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(54) Title: A SUPERHEAT SENSOR

Fig. 1

(57) Abstract: A superheat sensor (1) for sensing superheat
of a fluid flowing in a flow channel (3) is disclosed. The
sensor (1) comprises a flexible wall defining an interface
between an inner cavity (5) having a charge fluid (6) ar-
ranged therein and the flow channel (3). The flexible wall
is arranged in the flow channel (3) in thermal contact with
the fluid flowing therein, and the flexible wall is adapted to
conduct heat between the flow channel (3) and the inner
cavity (5). Thereby the temperature of the charge fluid (6)
adapts to the temperature of the fluid tlowing in the flow
channel (3), and the pressure in the inner cavity (5) is de-
termined by this temperature. A first wall part (7, 14) and a
second wall part (9, 16) are arranged at a variable distance
from each other, said distance being defined by a ditferen-
tial pressure between the pressure of the charge fluid (6)
and the pressure of the fluid flowing in the flow channel
(3), i.e. depending on the pressure and the temperature of
the tluid flowing in the flow channel (3), and thereby the
superheat of the fluid. A distance sensor, e.g. comprising a
permanent magnet (8) and a Hall sensor (10), measures the
distance between the wall parts, and the superheat is calcu-
lated from the measured distance. The sensor (1) is suitable
for use in a refrigeration system. The sensor (1) is mechani-
cally simple and capable of determining the superheat by
measuring only one parameter.
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A SUPERHEAT SENSOR
FIELD OF THE INVENTION

The present invention relates to a sensor for sensing superheat of a fluid
flowing in a flow channel, in particular superheat of a refrigerant flowing in a

refrigerant path of a refrigeration system.
BACKGROUND OF THE INVENTION

In refrigeration systems, such as cooling systems or air condition systems, the
superheat of the refrigerant flowing in the system is often used for controlling
the flow of refrigerant through the system. More particularly, a superheat value
is often used as a control parameter for controlling an expansion valve arranged
in the refrigerant path. Accordingly, it is often desirable to be able to obtain a

superheat value for the refrigerant.

US 4,660,387 discloses a control device having a detector for detecting the
degree of superheating or supercooling of refrigerating or air-conditioning units.
The detector includes a pressure responsive chamber for guiding the pressure
of a coolant and a diaphragm disposed therein. The diaphragm is connected
with a temperature-responsive cylinder for sensing the temperature of the
coolant and a connecting rod. The connecting rod moves corresponding to the
pressure and temperature of the coolant, and the position thereof is sensed by

a position sensor means.

US 5,070,706 discloses a superheat sensor for sensing the superheat of a fluid
flowing through a fluid channel. The superheat sensor includes an aperture
within the fluid channel and a sensor body engaging the aperture with a fluid
tight seal between the body and the aperture. The sensor body has a sensor
body 'channel in fluid communication with fluid flowing within the fluid channel. A
pressure sensor contained within the sensor body has a pressure responsive

element in fluid communication with the fluid flowing through the fluid channel

CONFIRMATION COPY
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for producing an electrical signal representative of pressure of fluid flowing in
the fluid channel. A temperature sensor connected to the sensor body has at
least one surface in fluid communication with the fluid flowing through the fluid
channel for producing an electrical signal representation of temperature of fluid
flowing in the fluid channel. A superheat calculator produces a superheat signal

in response to the electrical signals representative of pressure and temperature.

US 4,333,317 discloses an automatic control for a refrigeration system for
regulating superheat of refrigerant in its gaseous phase existing in the system.
The control includes a sensor arranged in thermal control with the system
suction line that is divided by a diaphragm into two chambers. One chamber is
exposed to suction gas and the other chamber contains a fluid that is essentially
the same as the system refrigerant. Mounted on the diaphragm is a four leg
strain gage bridge sensor that produces an electrical signal in response to the

pressure differential between the chambers.
SUMMARY OF THE INVENTION

It is an object of the invention to provide a superheat sensor in which the
temperature of the fluid is reflected in the obtained superheat value in a more

accurate manner than it is the case in prior art superheat sensors.

It is a further object of the invention to provide a superheat sensor in which the
number of required components is reduced as compared to prior art superheat

Sensors.

It is an even further object of the invention to provide a superheat sensor which

is mechanically simpler than prior art superheat sensors.

According to the invention the above and other objects are obtained by
providing a superheat sensor for sensing superheat of a fluid flowing in a flow

channel, the sensor comprising:
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- a flexible wall defining an interface between an inner cavity having a
charge fluid arranged therein and the flow channel, the flexible wall being
arranged in the flow channel in thermal contact with the fluid flowing
therein, and the flexible wall being adapted to conduct heat between the

flow channel and the inner cavity,

- afirst wall part and a second wall part arranged at a variable distance
from each other, said distance being defined by a differential pressure
between the pressure of the charge fluid and the pressure of the fluid
flowing in the flow channel,

- adistance sensor for measuring the distance between the first wall part

and the second wall part, and

- means for calculating the superheat of the fluid flowing in the flow

channel, based on the measured distance.

Superheat is normally defined as the difference between the actual temperature
of a fluid and the dewpoint of the fluid. Accordingly, the superheat depends on
the temperature as well as the pressure of the fluid. As mentioned above, the
superheat of a refrigerant is often used as a control parameter for controlling
operation of a refrigeration system having the refrigerant flowing in its
refrigerant path. The superheat is suitable for this purpose because it provides a
measure for the efficiency of the refrigeration system. If the superheat is high it
is an indication that too much gaseous refrigerant leaves the evaporator. Thus,
the refrigeration capacity of the evaporator is not utilised to the full extent, and
the refrigeration system is therefore operating in an inefficient manner. On the
other hand, if the superheat is very low, i.e. close to zero, there is a risk that
liquid refrigerant is passed through the evaporator. This is undesirable, since it
may cause damage to the compressor.

Accordingly, it is desired to operate the refrigeration system in such a manner
that a suitable value of the superheat is maintained, thereby ensuring that the
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refrigeration capacity of the refrigeration system is utilised to the greatest
possible extent, without risking damage to the compressor. To this end it is
necessary to obtain the superheat of the fluid. V

The flow channel may advantageously form part of a refrigerant path of a

refrigeration system, and the fluid may advantageously be a suitable refrigerant.

In the present context the term ‘fluid’ should be interpreted to cover a liquid, a
gas or a mixture of liquid and gas.

The flexible wall defines an interface between an inner cavity and the flow
channel. In the present context the term ‘inner cavity’ should be interpreted to
mean a substantially closed volume which is fluidly separated from the flow
channel. Thus, the fluid flowing in the flow channel is not allowed to enter the
inner cavity. The flexible wall may completely enclose the inner cavity.
Alternatively, the flexible wall may only form part of the enclosure of the inner
cavity. In this case part of the inner cavity may be enclosed by one or more
substantially fixed walls, i.e. walls which are not flexible or movable.

The inner cavity has a charge'fluid arranged therein. Since the inner cavity is
substantially closed, the amount of charge fluid in the inner cavity is
substantially constant. The charge fluid is a fluid with well defined and well
known thermostatic properties, and with a well defined and a well known vapour
pressure curve. Accordingly, there is a well defined correspondence between
the temperature of the charge fluid and the pressure inside the inner cavity.

The flexible wall is arranged in the flow channel in thermal contact with the fluid
flowing therein, and the flexible wall is adapted to conduct heat between the
flow channel and the inner cavity. Thus, the temperature of the charge fluid
adapts to the temperature of the fluid flowing in the flow channel, via the flexible
wall. As a consequence, the pressure inside the inner cavity is completely
determined by the temperature of the fluid flowing in the flow channel.
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Since the flexible wall defines an interface between the inner cavity and the flow
channel, it is influenced by the pressure inside the inner cavity as well as by the
pressure in the flow channel. Accordingly, the flexible wall will move or flex in
response to the differential pressure between the pressure inside the inner
cavity and the pressure in the flow channel. Since the pressure inside the inner
cavity is determined by the temperature of the fluid flowing in the flow channel
as described above, the position of the flexible wall is determined by a
combination of the pressure and the temperature of the fluid flowing in the flow
channel. Thus, the position of the flexible wall is an indication of the superheat
of the fluid flowing in the flow channel.

The first wall part and the second wall part are arranged at a variable distance
from each other. The distance is defined by a differential pressure between the
pressure of the charge fluid, i.e. the pressure inside the inner cavity, and the
pressure of the fluid, i.e. the pressure in the flow channel. As described above,
this differential pressure is determined by a combination of the temperature and
the pressure of the fluid flowing in the flow channel. Accordingly, the distance
between the first wall part and the second wall part is an indication of the
superheat of the fluid flowing in the flow channel. Preferably, the first wall part
and/or the second wall part is/are connected to the flexible wall in such a
manner that movements of the flexible wall results in variations in the distance
between the first wall part and the second wall part. This will be described in
further detail below.

The superheat sensor further comprises a distance sensor for measuring the
distance between the first wall part and the second wall part, and means for
calculating the superheat of the fluid flowing in the flow channel, based on the
measured distance. As described above, the distance between the first wall part
and the second wall part is an indication of the superheat of the fluid flowing in
the flow channel, and therefore the superheat can be calculated from a

measured value of this distance.
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It is an advantage that the superheat is determined on the basis of a single
measurement, since only one sensor is thereby required in order to determine
the superheat, and thereby the number of required components is reduced as
compared to sensor devices in which the temperature and the pressure of the
fluid are measured independently by means of separate sensors. Furthermore,

the superheat sensor of the invention is mechanically simple.

It is also an advantage that the temperature of the charge fluid is adapted to the
temperature of the fluid flowing in the flow channel directly via the flexible wall,
since a very efficient heat transfer is thereby obtained, in particular when the
flexible wall covers a substantial part of the area enclosing the inner cavity.
Furthermore, this arrangement is mechanically simple and allows the
measurement of the temperature and the measurement of the pressure to be

performed by the same device.

The charge fluid may have thermostatic properties which are similar to the
thermostatic properties of the fluid flowing in the flow channel. The charge fluid
may even be substantially identical to the fluid flowing in the flow channel.
According to this embodiment the relation between pressure and temperature of
the charge fluid is substantially identical to the relation between pressure and
temperature of the fluid flowing in the flow channel. Thereby the relation
between the distance between the wall parts, on the one hand, and the
superheat of the fluid flowing in the flow channel, on the other hand, is relatively
simple, and the calculation of the superheat from the measured distance can
therefore easily be performed. However, the charge fluid may, alternatively, be
any other suitable kind of fluid, even atmospheric air, as long as the relation

between temperature and pressure is well known and well defined.

According to one embodiment, the flexible wall may be a diaphragm. In this
case the diaphragm may form one wall of the inner cavity, and the inner cavity
may further be enclosed by one or more substantially fixed walls.
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The first wall part or the second wall part may form part of the diaphragm. In the
case that the first wall part forms part of the diaphragm, the second wall part is
preferably arranged in a substantially immovable manner. Thereby movements -
of the diaphragm in' response to changes in the differential pressure results in
movements of the first wall part. Since the second wall part is arranged in a
substantially immovable manner, the first wall part is moved relative to the
second wall part, and thereby the distance between the first wall part and the

second wall part is varied.

Similarly, the second wall part may form part of the diaphragm, and the first wall

part may be arranged in a substantially immovable manner.

Alternatively, the flexible wall may be a bellow. The bellow is preferably
substantially enclosing the inner cavity, i.e. the interior of the bellow preferably
forms the inner cavity. According to this embodiment, the first wall part and the
second wall part may advantageously be or form part of end walls of the bellow.
The bellow will expand or contract in response to changes in the differential
pressure between the pressure inside the inner cavity and the pressure in the
flow channel. Accordingly, the distance between the end walls of the bellow is

varied.

The distance sensor may comprise a first sensor part arranged on the first wall
part and a second sensor part arranged on the second wall part. In this case the
first sensor part may be or comprise a permanent magnet, and the second
sensor part may be or comprise a Hall sensor. According to this embodiment,
the magnetic field originating from the permanent magnet and detected by the
Hall sensor depends on the distance between the permanent magnet and the
Hall sensor, and thereby on the distance between the first wall part and the
second wall part. Accordingly, the measurements performed by the Hall sensor
represent the distance between the wall parts, thereby providing a measure for
the superheat of the fluid flowing in the flow channel. As an alternative, the first
sensor part and the second sensor part may be any other suitable kinds of
sensor parts being capable of detecting the distance between the wall parts. As
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an alternative, induction sensors, ultrasound sensors, capacitive sensors,
sensors performing measurements using light, or any other suitable kind of

sensor may be used for measuring the distance between the wall parts.

The sensor may further comprise mechanical biasing means arranged to
mechanically bias the first wall part and the second wall part in a direction away
from each other. The mechanical biasing means may be or comprise a
compressible spring, e.g. arranged to push or pull the wall parts away from
each other. The compressible spring may, e.g., be arranged inside the inner
cavity in such a manner that it pushes the first wall part and/or the second wall
part away from the secondffirst wall part. Alternatively, a compressible spring
may be arranged outside the inner cavity, connected to the first wall part or the
second wall part in such a manner that this wall part is pulled away from the
other wall part. As another alternative, other mechanical biasing means, such

as a component made from a deformable material, may be used.

The sensor may further comprise a temperature sensor arranged to measure
the temperature of the fluid flowing in the flow channel. By measuring the
temperature directly, it may be possible to determine the superheat of the fluid
flowing in the flow channel in a more accurate manner. Furthermore, the
pressure of the fluid flowing in the flow channel may be estimated from the
measured temperature and the calculated superheat. The measured pressure
may be used for controlling a refrigeration system in an even more optimal

manner.

The fluid flowing in the flow channel may advantageously be a refrigerant, such
as a refrigerant selected from one of the following g'roups of refrigerants: HFC,
HCFC, CFC or HC. Another suitable refrigerant is CO,. In this case the flow
channel preferably forms part of a refrigerant path of a refrigeration system.

The means for calculating the superheat may further be adapted to generate a
control signal based on the calculated superheat and to supply said control

signal to a control unit for controlling operation of an expansion valve. According
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to this embodiment the sensor can advantageously be used when controlling a

refrigeration system on the basis of the superheat value of the refrigerant.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in further detail with reference to the

accompanying drawings in which

Fig. 1 is a cross sectional view of a superheat sensor according to a first

embodiment of the invention, the superheat sensor comprising a bellow,

Fig. 2 is a cross sectional view of a superheat sensor according to a second
embodiment of the invention, the superheat sensor comprising a bellow and a

spring, and

Fig. 3 is a cross sectional view of a superheat sensor according to a third

embodiment of the invention, the superheat sensor comprising a diaphragm.
DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view of a superheat sensor 1 according to a first
embodiment of the invention. A bellow 2 is arranged in a flow channel 3 which is
partly limited by a stainless steel disk 4.

The bellow 2 encloses an inner cavity 5 which is filled with a charge fluid 6
having thermostatic properties which are similar to the thermostatic properties
of the fluid flowing in the flow channel 3. A first end wall 7 of the bellow 2 has a
permanent magnet 8 mounted thereon. A second end wall 9 of the bellow 2 has

a Hall sensor 10 mounted thereon.

The superheat sensor 1 of Fig. 1 preferably operates in the following manner.
As fluid flows in the flow channel 3 the temperature of the charge fluid 6 adapts
to the temperature of the fluid flowing in the flow channel 3. Since the inner

cavity 5 is closed, the temperature of the charge fluid 6, which is identical to the
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temperature of the fluid flowing in the flow channel 3, determines the pressure
inside the inner cavity 5. Thus, if the temperature increases, the pressure in the
inner cavity 5 increéses, and the bellow 2 expands. However, if the pressure of
the fluid flowing in the flow channel 3 increases it will cause the bellow 2 to
contract. Accordingly, the bellow 2 will find a balanced position corresponding to
the differential pressure between the pressure inside the inner cavity 5 and the
pressure in the flow channel 3. Thus, the position of the bellow 2 is determined
by the pressure of the fluid flowing in the flow channel 3 as well as the
temperature of this fluid. Since the thermostatic properties of the charge fluid 6
are similar to the thermostatic properties of the fluid flowing in the flow channel
3, the calculation of the superheat of the fluid flowing in the flow channel 3 on
the basis of the distance between the end walls 7, 9 is relatively simple. It
should be noted that the charge fluid 6 may advantageously be identical to the

fluid flowing in the flow channel 3.

As the bellow 2 expands or contracts, the first end wall 7 of the bellow 2 moves
away from or towards the second end wall 9 of the bellow. As a consequence,
the distance between the permanent magnet 8 and the Hall sensor 10
increases or decreases, and therefore the signal measured by the Hall sensor
10 varies as a function of the distance between the end walls 7, 9, and thereby
as a function of the superheat of the fluid flowing in the flow channel 3.

Fig. 2 is a superheat sensor 1 according to a second embodiment of the
invention. The sensor 1 of Fig. 2 is very similar to the sensor 1 of Fig. 1, and it
will therefore not be described in detail here. The sensor 1 of Fig. 2 comprises a
compressible spring 11 arranged inside the inner cavity 5 in such a manner that
it biases the first end wall 7 in a direction away from the second end wall 9. The
sensor 1 is further provided with a temperature sensor 12 arranged to measure

the temperature of the fluid flowing in the flow channel 3.

The embodiment shown in Fig. 2 can be operated without a charge fluid as
described above with reference to Fig. 1 arranged in the inner cavity 5. In this
case the position of the bellow 2 is determined solely by the pressure of the fluid
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flowing in the flow channel 3 and the spring constant of the compressible spring
11, i.e. the signal measured by the Hall sensor 10 represents the pressure of
the fluid flowing in the flow channel 3 rather than the superheat of the fluid.
However, the temperature sensor 12 provides the necessary measurement of
the temperature of the fluid, thereby allowing the superheat to be calculated.
Alternatively, a charge fluid as described above may be applied to the inner
cavity 5, thereby allowing the superheat to be directly detected by the Hall
sensor 10. |

Fig. 3 is a cross sectional view of a superheat sensor 1 according to a third
embodiment of the invention. In Fig. 3 a housing 13 is arranged in fluid contact
with the flow channel 3. Inside the housing 13 a diaphragm 14 divides the
interior of the housing 13 into an inner cavity 5 with a charge fluid 6 arranged
therein and a part 15 which is directly fluidly connected to the flow channel 3.
The charge fluid 6 has thermostatic properties which are similar to the
thermostatic properties of the fluid flowing in the flow channel 3. The charge
fluid 6 may even be identical to the fluid flowing in the flow channel 3. The
diaphragm 14 is adapted to conduct heat.

A permanent magnet 8 is mounted on the diaphragm 14 and a Hall sensor 10 is
mounted on a wall 16 of the housing 13, the wall 16 being arranged opposite
the diaphragm 14.

The sensor 1 of Fig. 3 is preferably operated in the following manner. As fluid
flows in the flow channel 3, the temperature of the charge fluid 6 adapts to the
temperature of the fluid flowing in the flow channel 3 via the diaphragm 14.
Similarly to the situation described above with reference to Fig. 1, the pressure
inside the inner cavity 5 is completely determined by the temperature. This
pressure operates on the side of the diaphragm 14 which faces the inner cavity
5. Simultaneously, the pressure in the part 15 of the housing 13 which is fluidly
connected to the flow channel 3 is identical to the pressure in the flow channel
3. This pressure operates on the side of the diaphragm 14 which faces the part
15 of the housing 13 being fluidly connected to the flow channel 3. As a
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consequence, the diaphragm 14 moves in response to the differential pressure
between the pressure inside the inner cavity 5 and the pressure in the flow
channel 3, and the position of the diaphragm 14 is therefore representative for
the superheat of the fluid flowing in the flow channel 3, similarly to the situation
described above. The position of the diaphragm 14 is measured by measuring
the distance between the permanent magnet 8 and the Hall sensor 10 in the

same manner as described above with reference to Fig. 1.

The three superheat sensors 1 shown in Figs. 1-3 are all mechanically simple
sensors 1 capable of providing a measurement of the superheat of a fluid by

measuring only a single parameter.
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CLAIMS

1. A superheat sensor (1) for sensing superheat of a fluid flowing in a flow
channel (3), the sensor (1) comprising:

a flexible wall defining an interface between an inner cavity (5) having a
charge fluid (6) arranged therein and the flow channel (3), the flexible
wall being arranged in the flow channel (3) in thermal contact with the
fluid flowing therein, and the flexible wall being adapted to conduct heat
between the flow channel (3) and the inner cavity (5),

a first wall part (7, 14) and a second wall part (9, 16) arranged at a
variable distance from each other, said distance being defined by a
differential pressure between the pressure of the charge fluid (6) and the
pressure of the fluid flowing in the flow channel (3),

a distance sensor for measuring the distance between the first wall part
(7, 14) and the second wall part (9, 16), and

means for calculating the superheat of the fluid flowing in the flow
channel (3), based on the measured distance.

2. A sensor (1) according to claim 1, wherein the charge fluid (6) has
thermostatic properties which are similar to the thermostatic properties of the
fluid flowing in the flow channel (3).

3. A sensor (1) according to claim 2, wherein the charge fluid (6) is substantially
identical to the fluid flowing in the flow channel (3).

4. A sensor (1) according to any of the preceding claims, wherein the flexible

wall is a diaphragm (14).
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5. A sensor (1) according to claim 4, wherein the first wall part or the second
wall part forms part of the diaphragm (14).

6. A sensor (1) according to any of claims 1-3, wherein the flexible wall is a
bellow (2).

7. A sensor (1) according to any of the preceding claims, wherein the distance
sensor comprises a first sensor part arranged on the first wall part (7, 14) and a

second sensor part arranged on the second wall part (9, 16).

8. A sensor (1) according to claim 7, wherein the first sensor part is or
comprises a permanent magnet (8), and the second sensor part is or comprises

a Hall sensor (10).

9. A sensor (1) according to any of the preceding claims, further comprising
mechanical biasing means arranged to mechanically bias the first wall part (7,
14) and the second wall part (9, 16) in a direction away from each other.

10. A sensor (1) according to claim 9, wherein the mechanical biasing means is

or comprises a compressible spring (11).

11. A sensor (1) according to any of the preceding claims, further comprising a
temperature sensor (12) arranged to measure the temperature of the fluid
flowing in the flow channel (3).

12. A sensor (1) according to any of the preceding claims, wherein the fluid
flowing in the flow channel (3) is a refrigerant.

13. A sensor (1) according to any of the preceding claims, wherein the means
for calculating the superheat is further adapted to generate a control signal
based on the calculated superheat and to supply said control signal to a control

unit for controlling operation of an expansion valve.
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