (41), wherein the meas-
urement and/or detecting unit (60) triggers defrosting in
dependency of the measured and/or detected current
flow.
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Description

[0001] The presentinvention refers according to claim
1 to an air conditioning unit and according to claim 14 to
a method for operating an air conditioning unit.

Background of the invention

[0002] In air conditioning, defrost is a big problem for
the heating mode when air conditioner tries heating, in
heating mode, heat transferred to the outside and the
heat of outdoor unit of air conditioner will be dramatically
decreased and goes to freeze in anytime otherwise con-
denser will be freezed then the heat cannot be trans-
ferred, performance and indoor unit pressure for heating
will be decreased. So sensing building up of ice or snow
is very important and needed.

[0003] In traditional manners, temperature sensors
(NTCs) are used to sense cooling situations to start de-
frosting algorithm, NTCs sense ambient and pipe tem-
perature but cannot be truly precise due to humidity for
different temperature, else 0°C, 10°C or -10°C so as a
result inadequate results can be obtained.

[0004] Document US4305259A discloses a frost sen-
sor circuit which employs a thermistor to sense the
amount of frost present on the cooling coils of a refriger-
ator, air conditioner, or the like, and to inhibit defrosting
that would otherwise occur at regular intervals, in those
cases where the frost present is not enough to justify a
defrost function thereby to limit defrost heating to those
cycles requiring it, thus saving electrical energy. This is
done by mounting the thermistor at or on the coils to
collect the same amount of frost as the coils and to have
the defrost cycle control energize the same for a timed
interval, melting the frost thereon and thereby determin-
ing the amount of frost build-up.

[0005] Document US3465535A discloses a frost de-
tector for detecting the accumulation of frost on a surface
of an evaporator during cooling operation of said evap-
orator comprising: sending means for converting electri-
cal energy to vibratory energy; receiving means for con-
verting vibratory energy to electrical energy; a metal wire
connecting said sending and receiving means for con-
ducting vibrations from said sending means to said re-
ceiving means; said wire being positioned adjacent said
evaporator surface so that the build-up of frost on said
surface reduces the vibratory energy at said receiver
means to thereby cause a reduction in the electrical en-
ergy output thereof and means responsive to said reduc-
tion in electrical output energy for initiating a defrosting
of said evaporator.

Object of the Invention

[0006] Thus, itis the object of the present invention to
provide an advanced air conditioning unit and a method
for operating an air conditioning unit in such a manner
that building up of snow and ice can be detected in a
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reliable manner.
Description of the Invention

[0007] Thebefore mentioned objectis solved by a cool-
ing unit, in particular refrigerator or air conditioning unit
according to claim 1. The air conditioning unit is prefer-
ably for buildings respectively a stationary air condition-
ing unit. The inventive cooling unit, in particularly air con-
ditioning unit, preferably comprises at least an air condi-
tioning means for heating and/or cooling of air, wherein
the air conditioning means comprises a functional fluid
and functional means, in particular a condenser means
for condensing said functional fluid or an evaporator for
evaporating said functional fluid or a heat-exchanger for
transferring thermal energy from the functional liquid to
the surrounding or vice versa, a frost detection means
for detecting ice or snow inside or at the outside of the
functional means, wherein the frost detection means
comprises at least one conductor element for conducting
electric energy from a source to an electric energy con-
ducting part of the functional means, wherein the con-
ductor element is arranged spaced apart and in close
vicinity, in particularly less distance than 10mm, to the
electric energy conducting part of the functional means,
wherein the conductor element and the electric energy
conducting part become short-circuited due to growth of
ice or snow, and a current measurement and/or detection
unit for measuring and/or detecting current flow via the
conductor element, wherein the measurementand/or de-
tecting unit triggers defrosting in dependency of the
measured and/or detected current flow.

[0008] This solution is beneficial, since it gives exact
results with respect to sensing frost by using conductive
material (e.g. rod or ring etc.).

[0009] Further preferred embodiments are subject
matter of the following specification parts and/or the de-
pendent claims.

[0010] According to a preferred embodiment of the
present invention the conductor element has a rod-like
shape and is arranged in parallel to the electric energy
conducting part of the functional means. This embodi-
ment is beneficial since a conductive rod can be provided
in a reliable and cheap manner. Furthermore, due to me-
chanical positioning the distance between the conductor
element and functional means can be set up in a very
precise manner. Building up of ice or snow in a gap be-
tween the conductor element and the functional means
causes setting up of an electric connection between the
functional means and an electric source, thus current
flowing in said connection can be measured.

[0011] The conductor element has according to a fur-
ther preferred embodiment of the present invention a
ring-like shape and is arranged around an electric energy
conducting rod-like or electric energy conducting pipe-
like member of the functional means. This embodiment
is also beneficial since aring member surrounds the pipe-
like or rod-like element of the functional means, thus ice



3 EP 3 401 624 A1 4

or snow growth can be detected along the circumferential
surface of said element. This embodiment s further ben-
eficial since the size of the connection caused by grown
ice or snow and therefore current flow can be analyzed
in a predefined dependency.

[0012] The conductor element has according to a fur-
ther preferred embodiment of the present invention a
preferably straight rod-like shape and is arranged in an
aligned manner to the electric energy conducting part of
the functional means, wherein the distance between one
end of the conductor element and the electric energy
conducting part of the functional means and the distance
between another end of the conductor element and the
electric energy conducting part of the functional means
differ from each other. This embodiment is beneficial
since the size of the connection caused by grown ice or
snow and therefore current flow can be analyzed in a
predefined dependency.

[0013] The conductor element has according to a fur-
ther embodiment of the present invention a ring-like
shape and is arranged in a none-coaxial manner around
an electric energy conducting rod-like or electric energy
conducting pipe-like member of the functional means.
This embodiment is beneficial since the size of the con-
nection caused by grown ice or snow and therefore cur-
rent flow can be analyzed in a predefined dependency.
[0014] According to another embodiment of the
present invention the conductor element has a heterog-
enous structure, wherein the thickness, material compo-
sition and/or shape varies along a longitudinal axis or a
circumferential direction. This embodiment is beneficial
since due to one, two, three or multiple of these features
the growth and/or shape and/or position and/or size of
the ice or snow connection can be affected. Current flow
can be analyzed in a predefined dependency of one, two,
three or multiple of said features.

[0015] Thus, a conductive rod, ring or any conductive
material is preferably located at the bottom (efficient
place of the condenser) of the outdoor unit condenser
and is preferably arranged my means of plastic holders
holding the conductor element in an optimum distance
to condenser and nearly but no contact. While starting
icing, conductive rod is short-circuited with condenser
through icing and it initiates defrosting algorithm by sens-
ing current flow from source to ground by current sense
circuit.

[0016] Multiple conductor elements are provided and
individually connected to the current measurement
and/or detection unit according to a further preferred em-
bodiment of the present invention. This embodiment is
beneficial since growth of ice or snow can be detected
in multiple positions and/or on/in multiple functional
means. Furthermore, signals or data provided by a meas-
urementand/or detecting unit can preferably be analyzed
with respect to the individual conducting elements. It is
further conceivable that signals or data representing cur-
rent flow of multiple or all of the conducting elements or
the entirety of the conducting elements is analyzed in a
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predefined manner.

[0017] Signals or data provided by the measurement
and/or detecting unit are according to a further preferred
embodiment of the present invention processed by
means of a predefined algorithm, wherein triggering of
defrosting is caused in dependency of the processed sig-
nals or data. Signals or data provided by the measure-
ment and/or detecting unit are preferably processed in
dependency of the position and/or features of the respec-
tive conductor element. Features can be, e.g. size,
shape, material, distance to functional means, etc.
[0018] The air conditioning unit comprises according
to the present invention at least one heating means, in
particularly an electric heating means, for defrosting of
one or multiple functional means. This embodiment is
beneficial since the throughput of the air conditioning
means is not affected since there is no need to lower the
power level. The heating means is preferably operated
in multiple steps orin a step less manner. Preferably are
multiple heating means provided, wherein at least two
heating means can be operated independently from each
other, wherein each of said two heating means is oper-
ated in dependency of the signals or data provided by
the measurement and/or detection means.

[0019] The conducting means is according to a further
preferred embodiment of the present invention posi-
tioned by means of at least one electrically isolated hold-
ing member, wherein the isolated holding member has
an electrical conductivity of less than 10-5S/m (siemens
per meter), in particular of less than 10-6S/m or of less
than 10-7S/m or of less than 10-8S/m. Thus, the electric
conductivity of the holding member is preferably lower
than the electric conductivity of ice or snow.

[0020] The minimal distance between the conductor
element and the electric energy conducting part of the
functional means is according to a further preferred em-
bodiment of the present invention below 5mm, in partic-
ular below 3mm or below 2mm or below 1 mm, in partic-
ular between 0,001 mm and 10mm or between 0,1 mm
and 5mm or between 0,5mm and 3mm.

[0021] The before mentioned object is also solved by
a method for operating a stationary air conditioning unit
according to claim 14. The before mentioned method
preferably comprises at least the steps: Providing an air
conditioning means for heating and cooling of air, where-
in the air conditioning means comprises a functional fluid
and functional means, in particular a condenser means
for condensing said functional fluid or an evaporator for
evaporating said functional fluid or a heat-exchanger for
transferring thermal energy from the functional liquid to
the surrounding or vice versa, providing a frost detection
means for detecting ice or snow inside or at the outside
of the functional means, wherein the frost detection
means comprises atleast one conductor element for con-
ducting electric energy from a source to an electric energy
conducting part of the functional means, wherein the con-
ductor element is arranged spaced apart and in close
vicinity, in particularly less distance than 10mm, to the
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electric energy conducting part of the functional means,
operating the air conditioning means to provide heated
air for heating a predefined zone, wherein the conductor
element and the electric energy conducting part become
short-circuited due to growth of ice or snow, measuring
and/or detecting by means of a current measurement
and/or detection unit current flowing through the conduc-
tor element, triggering defrost operation in dependency
of the measured and/or detected current flow.

[0022] Thus, the present invention provides a method
of sensing ice and snow by using any conductive mate-
rial.

[0023] According to a further embodiment of the
present invention the defrost operation causes a reduc-
tion of the operation level of the functional means. This
embodiment is beneficial since no further heating means
are required.

[0024] Air conditioners are the main usage of this in-
vention. Moreover, the invention can preferably be used
by any other defrost application area.

[0025] Further benefits, goals and features of the
presentinvention will be described by the following spec-
ification of the attached figures, in which exemplarily
components of the invention are illustrated. Components
of the systems, devices and methods according to the
inventions, which match at least essentially with respect
to their function can be marked with the same reference
sign, wherein such components do not have to be marked
or described multiple times with respect to said figures.
[0026] In the following the invention is just exemplarily
described with respect to the attached figures.

Brief Description of the Drawings

[0027]
Fig. 1a  shows schematically an electric connection
between a source and an outdoor unit of an
air condition unit, wherein the connection is
setup by short circuiting a rod-like conductor
element and the outdoor unit by means of
grown ice or snow;

Fig. 1b  shows schematically an electric connection
between a source and a cooled element of an
outdoor unit of an air condition unit, wherein
the connection is setup by short circuiting a
ring-like conductor element and the outdoor
unit by means of grown ice or snow;

Fig. 2a  schematically a preferred arrangement inside
an air conditioning means, wherein a rod-like
conductor element is arranged in such a man-
ner that a gap between the rod-like conductor
element and a functional means of the air con-
ditioning unit is set up; and

Fig. 2b  schematically a further preferred arrangement
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inside an air conditioning means, wherein mul-
tiple rod-like conductor elements are arranged
in such a manner that gaps between the rod-
like conductor elements and functional means
of the air conditioning unit are set up, wherein
the individual conductor elements have exem-
plarily different features.

Detailed Description of the Drawings

[0028] Fig. 1 a shows an outer part 20 of an air condi-
tioning unit 1. At least one conductor element 41 is ar-
ranged in close vicinity to the outer part 20. In case growth
of ice or snow starts the ice or snow forms a connection
between the outer part 20 and conductor element 41.
Thus, current can flow through conductor element 41 to
outer part 20 and outer part 20 is preferably connected
to ground. Current is provided by a source 70. Between
the source 70 and conductor element 41 preferably at
least one current limiter 40 and one current measurment
and/or detecting unit 60 is provided. The current meas-
urement and/or detecting unitis preferably arranged clos-
er to the source 70 than the current limiter 40.

[0029] Fig. 1 b shows a similar structure than fig. 1 a.
However the conductor element 41 is shaped like a ring
and positioned around a pipe or piston or rod-like element
71. One or multiple electrically isolated holder means 72
is/are holding the conductor element 41 in a distance to
the pipe or piston or rod-like element 71. The ring 41 is
electrically connected via connection 44 with a source
70, wherein a current limiter 40 and/or a current meas-
urement and detection unit 60 is preferably arranged be-
tween the source 70 and ring 41. Thus, current can be
measured respectively detected as long as the connec-
tion between conductor element 41 and the functional
means is established.

[0030] Therefore, the main concept of this invention is
to sense frost anywhere in particularly on functional
means (condenser, exchanger, evaporator coil etc.) so,
the conductor element/s, in particular conductive rod or
ring, is/are used to sense a defrost sequence. When frost
growth starts on condenser the conductive element re-
spectively rod or ring is very close to this material, so it
is short circuited by icing and current is sensed by a circuit
that can sense the current flowing from source to ground.
So, a signal or data is outputted that represents the in-
formation that frost is present on at least one functional
means, in particular on condenser or evaporator etc.
[0031] Fig. 2a shows schematically a cross-sectional
view of a part of an air conditioning unit 1. A rod-like or
ring-like conductor element41 is arrangedin a condenser
8, wherein an electrically isolated holding means 54 po-
sitions the conducting means 41 in a defined distance 49
to the condenser 8.

[0032] Fig. 2b shows exemplarily that multiple conduc-
tor elements 41, 42, 43 can be provided. Preferably are
all conductor elements or multiple conductor elements
or the majority of the conductor elements connected to
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the same source and/or current measurement and de-
tecting unit. However, it is further conceivable that each
conductor element is connected via an individual con-
nection to anindividual source, current limiter and current
measurement and/or detecting unit. It is also possible
that multiple conductor elements of the same type are
provided. One type maybe as described with respect to
fig. 1 a, another type is described with respect to fig. 1
b. Furthermore, each type might be arranged with a het-
erogenous distance profile with respect to the functional
means of the air conditioning unit 1. A further type of
conductors comprises multiple materials forming differ-
ent parts of the surface of the respective conductor ele-
ment, preferably having different electrical conductivity
and/or surface roughness and/or wetting properties
and/or surface shape.

[0033] Thus, the presentinvention refers to an air con-
ditioning unit 1, in particularly for buildings. The inventive
air conditioning unit preferably comprises at least an air
conditioning means for heating and/or cooling of air,
wherein the air conditioning means comprises a function-
al fluid and functional means 8, 10, in particular a con-
denser means 8 for condensing said functional fluid or
an evaporator 10 for evaporating said functional fluid or
a heat-exchanger for transferring thermal energy from
the functional liquid to the surrounding or vice versa, a
frost detection means 2 for detecting ice or snow inside
or at the outside of the functional means, wherein the
frost detection means 2 comprises at least one conductor
element 41 for conducting electric energy from a source
70 to an electric energy conducting part 71 of the func-
tional means 8, 10, wherein the conductor element 41 is
arranged spaced apart and in close vicinity, in particularly
less distance than 10 mm, to the electric energy conduct-
ing part 71 of the functional means 8, 10, wherein the
conductor element 41 and the electric energy conducting
part 71 become short-circuited due to growth of ice or
snow, and a current measurement and/or detection unit
60 for measuring and/or detecting current flow via the
conductor element 41, wherein the measurement and/or
detecting unit 60 triggers defrosting in dependency of the
measured and/or detected current flow.

List of reference numbers

[0034]

1 air conditioning unit
condenser

10  vaporizer

20 housing

40  current limiter

41  conductor element

42  further conductor element

43  additional conductor element

44  connection for transferring electric energy
46 first material

47  second material
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48  third material

49 gap

50 alternative gap

51 first end of conductor element

52  second end of conductor element

60 current measurement and/or detection unit
70  source

71 cooled part of functional means

72  isolated holding member

74  heating means

Claims

1. Air conditioning unit (1), in particularly for buildings,
at least comprising
an air conditioning means for heating and/or cooling
of air,
wherein the air conditioning means comprises a
functional fluid and functional means (8, 10), in par-
ticular a condenser means (8) for condensing said
functional fluid or an evaporator (10) for evaporating
said functional fluid or a heat-exchanger for trans-
ferring thermal energy from the functional liquid to
the surrounding or vice versa,
a frost detection means (2) for detecting ice or snow
inside or at the outside of the functional means,

wherein the frost detection means (2) comprises
at least one conductor element (41) for conduct-
ing electric energy from a source (70) to an elec-
tric energy conducting part (7 1) of the functional
means (8, 10),

and wherein the conductor element (41) is ar-
ranged spaced apart and in close vicinity, in par-
ticularly less distance than 10mm, to the electric
energy conducting part (71) of the functional
means (8, 10), wherein the conductor element
(41) and the electric energy conducting part (71)
become short-circuited due to growth of ice or
snow,

and a current measurement and/or detection unit
(60) for measuring and/or detecting current flow via
the conductor element (41), wherein the measure-
ment and/or detecting unit (60) triggers defrosting in
dependency of the measured and/or detected cur-
rent flow.

2. Air conditioning unit according to claim 1,
characterized in that
the conductor element (41) has a rod-like shape and
is arranged in parallel to the electric energy conduct-
ing part (71) of the functional means (8, 10).

3. Air conditioning unit according to claim 1,
characterized in that
the conductor element (41) has a ring-like shape and
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is arranged around an electric energy conducting
rod-like or electric energy conducting pipe-like mem-
ber of the functional means.

Air conditioning unit according to claim 1,
characterized in that

the conductor element (41) has a preferably straight
rod-like shape and is arranged in an aligned manner
to the electric energy conducting part (7 1) of the func-
tional means (8, 10), wherein the distance between
one end (50) of the conductor element (41) and the
electric energy conducting part (71) of the functional
means (8, 10) and the distance between another end
(52) of the conductor element (41) and the electric
energy conducting part (71) of the functional means
(8, 10) differ from each other.

Air conditioning unit according to claim 1,
characterized in that

the conductor element (41) has aring-like shape and
is arranged in a none-coaxial manner around an
electric energy conducting rod-like or electric energy
conducting pipe-like member of the functional
means (8, 10).

Air conditioning unit according to any of the proceed-
ing claims,

characterized in that

the conductor element (41) has a heterogenous
structure,

wherein the thickness, material composition and/or
shape varies along a longitudinal axis or a circum-
ferential direction.

Air conditioning unit according to any of the proceed-
ing claims,

characterized in that

multiple conductor elements are provided and indi-
vidually connected to the current measurement
and/or detection unit.

Air conditioning unit according to any of the proceed-
ing claims,

characterized in that

signals or data provided by the measurement and/or
detecting unit (60) are processed by means of a pre-
defined algorithm, wherein triggering of defrosting is
caused in dependency of the processed signals or
data.

Air conditioning unit according to claim 8,
characterized in that

signals or data provided by the measurement and/or
detecting unit (60) are processed in dependency of
the position and/or features of the respective con-
ductor element (41).

10. Air conditioning unit according to any of the proceed-
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1.

12.

13.

14.

ing claims,

characterized in that

the air conditioning unit (1) comprises at least one
heating means (74), in particularly an electric heating
means, for defrosting of one or multiple functional
means (8, 10).

Air conditioning unit according to claim 10,
characterized in that

multiple heating means (74) are provided, wherein
at least two heating means (74) can be operated
independently from each other, wherein each of said
two heating means is operated in dependency of the
signals or data provided by the current measurement
and/or detection unit (60).

Air conditioning unit according to any of the proceed-
ing claims,

characterized in that

the conducting means (41) is positioned by means
of at least one electrically isolated holding member,
wherein the isolated holding member has an electri-
cal conductivity of less than 10-5S/m (siemens per
meter), in particular of less than 10-6S/m or of less
than 10-7S/m or of less than 10-8S/m.

Air conditioning unit according to any of the proceed-
ing claims,

characterized in that

the minimal distance between the conductor element
(41) and the electric energy conducting part (71) of
the functional means is below 5mm, in particular be-
low 3mm or below 2mm or below 1 mm.

Method for operating a stationary air conditioning
unit,
at least comprising the steps:

Providing an air conditioning means (1) for heat-
ing and cooling of air,

wherein the air conditioning means (1) com-
prises a functional fluid and functional
means (8, 10), in particular a condenser
means (8) for condensing said functional
fluid or an evaporator (10) for evaporating
said functional fluid or a heat-exchanger for
transferring thermal energy from the func-
tional liquid to the surrounding or vice versa,

Providing a frost detection means (2) for detect-
ing ice or snow inside or at the outside of the
functional means (8, 10),

wherein the frost detection means (2) com-
prises at least one conductor element (41)
for conducting electric energy from a source
(70) to an electric energy conducting part of
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the functional means (8, 10),

wherein the conductor element (41) is ar-
ranged spaced apart and in close vicinity,

in particularly below a distance of 10mm, to

the electric energy conducting part of the 5
functional means,

Operating the air conditioning means (1) to pro-
vide heated air for heating a predefined zone,
wherein the conductor element (41) and the 70
electric energy conducting part become short-
circuited due to growth of ice or snow,

Measuring and/or detecting by means of a cur-

rent measurement and/or detection unit (60)
current flowing through the conductor element 75
(41),

Triggering defrost operation in dependency of

the measured and/or detected current flow.

15. Method according to claim 14, 20
characterized in that
the defrost operation causes a reduction of the op-
eration level of the functional means (8, 10).
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