
(19) DANMARK (1°) DK/EP 2530438 T3
(12) Oversættelse af 

europæisk patentskrift

Patent- og
Varemærkestyrelsen

(51) Int.CI.: G 01 F 1/84(2006.01) G 01 F 1/684 (2006.01)

(45) Oversættelsen bekendtgjort den: 2019-08-26

(80) Dato for Den Europæiske Patentmyndigheds
bekendtgørelse om meddelelse af patentet: 2019-08-07

(86) Europæisk ansøgning nr.: 12170442.3

(86) Europæisk indleveringsdag: 2012-06-01

(87) Den europæiske ansøgnings publiceringsdag: 2012-12-05

(30) Prioritet: 2011-06-03 NL 2006895

(84) Designeredestater: AL AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR HR HU IE IS IT LI LT LU LV 
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: BERKIN B.V., Nijverheidsstraat 1a, 7261 AK Ruurlo, Holland

(72) Opfinder: Lammerink, Theodorus Simon Josef, Scholten Reimerstraat 33, 7524 CR Enschede, Holland
Lotters, Joost Conrad, Klaproos 2, 7261 JP Ruurlo, Holland
Dijkstra, Marcel, Frans Halsstraat 21,7545 DN Enschede, Holland 
Haneveld, Jeroen, Pelmolenerf 20, 7241 VK Lochern, Holland 
Wiegerink, Remco John, Achterhoekse Molenweg 76, 7556 GN Hengelo, Holland

(74) Fuldmægtig i Danmark: HEGNER & PARTNERS A/S, Symbion Science Park, Fruebjergvej 3, 2100 København 0, 
Danmark

(54) Benævnelse: GENNEMSTRØMNINGSMÅLEINDRETNING OG ANVENDELSE DERAF

(56) Fremdragne publikationer:
EP-A1-0 943 900
EP-A1-1 411 355
EP-A1-2 078 936
EP-A2-0 717 270
EP-A2-1 387 150
DE-A1-102005 046 319
US-A1- 2002 073 774
US-A1-2003 233 860
US-A1-2010 080 262



DK/EP 2530438 T3



DK/EP 2530438 T3

DESCRIPTION

[0001] The present invention relates to a flow meter for determining a flow of a medium, said 
flow meter comprising a flow tube for transporting the medium whose flow is to be measured, 
wherein the flow tube has a first end and a second end at a distance therefrom, and wherein 
the flow meter is provided with a first flow sensor for measuring the flow of the medium at a 
first position of the flow tube. The present invention also relates to the use of such a flow 
meter.

[0002] Such a flow meter is known, for example from EP 2078936. The known flow meter is 
provided with a system chip and comprises a substrate provided with an opening, in which 
opening a silicon nitride flow tube is present for transporting medium whose flow is to be 
measured. The flow tube described in EP 2068936 forms part of a Coriolis flow sensor and is 
suitable for measuring very low mass flows, to values far below 1 gram per hour. In another 
embodiment, the flow tube forms part of a so-called thermal flow sensor.

[0003] The known flow meter and the known method are limited as regards their accuracy 
and/or measurable range. Although the known flow meter is quite satisfactory, there is a need 
for a flow meter and a method by means of which the flow, for example the mass flow, can be 
determined more accurately and/or within a larger measuring range.

[0004] Another flow meter is known from EP 1 411 355 A1, which describes a flow meter of the 
thermal type, which is provided with a flow sensor of the Coriolis type.

[0005] Accordingly it is an object of the present invention to provide an improved flow meter. 
Additionally it is an object to provide a flow meter by means of which flows, preferably very low 
flows, such as mass flows of much less than 1 g/h, can be measured with a relatively high 
degree of accuracy. In addition to that it is an additional object of the present invention to 
provide a flow meter by means of which a very large range of flows, in particular mass flows, 
can be measured.

[0006] In order to achieve that object, the present invention provides a flow meter of the kind 
described in the introduction, which is characterised by the features defined in the 
characterising portion of claim 1. The flow meter comprises a flow tube for transporting the 
medium whose flow is to be measured. The flow meter is provided with a first flow sensor for 
measuring the flow of the medium at a first position of the flow tube. The first position lies in 
between the first end and the second end. The flow meter is also provided with a second flow 
sensor for measuring the flow of the medium at a second position of the flow tube. The second 
position lies in between the first end and the second end. The first flow sensor and the second 
flow sensor are designed for measuring the flow through the flow tube, preferably 
independently of each other. The second, additional flow sensor provides additional measuring 
data, from which additional information about the flow to be measured can be derived. This 
additional information makes it possible to measure the flow through the flow tube more 



DK/EP 2530438 T3

accurately, and/or to increase the range of the flow meter, which will be explained in more 
detail hereinafter. Using the additional flow sensor, an improved flow meter is obtained. The 
object of the present invention is thus achieved.

[0007] Advantageous embodiments are the subject matter of the dependent claims 2-8. 
Hereinafter a few of these embodiments and their advantages will be explained in more detail.

[0008] The first flow sensor and the second flow sensor may be designed for measuring the 
flow at the same position of the flow tube. In order to further increase the independence of the 
measurements of the two flow sensors, it is preferable, however, if the second position is 
spaced from the first position.

[0009] In an embodiment, the first end is a supply end, and the second end is a discharge end 
positioned downstream from the supply end.

[0010] It is possible, however, that the flow tube comprises a further opening, positioned 
between the two ends, and which further opening is suitable for supplying or discharging the 
medium of which the flow is to be measured. Preferably, the further opening is positioned 
between the first and the second position, which positions are preferably positioned at a 
distance from each other, as described above. With such a further opening it is possible to 
position the first flow sensor and the second flow sensor in parallel. In absence of a further 
opening, the flow sensors are positioned in series.

[0011] It is noted that the flow tube may comprise several flow tube parts, and that the flow 
tube does not need to be an integrally formed part.

[0012] The flow meter may comprise a flow sensor of the Coriolis type. A Coriolis flow sensor 
is known per se to those skilled in the art. The first flow sensor may be of the Coriolis type. A 
flow sensor of the Coriolis type is quite suitable for measuring the mass flow of the flow on the 
basis of flow-induced vibrations in the flow tube.

[0013] According to the invention, the flow meter comprises a thermal flow sensor. A flow 
sensor of this type is known per se to those skilled in the art. In a very advantageous 
embodiment, as will be explained hereinafter, both the first and the second flow sensors are 
thermal flow sensors. Such a sensor is quite suitable for measuring very low mass flows, 
making use of very small flow-induced temperature changes.

[0014] The accuracy of the flow meter can be increased in a very efficient manner if the flow 
meter comprises calibration means for calibrating the first flow sensor on the basis of at least a 
signal delivered by the second flow sensor. A signal from the second flow sensor can be used 
for checking the first flow sensor and adjusting it, if necessary, such that the signal delivered by 
the first flow sensor is representative of the flow.

[0015] Flow sensors are designed for measuring the flow within a specific measuring range.
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The term "measuring range" as used herein is understood to mean: the range in values of a 
specific parameter that can be (accurately) measured by the flow sensor. Within this context 
also the lower boundary that can be measured by the flow sensor and the upper boundary that 
can be measured by the flow sensor are important. If the flow sensor is designed for 
measuring the volume flow, for example, said range can be expressed in nanolitres per 
second. The first flow sensor is designed for measuring the flow within a first measuring range, 
and the second flow sensor is designed for measuring the flow within a second measuring 
range.

[0016] Another important property of the flow sensors is the response rate. It is important that 
when a change in the flow occurs, said change is quickly registered by the flow sensor. The 
response rate of the flow meter according to the present invention can be relatively high, 
precisely because use is made of two flow sensors.

[0017] In order to increase the measurable range of the flow meter in a simple manner, the 
flow sensors may be selected so that the first measuring range and the second measuring 
range overlap. Preferably, the flow sensors are configured so that the first measuring range 
and the second measuring range overlap only partially. In this way the measurable range can 
be increased in a simple manner.

[0018] In a very advantageous embodiment, increasing the measuring range, and/or 
calibrating the first flow sensor, is possible if the first flow sensor is a thermal flow sensor and 
the second flow sensor is a flow sensor of the Coriolis type.

[0019] In an embodiment in which both the first and the second flow sensor are thermal flow 
sensors, it is preferable if the first thermal flow sensor is provided with: a first sensor circuit, 
comprising a first resistor element, which is temperature-sensitive and which is thermally 
connected to the flow tube, and a second resistor element that can be electrically connected in 
series therewith; a first voltage measuring element which is electrically connectable between 
the first and the second resistor element; first heating means for heating the flow tube at least 
partially at the location of the first resistor element; and wherein the second thermal flow 
sensor is provided with; a second sensor circuit, comprising a third resistor element which is 
temperature-sensitive and which is thermally connected to the flow tube, and a fourth resistor 
element that can be electrically connected in series therewith; a second voltage measuring 
element which is electrically connectable between the third and the fourth resistor element; 
second heating means for heating the flow tube at least partially at the location of the third 
resistor element. In this embodiment, the first sensor circuit is quite preferably electrically 
connected to the second sensor circuit in such a manner that said first sensor circuit and said 
second sensor circuit form a first half and a second half, respectively, of a Wheatstone bridge. 
The flow can in that case be measured with a full Wheatstone bridge, by means of which the 
flow can be measured in a relatively accurate manner. In this embodiment, both the first half 
and the second half of the Wheatstone bridge can be separately used for measuring the flow. 
Each half of the Wheatstone bridge can be regarded as a separate thermal flow sensor.
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[0020] Preferably, the flow meter is provided with switching means for selectively forming the 
first half of the Wheatstone bridge from two of the resistor elements and selectively forming the 
second half of the Wheatstone bridge from two of the remaining resistor elements. The 
switching means can be used for selectively forming a Wheatstone bridge with four resistor 
elements from the four (or possibly more) resistor elements that are present. Suitable 
switching makes it possible to eliminate measurement errors in the flow meter, and possibly for 
correcting or calibrating the first half of the Wheatstone bridge (first flow sensor) on the basis of 
the signal obtained by the second half of the Wheatstone bridge (second flow sensor).

[0021] In order to further increase the accuracy of the flow meter, it is preferable if the second 
resistor element and/or the fourth resistor element in the Wheatstone bridge is/are 
temperature-sensitive. The temperature-sensitive resistor element may be connected to the 
flow tube, but it may also be used for measuring the temperature of the system chip, possibly 
for the purpose of thus calibrating for changes in the temperature thereof.

[0022] Quite preferably, the second resistor element and/or the fourth resistor element are 
thermally connected to the flow tube.

[0023] The first half of the Wheatstone bridge may be designed for measuring the flow through 
a first part of the flow tube. The second half of the Wheatstone bridge may be designed for 
measuring the flow through a second part of the flow tube. Said parts (first part and second 
part), may be identical to each other. It is preferable, however, if said first and said second part 
are essentially spaced from each other. In one embodiment, the first and the second resistor 
element are connected to the first part of the flow tube, and the third and the fourth resistor 
element are connected to a second part of the flow tube, which first and second parts are 
essentially spaced from each other.

[0024] In order to make correction for internal temperature gradients possible, it is preferable if 
the first part and the second part are disposed opposite each other. Preferably, said parts 
extend parallel to each other. It is preferable in that regard if said parts are disposed so that 
the directions of flow through said parts are essentially opposite to each other. As a result, the 
effects of external temperature gradients on the signal from the thermal sensor are averaged 
out.

[0025] In order to obtain a compact and simple flow sensor, it is preferable if the first heating 
means comprise at least the first and/or the second resistor element. Additionally, or separate 
therefrom, the second heating means may comprise at least the third and/or the fourth resistor 
element.

[0026] An additional advantage of the flow meter according to the invention is that it is very 
suitable for carrying out measurements on different types of medium, among which different 
gases and/or liquids. If a thermal flow sensor is used with a Coriolis flow sensor, the thermal 
flow sensor may be calibrated for thus correcting for differences in, for example, the density of 
the medium.
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[0027] According to one aspect, the invention relates to the use of a flow meter according to 
the present invention. Said use enables the user to determine the flow in a relatively accurate 
manner. Additionally, the use of the flow meter makes it possible to determine the flow over a 
larger measuring range. Further advantages of such a use of a flow meter have already been 
discussed in the foregoing.

[0028] The invention will be explained in more detail hereinafter by means of a description with 
reference to the appended figures. In the figures:

Figure 1a is a perspective view of an embodiment of a flow meter according to the present 
invention;

Figure 1 b is a top plan view of the flow meter shown in figure 1 a;

Figure 1c is a sectional view of the flow meter shown in figure 1a;

Figure 2a is a perspective view of an embodiment of a flow meter according to the present 
invention;

Figure 2b is a perspective view of an embodiment of a flow meter according to the present 
invention;

Figure 2c is a perspective view of an embodiment of a flow meter according to the present 
invention;

Figure 2d shows a first diagram of connections;

Figure 2e shows a second diagram of connections;

Figures 2f is a schematic overview of possible circuits of measuring resistors in one 
embodiment of a flow meter;

Figure 3a is a perspective view of an embodiment of a flow meter according to the present 
invention;

Figure 3b is a perspective view of a thermal flow sensor;

Figure 3c is a perspective view of an embodiment of a flow meter according to the present 
invention;

Figure 3c is a perspective view of an embodiment of a flow meter according to the present 
invention;

Figures 4a-d are schematic top plan views of a embodiments of a flow meter according to the 
present invention;

Figures 5a-d are schematic overviews of the measuring range of an embodiment of a flow 
meter according to the present invention.
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Figure 6 is a perspective view of an embodiment of a flow meter according to the present 
invention;

[0029] Figure 1a shows a flow meter 1. The flow meter 1 is provided with a system chip 
comprising a monocrystalline silicon substrate 16 provided with two openings 51, 52 that have 
been etched therein. The monolithic system chip 16 is combined into one unit with two 
permanent magnets 31, 32 disposed opposite each other, which are mounted on a carrier 14, 
for example a PCB (printed circuit board) of a ceramic or a plastic material with copper 
conductors thereon. The substrate 16 is made from an Si wafer and is mounted on the carrier 
14. The electrical connections between the system chip and the carrier are provided by so- 
called bond wires in groups 81,82, 83.

[0030] Provided in and on the system chip is a flow tube 21, 22 for transporting a medium 
whose flow is to be measured. The flow tube 21, 22 comprises a first end 4 in the form of a 
supply end 4 and a second end 6 in the form of a discharge end 6 disposed downstream 
thereof. The flow tube is provided with a first flow sensor 11 and a second flow sensor 12 for 
measuring the flow through the flow tube 21,22 at a first and a second position.

[0031] The flow meter 1 comprises a Coriolis flow sensor 11, with a silicon nitride Coriolis tube 
21 in the illustrated embodiment, which is freely suspended in a first opening 51. Such a flow 
meter is known per se to the skilled person, for example from EP 2 078 936, which document 
is incorporated in the present patent application by reference. For a correct understanding of 
such a sensor it suffices to say that a mass flow through the Coriolis tube will lead to a vibration 
of the Coriolis tube that is related to said mass flow. The vibration can be read out by means of 
read-out elements. The Coriolis tube is loop-shaped, said loop shape being a rectangular 
shape in this case. Other loop shapes, such as triangular, trapezoidal or U-shapes are also 
conceivable, of course.

[0032] The system chip shown in figure 1 may comprise an absolute pressure sensor 18, such 
as a Pirani pressure sensor 18, for example in that it is integrated in or on the substrate 16. 
The pressure sensor 18 can be used for correcting the measured vibration of the Coriolis tube 
21 for the air pressure.

[0033] Provided at a second position of the flow tube is a thermal flow sensor 12, with a silicon 
nitride tube part 21 that is fixedly suspended in a second opening 52. The second position is 
spaced from the first position. In the situation shown in figure 1a, the tube part 21 of the 
thermal flow sensor 12 crosses the opening entirely, and the connecting part 23 of the tube 
part with the discharge end is an embedded channel 23 in the substrate (see figure 1b). A 
thermal flow sensor is known per se to the skilled person, although it can be configured in 
many ways. A few possible embodiments of the thermal flow sensor will be explained in more 
detail hereinafter.
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[0034] In one embodiment, the thermal flow sensor comprises a Wheatstone bridge (not 
shown) comprising four resistor elements, at least one temperature-sensitive resistor of which 
is thermally connected to the flow tube. A heating element heats a part of the flow tube that is 
located in the vicinity of the temperature-sensitive resistor. Depending on the mass flow in the 
tube, the flow in the tube will carry along heat in downstream direction. As a result, the 
temperature at the location of the temperature-sensitive resistor will increase or decrease, 
depending on whether the temperature-sensitive resistor is disposed downstream or upstream, 
respectively, of the heating element. The increase or decrease in temperature leads to a 
change in the resistance of the temperature-sensitive resistor, which can subsequently be read 
out by means of the Wheatstone bridge and can be related to a measure of the flow, 
preferably to the mass flow of the medium.

[0035] In one embodiment (not shown), the thermal flow sensor comprises two tube parts 
disposed opposite each other, which are each provided with a temperature-sensitive resistor. 
Each temperature-sensitive resistor is incorporated in one half of the Wheatstone bridge. 
Further variations of the thermal flow sensor are conceivable, of course.

[0036] An embodiment of a thermal sensor that is known per se is shown in figure 3b. The 
thermal flow sensor 301 that is shown in said figure comprises a flow tube 320, which 
comprises two silicon nitride tube parts 321, 322 which are fixedly suspended in the opening in 
the substrate 314. Via embedded channels having an inlet 304 and an outlet 306, medium can 
flow through the flow tubes 321, 322. Two heater elements 340 are placed on the first tube 
part, in the centre of the tube part. Heater elements 340 are also placed on the second tube 
part 322. Two thermopiles 331,332 are symmetrically arranged between the two legs 321,322 
on either side of the heaters 340. A film 341, 342 is provided between the two legs, on which 
film the thermopiles 331,332 are supported.

[0037] In one embodiment (not shown) of the thermal flow sensor, said thermal flow sensor 
comprises a loop-shaped tube essentially in the form of a U, which is freely suspended. A 
heating resistor is arranged in the centre of the connecting leg of the free tube. A thermopile is 
arranged between the two legs of the free tube for measuring a temperature difference 
between the legs, which temperature difference is a measure of the flow. Such a flow sensor is 
known, for example from EP 774 649. The U-shaped tube may be fixed to the opposite wall of 
the opening with the connecting leg of the U, or may extend into the substrate via an 
embedded channel (analogously to the embodiment shown in figure 2b). A double version of 
the above-described thermal sensor is obtained by providing a heater resistor on both legs, for 
example in the centre thereof. Thermopiles may be symmetrically arranged between the two 
legs on either side of the heaters.

[0038] Figure 1b shows a top plan view of the system chip of figure 1a. Like parts are indicated 
by the same numerals. The figure clearly shows that the system chip comprises a flow tube 20, 
which extends between the first connection 4 and the second connection 6. At the location of 
the first opening 51, the flow tube 20 forms part of a Coriolis flow meter 11. At the location of a 
second opening 52, the flow tube 20 forms part of a thermal flow sensor 12. Depending on the 
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selected connection, the medium may first flow through the flow tube part of the thermal flow 
sensor 12 and subsequently through the flow tube part of the Coriolis flow sensor 11, or 
conversely. The sequence to be selected of the two flow sensors is not limited.

[0039] Figure 1c shows the device of figure 1a, along a section at the location of the thermal 
flow sensor 12. The figure clearly shows the manner in which the hydraulic connection 
between the connections 6 (end parts) of the flow tube 20 and further flow tubes 61 is effected 
by means of a pressure block 71 and a pressure block 15.

[0040] Figure 2a shows a flow meter 101 according to another embodiment. In the illustrated 
embodiment, the flow meter 101 is provided with a system chip comprising a monocrystalline 
silicon substrate 114, which is provided with an opening 152 that has been etched therein. The 
system chip may be made analogously to the system chip described above with reference to 
figure 1a.

[0041] Provided in and on the system chip is a flow tube 120 for transporting medium whose 
flow is to be measured. The flow tube 120 comprises a first end 104 in the form of a supply 
end 104 and at a distance therefrom, a second end 106 in the form of a discharge end 106, 
positioned downstream from the supply end. The flow tube 120 is loop-shaped with two legs 
121, 122 and a connecting part 123. The two legs cross the opening 152 entirely, and there is 
an embedded channel 123 (illustrated in dotted lines) in the substrate, which forms the 
connecting part of the two legs. The flow tube is provided with a first thermal flow sensor 111 
and a second thermal flow sensor 112 for measuring the flow through the flow tube 120 at a 
first and a second position.

[0042] The first thermal flow sensor 111 is provided on the first leg 121. The first thermal flow 
sensor 111 is provided with a first resistor element 131 which is temperature-sensitive and 
which is thermally connected to the flow tube 121. A second resistor element 132 is provided at 
a location spaced from the first resistor element 131. In the illustrated embodiment, said 
second resistor element is temperature-sensitive and thermally connected to the flow tube 121, 
although this is not absolutely necessary. The resistor elements 131, 132 form part of a first 
sensor circuit. The first resistor element 131 is electrically connected in series to the second 
resistor element 132. A first voltage measuring element is connectable between the first 
resistor element 131 and the second resistor element 132. The resistor elements form heating 
means for heating the flow tube at least partially at the location of the first resistor element 131. 
With this object in mind it is also possible, however, to provide separate heating elements, as 
for example described above with reference to figure 3b.

[0043] The second thermal flow sensor 112 is provided on the second leg 122. Analogously to 
the first thermal flow sensor, the second thermal flow sensor 112 is provided with a second 
sensor circuit comprising a third resistor element 133, which is temperature-sensitive and 
which is thermally connected to the flow tube 122, and a fourth resistor element 134, which can 
be electrically connected in series thereto. In the illustrated embodiment, the fourth resistor 
element 134 is temperature-sensitive and thermally connected to the flow tube 122, although 
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this is not absolutely necessary. A second voltage measuring element is connectable between 
the third resistor element 133 and the fourth resistor element 134. The second leg 122, too, 
comprises heating means for heating the flow tube 122 at least partially at the location of the 
third resistor element 133. In this embodiment, the resistor elements form heating elements, 
although other embodiments are conceivable.

[0044] Figure 2c schematically shows the two spaced-apart tube parts 121, 122 of figure 2a. 
The direction of flow through the tube parts 121, 122 is indicated by the arrows F1, F2. In the 
first tube part 121, the flow takes place from the left to the right in the drawing (indicated by the 
arrow F1), in the second tube part 122 the flow takes place in the opposite direction, viz. from 
the right to the left in the drawing (indicated by the arrow F2). The first tube part 121 comprises 
two spaced-apart resistors 131, 132, which are temperature-sensitive. The two resistors form 
part of a first half of a Wheatstone bridge, as described above with reference to figure 2a. The 
resistors 131, 132 are also configured as heating elements for heating the tube part 121. The 
second tube part 122 is configured analogously to the first tube part 121, comprising two 
temperature-sensitive resistors 133, 134 which are thermally connected to the second tube 
part 122. Said resistors, too, function as heating elements for heating the second tube part. A 
dotted line MO, MO' illustrates the temperature profile of the two tube parts in the situation 
where there is no flow through the tube part.

[0045] If a flow occurs, the temperature in the tube parts 121, 122 will change. This is 
schematically illustrated in the full line M1, MT. In the first tube part 121 the temperature in the 
part upstream of the centre of the tube part will decrease as a result of the flow and increase in 
the part downstream thereof. The decrease and the increase are a measure of the flow. The 
same applies as regards the second tube part 122. As a result of the flow, the temperature will 
successively decrease an increase in the second tube part as well. The temperature changes 
over time can be determined relatively accurately by means of the temperature-sensitive 
resistors on 131, 132, 133, 134, so that the flow through the tube parts 121, 122 is also 
measurable. Any temperature gradients in the direction of flow F1, F2 (for example because 
one side of the substrate is hotter than the other) are averaged out in that the effect of the 
temperature gradient on the measuring results for the first tube part is the exact opposite of 
the effect of the temperature gradient on the measuring results of the second tube part..

[0046] As shown in figure 2d, the first resistor element 131 and the second resistor element 
132 may be electrically connected in such a manner as to form a half Wheatstone bridge. 
Using reference resistors 150, 151, the measure of the flow can then be determined on the 
basis of the resistance change in the first resistor element 131 and/or the second resistor 
element 132. The third resistor element 133 and the fourth resistor element 134 may be 
configured in the same way, connected as a half Wheatstone bridge, with reference resistors 
150, 151 as the complementary half of the Wheatstone bridge.

[0047] In a special embodiment, the first thermal flow sensor 111 and the second thermal flow 
sensor 112 are electrically connected, as schematically shown in figure 2e, and that in such a 
manner that the first sensor circuit and the second sensor circuit form a first half and a second 
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half, respectively, of a Wheatstone bridge. The flow can in that case be measured with a full 
Wheatstone bridge, by means of which the flow can be measured in a relatively accurate 
manner. In this embodiment, both the first half and the second half of the Wheatstone bridge 
can be used separately for measuring the flow. Each half of the Wheatstone bridge can thus 
be regarded as a separate thermal flow sensor.

[0048] In a special embodiment, the resistors in the Wheatstone bridge can be selectively 
connected. The flow meter may to that end be provided with switching means for selectively 
forming the first half of the Wheatstone bridge from two of the resistor elements and selectively 
forming the second half of the Wheatstone bridge from two of the remaining resistor elements. 
Several configurations are possible, which configurations are shown in figure 2f. A flow-cooled 
resistor (the temperature at the location of the resistor decreases) is indicated in a dotted line, 
and a flow-heated resistor (the temperature at the location of the resistor increases) is 
indicated in a full line.

[0049] In the first configuration, indicated by the letter A in figure 2f, a measuring circuit is 
obtained which can be used for measuring the flow. In said configuration, the first half of the 
Wheatstone bridge comprises a cold resistor R1 and a hot resistor R2, and the second half of 
the Wheatstone bridge also comprises a cold resistor R4 and a hot resistor R3. In the situation 
shown in figure 2c, R1 corresponds to the resistor element 131, R2 corresponds to the resistor 
element 132, R3 corresponds to the resistor element 134 and R4 corresponds to the resistor 
element 133. The hot resistors R2, R3 are disposed diagonally opposite each other in the 
Wheatstone bridge, as it were, as are the cold resistors R1, R4. Permutations of the various 
resistors are conceivable, of course. Said switching in this configuration A can be used for 
correcting for a fixed error.

[0050] In the second configuration, indicated by the letter B in figure 2f, a measuring circuit is 
obtained which can be used for calibrating the measuring circuit. In this configuration, the so- 
called common offset is measurable. In said configuration, the first half of the Wheatstone 
bridge comprises a cold resistor R1 and a hot resistor R2, and the second half of the 
Wheatstone bridge also comprises a cold resistor R4 and a hot resistor R3. The hot resistors 
are disposed beside each other, as it were, as are the cold resistors. Permutations of the 
various resistors are conceivable, of course.

[0051] In the third configuration, indicated by the letter C in figure 2f, a measuring circuit is 
obtained from two parts of the Wheatstone bridge that normally oppose one another. The first 
half of the Wheatstone bridge comprises all the hot resistors R3, R2, whilst the second half of 
the Wheatstone bridge comprises all the cold resistors R1, R4. The measured value of the 
Wheatstone bridge should equal zero in this situation. In case of a deviation, correction for this 
is possible. Permutations of the various resistors are conceivable, of course.

[0052] The flow meter 101 of figure 2a can also be used as a thermal flow sensor in 
combination with the Coriolis flow sensor 11 shown in figure 1a.
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[0053] Figure 2b is a view of the flow meter 171 of figure 1a, in which the thermal flow sensor 
12 of figures 1a-c has been exchanged for the flow meter 101 of figure 2a. In fact, a flow meter 
171 comprising a flow tube with three flow sensors for measuring the flow of the medium at 
three (different) positions is obtained here.

[0054] Figure 3a shows an embodiment of a flow meter 201 with a total of four thermal flow 
sensors. The flow meter comprises a flow tube 220 with an inlet 204 and an outlet 206, and 
with a total of four tube parts 221, 222, 223, 224, which are each freely suspended in an 
opening in a substrate 214. Via embedded channels 225, 226, 227 a loop-shaped float tube is 
obtained. Each tube part comprises a half Wheatstone bridge, each half comprising two 
resistor elements (231, 232; 233, 234; 235, 236; 237, 238) which are temperature-sensitive 
and which also serve as heating elements. The four half Wheatstone bridges can be selectively 
combined to form a full Wheatstone bridge. Using this embodiment it is possible to correct both 
for temperature gradients in the direction of flow (the longitudinal direction of the tube parts) 
and for temperature gradients in a direction perpendicular to the direction of flow, in the plane 
of the tube parts. Additionally it is possible to selectively connect the individual resistors in the 
Wheatstone circuit as described above with reference to figure 2f.

[0055] Figure 3c shows an embodiment of a flow meter 401 comprising a number of thermal 
flow sensors placed on a flow tube 420. The flow tube again has a first end 404, and a second 
end 406, in this embodiment respectively a supply end 404 and a discharge end 406. In this 
embodiment, too, a few (four in total) tube parts 421,422, 423, 424 are provided, which extend 
freely between an opening in the substrate 414. The various tube parts 421,422, 423, 424 are 
connected via embedded channels 425, 426, 427 for forming a loop-shaped flow tube 420. 
Heater elements are provided in the centre of each tube part. Adjacent tube parts are 
connected by means of respective thermopiles 431, 432, 433, 434, 435, 436, analogously to 
the thermal flow sensor described with reference to figure 3b. The embodiment of figure 3c, 
however, has the advantage that corrections for temperature gradients in the plane of the 
substrate 414 are possible.

[0056] Figure 3d shows an embodiment of a flow meter 501 with a flow tube comprising four 
tube parts 521, 522, 523, 524, which are provided with two thermal flow sensors 533, 553. The 
tube parts are connected via embedded channels 525, 526, 527. The tube parts are each 
provided with heater elements 540 in the centre of each tube part. A thermopile 533, 553 is 
placed on either side of each of said heater elements. Each thermopile extends 
perpendicularly to the direction of flow, over a total of four tube parts. Connections 531, 532, 
551, 552 for reading the thermopiles 533, 553 are provided. Also in this embodiment, 
corrections for temperature gradients in the plane of the substrate 514 are possible.

[0057] Figures 4a-4d show alternatives of a flow meter according to the present invention. In 
the figures, the inlet and outlet are consistently named as such. Those skilled in the art will 
appreciate, however, that the outlet can also be used as an inlet, and conversely. It will later 
become apparent that the outlet and the inlet may both at the same time function as outlets, or 
inlets, by making use of a further opening.
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[0058] Figure 4a shows an embodiment of a flow meter 601 with a flow tube 620 comprising 
an inlet 604 and an outlet 606. The flow tube 620 comprises a Coriolis flow sensor 611 and a 
thermal flow sensor 612, for example in the form of a thermal flow sensor as shown in figure 
3a, figure 3c or figure 3d. An embodiment comprising two series-connected thermal flow 
sensors 612, 613, for example as shown in figure 3, is also conceivable, however. Provided 
between the Coriolis flow sensor 611 and the thermal flow sensor 612, 613 is a further inlet or 
outlet 605, which can be selectively used for bypassing the Coriolis flow sensor 611 or the 
thermal flow sensor(s) 612, 613.

[0059] The further inlet or outlet 605 may, in one embodiment, be used as the sole supply 
opening. The inlet 605 is then a supply end, such that the Coriolis flow sensor 611 is positioned 
in parallel to the thermal flow sensors 612, 613. The supply end 704 then functions as a 
discharge opening, en the same hold for discharge end 706. Additionally, it is conceivable that, 
in line with the embodiment shown in Fig. 1b, only one Coriolis flow sensor 11 is positioned in 
parallel to only one thermal flow sensor 12.

[0060] Figure 4b shows a flow meter 701 with a flow tube 720 comprising an inlet 704 and an 
outlet 706. The flow tube 720 comprises a Coriolis flow sensor 711 and two parallel-connected 
thermal flow sensors 712, 713, for example as shown in figure 2a. Each thermal flow sensor 
can thus effectively consist of more than one thermal flow sensor. A T-junction 705, which is 
embedded in the substrate 714, is provided for realising said parallel connection.

[0061] Figure 4c shows a flow meter 801 with a flow tube 820 comprising an inlet 804 and an 
outlet 806. The flow tube 820 comprises a Coriolis flow sensor 811 and a thermal flow sensor 
812, for example as shown in figure 2a. Said flow meter is provided with one or more shunt 
tubes 826, 827 connected in parallel to the thermal flow sensor, which shunt tubes are 
embedded in the substrate 814. The addition of the shunt tubes 826, 827 makes it possible to 
allow a greater flow through the Coriolis flow sensor 811 in comparison with the thermal flow 
sensor 812 and thus gear the flow to the range of the individual flow sensors.

[0062] Figure 4d shows a flow meter 901 with a Coriolis flow sensor 911 and a thermal flow 
sensor 912, for example as shown in figure 2a, in which the shunt tubes 926, 927 are 
positioned slightly differently, and that in such a manner that precisely the Coriolis flow sensor 
911 receives a lower flow than the thermal flow sensor 912.

[0063] Figures 5a-5d show a graphic representation of the measuring range of a flow meter 
with a flow tube comprising at least one Coriolis flow sensor and at least one thermal flow 
sensor. The measuring range of the Coriolis flow sensor is illustrated in a dark dotted line and 
the measuring range of the thermal flow sensor is illustrated in a full line. The actual mass flow 
of the medium through the flow tube is shown on the horizontal axis. The output signal from 
the sensor is shown on the vertical axis.

[0064] In all of the figures, the output signal from the two flow sensors is important. The first 
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output signal is represented on the Y1 axis; the second is represented on the Y2 axis. The 
signals in question are thus two signals which each represent a specific range of the mass flow 
X shown on the horizontal axis.

[0065] The Coriolis sensor is by nature a mass flow sensor. The signal is to a large degree 
only dependent on the actual mass flow, therefore. The thermal flow sensor is more sensitive, 
to be true, but in addition to that it is also sensitive to the density and the heat capacity of the 
flowing medium.

[0066] Figure 5a shows how the Coriolis sensor 95 can be used as a calibration means for the 
thermal flow sensor. The Coriolis sensor 95 has a specific sensitivity, with a mass flow range 
from b to e. This can be used for calibrating the thermal flow sensor. This can be done by 
scaling the output signal at an unchanged mass flow. The inclination of the thermal flow sensor 
can thus be calibrated such that its sensitivity at a specific mass flow of the medium 
corresponds to the sensitivity of the Coriolis sensor. The signal 93 has the same sensitivity as 
the Coriolis sensor in that case. The signals 91, 93 are too sensitive; the signal 94 is too 
insensitive.

[0067] Figure 5b shows how the signal from the thermal flow sensor can be adjusted by 
amplification for the purpose of adjusting the sensitivity of the thermal flow sensor. At a specific 
mass flow, the sensitivity of the two sensors is equalised by selecting the correct amplification 
of the thermal flow sensor. In this way a flow meter having a relatively large dynamic range (a 
to e) can be obtained. The ranges of the two sensors partially overlap.

[0068] Figure 5c shows how shunts as described with reference to figure 4c can be used. 
Figure 5c shows the output signal from a combination of a Coriolis sensor 95 and a thermal 
flow sensor 91, 92, 93, 94. The signal 91 shows a thermal flow sensor without a shunt. Shunts 
make it possible to increase the measuring range at the expense of the sensitivity of the 
thermal flow sensor. The lower range of the thermal flow sensor scales along the mass flow 
axis X, but not along the output signal axis Y2.

[0069] Figure 5d shows how shunts as described above with reference to figure 4d can be 
used. Figure 5d shows the output signal from a combination of a Coriolis sensor 91, 93, 94, 95 
(with or without shunts) and a thermal flow sensor 92. The signal 91 shows the Coriolis sensor 
without a shunt. When shunts are used, the measurable range will increase, but the sensitivity 
will decrease. The lower limit of the measuring range will also increase if more shunts are 
used, however.

[0070] Finally, Figure 6, shows a schematic top view of an embodiment of the system chip 
comprising a monocrystalline silicon substrate 14 provided with two openings 1051, 1052 that 
have been etched therein. The monolithic system chip 16 is combined into one unit with two 
permanent magnets 1031, 1032 disposed opposite each other, which are mounted on a carrier 
(not shown), as already described with reference to Figure 1. Provided in and on the system 
chip is a flow tube 1021, 1022, 1023 for transporting a medium whose flow is to be measured.
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This flow tube 1021, 1022, 1023 comprises a first end 1004 in the form of a supply end 1004 
and a second end 1006 in the form of a discharge end 1006 disposed downstream of the 
supply end. The flow tube is provided with a first flow sensor 1011 and a second flow sensor 
1012, both in the form of a Coriolis flow sensor. With the Coriolis flow sensors, the flow through 
the flow tube 1021, 1022 may be measured at a first and a second position.

[0071] The first Coriolis flow sensor 1011 is positioned opposite to the second Coriolis flow 
sensor 1012, such that between the first Coriolis flow sensor 1011 and the second Coriolis flow 
sensor, a mirror line is formed.

[0072] In the embodiment shown, the flow sensors are positioned in parallel. It is thinkable, 
however, that at the position of the tube 1013 connecting the first Coriolis sensor 1011 to the 
second Coriolis sensor 1012, a further connection point is present, which forms an opening for 
supplying or discharging the medium. Preferably, this point is used as a supply opening. The 
medium will leave the system chip via the supply end 1004 (which then is used as a discharge 
opening), en via the discharge end 1006. This enables a parallel arrangement of the two 
Coriolis flow sensors.

[0073] In a serial arrangement it is possible to measure differentially with the two Coriolis 
sensors, such that local disturbances on the measurement signal can be filtered out. In 
addition, it is possible to measure a signal that is twice as high, by adding the individual signals 
of the Coriolis sensors.

[0074] In a parallel arrangement, it is possible to let only a part of the flow pass through the 
first Coriolis sensor, and to let another part of the flow pass through the second Coriolis sensor. 
The Coriolis sensors may have the same dimensions, but they can also differ from each other, 
and be suitable for measurement in different flow ranges. With this, it is possible to measure in 
a first flow range with the first Coriolis sensor, and to measure in a second flow range with the 
second Coriolis sensor, wherein the second flow range at least partially differs from the first 
flow range.

[0075] In the embodiment shown, the system chip again comprises an absolute pressure 
sensor 1018, such as a Pirani pressure sensor 1018, to be used for correcting the measured 
vibration of the Coriolis tube 21 for the air pressure.

[0076] Those skilled in the art will appreciate that the present invention has been described in 
the foregoing on the basis of a few embodiments that are preferred. The invention is not 
limited to these embodiments, however.

[0077] Thus, the invention has been explained mainly on the basis of an embodiment in which 
use is made of a system chip.

[0078] Equivalent variations and/or variations which may or may not be obvious to the skilled 
person are conceivable within the framework of the invention. Said variations may fall within
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the scope as defined in the appended claims.
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PATENTKRAV

1. Gennemstrømningsmåler (1) til bestemmelse af en gennemstrømning af et 

medium, hvilken gennemstrømningsmåler omfatter et gennemstrømningsrør (21,22) 

til transport af det medium, hvis gennemstrømning skal måles, hvor 

gennemstrømningsrøret har en første ende og en anden ende, der er anbragt i en 

afstand fra den første ende, og hvor gennemstrømningsmåleren er forsynet med en 

første gennemstrømningssensor (11) til måling af mediets gennemstrømning i en 

første position i gennemstrømningsrøret, og hvor gennemstrømningsmåleren er 

forsynet med en anden gennemstrømningssensor (12) til måling af mediets 

gennemstrømning i en anden position i gennemstrømningsrøret, hvor den første 

gennemstrømningssensor er en gennemstrømningssensor af Coriolis-typen eller er 

en termisk gennemstrømningssensor, og hvor den anden gennemstrømningssensor 

er en termisk gennemstrømningssensor, kendetegnet ved, at 

gennemstrømningsmåleren omfatter en systemchip (16), der er forsynet med 

gennemstrømningsrøret (21,22), og den første og den anden 

gennemstrømningssensor (11, 12) er lokaliseret på systemchippen (16).

2. Gennemstrømningsmåler ifølge krav 1, hvor gennemstrømningsmåleren (1) 

omfatter kalibreringsmidler (95) til kalibrering af den første gennemstrømningssensor 

på basis af mindst et signal, der afgives af den anden gennemstrømningssensor.

3. Gennemstrømningsmåler ifølge et hvilket som helst af de foregående 

krav 1 -2, hvor den første gennemstrømningssensor (11) er udformet til at måle 

gennemstrømningen inden for et første måleinterval, og den anden 

gennemstrømningssensor (12) er udformet til at måle gennemstrømningen inden 

for et andet måleinterval, fortrinsvis hvor det første måleinterval og det andet 

måleinterval overlapper hinanden, og mere fortrinsvis hvor det første 

måleinterval og det andet måleinterval kun delvist overlapper hinanden.

4. Gennemstrømningsmåler (1) ifølge et eller flere af de foregående krav 1 -3, 

hvor den første gennemstrømningssensor (111) er en termisk 

gennemstrømningssensor, og hvor den første termiske sensor (111) er forsynet med:
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• et første sensorkredsløb, der omfatter et første modstandselement (131), 

som er temperaturfølsomt, og som er termisk forbundet med gennemstrømningsrøret 

(121), og et andet modstandselement (132), der elektrisk kan serieforbindes dermed;

• et første spændingsmåleelement, der elektrisk kan forbindes mellem det 

første og det andet modstandselement;

• første opvarmningsmidler (131, 132) til opvarmning af 

gennemstrømningsrøret mindst delvist på lokaliteten for det første 

modstandselement;

og hvor den anden termiske gennemstrømningssensor er forsynet med;

• et andet sensorkredsløb, der omfatter et tredje modstandselement (133), 

som er temperaturfølsomt, og som er termisk forbundet med gennemstrømningsrøret, 

og et fjerde modstandselement (134), der elektrisk kan serieforbindes dermed;

• et andet spændingsmåleelement, der elektrisk kan forbindes mellem det 

tredje og det fjerde modstandselement;

• sekundære opvarmningsmidler (133, 134) til opvarmning af 

gennemstrømningsrøret mindst delvist på lokaliteten for det tredje 

modstandselement;

hvor det første sensorkredsløb er elektrisk forbundet med det andet 

sensorkredsløb på en sådan måde, at det første sensorkredsløb og det andet 

sensorkredsløb danner henholdsvis en første halvdel og en anden halvdel i en 

Wheatstone-bro.

5. Gennemstrømningsmåler (1) ifølge krav 4, hvor gennemstrømningsmåleren 

er forsynet med omskiftningsmidler til selektiv dannelse af den første halvdel af 

Wheatstone-broen ud fra to af modstandselementerne (131, 132, 133, 134) og 

selektiv dannelse af den anden halvdel af Wheatstone-broen ud fra to af de 

resterende modstandselementer (131, 132, 133, 134).

6. Gennemstrømningsmåler ifølge krav 4 eller 5, hvor det andet 

modstandselement (132) og/eller det fjerde modstandselement (134) er
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temperaturfølsomt, og/eller hvor det andet modstandselement (132) og/eller det 

fjerde modstandselement (134) er termisk forbundet med gennemstrømningsrøret.

7. Gennemstrømningsmåler ifølge et hvilket som helst af kravene 4-6, hvor det 

første (131) og det andet modstandselement (132) er forbundet med en første del af 

gennemstrømningsrøret, og det tredje (133) og det fjerde modstandselement (134) 

er forbundet med en anden del af gennemstrømningsrøret, hvilke første og 

sekundære dele i det væsentlige er anbragt med mellemrum mellem hinanden, og 

hvor fortrinsvis den første del og den anden del er anbragt modsat hinanden og 

strækker sig for eksempel parallelt med hinanden.

8. Gennemstrømningsmåler ifølge et hvilket som helst af de foregående krav 4- 

7, hvor de første opvarmningsmidler omfatter mindst det første (131) og/eller det 

andet modstandselement (132), og/eller hvor de sekundære opvarmningsmidler 

omfatter mindst det tredje (133) og/eller det fjerde modstandselement (134).

9. Anvendelse af en gennemstrømningsmåler ifølge et eller flere af de 

foregående krav 1-8.



DK/EP 2530438 T3

DRAWINGS

Fig. 1c



DK/EP 2530438 T3

184

Fig. 2b
206 281





DK/EP 2530438 T3

Fig. 3b 30 6



DK/EP 2530438 T3

Fig. 3d



DK/EP 2530438 T3

713



DK/EP 2530438 T3



DK/EP 2530438 T3

93 X



DK/EP 2530438 T3

X

Fig. 5d
x



DK/EP 2530438 T3

1012

1018 1023 1022

Fig. 6
1011


